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ABSTRACT

The purpose of this study is to compare different rocky intertidal sampling methods at the northern
coast of the Rio de Janeiro State. Quadrats with 50 and 100 intersection points were sampled in field
and in computer using digital photos. A similarity over 90% was obtained between both methods for
the intertidal zone. Cluster analysis showed that the lower sample size overestimated some indicator
organisms. The zonation pattern through photo sampling was different from that in field especially in
Supralitoral Fringe due to the color similarity of Chthamalus sp with bare substrate. The main
advantages of the digital method are the fast abundance estimation, the possibility of comparison
among researchers and the permanent community record. However, there is a potential for species
misidentification with similar color morphotypes. In zonation intertidal studies, digital photograph
sampling method is suggested since it is rather efficient, accurate and advantageous in relation to the
field method. Such a choice might be made after the previous knowledge of local organisms and
should be adequate to the final objectives.

REsumo

A proposta do presente estudo ¢ comparar diferentes métodos de amostragem da comunidade béntica
no entremarés em substrato rochoso na costa norte do Estado do Rio de Janeiro. Quadrados com 50 e
100 pontos de interse¢do foram amostrados no local e em computador por fotografia digital. Uma
similaridade superior a 90% foi obtida entre ambos os métodos em cada altura do substrato. A analise
de agrupamento evidenciou que o menor tamanho amostral superestimou alguns organismos
indicadores. O padrdo de zonagdo através da amostragem por foto foi diferente daquele no campo
principalmente na Franja do Supralitoral face a similaridade de coloragdo de Chthamalus sp com o
substrato vazio. O método por foto tem como principais vantagens a rapida estimativa de abundéancia,
a possibilidade de comparagdo entre observadores e o registro permanente da comunidade. Contudo,
ha a possibilidade de ma identificagdo de morfotipos de cores semelhantes ¢ ndo permite a
amostragem de varios estratos. Para estudos de zonagdo a amostragem por fotografia digital ¢
bastante eficiente, acurada e vantajosa em relagdo ao método em campo. Mas, tal opgdo procede apds
o conhecimento prévio dos organismos e deve ser adequada aos objetivos finais.
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Palavras chave: Costdo rochoso, Regido entremarés, Técnicas de amostragem, Fotografia digital,
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INTRODUCTION

Until recently, few comparisons of
methodological patterns have been made to critically
evaluate their relative efficiency under real field
conditions. Those reviews are valuable for researchers
because they are related to the most appropriate
method (e.g. accurate, precise or efficient) under a
series of environmental circumstances (Southwood,
1978; Krebs, 1989).

(*) Paper presented at the 2™ Brazilian Oceanography
Congress in Vitoria (ES) — Brazil, October 09 — 121,

Experimental approaches to understand the
rocky shores dynamics include studies on disturbance,
succession, competition, herbivory, predation and
recruitment variation (Connell, 1961; Paine, 1966,
1974; Dayton, 1971; Branch, 1976; Menge, 1991;
Benedet-Cecchi & Cinelli, 1993; Benedetti-Cecchi et
al, 1996; Jenkins et al., 1999a, 1999b). Little &
Kitching (1996), Raffaelle & Hawkins (1996) and
Coutinho (2002) summarized an extensive literature.
Questions regarding the experimental design and
scientific rigor have become areas of great interest to
ecologists and led to debates in a variety of
philosophical and methodological levels (Diamond,
1986; Loehle, 1987; Mclntosh, 1987; Peters, 1988;
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Underwood, 1990). In order to understand
the species distribution and abundance patterns, it is
supposed that the applied methods give accurate
estimates of the number of organisms. The precise
patterns description is then essential to understand the
ecological processes (Andrew & Mapstone, 1987;
Sabino & Villaga, 1999).

Sampling comparative studies in rocky
shores are scarce. Foster et al. (1991), Meese &
Tomich (1992) and Dethier et al. (1993) examined
different sampling methods of benthic organisms (e.g.
visual; photography; intersection regular points,
random and stratified distribution; field and computer
sampling).

In Brazil, many studies on rocky shore
communities in the intertidal zone have been carried
out mainly on vertical distribution patterns of the
organisms and their causes, which were initially
associated to physical factors such as tide levels, wave
exposure and salinity (Vermeij & Porter, 1971; Sauer
Machado et al., 1996; Guimaraens & Coutinho, 2000).
Little attention has been given to methodological
problems involving such community (Villaga, 1991;
Sabino & Villaga, 1999).

y

o

Brasil

There is no natural consolidating substrate,
except for scarce granitic blocks and ferruginous rocks
in the northern coast of Rio de Janeiro. At the same
time, we observe the absence of qualitative and
quantitative studies of the benthic fauna and flora in
this region. The objective of this study is to compare
and evaluate different sampling methods of alga and
sessile invertebrates on a rocky shore in the northern
coast of the Rio de Janeiro State, due to the
importance of finding a sampling method which is
good enough to present a relation of time and data
acquisition of the studied community.

MATERIAL AND METHODS

This study took place on the Farol de Sdo
Tomé beach (22°02'S, 41°03’W), in the northern coast
of the Rio de Janeiro State (Fig. 1). The environment
is an anthropogenic rocky substrate; a set of granitic
boulders presenting a discontinued and irregular
surface. It was carried out in the southern face, where
wave action is less intense.
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Fig. 1. Localization of the study area at the northern coast of Rio de Janeiro state on the Farol de Sdo Tomé beach.

The studied site was sampled in April/2005.
The chosen sampling blocks have their external faces
relatively perpendicular to the sea. Four equally distant
profiles (6 m), each representing a study unit, were
sampled from the low tide limit (zero mark) to the

upper limit of Littorina (Supralitoral Fringe sensu
Paula, 1987). Quadrats of 20 x 20 cm with 50 and 100
points were continuously superposed in each profile
points (Brum & Absalao, 1990; Gevertz, 1995).
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The relative dominance was estimated by the
percentage of organisms’ coverage. For the qualitative
and quantitative sampling a non-destructive method of
intersection points was used (Sutherland, 1974;
Thomas, 1985; Boaventura et al., 2002; Good, 2004)
and the sessile and sedentary organisms found under
each point were recorded.

The compared sampling methods were: 1)
quadrats with 100 points sampled in field (100 field);
2) quadrats with 50 points sampled in field (50 field);
3) digital photographs of quadrats with 100 points
sampled in computer (100 photo); 4) digital
photographs with 50 points sampled in computer (50
photo).

In methods 3 and 4 a digital camera Cannon,
model A510 - 3.2 Mega pixels with automatic focus
was used. The software CPCe (Coral Point Count with
Excel extensions) version 3.1 offers a tool to
determine the percentage of organisms’ coverage
using the pictures of the quadrats. It generates a
number of points to be determined randomly or in
grids and the organisms settled under those points are
identified by codes.

The organisms sampled by the different
sampling methods were evaluated through taxonomic
composition, relative abundance, species richness and
Brillouin’s diversity (Zar, 1984).

In order to determine the similarity rate
among the sampling methods, the Renkonen’s
similarity percentage coefficient was calculated in a
paired form (Krebs, 1989).

The comparative analysis of the species
vertical distribution by the different sampling methods
included a cluster analysis (UPGMA) with Morisita
modified similarity coefficient for percentage data.
Cluster reliability to data was evaluated by the
cophenetic coefficient. According to Valentin (2000),
a cophenetic value above 0.8 is acceptable.

A one-way analysis of variance (with o =
0.05) was performed for repeated measures, to
evaluate the significance of the differences among the
sampling methods, since the same quadrat was
sampled through the different methods. The variances
homogeneity was tested and the percentage coverage
data was transformed to arcsenVx%.

The average time spent on the different
methods was recorded to evaluate the data obtained
from each one and the sampling time.

RESULTS

The comparative analysis among the
methods was based on species richness, cover
percentage of the main species and diversity index
results.

The species number at different tidal heights
was similar in all sampling methods, with higher
values for the intermediate zone quadrats,
corresponding from 0.8 to 1.0 m heights, and lower in
the extremes, mainly in the uppermost quadrats (Fig.
2A). No significant differences were recorded among
the sampling methods (p = 0.105).

The diversity index varied statistically (p =
0.077) when comparing the quadrats 100 field with 50
and 100 photos (q = 3.960 and 3.996, respectively).
The first one showed generally higher diversity values
(Fig. 2B).

The benthic community’ similarity among
the study methods was higher than 70% in all heights
of the rocky substrate (Table 1). Values under 80%
occurred in the comparisons between field and photo,
regardless the number of sampled points, 50 or 100.
Such fact occurred mostly in quadrat 08 (1.4 to 1.6m),
in which the dominant species Chthamalus sp blended
with the grey empty substrate by photo sampling, and
in quadrat 01 (0 to 0.2m), where the macroalgae Ulva
fasciata was constantly dislocated by waves and
replaced in photo sampling by the polychaete
Phragmatopoma lapidosa, an abundant species in the
inferior layer.

The cluster analysis of the organisms’
vertical distribution on the rocky shore reflected the
similarity among the sampling methods resulting into
five bands (sensu Stephenson & Stephenson, 1949;
Lewis, 1964) of 60% level of similarity (Figs 3A, 3B,
3C, 3D): Supralitoral Fringe characterized by empty
space and Littorina sp; Upper Midlitoral represented
by Chthamalus sp and empty space; medium
Midlitoral with the predominance of Chthamalus sp,
Centroceras clavulatum, Phragmatopoma lapidosa
and Ulva fasciata; lower Midlitoral characterized by
Ulva fasciata, Perna perna and Phragmatopoma
lapidosa, and Infralitoral Fringe represented by
Hypnea  musciformis, Ulva  fasciata  and
Phragmatopoma lapidosa.

The cophenetic coefficient values were: r =
0.82 (100 field), 0.84 (50 field), 0.89 (100 photo) and
0.90 (50 photo), all of them were higher than the
acceptable cophenetic coefficient.

The revealed zonation pattern was different
among methods mainly in Supralitoral Fringe (Fig.
3C and 3D). The first one included quadrat 08 in this
zone, because of the color similarity of Chthamalus sp
with empty substrate, which characterized quadrats 09
and 10. Moreover, the 50 photo method overestimated
the bivalve Perna perna coverage, shortening the
medium Midlitoral area (Q05) and enlarging the lower
area (QO03 and Q04).

The analysis of variance of the benthic
community sampled by the different methods did not
identify any significant differences in all study heights
of the rocky shore (p > 0.05).
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Fig. 2. Mean species number (A) and Brillouin’s diversity index (B) by the different sampling methods on studied rocky shore

(Q1: lowermost quadrat, Q10: uppermost quadrat), N = 4.

Table 1. Renkonen’s similarity coefficient of benthic community among the sampling methods at different heights of the rocky

substrate (QO1: 0 to 0.2 meters).

Q10 Q09 Qo8 Q07

Q06 Q05 Q04 Q03 Q02 Qo1

100 points
field
X 98%
100 points
photo
100 points
field

89% 73% 81%

X 99% 99% 97% 99%
50 points field
50 points field
X
50 points
photo
100 points

photo

98% 89% 70% 80%

100% 99% 98% 97%

X
50 points
photo

83% 91% 93% 95% 93% 80%

98% 93% 94% 94% 92% 92%

83% 86% 85% 90% 92% 79%

97% 94% 90% 92% 95% 94%

The comparative analysis of the sampling
time showed that the 100 photo method took longer
followed by the 50 photo, the 100 field and the 50
field, respectively (Table 2). The digital photograph
hastens the field time, as sequential photos were taken
with a less than 1-minute interval among them. The
field time using the photo method for a whole profile
(10 quadrats) was equivalent or lower for the
necessary reading of only one quadrat by the field
method (6 min for 100 points and 3 min for 50 points).
However, a quadrat sampling in computer takes

around 12 min each for 100 points and 6 min for 50
points.

DiscussioN

The diversity of biotops in the Brazilian
coast is characterized by a great variety of organisms
and the researcher frequently faces with new study
sites and a need for different methodologies for a first
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Fig. 3. Cluster analysis of benthic community at different heights by the different sampling methods (Morisita’s modified
coefficient —- UPGMA). A: 100 points in field method, B: 50 points in field method, C: 100 points photograph method, D: 50

points photograph method (Q1: lowermost quadrat, Q10: uppermost quadrat).
Species code: Emp — empty space; Lit — Littorina sp, Cht — Chtamalus sp; Cen — Centroceras clavulantum; Phr —

Phragmatopoma lapidosa; Ulv — Ulva fasciata; Per — Perna perna; Hyp — Hypnea musciformis.
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Table 2. Comparative analysis of the necessary time for in field and in computer sampling methods, for 50 and

100 points of the benthic intertidal community.

Sampling Sampling
in field in computer
Medium time/quadrat (50 points) 03 min 06 min
Medium time/quadrat (100 points) 06 min 12 min
Digital photograph <01 min -
Total time (50 points) 2:00 h 4:00h
Total time (100 points) 4:00 h 8:00h
Number of quadrat/min (50 points) 0.33 0.16
Number of quadrat/min (100 points) 0.16 0.08
Number of quadrat/day (50 points) 40 40
Number of quadrat/day (100 points) 20 40
Number of profiles 04 04
Number of quadrats/profile 10 10
Number total of quadrats 40 40

analysis (Villaga, 1991). Since conclusions of field
studies rest partly on how data was collected, sampling
issues have been given considerable attention in
ecology (Miller & Ambrose, 2000). There has been
some extent work on collecting data methods (Foster
et al., 1991; Dethier et al., 1993; Sabino & Villaga,
1999) and sampling schedule for environmental
impact assessments (e.g. Green, 1979; Underwood,
1994).

The main advantage in the digital
photograph method is the fast estimation of
abundance, in addition to quickening the capture of
images, which can be visualized and retaken at the
same time, still in situ. It is well known that time is a
critical factor in conducting experiments and
observations in intertidal zone specially due to the
duration of the tidal cycle (Meese & Tomich, 1992;
Dethier et al., 1993; Pech et al., 2004). The field time
reduction is essential for the study of a larger area and
for the increase of sample units. Two days sampling
were necessary for the in situ method, while less than
one hour was necessary for all 40 quadrats to be
photographed.

The direct images digitalization reduced the
film and its development costs in relation to old
photographic methods, as used by Schoener & Greene
(1981) and Foster et al. (1991). Moreover, with image
edition programs the organisms may reach larger sizes
than those from in field observation, helping their
identification and a more careful analysis.

However, there is  potential  for
misidentification of species by photograph, due to
morphotypes with similar color that cannot be easily
distinguished even with higher contrast techniques.
The similarity of the rock color to Chthamalus sp
through the photo method reflected in an extension of
the Supralitoral Fringe in relation to the in field
samples. Foster et al. (1991) have shown that photo
quadrats consistently underestimate organisms’ cover

and the number of taxa. The quality of the digital
camera is an important species identification factor.

Although percentage cover had been
estimated in only two dimensions with a maximum of
100% coverage, the in field method gives a 3-D view
of a plot, allowing the observation of several layers;
thus a correct identification of all organisms which in
certain angles may be blended in the photos (Foster et
al., 1991). Near the water column, the dominant
macroalgae was constantly dislocated by the wave,
which exposed the other abundant species in the lower
layer. Such scenery could only be seen in situ.

The comparative analysis of the in field
method versus digital photograph showed notably
higher results of the diversity index in the field
method. However, richness and species percentage
values at each height did not show significant
differences among the methods.

Meese & Tomich (1992) and Sabino &
Villaga  (1999) compared different sampling
techniques to estimate the coverage percentage on
rocky intertidal shores and verified that no method was
considerably better, reaching the same conclusion as
this study.

Among several advantages for the
photograph method, the one believed to be the most
important is the community record containing different
data (e.g. diversity, density, population size, growth
rate, mortality). Besides, it is important to mention the
extra expertise in biological identifications needed for
in field method versus the benefit of standardized
computer scoring when a single expert scores all
images.

Whorff & Griffing (1992) studying an
intertidal benthic community with a video camera
showed how the segmentation of the digitalized image
might be used to obtain direct estimation of the cover
area. As the images can be stored in disks, the authors
suggest the digital technique to form a data bank,
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similar to that currently used for satellite images.
Digital tools could substantially lower the cost of
monitoring programs for which a fast acquisition data
rate is needed at any spatial scale and improve the
estimates of the ecological properties of the
community (Pech ef al., 2004).

It is suggested that for zonation, recruitment
and succession studies of intertidal benthic
communities, the digital photograph sampling method
is rather efficient, accurate and advantageous in
relation to the traditional in situ method. Still, such a
choice might be made after the previous knowledge of
the environment and the organisms in field. It is
important to emphasize that both methods have
advantages and disadvantages and the choice must be
adequate to the final objectives.

Meese & Tomich (1992) and Dethier et al.
(1993) agree that the best recommendation is the
combination of in field sampling (visual or point
technique) by well-trained researchers and a
photographic documentation.

Dethier et al. (1993) state that the main
disadvantage of the intersection point method is the
dependence on the sample size. A similarity over 90%
was obtained between the 50 and the 100 points at
each height of the rocky shore. However, it was
possible to observe by the cluster analysis that the
lower sample size, despite the method, overestimated
some indicator organisms as the macroalga Hypnea
musciformis and Ulva fasciata, increasing the
Infralitoral Fringe by in situ method and the bivalve
Perna perna in the lower Midlitoral by photo
technique.

Performing a study that evaluates different
point numbers with intermediate scales between zero
and 100 is important. Studies designed to assess the
changes on community structure and composition
might gather sample effort with the overall results for
a whole series of species (Gonor & Kemp, 1978 apud
Miller & Ambrose, 2000).

The present study emphasizes that the
sampling planning is the first step that a researcher
must take in order to elaborate benthic ecology
projects and confirms the importance of a previous
sampling in situ.
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