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ABSTRACT

This study aimed to assess the impact of harbostoaction at Pecém (Brazil) upon the reef fish camities in
tide pools. The monitoring was carried out throughvisual census and sea water quality was evaluéted
microbiological analyses. From March to DecembefP201,425 individuals of 17 families and 25 speciese
registered. The most frequent species were Haemp#&ra, Acanthurus chirurgus, Abudefduf saxatilisda
Sparisoma axillareThe average species diversity for the whole pewiad 1.77 bits.ind". There was evidence that
the tide pools gradually silted up, resulting irreduction in species diversity and richness. Therahiological
analyses indicated the presence of faecal colifarmthe water though not at significant levels. Tresent study
could be useful as an early reference for futurejguts, using the fish communities as indicatorsttie impact
upon the environment of the harbor construction atiter human activities.
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INTRODUCTION overexploitation, coastal pollution, anchorage and
so forth (White et al., 1994).

In spite of their acknowledged ecologicalPoorly regulated real estate developments along
importance, reef structures around the world arthe Brazilian coast have seriously changed the life
still being directly or indirectly damaged by theof the communities relying on the coastal
human activity. They are being degraded by thenvironment for their survival. This is particularl
large-scale environmental changes caused Wyue for the larger building projects such as
variations in temperature, sediments originateftarbors. The building of a harbor brings with it a
from deforestation, pollution, waste, range of sedimentological and geomorphological
agrochemicals and other forms of discharge. Theroblems ¢.g. Morais, 1972; Neumann-Leit&o,
environmental impact suffered by these habitats $994; Neumann et al., 1998). Once operative, a

often potentialized by predatory fishing, harbor inevitably changes the physical, chemical
and biological conditions of the surrounding area,
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sometimes affecting biological communities asPools 1 and 2 were physically similar with large,
well (e.g. Sheppard, 1980; Neumann-Leitdo andmostly rocky surfaces covered by algae, while
Matsumura-Tundisi, 1998; Neumann-Leitdo et al.pool 3 was already partly silted up, with few
1999; Koening et al., 2003). remaining rocky crevices and algae.
Very few studies have been published dealing witffhe fish were counted by underwater visual
the impact of harbor construction upon reef fiskcensuses using intense search, by which a diver
communities €.g. Adjeroud et al., 2000). The determined a fixed itinerary covering the entire
construction of the harbor at Pecém, as part of @area of the study during a pre-established perfod o
larger industrial development zone, has causetime (approximately 30 min in this study). The
considerable changes in the natural environmespecies identification was always performed in
(Silva, 1997). The analysis of the oils and greasesdaylight since tide pools in this area allowed for
solids in suspension, parameters physicistebserving the night-active species during daytime
chemistries and faecal coliforms can be used as well (Carvalho, 2000). The divers used plastic
parameters to evaluate the environmentalriting boards for taking down the information on
degradation on port regions (Silva et al., 2000). Ithe place and date of sampling, tides, species
is therefore of a great public health concern thatentification, number of individuals observed and
these areas are periodically evaluated in regard taher relevant data. The species were identified
their level of microbial contamination (Vieira et visually, but the individuals of uncertain identity
al., 2001). The sea pollution results in an inaedas were excluded from the data analysis.
risk in the recreational use of the beaches sihce from March to December 2001, a total of 17
represents a threat for swimmers, surfers and fetsual censuses were carried out: one for each tide
the people who depend on ocean resources (Vieippol in August, November and December, and two
et al.,, 1998). Local wave patterns have changeor each pool in the remaining months as the tides
leading to extensive sedimentation on the lee sideere more favorable. The censuses were
of the harbor structure, as well as to changeken t scheduled for the spring tides up to 0.4 m in order
coastline, erosion and the silting up of adjacenib maintain the pools isolation from the sea. The
areas (Ceara, 1996). data analysis used average census values in order
The objective of the present study was to asse$s minimize the potential errors derived from the
the impact of the construction of the harbor atifferences in the sampling frequency. In January
Pecém (Ceara, Brazil) upon the reef fisi2002, the location was visited and there was no
communities in local tide pools. tide pools, since they were completely silted up.
The ecological indicators were developed using
the indices of diversity (H") (Shannon and Winner,
MATERIAL AND METHODS 1949), richness (R) (Margalef) and eveness (J°)
(Pielou, 1969). The calculations were done using
The area of study, Praia de Pecém, is a stretch ife software Basic Spdivers. Bas.
coastline 65km west of Fortaleza (Ceara, BrazilJhe fish found in the tide pools were characterized
under the jurisdiction of the municipality of Sdoby the categories described by Rosa et al. (1997)
Gongalo do Amarante. The coastline featuregnd modified by Crabtree and Dean (1982):
predominantly quartzitic rock outcroppings ofprimary residents — the adults and juveniles
unknown geological age. The rocks, which are ricipresent throughout the year; secondary residents —
in iron oxides (iimenite and hematite) areonly the juveniles observed throughout the year;
distinctly layered and display some cross-Occasional visitors — fish visiting tide pool areas
lamination and stratification (Smith and Morais,from the adjacent waters during the high tide;sare
1984). The study included three tide pools 1 knor infrequent visitors— fish occurring very
west of the Pecém harbor structure. The thregporadically in tide the pools. The fish were
pools, which were at an equal distance from theonsidered juveniles when small in comparison to
surf zone, were completely cut off from the seknown maximum sizes and/or when displaying the
during the low tide. At the beginning of thecolors and shapes associated with the juvenile
experiment, the tide pools had a surface area sfage. The categories of the species frequency
156.0 nd (pool 1), 48.0 rh(pool 2) and 120.0 m were defined afterwards based on the census
(pool 3); the depth ranges of the pools were 0.2patterns, i.e the species were grouped for
1.2 m, 0.3-1.0 m and 0.2-0.5 m, respectivelyfrequency only by the time of data analysis. Four
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categories were employed in the present studRESULTS

very common (>90%), common (51-90%),

occasional (21-50%) and sporadic (<21%). Between March and December 2001, the divers
For the microbiological analysis, 500 mL tide poolcounted 1,425 fish belonging to 25 species and 17
water samples were collected in amber-coloredamilies in the three pools (Table 1). Pools 1 and
sterilized vials and brought immediately to thecharacterized by the large, rocky surfaces covered
Microbiology Laboratory of the Marine Scienceswith the algae accounted for 897 and 351
Institute (LABOMAR/UFC). The multiple tube individuals, respectively, while pool 3 which was
technique was used with the protocol described biyostly silted up accounted for only 177. The most
Mehiman et al. (1984). The most probable numbetiumerous family was Haemulidae with 42% of the
(MPN) of the total and faecal coliforms wastotal number of the individuals registered,
estimated following the guidelines of thefollowed by Acanthuridae (20%), Pomacentridae
Bacteriological Analytical Manual (FDA, 2001).  (17%), Scaridae (15 %) and other families (6 %)
The amount of sediments in the pools wagFig. 1). The most frequently occurring species
estimated in centimeters by measuring theere Haemulon parra (37.19%), Acanthurus
reductions in  maximum depth with achirurgus(19.86%),Abudefduf saxatili§16.84%)
measuring tape. and Sparisoma axillare (14.39 %) (Tablel).

Table 1 -Numbers and frequency (absolute and relativeisbfdpecies observed in each tide pool (PecémaLear

Species Pool 1 Pool 2 Pool 3 Total %
Haemulon parraDesmarest, 1823) 377 101 52 530 37,19
Acanthurus chirurgugBloch, 1787) 145 93 45 283 19,86
Abudefduf saxatiligLinnaeus,1758) 211 26 3 240 16,84
Sparisoma axillare\(allenciennes, 1839) 73 80 52 205 14,39
Bathygobius soporatagjValenciennes, 1837) 8 8 12 28 1,96
Lycengraulis grossiden#\gassiz,1829) 19 5 3 27 1,89
Anisotremus virginicugl innaeus,1758) 19 5 24 1,68
Anisotremus moricandRanzani, 1842) 13 2 1 16 1,12
Haemulon plumier{Lacepéede, 1802) 8 5 13 0,91
Lutjanus jocugBloch and Schneider, 1801) 2 4 1 7 0,49
Sphoeroides testudine(isnnaeus, 1758) 1 1 4 6 0,42
Lutjanus apodugWalbum, 1792) 5 1 6 0,42
Pareques acuminaty8loch and Schneider, 1801) 3 2 5 0,35
Lutjanus griseugLinnaeus,1758) 4 4 0,28
Eucinostomos spp 2 2 4 0,28
Halichoeres brasiliensigBloch, 1791) 2 2 0,14
Scorpaena plumieriBloch,1789) 1 1 0,07
Myrichthys ocellatugLesueur,1825) 1 1 0,07
Muraenidae 1 1 0,07
Mugil curema(Valenciennes, 1836) 1 1 0,07
Lutjanus analigCuvier, 1828) 1 1 0,07
Haemulon steidachne(dordan and Gilbert, 1882) 1 1 0,07
Dasyatis guttatgBloch and Schneider,1801) 1 1 0,07
Bagre marinugMitchill, 1814) 1 1 0,07
Acanthurus coerulu@Bloch and Schneider,1801) 1 1 0,07
not identified 4 9 3 16 1,12

Total 897 351 177 1425 100
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Others
6% Acanthuridae
20%

Haemulidae
42%

Scaridae
15%

Pomacentridae
17%

Figure 1 - Relative abundance of the fish families in tidelso(Pecém, Ceara) from March and
December, 2001.

These findings showed that the category of rarBbudefduf  saxatilis Sparisoma  axillarge
species accounted for as much as 44% of the totAhisotremus vginicus, Anisotremus moricangdi
number of species, followed by the occasionalllHaemulon plumieri Lutjanus jocd, while eight
occurring species (28%), very common speciewere sporadic L{utjanus griseus Halichoeres
(16%) and common species (12%) (Fig. 2). brasiliensis Acanthurus coerulys Dasyatis
Nine of the species could be classified aguttata Haemulon steidachneri Muraenidae,
occasional Bathygobius soporatorLycengraulis Myrichthys ocellatusScorpaena plumieyi
grossidens  Lutjanus  jocy  Sphoeroides The diversity, richness and eveness indices
testudineus Pareques acuminatud€ucinostomus decreased in the last two months of the census,
spp, Lutjanus analis Mugil curema Bagre probably as a result of the silting up of the tide
marinug, eight were secondary residentspools (Fig. 3). The average diversity, richness and
(Haemulon parra Acanthurus chirurgus eveness for the whole period in the three pools
were H'=1.77, R=3.31 and J' = 0.55.
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Figure 2 - Species frequency patterns in censuses carrieith tide pools (Pecém, Ceard) between
March and December, 2001.
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Figure 3 - Monthly ecological indices of tide pools in Pecf@eara) in 2001

The microbiological analyses of the tide poolyielded 90 and 230 TC/100 mL, respectively. With

water

were performed between March andegard to the MPN of the faecal coliforms (FC),

November 2001, drawing three monthly sampleshe highest value observed came from the samples
per pool per month (total: 27 samples). All thedrawn in March from pool 1 (MPN: 230 FC/100
samples yielded low levels of total coliforms (TC).mL). In September, lower values (MPN: 90
The pool 1 presented the highest values, especialRC/100 mL) were registered for pools 1 and 3, and
in the months of March and September (MPN: 23@ater, in October, for pool 1 (Fig. 4). During the
TC/100 mL), followed by the months of May, July period covered by the study the tide pools at
and October (MPN: 90 TC/100 mL). In pool 2, thePecém were gradually silting up. The maximum
highest values were observed in March and Augustverage depth was reduced from 93.0 cm in March
(MPN: 150 and 90 TC/100 mL, respectively). Forto 35.0 cm in October, and by January 2002 the
pool 3, the samples drawn in May and Septembegrools were completely filled up with sediments.

250 T T 350

L&l pool 1 C3 pool 2 Fdpool 3 — Rainfall

T 300
200

T 250

i
13
o

T 200

- 150

MNP FC/100mL
Rainfall (mm)

=
o
]

- 100

50 +
- 50

FyyyYyTYYyeyyYYYYSTSYYIY Y|

SRR

Figure 4 - Total monthly rainfall and most probable numi@iPN) of faecal coliforms (FC) per

100 mL in water samples drawn from tide pools icdhe (Ceara) between March and
December, 2001.
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DISCUSSION A. saxatilisandH. parra to be occasional residents
at the underwater reefs off Risca do Zumbi (Rio
The fish fauna composition depends on d&rande do Norte). At Pecem, all the three species
number of factors, including reef location.were classified as very common. The species
Studies involving tide pools in Paraiba (Rosa ediversity index indicates the degree of structural
al., 1997; Silva, 2002) found the familiescomplexity of the community and is considered to be
Gobiidae, Blenniidae, Pomacentridae and function of richness and eveness (Omori and lkeda
Labrisomidae to be the most abundant in thd984). Continuous sedimentation of the environment
region. In the present study, as well as irfeduced the availability of shelter and food in the
Carvalho (2000), Cunha at al. (2007) and Cunhatudied tide pools thereby forcing the pool dwsller
et al. (2008), Haemulidae and Lutjanidae werédo move to other areas and leading to reduced
the most abundantly represented families in thecological indices. The indices reported for Pecém
tide pools at Pecém and Iparana (Ceard). At tHey Carvalho (2000) were somewhat higher (H'=
latter location, Gerreidae and Pomacentrida@.22, R= 4.48 and J'= 0.60), possibly because that
were also relatively abundant (Cunha, 2000)study was carried out before the harbor constractio
The speciesmost frequently observed in the with no changed local sedimentological patterng Th
present study H. parra, A. chirurgus A. diversity index may reflect environmental impacts i
saxatilis and S. axillar¢ matched with the several ways. For instance, it may decrease as a
findings of Carvalho (2000), Cunha (2000),result of one or few species dominating the
Cunha et al. (2007) and Cunha et al. (in pressfommunity, or because the individuals of the rare
the latter suggested the addition lof apodus species are replaced by the individuals of more
and Eucinostomusspecies. These seemed to b&eommon ones, or because certain species are
the most representative intertidal fish speciegeproducing more intensely than usual (Omori and
west of Fortaleza, Ceara. Ilkeda, 1984). The present findings indicated that t
Species distribution is tied up with the reefreductions in the fish diversity during the periofd
environment affinity and ecological the study were caused by the silting up of the
classification. Classifications basically includeenvironment. The activities of the constructiorthef
the resident, marine-dependent and visitindgrarbor in the region led to a loss of the microtzbi
species and have been supplied with furthe¢apable of offering food and shelter, especially fo
subcategories by many authom.g( Crabtree herbivorous species such as the errant, algae-
and Dean, 1982; Rosa et al., 1997; VasconceloferagingA. chirurgusandS. axillare(Moura, 1998).
Filho and Oliveira, 2000). Primary residents inAs the pools silted up, the only species obsereed t
tide pools includedP. acuminatusand A. increase in the numbers, up to two months befae th
saxatilis,which were found as both the juvenilespools became completely covered by the sediments,
and adults, although not throughout the yeanereH. parraandA. saxatilis
The fact thatP. acuminatusis a wary species The reef structures offer shelter and food for an
while A. saxatilis swims freely and non- impressive array of organisms, such as the
territorially (Humann, 1999) might have maskedcommunities of small fishes (Sale, 1991). Grunts
their relative abundance in the tide pools afHaemulidae) and other groups of fishes which
Pecém. search for the food over sandy bottoms, may become
Tide pools are known to serve as nursinglominant in terms of both biomass and number of
grounds for several fish species (Crabtree andidividuals (Rosa and Moura, 1997). However, this
Dean 1982). In fact, the presence of thdype of substratum harbors a rich fauna of
juveniles in the tide pools at Pecém suggesteiivertebrates (Hobson and Chess, 1986). Since the
some of the species observed would remain igrunts thrive on sandy bottome.§. Randall, 1967;
this habitat during part of or possibly their eatir Sale, 1991, Humman, 1999; Carvalho-Filho, 1999
life cycle. These findings showed that theand Cunha et al., in press), they are likely toefien
species initially classified as very commonmore than other groups of the fishes from the
became rare towards the end of the study periothcreased levels of sedimentation in the tide pools
The classification by the frequency (rangingOn the other hand, the turbidity caused by theauinfl
from very common to rare) was location-of large amounts of sediments may dislodge the
dependent. This has been shown by FeitoZiiltering species to areas offering the conditiais
(2001), who founds. axillareto be common and Visibility required to locate food and ward off the
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predators. After the implantation of the Suapehe harbor construction upon local tide pool fauna.
Industrial Port Complex in Pernambuco StatelThe phenomenon is commonly observed in the
(Brazil), there was a strong decrease in theicinity of artificial harbors and is due to the
phytoplankton density due to high amount ofreflection and refraction of the waves, favoring th
suspended matter (Koening et al., 2003)ip currents and littoral drift, of the sand dredyi
Modifications of this basin also changed theand dumping the unwanted sand in the nearby areas
species composition and trophic structure (SilvégMorais, 1972). At Pecém, the silting was triggered
et al., 2004). The present study did not observiy the building of a temporary terminal required fo
the presence of microbiological seawatethe unloading of large rocks for the off-shore
contamination associated with the harbotbreakwaters and building material for piers anegpth
construction at Pecém. During the monitoring oftructures (Ceara, 1996). As a result of this, the
the tide pools, the level of faecal coliforms didnatural transport of the coastal sediments wasbarr
not exceed the limits established by theaccumulating east of the pier, while the western
CONAMA enactment #274 (CONAMA, 2000). coastline was gouged by the erosive forces. A
According to this law, the seawater is unsuitablsimilar pattern was observed when a breakwater
for human activities if it contains over 1,000 (called ‘Hawkshaw's Seawall’) was built closed to
faecal (thermotolerants) coliforms or over 800Fortaleza where a new harbor had been projected.
Escherichia coli or over 100 enterococci per 100 he wavebreaker caused the coastline to silt up and
mL in more than 20% of samples collected in ahe intertidal zone to widen considerably, making
five week period in the same place. Likewisejmpossible to proceed with the harbor construction.
the values of 2,500 faecal (thermotolerantsHowever, even when the harbor building project was
coliforms or 2,000 Escherichia coli or 400transferred a couple of miles east to Mucuripe, the
enterococci per 100 mL observed in the fifth andilting and erosion continued leading to extensive
last sample also make it unsuitable for humatand losses at Praia de Iracema (Morais, 1981).
activities.The highest levels of the total andAccording to Ceara (1996), the sedimentological
faecal coliforms observed in this study camechanges observed in association with the harbor
from the water samples from pool 1 duringconstruction at Pecém could be expected to rewert t
March. Although inserted within the rainy the original configuration. However, the
season (January to June in 2001), no othebservations “in loco” two years later showed no
month yielded significant values for the coliformsigns of reversion. The environmental impact study
bacilli, suggesting that the rainfalls were notcarried out prior to the construction of the harhor
significantly associated with the faecalPecém provided a list of the fish species occuriring
contamination in the tide pools studied. Thisthe coastal waters off State of Ceara. This lidtratit
observation was similar to that Vieira et al.contain any quantitative data or references to the
(1999) in their study of tide pools at Barra doecosystems.

Ceara (an estuary located within the urban zon€he present study included the quantitative and
of Fortaleza). The faecal coliforms in presengualitative data regarding the fish species ocuogrri
samples were more likely associated with thén the intertidal zone of the study location. Ibsled
presence in the area of fishermen, constructiothat the increased sedimentation triggered by the
workers and a sewer connected to the harbdauilding of the harbor at Pecém caused the tidéspoo
construction site. In an earlier analysis, the watedo become completely covered by sediments,
samples drawn from the shores of Pecéndislodging at least 25 fish species belonging to 17
yielded MPN values in the range 230-430families. The water samples from the same area
FC/100 mL (Ceard, 1996). Thus, in the absencgresented faecal coliforms, though not in amounts
of pollution by sewage and waste from thecompromising the human activity. Nevertheless,
seaside bars and restaurants, the area could fagcal pollution could become a problem as thelloca
considered suitable for primary human contactindustry and tourism develop and as a result of the
such as bathing. Silva et al. (2000) found n@mptying of the septic tanks of the anchoring ships
significant signs of pollution by coliforms at It is hoped that the present study could be usaful
Pecém and adjacent areas caused by the harlzor early reference for future projects, using tieh f
construction. communities as indicators of the impact upon the
The intense silting up of the area in this studyenvironment by the harbor construction and other
appeared to be the largest the direct impact dfuman activities, as well as an aid in the designin
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