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ABSTRACT

Since most environments on the planet are being threatened by anthropogenic activities, the ecological
characterization and monitoring of extensive areas becomes urgent. In Brazil, 33 papers dealing with descriptive
ecology of hard bottom communities were published, characterizing a total area of about 3,550m?. Most of
these studies focused on the midlittoral zone, employed transect sampling methods and considered species
as the operational units. Data obtained this way is finely detailed, but cannot be extrapolated to the whole
area being studied. This happens not only in Brazil, but all over the world, and the amount of sampled area
is way below desirable levels. Some studies proposed the employement of functional-form groups, higher
taxonomic ranks or considered dominant species to increase the sampling velocity. Time-saving approaches
in association with random sampling, photographic and remote sensing techniques are a feasible alternative to
increase the size of the sampled area and consequently our knowledge about the environment being studied.
The “Physiognomic Assessment” method is one of these alternatives and it made possible the characterization
0f 29,605m? of rocky shores over a five-year period.
Keywords: Sampling methods, community ecology, rocky shore, physiognomic assessment.

RESUMO

ESTADO ATUAL DO CONHECIMENTO SOBRE A ECOLOGIA DE COMUNIDADES
BENTONICAS DE SUBSTRATO CONSOLIDADO NO BRASIL E A NECESSIDADE DE NOVAS
ABORDAGENS. A caracterizagdo ¢ 0 monitoramento de areas costeiras extensas sdo urgentes, ja que a maior
parte dos ecossistemas esta ameagada pelas atividades humanas. No Brasil, 33 trabalhos de ecologia descritiva
de comunidades bentdnicas de substrato consolidado foram publicados, caracterizando uma area de 3.550m?.
A maior parte enfocou o mediolitoral, utilizou elementos dispostos em transecgdes em suas amostragens e
considerou as espécies como unidades operacionais. Os dados obtidos nestes estudos, embora detalhados,
nao podem ser extrapolados para toda a area de estudo. Isso ocorre nao s6 no Brasil, mas em todo o mundo, e
a area caracterizada ¢ muito menor do que a desejada. Alguns trabalhos propuseram o uso de grupos morfo-
funcionais, grandes grupos taxonomicos e espécies dominantes para aumentar a velocidade das amostragens.
Abordagens rapidas associadas com amostragem aleatoria, técnicas fotograficas e de sensoriamento remoto
sdo alternativas para aumentar a area amostrada e consequentemente o conhecimento sobre este ambiente. O
método “Levantamento Fisionomico” ¢ uma destas alternativas e o seu uso ja possibilitou a caracterizacio de
29.605m? de costdo rochoso em um periodo de cinco (5) anos.
Palavras-chave: Métodos de amostragem, ecologia de comunidades, costdes rochosos, levantamento
fisiondmico.

THE PROBLEM apart from being susceptible to global climate

changes, which can lead to a decrease in the diversity

The lack of ecological knowledge about rocky of organisms and to an irreversible loss of biological
shore benthic communities and even about terrestrial — information (Field et al. 2007).

communities is serious, since these environments The absence of preterit data prevents the detection

have been very much impacted by man’s activities, ofimpacts, the evaluation of their extent and a possible
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forecast of their consequences, and in last resort, the
implementation of effective actions aiming at their
mitigation or compensation.

In Brazil, from the first ecological descriptive
studies of hard bottom marine benthic communities
back in the 1930’s, only small areas have been
characterized. In this study we present a brief overview
about the articles published so far, correlating the area
described in these studies with the methodological
approach employe d. Moreover, we comment on
the recent alternatives to increase the efficiency of
characterization programs.

THE CURRENT KNOWLEDGE STATUS AND
ITS RELATION TO METHODOLOGICAL
APPROACHES EMPLOYED

Table I presents a list of the main papers published
with ecological descriptions in the Brazilian coast. A
total area of about 3,550m? was characterized over
33 published papers. Although no data from thesis
or technical reports were included, this total area
surveyed is certainly minimal in face of the complete
extent of the Brazilian coastline.

The total sampled areas were not specified in the
papers published between the 1940’s and the 1960’s,
since they employed a type of approach that was a
superficial description of extensive areas, frequently
in association with taxonomic studies. Nonetheless,
these papers were important to build a baseline body
of knowledge regarding the hard bottom benthic
communities of Brazil, summarizing the most
common organisms and their spatial organization,
mainly in the midlittoral zone.

Later on, Oliveira Filho & Mayal (1976), Maggs
et al. (1979), Oliveira Filho & Paula (1983), Eston ef
al. (1986), Teixeira et al. (1987), Guerrazzi (1987),
Muricy (1989), and Castro et al. (1995) introduced
qualitative, semi-quantitative, and/or quantitative
approaches that were based on the punctual data of
transects.

This transect method prevailed in the 90’s and up
to the present decade (e.g. Johnscher-Fornasaro et al.
1990, Corréa et al. 1998, Gherardi & Bosence 2001,
Kelmo & Attrill 2001, Costa Jr et al. 2002, Amado
Filho et al. 2003, Figueiredo et al. 2004, Oigman-
Pszczol et al. 2004, Marins-Rosa et al. 2005). Yet
in this period the papers incorporated concepts of
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sampling sufficiency, precision of the obtained data,
and validation by statistical analysis.

Oigman-Pszczol et al. (2004) worked with the
greatest sampled area of all the previous papers. This
was made possible because the authors used 1m?
sample units randomly positioned along fourteen
Sém-long transects, in ten different locations. In
contrast, Yoneshigue-Valentin & Valentin (1992)
used the smallest sampled area, wherein few unit
areas were intensively and minutely sampled, in a
phytosociological approach.

Most researches (70%) focused mainly on the
midlittoral region, and the infralittoral region was
given more attention by the beginning of the present
decade, during which all published studies presented
results related to this zone.

Table II presents the total area sampled in these
studies per year. It can be noticed that the greatest areas
were sampled in the 1980's (139.68m?.year') and in
the present decade (209.97m?.year'). Even minding
that a significative amount of the data produced
during the 90’s was only published in the form of
dissertations, thesis, and technical reports, the total
area sampled is not sufficient to extensively represent
the Brazilian diversity of coastline environments.

Expressive improvement in efficiency of the
descriptions was accomplished with the use of
alternative methodological approaches.

ALTERNATIVE SAMPLING METHODOLOGIES

An efficient sampling method should generate
samples that represent the population being studied
(Ballesteros 1986, Krebs 1999) with the minimum
possible sampling effort.

Communities can be sampled through several
approaches. An important decision when designing a
sampling procedure is where to position the sampling
units, which can be distributed in a continuous manner,
systematic manner or at random. Nevertheless,
statistical procedures usually assume that the sampling
was done in a random manner, i.e. that each member of
that (statistical) population should have an equal and
independent chance of being sampled (Zar 1999).

It is not always possible to sample at random in
the field. Therefore, ecologists sometimes have no
other alternative but to use non-probabilistic sampling
designs if they want to obtain any information at all.
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Table 1. Research articles on ecology of hard bottom marine benthic communities published in Brazil, with the zone studied, and sampled area (m?) in
each one of them. A“?” is placed where the authors did not specify the actual sampled area.

Article Zone Sampled area (m?)
Rawistcher 1944 supralittoral, midlittoral ?
Oliveira 1947 supralittoral, midlittoral, infralittoral ?
Oliveira 1951 supralittoral, midlittoral, infralittoral ?
Joly 1957 supralittoral, midlittoral, ?
Nonato & Péréz 1961 supralittoral, midlittoral, infralittoral ?
Costa 1962 midlittoral ?
Oliveira Filho & Mayal 1976 midlittoral 3.9
Oliveira Filho & Berchez 1978 supralittoral, midlittoral, ?
Maggs et al. 1979 infralittoral 40
Coelho & Ramos-Porto 1980 supralittoral, midlittoral, infralittoral ?
SUDENE 1981 supralittoral, midlittoral, infralittoral 207
Oliveira Filho & Paula 1983 midlittoral 3.5
Edwards & Lubbock 1983 infralittoral ?
Eston et al. 1986 supralittoral, midlittoral, infralittoral 150
Guerrazzi 1987 midlittoral 44
Teixeira et al. 1987 infralittoral 5
Muricy 1989 infralittoral 1.030
Johnscher-Fornasaro et al. 1990 midlittoral 0.95
Silva & Fernandes 1990 midlittoral ?
Berchez & Oliveira Filho 1992 supralittoral, midlittoral, ?
Yoneshigue-Valentin & Valentin 1992 supralittoral, midlittoral, infralittoral 0.6
Castro et al. 1995 infralittoral 3.5
Villaga & Pitombo 1997 midlittoral, infralittoral 1.6
Corréa et al. 1998 midlittoral 3.6
Muioz & Pereira 1998 midlittoral 1
Muricy & Moraes 1998 midlittoral, infralittoral ?
Gherardi & Bosence 2001 supralittoral, midlittoral, infralittoral 84.2
Kelmo & Attrill 2001 midlittoral, infralittoral 140
Costa Jr. et al. 2002 midlittoral, infralittoral 62.5
Amado-Filho et al. 2003 infralittoral 20
Figueiredo et al. 2004 infralittoral 15
Oigman-Pszczol et al. 2004 infralittoral 1,750
Marins-Rosa et al. 2005 infralittoral 28
Total 3,554.75

Table II. Total area sampled (m?) per year considering only published journal articles on ecology of hard bottom marine benthic communities in
Brazil.

Decade Sampled area (m*year')

40’s ?

50’s ?

60’s ?

70’s 4.39

80’s 139.68

90’s 1.12

00’s 209.97
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In general, in order to make statistical procedures
possible, a random component is inserted in the
sampling, such as random transects, random sampling
units over a transect or random sampling points inside
the sampling units in the case of the point-quadrat
method (Gounot 1969).

It is a worldwide common practice to use transects
to describe terrestrial and coastal communities. The
transect method consists of positioning sampling
units along a line (called line transect) or a strip of
area (called belt transect). In the case of rocky shores,
the first authors to employ transect methodology were
Doty (1946) and Stephenson & Stephenson (1949),
and it has been used ever since (e.g. Diez et al.
2003, Oigman-Pszczol et al. 2004, Ingolfsson 2005,
Schembri et al. 2005 and many others).

Transects have the advantage of showing possible
gradients clearly and thoroughly (Green 1979), and
if the same transect is sampled more than once,
subtle differences in the distribution and composition
of organisms over time can be perceived, which is
important to monitoring purposes.

However, sampling units positioned along
lines or strips have neither equal nor independent
chances of being chosen if all the potential
sampling units of the area are regarded, thus data
obtained this way cannot be extrapolated to the rest
of the study area, even if a random component is
inserted in the sampling. Therefore, studies with
this kind of approach usually describe only a part
of the community. This means that if an area of
1,000m? is being studied and the sampling units
were positioned over a 10m? strip, any conclusions
can only be drawn regarding that sampled 10m?
area, but if the sampling units had been placed
all over the area at random, given that sufficient
sampling was made, the obtained samples could be
considered representative of the community being
studied, and data could be extrapolated to an area
that were hundreds of times larger.

What is a matter of concern and occurs in some
ecological studies is the employment of few sampling
transects and the extrapolation of the obtained data to
the whole conservation unit, island or coastal region.
This can be misleading when defining the preservation
strategy, assessing the conservation status of that area,
evaluating the effects of environmental impacts, etc,
based on such conclusions.
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On the other hand, random sampling has the
main disadvantage of being very time-consuming.
However, this happens mainly when traditional
methodologies, such as point-quadrat or destructive
methods, are employed, since numerous specimens
must be identified in the field (in the case of point-
quadrat), or all specimens must be adequately
collected and conserved (in the case of destructive
methods) (Littler & Littler 1985).

In fact, the biological unit most usually considered
in studies characterizing rocky shore communities is
species (Murray et al. 2006), and this presents several
disadvantages. Small-sized and entangled specimens
are difficult to identify in the field, and specimens
whose identification depends on the presence of
reproductive structures (e.g. some seaweeds) can be
hard to identify even in the laboratory. In addition,
rare and ephemeral species show high spatial
variability, leading to low precision and accuracy in
their sampling (Berchez et al. 2005b).

When the species-level identification in the field
is not the objective of the study, some alternatives
have been proposed to minimize the sampling time,
mainly through using functional-form groups (Littler
& Littler 1980, 1984, Steneck & Dethier 1994), life-
form groups (Rioja 1929, Raunkjaer 1934, Cain
1950) and guilds (Root 1967). Researchers, though,
frequently try to identify as many species as possible
and try to place them in some of the proposed groups,
thus the problem persists.

In Brazil, some attempts to reduce sampling
time have been made after the 90’s: e.g. Villaca
& Pitombo (1997) and Figueiredo et al. (2004)
used functional-form groups; Corréa et al. (1998)
and Gherardi & Bosence (2001) summarised their
data by using great taxonomic groups; Costa Jr. et
al.(2002) used both of the previous approaches; and
Oigman-Pszczol et al. (2004) considered only the
dominant species found. Such approaches facilitate
increasing the sampling area by reducing sampling
time in the field and, consequently, more sampling
units can be obtained.

In a study aiming at comparing the use of
different sampling methodologies with rocky shore
communities, Meese & Tomich (1992) encouraged
the use of photography to save time in the field, while
also remarking the precision and easy replicability of
the method.
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Landscape ecology studies which use remote
sensing methods are also an alternative solution to
the problem of the extension of the sampled area.
Remote sensing has been employed worldwide
with a variety of marine areas (Guichard et al.
2000, Cuevas-Jiménez & Ardisson 2002, Mumby &
Edwards 2002, Hochberg & Atkinson 2003, Zharikov
et al. 2005) with geographical and ecological aims
(Metzger 2001). However, obtaining information
depends on the image scale and resolution (Bissonette
1997, Mumby et al. 1997) and thus modifications
in marine environments can be noticed too late for
their recuperation, as they are naturally dynamic and
susceptible to modifications in a much smaller scale
than are terrestrial areas (Murray ef al. 2006).

Recently, Berchez et al. (2005b) presented the
method entitled “Physiognomic Assessment of Hard
Bottom Benthic Communities” as an alternative to
increase the sampled area of rocky shores in Brazil.
This method uses photographs as sampling units —
following Meese & Tomich (1992) — taken at random.
The method is grounded in landscape ecology concepts
and it should be stressed that although landscape
ecology is generally thought as a scientific approach
intended only for large-scale use, it is also perfectly
suited to map rocky shore environments because it
considers spatial heterogeneity regardless of scale or
biological levels. In fact, rocky shores generally present
elevated spatial heterogeneity in a much smaller scale
than do terrestrial ecosystems, generating a mosaic of
several facets determined by the presence of one or
some structural species in association, each one of them

related to a characteristic habitat. Each homogeneous
facets is a component of the landscape heterogeneity
termed ‘settlement’ (Berchez et al. 2005b) that is the
operational unit of the method proposed.

The Physionomic Assessment is divided in
four approaches that are supplementary and return
increasingly detailed results. Depending on the
objectives of the study, all or some of them can be
used. Approach n. 1 includes the characterization
and description of the settlements of a community or
area; approach n. 2 includes the determination of the
georeferenced spatial distribution of each settlement;
approach n. 3 includes the quantification of the
percent coverage of each settlement based on digital
photographs of the study area; approach n. 4 includes
the evaluation of the specific composition and spatial
variation of each settlement.

The application of this methodology made
possible the characterization of hard bottom
communities rapidly and on a large scale. Approaches
1 and 2 were employed at 10 rocky shore stations
in Sdo Paulo State: three stations at Anchieta Island
(Palmas Bay), one at Toninhas Beach (Ubatuba),
one station at Baleeiro Head (Sdo Sebastido), two
at Moela Island and one at Munduba Head (both in
Guaruja), one station at Guara Island and another
one at Monte Pascoal Island (both in Bertioga). The
method was also employed in one station at Francés
Island in Espirito Santo State. Theses studies (Table
III) totalized 5,195m of rocky shores mapped with
a precision of Sm or more, corresponding to a
total described area of approximately 29,605m? at

Table III. Stations in which the Physiognomic Assessment Method was employed, with the approximate extension and area sampled, and the number

of settlements found in the midlittoral and infralittoral zone of each station.

Station extension (m)  approx. area (m?) midlittoral infralittoral
settlements settlements

Munduba Head 530 1,200 10 19
Moecla Island (SW) 155 1,550 12 26
Moela Island (NE) 200 2,000 9 22
Guara Island 200 2,000 12 12
Monte Pascoal Island 100 1,000 - 27
Palmas Bay (E — Presidio/Engenho) 260 1,380 24 31
Palmas Bay (E — Engenho/Pta Norte) 1,000 3,000 33 -
Palmas Bay (W) 750 5,500 23 66
Baleeiro Head 270 1,350 44 25
Francés Island 1,400 9,800 38 -
Toninhas 330 825 33 24
Total sampled 5,195 29,605
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a rate of about 5,921m? sampled per year', which
is far greater than any study of the sort in Brazil
(Tables I and IT). The sampling rate proved quick for
experienced observers: up to 200m per hour in some
areas with low diversity.

Regarding approach n. 3, the acquisition of
images at random and annotations in the field is
very quick (5min.sample”), but posterior analysis
in the computer needs more time (1h.sample”). Yet,
the method is more efficient than the traditional
ecological techniques for studying communities,
which usually include analysis of sampling units in the
field that depends on the low tide period (midlittoral
studies) or on the air supply of the divers (infralittoral
studies). Through physiognomic sampling, more
sampling units can be taken in the same amount of
time, consequently increasing the sampled area.
Most images taken so far had suitable resolution for
sorting all settlements (Foster et al. 1991, Meese &
Tomich 1992, Ducrotoy & Simpson 2001, Kollmann
& Stachowitsch 2001, Pech et al. 2004, Tkachenko
2005), what is not possible working in species-level
identification, especially in turfs and most beds
(Foster et al. 1991, Meese & Tomich 1992, Dethier et
al. 1993). Furthermore, the images used as evidence
can be stored in databases for later reevaluation or
new analyses (Foster et al. 1991).

The sampling of settlements with environmental
monitoring purposes at the stations of Guaruja and
Bertioga in the Santos Bay, Sao Paulo State (Berchez
etal. 2004, Berchez et al. 2005a, Ghilardi et al. 2007),
was made in a less complicated and more precise
manner than would have been monitoring procedures
based on species, which commonly present non-
seasonal variation resulting from sporadic or cyclic
causes (Holme & Mcintyre 1984).

CONCLUSION

The current challenge in benthic descriptive
ecology is to propose methodologies for data
collection and analysis that will establish a suitable
balance between the size of the described area and
the level of detail in the description, as to improve
the efficiency of studies of natural and anthropogenic
The use of
traditional techniques limits the size of the sampled

disturbances in these environments.

area not only in Brazil but over the rest of the world,
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rendering the regions surveyed far below desirable
dimensions (Murray 2006).

The use of random sampling in association with
time-saving techniques, like avoiding the use of
species as operational units or making use of images as
sampling units, makes it possible the characterization
of larger areas. Several protocols pointing to this
direction were presented recently (Mumby &
Edwards 2002, Malthus & Karpouzli 2003, Karpouzli
et al. 2004, Preskitt et al. 2004, Martins et al. 2005),
showing a growing concern of researchers with this
problem.

One of these protocols is the “Physiognomic
Assessment of Hard Bottom Benthic Communities”,
which couples these basic ideas with principles of
landscape science. However, landscape science itself
is new, and many of its concepts and methods are still
developing (Farina 2006). Furthermore, this line of
study is mainly applied to larger terrestrial areas, and
its use in smaller scales is still recent and more limited
(Metzger 2001). On the other hand, rocky shores are
a good model to test this method in a small scale, as
they present great spatial heterogeneity, thus being
a mosaic with several facets related to characteristic
habitats, thus in perfect agreement with the definition
of a landscape.

As further steps in this method, we are now
testing its applicability in different perspective scales
with the aid of remote sensing techniques, such as
high spatial resolution satellite images and field
spectroscopy.

Adding to the amount of knowledge about benthic
communities is a priority, since these communities are
very much threatened by human activities, both on a
local and global scale. In spite of it and of the vast
amount of benthic area in Brazil, they certainly are
the least known ecosystems, and structural alterations
in these ecosystems cannot be detected with the
present state of knowledge. Several response actions
can be proposed, like increasing the formations of
researchers in this field, or increasing the resources
destined to the area. We herein also suggest changing
the present methodological paradigms and turning to
more efficient methodologies and approaches.
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