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COST-BENEFIT ANALYSES
DESIGN OF SAMPLING

INVERTEBRATES
MPAS

PILOT STUDY

ABSTRACT. – A pilot study was carried out in the Asinara Island National Park
(NW Mediterranean) at Giordano Bay to investigate the spatial variation in abun-
dance of small invertebrates inhabiting upper infralittoral hard bottoms covered by
algae. Six experimental areas were randomly chosen within a mixed assemblage of
erect algae at the bay. Samples of benthic fauna were collected by cutting through
the algae to the rock surface with open-ended plastic cylinders of 40, 60 and 80 mm
in diameter (small, medium and large size, respectively). The abundance of the
most common taxa, for both macrofaunal and meiofaunal components, was found
unaffected by the size of the sampling unit, suggesting that the distribution of orga-
nisms is spatially heterogeneous and that the average distance among aggregation
of benthic assemblages is larger than the sampling unit sizes considered. Further,
taxonomic resolution used is discussed as a possible cause for the results obtained.
Cost-benefit analyses have determined the optimal allocation of resources to use in
future sampling of small benthic invertebrates at the site.

ANALYSES AVANTAGES-COÛTS
PROGRAMME D’ÉCHANTILLONNAGE

INVERTÉBRÉS
MPAS

ÉTUDE PILOTE

RÉSUMÉ. – Une étude pilote dans le Parc National de l’Île d’Asinara (Méditer-
ranée nord-occidentale) située dans la Baie Giordano a permis d’examiner la varia-
tion spatiale de l’abondance des petits invertébrés vivant sur les fonds rocheux
couverts d’algues de l’infralittoral supérieur. Six zones expérimentales ont été sé-
lectionnées dans un assemblage mixte d’algues dressées dans la baie. Les échantil-
lons de faune benthique ont été prélevés en coupant les algues à la surface du
rocher avec des cylindres en plastique ouverts à l’extrémité et d’un diamètre de 40,
60 et 80 mm (petite, moyenne et grande taille respectivement). Les résultats mon-
trent que l’abondance des taxons les plus communs de la macrofaune ou de la méio-
faune, n’est pas influencée par la taille de l’échantillon : ceci révèle que la
distribution des organismes est hétérogène spatialement et que la distance moyenne
dans l’agrégation des assemblages est plus grande que les tailles considérées des
unités d’échantillonnage. De plus, la résolution taxonomique utilisée est discutée
comme cause possible des résultats obtenus. L’analyse des avantages et des coûts a
permis de déterminer la position optimale des ressources utilisées en vue de
l’échantillonnage futur des petits invertébrés benthiques de ce site.

INTRODUCTION

Sampling procedures may vary depending on the
specific hypotheses to be investigated, the com-
plexity of habitat under investigation and spatial
variability of organisms. Further, logistic and eco-
nomic efforts often constrain specific sampling de-
signs.

Evaluating spatial variability of species by
means of an appropriate pilot sampling design
seems to be very helpful to allocate resources effi-

ciently (Kennelly & Underwood 1984, Andrew &
Mapstone 1987, James et al. 1995, Benedetti-
Cecchi et al. 1996, James & Fairweather 1996).
Testing any specific hypotheses through an estab-
lished proper experimental design can minimize the
costs and maximize the benefits, especially in ma-
rine reserves where it is particularly necessary to re-
duce the interference of sampling procedures to spe-
cies abundance. In fact, there is actually an
increasing concern on the use of sampling tech-
niques to be adopted in MPAs. Not destructive sam-
pling, such as visual estimates and photographic
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techniques (Fraschetti et al. 2003, Benedetti-Cecchi
et al. 2003), or destructive sampling of least areas is
to be preferred once reliability is assured. Knowledge
of spatial variability of organisms investigated
allows design of experiments and monitoring pro-
grams, testing specific hypotheses about any exper-
imental treatment or protection effectiveness.

One way to test the precision of sampler of small
invertebrates is by taking a repetitive series of sam-
ples from an area and calculating the optimal num-
ber of samples, necessary for a predetermined level
of error (Christie 1976). A pilot study is generally
performed to determine the optimum size of sam-
pling units and number of both replicates and areas
for experimental treatments with regard to the spa-
tial variability of the organisms investigated
(Underwood 1981, Kennelly & Underwood 1984,
1985, Benedetti-Cecchi et al. 1996). In fact, the
choice of the size of sampling unit is fundamen-
tally related to characteristics of the organisms be-
ing sampled, such as spatial arrangement, and this
is particularly true when they are aggregated (An-
drew & Mapstone 1987). Furthermore, comments
on the precision and accuracy of some sampling
methods suggest that no approach is generally
valid and the adequacy of a given method should
be evaluated in any particular situation (Benedetti-
Cecchi et al. 1996).

In the present pilot study we describe a sampling
method to determine spatial variation in the abun-
dance of the small invertebrates inhabiting upper
infralittoral hard bottoms covered by algae in the
Asinara National Park (NW Mediterranean), by us-
ing several corer sizes to assess the most effective
sample size. Cost-benefit and variance analyses
were used to determine optimal number of repli-
cates and areas to be sampled in any field experi-
ment. Although there have been examples of cost-
benefit analyses in the literature (e.g. Benedetti-
Cecchi et al. 1996), these studies have focused
mainly on attached organisms of relatively large
size. The present pilot study provides comparable
information for small macrofaunal and meiofaunal
invertebrates inhabiting assemblages of turf-form-
ing algae of rocky shores.

METHODS

This study was carried out on upper infralittoral hard
bottoms covered by algae in Asinara Island MPA at
Giordano Bay (Lat N 41o 05,476’; Lon E 08o 21,007’), a
low-use part of the Reserve. Asinara Island was a prison
island from 1885 to 1997 and, therefore, public access
and construction have been forbidden for nearly a century
(Villa et al. 2002). Although Giordano Bay has been es-
tablished as a ‘entry, no-take’ zone, very few visitors
were observed during summer.

Samples of benthic fauna were collected on 9 January
2002 between 0.2-0.4 m below MLLW by cutting
through the algae to the rock surface with open-ended
plastic cylinders. Three sampler size 40, 60 and 80 mm
in diameter (small, medium, large) were used, corre-
sponding to 12.56 cm2, 28.26 cm2 and 50.24 cm2 in sur-
face area scraped, respectively (e.g. Brown & Taylor
1999, Kelaher et al. 2003). For each sample, all the al-
gae and benthic invertebrates were removed down to the
basal crust by using a metal scraper, so including both
macrofaunal and meiofaunal components. Macrofauna
component is not commonly sampled using those sizes
of corer and this could possibly represent a source of er-
ror. However, this is a pilot study and further experi-
ments will investigate this aspect.

The remaining organisms on the rock that had been
scraped clean and the epifauna apparently had no oppor-
tunity to escape following placement of the sampling
cylinder.

At the bay, six experimental areas within a mixed as-
semblage of erect algae were randomly chosen. They
were about 20×20 cm in size and 5 m distant apart. Two
replicate areas were randomly assigned to each sampling
surface and two replicate samples were collected in each
area.

In the field, samples were preserved in 4% formalin
in seawater and, in the laboratory, each sample was
sieved in a 500-µm mesh; material filtered was sieved
again in a 100-µm mesh. Organisms retained by the two
meshes were attributed to macrofaunal and meiofaunal
components (Coull & Bell 1979, Platt 1981, Martens &
Schockaert 1986, Brown & Taylor 1999, Kelaher et al.
2003), identified to coarse taxonomic levels and counted
under stereo microscope.

Two-way ANOVAs were performed to examine the
difference in abundance of the most common taxa de-
pending on the size of the sampling cylinder used. ‘Size’
was treated as fixed factor (3 levels, small, medium, and
large), while ‘area’ was random and nested in size (2 lev-
els). Cochran’s test was used to check for the homogene-
ity of variances (Winer 1971). Whenever necessary data
were transformed. The GMAV 5.0 software (University
of Sydney) was used to perform statistics.

Cost-benefit analyses were used to determine the op-
timal number of replicates and areas. Standard proce-
dures (Winer 1971, Underwood 1981) were used for
calculation. The number of replicates (n) per area was
determined as:

n = (Ca · Se2 / Cr · Sa2)1/2 (1)

where Se2 is the estimated variance among replicates and
Sa2 is the estimated variance among areas.

The optimal number of areas (a) was determined as:

a = Ct / nCr + Ca (2)
where Ct (360 min) is the total time allocated to collect
the samples with a specific surface in future studies, Cr
is the mean cost among samples of different size (in
terms of time) necessary to sort under microscope each
replicate (60 min and 140 min for macrofauna and
meiofauna, respectively). These mean times have been
calculated beeing the cost for sorting macrofauna 30, 60
and 90 min for small, medium and large sampler size, re-
spectively, and for meiofauna 60, 120 and 240 min. Ca
(1 min) is the mean time necessary to move among ex-
perimental areas.
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Fig. 1. – Mean abundance (±SE) of commonest macrofauna taxa sampled with samplers of different size (small, me-
dium, large) and areas (n=2).

RESULTS AND DISCUSSION

Padina pavonica L. Lamour, Stipocaulon
scoparium (L.) Sauv, Polysiphonia spp., Cystoseira
amentacea Bory var. stricta Montagne, Ceramium
spp., Dasycladus vermicularis (Scopoli) Krasser,
Jania rubens (L.) Lamour were the most abundant
algal species in the samples. Polychaetes, molluscs,
nematodes, oligochaetes, echinoderms, gammarid
amphipods, caprellid amphipods and tanaids mostly
composed the macrofauna (Fig. 1). The other indi-
viduals of crustaceans found, isopods, ostracods and
cumaceans have been included in ‘other’ group.
Nematodes larger than 0.5 mm were included in this
category although they are usually considered
meiofaunal representatives (Martens & Schockart
1986). A total of 1298 individuals were collected in
12 samples. Polychaetes (36.5%), gammarid amphi-
pods (25.9%) and caprellid amphipods (8.6%) were
the dominant taxa.

Polychaetes, molluscs, nematodes, oligochaetes,
gammarid amphipods, caprellid amphipods, isopods,
tanaids, ostracods and harpacticoid copepods were
the meiofauna most common taxa found in samples
(Fig. 2). A total of 6139 individuals were found:
harpacticoid copepods (51.7%), polychaetes (29.2%)
and nematodes (9.7%) were the dominant taxa.

The abundance of each taxon was not affected
by the size of sampling units. For none of the re-

sponse variables, the analysis has identified a sig-
nificant difference among sizes of sampling units
(Table I). However, the abundance data of poly-
chaetes found in meiofauna could not be analysed
by ANOVA because of variance heterogeneity
even after data transformation (Table I). For this
taxon, the number of individuals seems proportion-
ally dependent on the size of sampling unit so that
the smallest sample collects about half of the or-
ganisms collected by the largest sample, consis-
tently to different cylinder areas.

The size of sampling unit greatly affects the pre-
cision of data estimates (Andrew & Mapstone
1987). The size of the sampler is relative to the
spatial aggregation of organisms studied. If the size
of the sampling unit is similar to or smaller than
the average distance among aggregations, variation
among replicates is expected to be large (Andrew
& Mapstone 1987). Conversely, estimates col-
lected in large sampling units are expected to be
less dependent on the patchiness of species. Small-
scale, local heterogeneity in habitat and the distri-
bution and abundance of organisms is well docu-
mented in marine systems in both littoral and
infralittoral (Underwood & Chapman 1989, Chap-
man 1994a, 1994b, Chapman et al. 1995, Under-
wood & Chapman 1996, Menconi et al. 1999,
Benedetti-Cecchi 2001, Kelaher et al. 2003). In
fact, species distribution is dependent on the cha-
racteristics of the substrate (Gibbons 1988a, 1988b,
Danovaro & Fraschetti 2002), on the macroalgae
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Table I. – Results of ANOVAs on the effects of sampler size (large, medium and small) and Area (two areas). Bold
numbers indicate significance at p<0.05.

Fig. 2. – Mean abundance (±SE) of commonest meiofauna taxa sampled with samplers of different size (small, me-
dium, large) and areas (n=2).



occurring on the substrate, that can play a major
role for the recruitment of several benthic species
such as polychaetes, bivalves and amphipods
(Beckley 1982, Coull et al. 1983, Judge et al.
1988) and on the ethology of each species
(Olafsson 1992, Hughes 1996, Blome et al. 1999).

In this study, the lack of a significant effect of
the sampling corer size may be dependent on the
heterogeneous spatial distribution of taxa, hence
the average distance among aggregations is larger
than the sampling unit sizes considered. If this was
true, at the site, significant differences in inverte-
brate abundance among sampling sizes would have
been likely using a sampler larger than 80 mm in
diameter. However, the lack of significant differ-
ences among cores of different size might also
have occurred if populations were distributed ho-
mogeneously in space. In fact, this was a pilot
study and it is possible that the lack of significant
effects reflected the lack of statistical power
(Underwood 1997). Because this study did not test
hypotheses about the spatial arrangement of organ-
isms, it is impossible to distinguish among these al-
ternatives.

Results of analyses obtained for cores of differ-
ent size indicate that the three cylinders collect the
same amount of taxa considered. This finding sug-
gests that the smallest sampler size (40 mm in di-

ameter) would be the most suitable for future
samplings in this habitat, given the distribution of
species, the minimum impact on this protected en-
vironment and the least time needed to sort each
sample of this size.

Analysis of variance did not identify a signifi-
cant effect of experimental areas. There was a con-
siderable homogeneity in the distribution of taxa
(Fig. 1, Table I) among areas. However, for three
taxa, spatial distribution was significantly depend-
ent on area: for polychaetes, echinoderms belong-
ing to macrofauna and gammarid amphipods be-
longing to meiofauna, indeed area had a significant
effect (Table I). The large spatial variation at this
scale suggests the importance of using hierarchical
sampling design at this site. This estimated spatial
variation could be an important basis for designing
conservation management at this MPA.

Results of cost-benefit analyses are summarized
in table II for each taxon. The optimal number of
replicate plots per area (determined from Eq. 1)
was always less than two, because of the long time
needed to sort the samples (Cr) rather than a high
variability among areas. However, for some taxa
the negative estimates of variance among areas
(Sa2) found did not allow to identify the most ap-
propriate number of replicate cores and areas. The
number of replicates was set at two to provide a
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Table II. – Summary of cost-benefit analyses on macrofaunal and meiofaunal taxa.



minimum of replication in each area. From Eq. (2)
and using the optimal number of replicate plots, the
optimal number of replicate areas was determined.
Results estimated a low optimal number always
less than two because of the high relative contribu-
tion of Cr, as in Eq. 1. Although results have iden-
tified 2 replicate cores and 2 areas as the optimum
sample size, in order to increase statistical power,
larger samples will probably be needed to test hy-
potheses about spatial and temporal patterns in
these assemblages.

In this paper we estimated spatial variation of
invertebrates aggregated in coarse taxonomic lev-
els, for both meiofaunal and macrofaunal compo-
nents, so as they are commonly considered (Brown
& Taylor 1999, Danovaro & Fraschetti 2002).
Hence, abundance estimates and replication for fu-
ture sampling designs suggested by the cost-benefit
analyses, are likely to be appropriate for these tax-
onomic levels. In future monitoring program and
experiments carried out at this site, following the
design here drawn, the abundance of organisms
with the same taxonomic resolution should be ana-
lysed, since some authors have already evidenced
that results can be dependent on the taxonomic
level considered (i.e. Somerfield & Clarke 1995,
Pagola-Carte et al. 2002).
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ERRATA (VOLUME 54 2/3)

– La 1ere partie du tableau III de l’article de Goma et al qui n’avait pas été tirée, est
à ajouter à la page 85 du volume 54(2/3)
The first part of Table III in the paper by Goma et al was not published. Please,
add this first part (given hereafter) on page 85 (volume 54 2/3)

– La nouvelle figure 1-116 remplace la figure 1-116 de l’article Monnier et al, page
129. La placer à la page 129.
The new figure 1-116 should replace the figure on page 129 in the paper by
Monnier et al in volume 54(2/3).

The editors apologize for this inconvenience.



Table III (First part). List of taxa identified in the studied sites. Bold: taxa which had abundance over 5%
at least in one site. One asterisk: new taxa for Catalonian diatom flora (Cambra et al. 1991). Two asterisks:
new taxa for the Iberian Peninsula (Aboal et al. 2003).



Figs 1-116. – LM. Scale bar = 10 µm. Figs 1-41: Achnanthidium atomoides (type material from river Ernz Blanche at
Hessemillen, Luxembourg). Figs 1-14: raphe valves. Figs 15-17: girdle views. Figs 18-29: rapheless valves. Figs 30-
41: two valves of the same individual. Figs 42-72: A. atomoides (material from river Nalón, Spain). Figs 42-49: raphe
valves. Figs 50-52: rapheless valves. Figs 53-56: girdle views. Figs 57-72: two valves of the same individual. Figs 73-
116: A. atomus (original material from type locality, Java). Figs 73-92: raphe valves. Figs 93, 94: two valves of the
same individual. Figs 95-116: rapheless valves.
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