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ABSTRACT
Benthic macrofauna are used extensively for
environmental assessment, but the area sampled and
sieve sizes used to capture animals often differ
among studies. Here we sampled 80 sites using three
different sized sampling areas (0.1, 0.05, 0.0071 m2)
and sieved those sediments through each of two
screen sizes (0.5, 1 mm) to evaluate their effect on
number of individuals, number of species, dominance, non-metric multidimensional scaling (MDS)
ordination, and benthic community condition indices
that are used to assess sediment quality in California.
Sample area had little effect on abundance but substantially affected numbers of species, which are not
easily scaled to a standard area. Sieve size had a
substantial effect on both measures, with the 1-mm
screen capturing only 74% of the species and 68% of
the individuals collected in the 0.5-mm screen.
These differences, though, had little effect on the
ability to differentiate samples along gradients in
ordination space. Benthic indices generally ranked
sample condition in the same order regardless of
gear, though the absolute scoring of condition was
affected by gear type. The largest differences in condition assessment were observed for the 0.0071-m2
gear. Benthic indices based on numbers of species
were more affected than those based on relative
abundance, primarily because we were unable to
scale species number to a common area as we did for
abundance.

INTRODUCTION
Benthic macrofauna are used extensively as indicators of environmental status, with numerous studI

ies demonstrating predictable responses to various
types of natural and anthropogenic stress (Pearson
and Rosenberg 1978, Dauer et al. 2000, Diaz et al.
2004, Muxika et al. 2005, Borja et al. 2009).
Benthos have many characteristics that make them
useful indicators, including the potential for high
exposure to stress. Because benthic organisms have
limited mobility and cannot avoid adverse conditions, they are exposed to accumulated contaminants
and low concentrations of oxygen in near-bottom
waters. Benthic assessments are often based on benthic indices, which translate community composition
into a quality classification evaluating whether samples deviate from expectations for reference conditions (Weisberg et al. 1997, Van Dolah et al. 1999,
Rosenberg et al. 2004, Muxika et al. 2007, Weisberg
et al. 2008, Ranasinghe et al. 2009). Benthic indices
have proven to be accurate and sensitive indicators
of the condition of the sediments in which benthos
live (Diaz et al. 2004, Pinto et al. 2009).
The sampling methods used to capture benthic
macrofauna in support of sediment condition assessments vary considerably among studies. The most
substantial differences are the area sampled by the
collection gear and the mesh size of the screen used
to sieve the sampled sediment. Gears that sample
larger areas tend to collect more species (Ferraro et
al. 1994, Ferraro et al. 2006). Sieves with smaller
apertures retain more individuals, particularly juveniles and smaller taxa (Reish 1959, Bachelet 1990,
James et al. 1995). However, these fuller community descriptions involve higher costs to sort and identify larger numbers of individuals and species.
A number of studies have examined the effects
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of sampling area and sieve size on benthic macrofauna collections (Ferraro and Cole 2004, Ferraro et al.
2006), but these studies have generally focused on
benthic macrofaunal composition and descriptive
community statistics. What is less clear is how sampling area and sieve size affect ranking of sampling
site quality through use of benthic quality indices or
multivariate modeling. Of particular interest, the
State of California recently adopted sediment quality
objectives that are based in large part on assessing
condition of the benthic macrofaunal community
(Bay and Weisberg in press). However, different
sample areas and sieve sizes have traditionally been
used to sample benthos in various parts of California
and the sensitivity of those assessments to gear type
are unknown. Here, we collected samples using six
combinations of sampling area and sieve size in four
California habitats to determine how differences in
species composition and abundance due to these
sampling differences affect several indicators of sediment quality.

METHODS
Benthic macrofaunal samples were collected
between June 21 and October 26, 2004 from 80 sites
in 4 California benthic habitats (Table 1). At each
site, three nested samples of differing areas (0.0071,
0.05, and 0.1 m2) were collected from a single drop
of paired 0.05-m2 Van Veen grabs mounted on a single frame. The sediment from one 0.05-m2 grab, a
0.0071-m2 core collected from the other grab, and
the remaining sediment from the other grab were
sieved separately. The core and intact grab provided
0.0071-m2 and 0.05-m2 samples, while data from all
three portions combined yielded a 0.1-m2 sample.
Each sediment portion was sieved separately through
a 1-mm screen, and the residue that passed through
was sieved through a 0.5-mm screen. Abundance
data from both screens were combined to represent
the >0.5-mm fraction. Materials retained on the
screens were preserved in buffered 10% formalin in
the field and transferred to 70% ethanol within two

Table 1. Description of sampling sites.
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weeks. Animals were sorted from the detritus, identified to the lowest possible taxon, and counted.
Sample area and sieve size effects were evaluated by habitat for three types of assessment measures.
First were traditional community measures, including the total numbers of species, total numbers of
individuals and Simpson’s dominance index
(Simpson 1949), as well as numbers of crustacean,
mollusc, and polychaete individuals. Two way
analysis of variance (ANOVA) for main effects of
sieve size and sample area was used to examine
within-habitat differences, with the dependent variables, number of individuals, scaled to a standard
area (0.1 m2). Data were log-transformed prior to
analysis to meet assumptions of normality and
homogeneity of variance, where necessary.
The second approach evaluated whether the sampling sites maintained similar relative positions in
multivariate space when using data from the different sample areas and sieve sizes. Permutational
analysis of variance (PERMANOVA) was used to
evaluate differences due to gear type in non-metric
multidimensional scaling (MDS) ordinations of
species abundance data, using PRIMER Version 6
software (Anderson et al. 2008). Permutational
methods were also used to conduct pairwise comparisons among sample areas and between sieve sizes
(Anderson et al. 2008). Bray-Curtis dissimilarity
matrices of fourth-root transformed abundances standardized to 1 m2 (Anderson et al. 2008) were used
for these analyses. Separate analyses were conducted for each habitat.
The third approach evaluated sample area and
sieve size effects on four indices of benthic community condition that are part of California’s sediment
quality objectives: the Benthic Response Index (BRI;
Smith et al. 2001, 2003), the River Invertebrate
Prediction and Classification System (RIVPACS;
Wright et al. 1993, Van Sickle et al. 2006), the
Relative Benthic Index (RBI; Hunt et al. 2001), and
the Index of Biotic Integrity (IBI; Thompson and
Lowe 2004). The BRI is a measure of the abundance-weighted pollution tolerance of species present in a sample, while RIVPACS is the ratio of
observed species to those expected in undisturbed
reference samples in similar habitats. The RBI and
IBI are multi-metric indices based on community
parameters, such as abundance, number of species,
and number of individuals in selected indicator taxonomic groups. Ranasinghe et al. (2009) describe
calculation of these indices. Application of the

indices was limited to habitats for which they were
previously calibrated; all four indices were previously calibrated for Southern California marine bays and
polyhaline central San Francisco Bay (Ranasinghe et
al. 2009), the IBI was also calibrated for mesohaline
San Francisco Bay (Thompson and Lowe 2004) and
the RBI was calibrated for all four habitats (Barnett
et al. 2007).
The effects of gear on the indices were evaluated
in two ways. The first was to assess changes in
magnitude of the index value. The second was to
determine how any changes in index values affected
the assessment of condition within the context of
California’s sediment quality objectives which classifies sediments into four condition assessment categories: 1) Reference - a community that would occur
at a reference site for that habitat; 2) Low disturbance - a community that exhibits some indication of
stress, but within measurement variability of reference condition; 3) Moderate disturbance - a community that exhibits evidence of physical, chemical, natural or anthropogenic stress; and 4) High disturbance
- a community exhibiting a high magnitude of stress.
Samples in categories 3 and 4 are considered to be in
poor condition, while categories 1 and 2 are considered to be in good condition.

RESULTS
There were no significant differences in the total
numbers of individuals collected as a function of
sampled area (after standardization to number per
m2; Table 2). There were also no significant differences in numbers of crustacean, mollusc, and polychaete individuals among the three sample areas for
any habitats (Table 2). There was, however, a general pattern of greater number of individuals in the
smallest sample area.
In contrast, sieve size had a large effect on total
numbers of individuals, with 1-mm sieves containing
an average of only 68% (53 - 83%) of the individuals collected on 0.5-mm sieves (Figure 1). Screen
size also significantly affected total numbers of individuals in all three major taxa in all habitats except
in polyhaline Central San Francisco Bay. Crustacean
abundance was most affected by sieve size, with significant differences in three of the four habitats
(Table 2).
The number of species sampled was significantly
affected by both sample area and screen size. The 1mm screen captured an average of only 74% (58 -
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Table 2. P-values from two-way ANOVAs for effect of sample area (top) and sieve size (bottom). Interaction terms
are not shown, but none were significant. The number (N) of individuals (Ind), crustaceans (Crust), molluscs
(Moll), and polychaetes (Poly) were scaled to 0.1 m2, while the number of species (Spp) was not. RIVPACS, BRI,
and IBI values were only calculated for habitats for which indices had been previously calibrated.

0.5-mm sieves. There were no significant differences in dominance among the sample areas in any
habitat (Table 2).

81%) of the species captured by the 0.5-mm screen
(Figure 2). While sample area and sieve size both
strongly affected the numbers of species captured,
neither affected the identity of dominant species.
The top ten species in each habitat were generally
the same for all gear combinations (Table 3),
although there were a few exceptions. The most
prominent exception was the high abundance of the
amphipod Ampelisca abdita in San Francisco Bay
samples sieved through 0.5-mm screens, compared
to its near absence when the same samples were
sieved through 1.0-mm screens.

PERMANOVA indicated significant effects of
gear area and screen size on community clustering
(Table 4), but the effects were small as samples from
the four habitats segregated similarly in all MDS
plots (Figure 4). Sample area comparisons revealed
the largest differences between 0.0071-m2 and 0.1m2 samples in southern California marine bays and
estuaries and wetlands habitats. Sieve size significantly affected community clusters for the estuaries
and wetlands and mesohaline San Francisco Bay
habitat.

Simpson’s dominance was generally higher for
1-mm than 0.5-mm sieves (Figure 3). However,
dominance was significantly affected by sieve size
only in the mesohaline San Francisco Bay habitat
(Table 2), where large numbers of the numerically
dominant amphipod Ampelisca abdita passed
through 1-mm screens and were captured only in
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Figure 1. Mean number of individuals collected (per 0.1 m2) as a function of screen size, sample area, and habitat class (bars represent standard error). N shown in Table 1.
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Figure 2. Number of species per sample as a function of screen size, sample area, and habitat class.

ring between the 0.0071-m2 and 0.05-m2 gears. The
index was also significantly lower for the 1 mm
screen size in all four habitats (Figure 5). RIVPACS
also decreased with decreasing gear area, with the
biggest change between 0.0071-m2 and 0.05-m2, but
unlike the RBI, sieve size did not affect RIVPACS.
Similarly, the IBI was significantly affected by
sample area but not by sieve size. Each index
showed the same pattern of change among sample
areas and sieve sizes, with the exception of the IBI,
which varied (Figure 5).
The frequency with which indices shifted among
categories with changing gear was comparable to
their relative performance in the ANOVA. For the
BRI, we found that less than 12.5% of the samples
were classified differently from the classification
when using the gear for which the index was calibrated in that habitat, which is comparable to the difference in categorization when comparing two replicates using the same gear (Table 5). In contrast, up
to 70% of the samples were classified differently as
a function of gear for the RBI. For all of the indices,
the 0.0071-m2 sample area gear had the greatest
effect on index categorization (Table 5). Most categorization changes were small and samples that
changed were classified into adjacent categories
rather than large classification changes into nonadjacent categories (Tables 5 and 6). The highest
percentages of large changes were observed for
0.0071-m2 samples for the RBI, RIVPACS and RBI
(Table 6). Except for RBI status categorizations for
0.0071-m2 samples, most samples did not change
status between “good” and “poor” condition as a
function of sampling gear (Table 7).
There was pattern to the direction of category
change (Table 8). For the IBI, most changes from
calibration gear yielded classifications indicating

increased disturbance. For the BRI, RIVPACS and
RBI, changing to 0.0071-m2 gear also resulted in
classifications indicating increased disturbance,
while changing to larger gear and the smaller sieve
size consistently decreased disturbance assessments
(Table 8).

DISCUSSION
Our findings are consistent with several previous
studies that found abundance (after normalization to
a common area) is affected more by sieve size than
by area of the sample gear (Reish 1959, Ferraro et
al. 1989, Ferraro et al. 1994, James et al. 1995,
Schlacher and Wooldridge 1996, Ferraro and Cole
2004, Ferraro et al. 2006). This results mostly
because the smaller sieve size allows capture of
juveniles and species that aren’t large enough to be
retained on the 1-mm screen. In contrast, species
richness was more affected by sampling area of the
gear than by sieve size. This difference is because
the number of individuals is linearly related to sample area and can be multiplicatively adjusted, whereas the relationship between number of species and
sample area is nonlinear (Preston 1948, Connor and
McCoy 1979, Rey et al. 1982) and varies among
habitats; thus species richness cannot be normalized
for as easily as abundance.
Similar to previous studies, gear and sieve size
had less effect on description of community composition than it did on abundance and species number.
In several earlier studies, the dominant species were
relatively unaffected by sample area and sieve size
(Ferraro and Cole 2004) and the clustering of samples in ordination space was affected only to a small
degree by sample area or sieve size (James et al.
1995, Ferraro et al. 2006). Since the development
and calibration of indices of condition varies signifi-
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Table 3. Rank order of species abundance in samples from each habitat class as a function of sample area and
sieve size. The top ten species from the 0.1-m2 gear and 0.5-mm sieve are listed in the first column for comparison with other gear combinations.
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Figure 3. Simpson’s dominance as a function of screen size, sample area, and habitat class.

cantly among different types of communities
(Ranasinghe et al. 2009), an early step in index use
is to perform cluster analyses to separate the community types (Ranasinghe et al. in press), so that indices
can be calibrated from each community (Ranasinghe
et al. 2009). Our study also showed that sample area
and sieve size had little effect upon measurement of
community segregation as illustrated in MDS plots
(Figure 4).
The effect of gear area and sieve size on benthic
index values, though, depended on the type of index.
The BRI was least affected (Figure 5), probably
because it is based primarily on species composition,
which was not affected much by gear and sieve size.
In contrast, the RBI was most affected because it is
based largely on overall numbers of species and
numbers of species within selected indicator taxonomic groupings, which were most affected by gear
and sieve size. Even the RBI values, though, were
significantly correlated across gear types (Figure 5),
which suggests that application of these indices only

requires a recalibration to identify gear specific
threshold values for appropriate condition assessment. Of the community, multivariate and benthic
index measures we investigated, benthic indices such
as the RBI and the IBI, which are based on numbers
of species, showed the clearest need for gear specific
calibration. However, if we were able to scale
species number to a standard area (Table 2), we
would expect these indices to have much greater
agreement among the three gear types.
Ultimately, the choice of gear depends on the
desired goal of sampling (Bachelet 1990, Schlacher
and Wooldridge 1996). The larger gear area and
smaller sieve size provide a more thorough picture of
the community, which can be highly desirable for a
complete community description. In many benthic
surveys the primary goal is not to assess the relative
condition or health of the community, but to describe
the structure for comparison to other places and
times. A 1-mm sieve often misses too many species

Table 4. PERMANOVA results with pairwise comparison results indicated by letters; sample areas with the same
letters are not significantly different.
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Figure 4. Multidimensional scaling plots for each combination of gear and sieve size. Letters A through E indicate the position of five stations representing each of the four habitat types and illustrate station shifts among the
MDS plots.

and individuals to provide an accurate description.
However, the amount of processing time is largely
proportional to the amount of area sampled and
about doubles for processing a 0.5-mm sieve compared to that for a 1.0-mm sieve. Given that we

observed little effect on community ordination or
indices such as the BRI, the additional detail gained
by the larger gear and smaller sieve may be desirable
but unnecessary in assessing a sample’s condition
relative to a reference or healthy community.
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Figure 5. Effect of screen size and sample area on four benthic indices. The arrows indicate the direction of positive change in the community for each index.

Table 5. Percentage of samples for which condition categories changed as a function of gear area and sieve size
differerences from those originally used to calibrate the index. Condition categories: (1) Reference, (2) Low disturbance, (3) Moderate disturbance, and (4) High disturbance. Indices were calibrated on data from 0.1-m2 grabs
sieved through 1-mm screens, except in San Francisco Bay, where calibration data were from 0.05-m2 grabs and
sieved through 0.5-mm screens.
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Table 6. Percentage of samples with large changes into non-adjacent condition categories as a function of gear
area and sieve size differences from those originally used to calibrate the index. Condition categories: (1)
Reference, (2) Low disturbance, (3) Moderate disturbance, and (4) High disturbance. Indices were calibrated on
data from 0.1-m2 grabs sieved through 1-mm screens, except in San Francisco Bay, where calibration data were
from 0.05-m2 grabs and sieved through 0.5-mm screens.

Table 7. Percentage of samples for which status classification did not change (from “disturbed” to “undisturbed”,
or vice versa) as a function of gear area and sieve size differences from those originally used to calibrate the index.
Indices were calibrated on data from 0.1-m2 grabs sieved through 1-mm screens, except in San Francisco Bay,
where calibration data were from 0.05-m2 grabs and sieved through 0.5-mm screens.
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