Assessing coastal benthic macrofauna
community condition using best professional
judgement: Developing consensus across
North America and Europe

ABSTRACT

Benthic indices are typically developed inde-
pendently by habitat, making their incorporation into
large geographic scale assessments potentially prob-
lematic because of scaling inequities. A potential
solution is to establish common scaling using expert
best professional judgment (BPJ). To test if experts
from different geographies agree on condition
assessment, 16 experts from 4 regions in USA and
Europe were provided species-abundance data for 12
sites per region. The experts ranked samples from
best to worst condition and classified samples into
four categories. Site rankings were highly correlated
among experts, regardless of whether they were
assessing samples from their home region. Also,
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there was good agreement on condition category,
though agreement was better for samples at extremes
of the disturbance gradient. The absence of regional
bias suggests that expert judgment is a viable means
for establishing a uniform scale to calibrate indices
consistently across geographic regions.

INTRODUCTION

Benthic invertebrate community condition is
used worldwide to assess the effects of many
impacts, including physical disturbance, organic
loading and chemical contamination (Pearson and
Rosenberg 1978; Dauer et al. 2000; Borja et al.
2000, 2003; Muxika ef al. 2005). These assessments
often use benthic indices to translate community
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composition into a quality classification (Weisberg et
al. 1997; Van Dolah et al. 1999; Borja et al. 2000,
2004b; Rosenberg et al. 2004; Dauvin and Ruellet,
2007; Dauvin et al. 2007; Muxika et al. 2007,
Weisberg et al. 2008; Ranasinghe et al. 2009).
Benthic indices are accurate and sensitive indicators
of the condition of the sediments in which benthos
live (Diaz et al. 2004, Pinto et al. 2009).

Using benthic indices for assessment over large
geographic areas is problematic because they are
usually developed within specific habitats and ecore-
gions (Borja and Dauer 2008). Benthic species com-
position varies naturally across habitat gradients and
expectations for reference conditions vary according-
ly (de Paz et al. 2008, Borja et al. 2009a).
Consequently, there is no certainty that indices
developed in different regions or habitats assess bio-
logical condition on the same scale. Interpreting dif-
ferent benthic indices developed for different habi-
tats to yield a common assessment for management
purposes is further complicated when the indices are
based on different combinations of metrics (Diaz et
al. 2004; Borja et al. 2009a,b).

One potential solution is to apply expert BPJ to
establish a set of samples across regions that provide
a uniform scale for calibrating any index, but this
assumes there is consensus about benthic community
condition classifications among experts across
regions. Weisberg et al. (2008) found a high level of
agreement in expert BPJ in a benthic quality assess-
ment for two United States west coast habitats, but
that assessment was limited to experts from within
the region making an assessment of biota with which
they had great familiarity. Agreement in benthic
condition assessments of experts with varying famil-
iarity with resident benthic fauna would be necessary
for establishment of a credible scale applicable
across broader geographic regions.

In this study, the level of agreement among
experts using BPJ to assess the condition of benthic
communities from four widely separated geographic
regions was evaluated. The objectives were to eval-
uate: 1) whether BPJ assessments were independent
of the home regions of the experts, and 2) whether
the level of agreement among expert BPJ was suffi-
cient to establish a universal benthic assessment
scale for the four regions that could be used to inter-
calibrate benthic indices and assessment methodolo-
gies across habitat boundaries.

METHODS

Sixteen benthic experts from four geographic
regions were provided species-abundance data for
twelve sites from each region and asked to determine
the condition of the benthos at each site. The four
regions included the West (W) and East (E) coasts of
the United States (US), and the Atlantic (A) and
Mediterranean (M) coasts of Europe. Of the 16 ben-
thic ecologists, 9 were from academic institutions, 4
from municipalities that implement benthic monitor-
ing programs to assess the effect of discharge out-
falls, 2 from non-profit research organizations, and 1
from a consulting firm. Their experience in benthic
monitoring ranged from 16 to 38 years. Each benth-
ic ecologist was provided species abundance data for
each sample and limited habitat data (region, salinity,
depth, and percent fines as a measure of sediment
grain size) sufficient to establish an expectation for
what kinds of organisms should occur there under
undisturbed conditions.

The experts were asked to rank the relative con-
dition of the sites from “best” to “worst” within each
region as well as across all four regions. “Best”
means least likely to have been disturbed while
“worst” means most likely to have been subjected to
disturbance, with ties designated as liberally as each
expert desired. The experts were also asked to
assign each site to one of four condition categories
based on narrative descriptions: 1) “unaffected”: a
community at a least affected or unaffected site; 2)
“marginal deviation from unaffected”: a community
that shows some indication of stress but indicators
remain within the measurement error of unaffected
condition; 3) “affected”: where there is confidence
that the community shows evidence of physical,
chemical, natural, or anthropogenic stress; and 4)
“severely affected”: where the magnitude of stress is
high. The experts were also asked to identify the cri-
teria they used to evaluate the benthos and rate their
importance as follows: 1) very important; 2) impor-
tant, but secondary; 3) marginally important; 4) use-
ful, but only to interpret other factors. Criteria that
were not used by an expert were assigned a rank of
“5” for the purpose of calculating an average impor-
tance of that attribute among the experts. Because
many of the experts identified tolerant and sensitive
indicator species as evaluation criteria, they were
also asked to list their indicator species and rank
their importance on the same scale.

In each of the 4 regions, the 12 samples were
selected to encompass a range of conditions from
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unimpacted to highly disturbed, from continental
shelf and nearshore areas with salinity >30 psu. The
US West Coast, European Atlantic coast, and
Mediterranean coast samples were collected with
0.1-m2 Van Veen grabs and sieved through 1-mm
screens, while the US East Coast samples were col-
lected with 0.04-m?2 Young grabs and sieved through
0.5-mm screens. For consistency, abundances for the
US East Coast samples were standardized to 0.1 m2.
The data sets from which the samples were selected,
and the assessment measures used to order them, are
described below.

United States West Coast

Twelve samples were selected from 493 in the
data set used by Smith et al. (2001) to develop the
Benthic Response Index (BRI). These samples were
collected between 1973 and 1994, from 25 to 130 m
depths along the southern California mainland shelf.
Samples were ordered by their BRI values and
selected at even BRI intervals.

United States East Coast

Samples were selected from a 338 sample data
set collected between Cape Cod, Massachusetts and
the mouth of Chesapeake Bay, Virginia, by the US
Environment Protection Agency (USEPA) for the
Virginian Province Coastal Environmental
Monitoring and Assessment Program (Strobel et al.
1995), the New York-New Jersey Harbor Regional
Environmental Monitoring and Assessment Program
(Adams et al. 1998), and the Mid Atlantic Integrated
Assessment (US Environmental Protection Agency
1998). Samples were selected by arranging the data
set according to their Effects-Range Median (ERM)
quotients (Long et al. 2000, 2006) and picking
twelve samples at even ERM quotient intervals.

European Atlantic Coast

Twelve samples from Spain (2), the United
Kingdom (5), Ireland (1), Belgium (2), Denmark (1)
and Norway (1) were selected from the European
dataset of 589 samples used to intercalibrate 4 dif-
ferent methodologies for assessing benthic quality
within the Water Framework Directive (WFD; Borja
et al. 2007, 2009b). Samples were ordered from
best to worst using the Ecological Quality Ratio
(EQR; EC 2000) and selected at even intervals.
Only samples classified in the same WFD ecological
status for all four methodologies and with EQR

standard error <0.1 among the four methodologies
were included.

European Mediterranean Coast

Twelve samples were selected from published
(Muxika et al. 2005) and unpublished data compiled
by AZTI-Tecnalia from three areas in Spain and
three areas in Greece. Samples were ordered from
best to worst and selected at even intervals using
several measures, with generally coincident assess-
ments using biotic indices such as the AZTI’s Marine
Biotic Index (AMBI; Borja et al. 2000); trophic
indices, such as the Infaunal Trophic Index (ITI;
Word 1978, 1980a,b, 1990); and multivariate analyses.

Data Analysis

Patterns attributable to familiarity of experts
with “home region” fauna were evaluated in three
ways using regional assessments. First, the sample
categorization of each expert was compared to the
median categorization of experts from that region
and quantified as the sum of the deviations (includ-
ing the positive or negative sign) from the median
category for each set of regional samples. Second,
Permutational Multivariate Analysis of Variance
(PERMANOVA) was used to determine whether
there were significant differences in category assign-
ments among groups of experts. The experimental
design for this PERMANOVA (Anderson, 2001,
McArdle and Anderson 2001) included ‘Sample
Region’ (four ecoregions) and ‘Expert Region’ (four
ecoregions) as fixed factors, and a third ‘Experts’
(four levels) fixed factor nested within the ‘Expert
Region’ factor, with n = 12 samples for each
‘Sample Region’ x ‘Expert Region’ x ‘Experts’
block. Bray-Curtis dissimilarities were used as dis-
tance measures in the PERMANOVA and distances
were maintained (i.e., not replaced by their ranks) in
the analysis. Four thousand ninety-nine permuta-
tions were used to achieve an a-level of 0.05
(Anderson 2005). Third, Spearman rank correlation
coefficients (p) were used to assess whether levels of
agreement in categorizing and ranking sites differed
between experts’ home regions and other regions.
Categories and rankings of experts for each region
were compared with the respective regional medians.

The level of agreement on condition categories
among all the experts was evaluated using Kappa
analysis (Cohen 1960, Landis and Koch 1977) by
establishing moderate, good, very good, and almost
perfect levels of agreement using the equivalence
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table of Monserud and Leemans (1992).
Fleiss—Cohen weights were applied (Fleiss and
Cohen 1973) because misclassifications between dis-
tant categories (e.g., between “unaffected” and
“affected”, or “unaffected” and “severely affected”)
are more important than misclassifications between
closer categories (e.g., between “unaffected” and
“marginal deviation from unaffected”, or “affected”
and “severely affected”).

The level of agreement in ranking sites among
all the experts was evaluated using Spearman rank
correlation analysis to measure associations between
sample rankings by each expert and the median of
the expert rankings. The variability of the expert
rankings for each sample was measured by the medi-
an absolute deviation (MAD). Samples were
ordered by median rank across all experts and MADs
determined as the median of the absolute values of
differences between expert ranks and this rank order.

RESULTS

There was substantial agreement in condition
categories assigned by the experts (Table 1). At least
half of the experts agreed on sample condition cate-
gory for 42 out of the 48 samples. Although there
was complete agreement among the experts for only
two samples and agreement among 15 of the 16
experts for only one other, at least seven experts
agreed on the condition category for every sample.
In contrast, there were seven samples that were
assessed in all four condition categories, but for five
of them at least 11 of the 16 experts agreed on their
good (“unaffected” or “marginal deviation from
unaffected”) or bad (“affected” or “severely affect-
ed”) condition. For 32 of the 48 samples, more than
87% of the experts agreed on whether the sample
was in good or bad condition.

There also was a great deal of consensus in rank-
ing of samples (Table 2) among the experts. There
were five samples (EU_Al, EU A12, US El1,

US WS, US_WI11) that different experts ranked at
opposite extremes of the range, but most of the dis-
crepant ranks were attributable to only a few experts.

Regional Consistency of Ecological
Assessments

No regional bias in expert category assignments
was observed (Table 3). The distribution of devia-
tions from regional median categories was similar
for experts’ home regions and other regions. More

importantly, regional deviations were less than indi-
vidual deviations (Table 3). A slight negative devia-
tion was detected in Atlantic expert assessments,
with samples from other regions evaluated in better
ecological condition categories than the regional
medians (Table 3).

Variability in the category assignments was unre-
lated to whether the assessments were for home
regions. There was no statistical significance for any
factor related to ‘Expert Region’ in the PERMANO-
VA (Table 4), indicating that expert category assign-
ments were independent of the regions in which the
experts worked. These results also indicated that
patterns of US East Coast category assessments were
significantly different from patterns for other sets of
regional samples.

High correlations were observed among individ-
ual expert category assignments and the regional
median category for the European Atlantic,
Mediterranean, and US West Coast samples, with
few Spearman correlation coefficients less than 0.80
(Table 5). In contrast, for the US East Coast sam-
ples, 12 of 16 experts’ Spearman correlation coeffi-
cients were less than 0.80 and 6 were not statistically
significant. However, PERMANOVA (Table 4)
showed that category assignments were similar
regardless of whether the experts were assessing
their home regions, although mean correlations
among experts were slightly higher within home
region samples, except for US East Coast experts
(Table 5).

The patterns observed for regional rank evalua-
tions (Table 6) were similar to those for condition
category assignments (Table 5). Correlation coeffi-
cients for rankings were higher, on average, than for
category assignments indicating that consensus
between experts was higher when ranking samples
than assigning condition categories. For both cate-
gorization and ranking, US West Coast experts had a
higher level of within group concordance than the
other regional groups of experts (Tables 5 and 6).
They were the only regional group of experts with
no significant differences between any expert catego-
rizations (Table 4).

Level of Agreement on Ecological Assessment

Kappa analysis indicated a high degree of agree-
ment among experts in their condition category
assignments (average kappa value of 0.65), with lev-
els of agreement varying from moderate to almost
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Table 1. Condition categories assigned by the benthic experts to each of the 48 samples. Key to Experts: A = EU
Atlantic ; M = EU Mediterranean; E = US East Coast; and W = US West Coast. Key to Condition Categories: 1 =
unaffected; 2 = marginal deviation from unaffected; 3 = affected; and 4 = severely affected.

Samples EU Atlantic Experts

EU Mediterranean Experts

U3 East Coast Experts US West Coast Experts

Al A2 A3 Ad L] M2 M3

M E1 EZ2 E3 E4 W1 w2 W3 Wa

perfect and 78.5% of the comparisons agreeing at
“go0d” or better (Table 7). Mismatches >30%
occurred in less than 10% of the comparisons. At
the level of good (‘unaffected’ / ‘marginal deviation
from unaffected’) or bad condition (“affected” /
“severely affected”), the experts agreed on approxi-
mately 80% of the comparisons.

Sample rankings (Table 2) were highly correlat-
ed among experts, with an average Spearman corre-
lation coefficient of 0.85 between expert rank and
the median rank (Figure 1). Seven experts (A2, A3,
M3, M4, E2, W1, W4) deviated little from the medi-

an ranks (Figure 1). Of the nine that deviated more,
five deviated throughout the range (A4, E1, E3, E4,
W3) and four differed primarily for samples in the
lower and intermediate ranks (A1, M1, M2, W2).
Overall, the level of agreement between experts was
higher at the extremes of the gradient of disturbance
than at the centre (Figure 2). Disagreements with
respect to good or bad condition occurred mostly in
the intermediate third of samples, where the MAD
also was higher, showing that rankings had higher
dispersion near the center of the gradient (Figure 2).
The three samples with ranking standard deviations
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Table 2. Expert condition rankings for all 48 samples. Key: A = EU Atlantic ; M = EU Mediterranean; E = US East
Coast; W = US West Coast; and sd = standard deviation.

Samples EU aAtlantic Experts EU Mediterranean Experts US East Coast Experts US West Coast Experts sd
Al AZ A3 Ad M1 M2 M3 M4 E1 E2 E3 E4 w1 w2 W3 W4
EU_ad 37 21 27 42 1 10 35 3 365 20 %5 11 11 2 27 14.5 12.8
EU_aZ 29 20 3 29 23 10 3 36 18 a3 28 23 27 8 28 29 7.8
EU A% 4 2 3 2 11 10 T 2 4.5 2 17.5 2 3 19 8 2 5.6
EU_ad 41 40 44 39 45 41 43 43 325 43 455 395 41 38 33 38.5 39
EU_AS 48 48 48 48 48 48 475 45 45 45 45 45 48 48 48 48 0.9
EU_AB 35 32 38 27 3 30 35 34 44 22 415 23 36 35 26 35 6.1
EU_A7 7 13 13 14 24 10 18 27 18 11 11 11 17 7 14 29 6.6
EU_ag 45 44 47 3 45 45 43 47 325 465 455 395 46 42 44 38.5 50
EU_A9 12 5 ] 12 T 10 18 10 18 3 %5 11 15 9 16 14.5 5.9
EU_A10 34 45 43 24 ] 38 ] 44 325 3g 415 325 44 39 34 40 5.5
EU_Aa11 8 12 10 7 22 3z T 15 18 12 11 11 8 5 9 & 70
EU_a12 30 36 36 45 34 3 35 35 45 47 25 325 32 & 40 29 a7
EU_M1 10 27 34 13 26 10 18 29 15 29 7 16 24 24 21 24.5 82
EU_MZ2 11 7 7 9 8 10 T 16 28 5 19.5 11 5 15 39 16.5 9.2
EU_M3 14 11 26 30 20 10 205 28 325 28 7 23 21 23 17 24.5 7.5
EU_hd 42 39 45 38 44 45 43 48 43 45 35 395 45 45 43 43.5 4.0
EU_M5 44 3 39 36 35 40 75 37 40.5 a7 295 23 38 40 35 43.5 5.3
EU_M& 36 45 33 41 36 35 75 38 45 42 35 395 37 37 42 36.5 4.0
EU_M7 39 41 40 37 40 ] 43 40 42 1 295 23 39 41 36 43.5 5.2
EU_ME 3 ] 1 4 3 10 T 3 4.5 6 7 2 2 16 3 2 2.8
EU_MT ] 18 9 ] 18 10 T 17 15 13 7 16 7 17 7 24.5 57
EU_M10 13 30 8 40 2 10 205 11 295 27 195 325 20 11 41 12 11.8
EU_M11 47 47 45 47 47 47 475 45 47 44 43 45 47 47 47 47 1.4
EU_M12 9 18 29 10 21 10 T 12 15 24 7 16 22 18 18 24.5 6.8
Us_E1 28 24 30 11 25 23 255 22 15 21 155 325 25 27 25 19 6.1
Us_E2 5 4 11 18 15 29 T 4 4.5 14 2.5 23 9 25 10 & 8.3
Us_E3 225 10 15 8 IE] 28 T IE] 15 15 2.5 23 19 26 11 9.5 7.3
Us_E4 225 14 23 23 30 26 24 23 18 3| 235 325 29 30 32 215 5.2
US_ES 18 23 20 16 13 10 29 24 295 17 135 23 10 12 23 19 6.2
US_EB 45 43 22 43 4 10 33 30 355 23 25 6 12 10 22 19 122
Us_E7 24 28 24 28 33 25 28 20 5.5 4 235 45 30 31 45 215 7.3
Us_E& 19.5 35 25 32 37 24 3 25 40.5 a2 25 45 31 34 46 36.5 7.9
Us_E9 17 22 28 15 14 10 22 26 18 16 135 6 18 22 12 16.5 5.8
Us_E10 21 9 14 5 5 10 15 T 18 10 15.5 6 13 20 13 9.5 5.1
Us_E11 27 33 35 25 38 42 23 33 5.5 18 25 25 28 36 29 33 9.2
Us_E12 19.5 15 17 26 g 10 255 14 15 ) 25 25 23 13 20 11 8.1
Us_wi 25 29 18 22 29 27 T 18 235 25 35 325 33 33 19 33 76
Us_wz 33 26 18 18 12 22 15 13 4.5 7 17.5 16 14 1 1 2 g.1
Us_wa 315 25 21 33 27 43 27 21 235 0 385 325 34 29 24 29 6.1
Us_wd 2 1 4 3 16 21 T 8 4.5 19 11 2 4 21 4 13 7.1
Us_ws 43 42 42 45 43 36 43 42 355 41 445 325 40 43 37 43.5 24
Us_we 15 16 16 17 28 34 15 5 235 28 355 23 26 28 15 29 8.6
Us_wv 26 8 12 20 10 10 T 4 4.5 9 4 [ & 14 & & 82
Us_wa 1 3 2 1 17 20 T 1 4.5 1 4 16 1 3 2 & 9.5
Us_wo 38 37 37 34 41 37 43 ] 35 35 445 45 43 46 30 43.5 4.6
Us_wiag 315 34 32 35 3z 44 3 3z 235 a5 355 45 35 32 38 33 5.2
Us_wi1 16 17 5 21 4 10 T g 4.5 4 4 6 16 4 5 & 5.4
Us_wiz 40 38 41 44 42 33 43 41 365 40 355 45 42 44 31 43.5 4.0

> 10 (Table 2) were in the middle third of the gradi-
ent (EU Al, EU M10, US E6). Samples with high-
er median absolute deviations from the median rank
(Figure 2) were often assigned to three or four cate-
gories (Table 1).

The results indicated tendencies in individual
experts unrelated to home regions. Assessments by
four experts (A2, E1, E2, M4) deviated from region-
al medians, with A2 and E1 consistently negative

regional groups of experts, a posteriori tests showed
statistically significant differences between these
four experts’ category assessments and category
assessments of some of the other experts (Table 4).

Criteria Used by Experts

The experts used eight criteria for assessing ben-
thic assemblage condition. Six were used by more

(classifying in better condition than the median), and
E2 and M4 consistently positive (classifying in
worse condition than the median; Table 3). Within

than half of the experts, with the other two used by
only two experts (Table 8). The three most widely
used criteria were “Dominance by tolerant taxa”,
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Table 3. Deviation of expert categories from the median for local experts at each set of regional samples. Sums
of expert category deviations for regional groups of experts at each regional data set are also presented. Home
region results are highlighted. EUA = European Atlantic; EU MED = EU Mediterranean; USE = United States East
Coast; and USW = United States West Coast.

Sample EUA Experts EU MED Experts USE Experts USW Experts
Sets

A1 AZ A3 A4 SUM M1 M2 M3 M4 SUM E1 EZ E3 E4 SUM W1 Wz W3 W4 SUMm

EUA 15 55 55 -25 -1 25 05 35 75 13 05 65 &5 -35 8 35 15 15 55 6
MED 1.5 55 45 35 6 05 -55 05 65 1 35 65 45 -85 -10 05 -25 05 865 4
USE 15 95 45 -85 -13 05 -35 -05 45 1 ;75 35 25 25 4 25 -15 25 -35 -10
usw 2 9 -1 0 -8 2 2 -4 3 3 -7 4 6 -1 2 1 1 B 1 -3
Tatal 05 -295 135 -125 -28 55 -75 -15 215 18 -185 205 45 105 -4 15 -45 85 95 -3

Table 4. Results of PERMANOVA on Bray-Curtis distances between category assessments of 48 samples from 4
regions (factor Sample Region; 4 levels, n = 12 samples each), by groups of experts from those regions (factor
Expert Region; 4 levels, each group with 4 experts). d.f. = degree of freedom; SS = sum of squares; MS = mean
square; F =F-statistic; * = P < 0.05; and ** = P < 0.001. Pair-wise a posteriori tests, between Sample Region, and
between Experts within each region, using the t-statistic.

Source d.f. 58 Ms F
Sample Region 3 5867.64 1955.68 3.56*
Expert Region 3 2633.24 87775 1.6
ExpReg {Experts} 12 2608313 2173.59 3.96™
Sample Region x Expert Region 9 1613.36 179.28 0.33
Sample Region ¥ ExpReg (Experts} 36 14934 57 414 85 0.76
Residual 704 3864011 548.87

Total 767 437333.03

Pair-wise a posteriori Comparisons

Sample Region

Atlantic vs. Mediterranean 0.96
Atlantic vs. East Coast 3.14%
Atlantic vs. West Coast 084
Mediterranean vs. East Coast 226"
Mediterranean vs. Wast Coast 0.52
East Coast vs, West Coast 2.30°
Expert Region
Experts EU Atlantic Mediterranean US East Coast US West Coast
Expert 1 vs. Expert 2 300 1.23 371 0.78
Expert 1 vs. Expert3 0.96 0498 225" 076
Expert 1 vs. Expert 4 1.14 2.44" 0.67 0.61
Expert 2 vs. Expert3 359 0.35 1.4 061
Expert 2 vs. Expert 4 1.87 3.75% 2.99* 1.3
Expert 3 ve. Expert 4 1.83 338 1.57 1.38
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Table 5. Spearman correlation coefficients between expert category assignments and the regional median cate-
gory. n =12. Key: A = EU Atlantic ; M = EU Mediterranean; E = US East Coast; W = US West Coast.; and * = non-

significant correlations (p 2 0.05).

Experts EU Atlantic EU Mediterranean US East Coast US West Coast
Al 0.92 0.89 0.43* 0.75
A2 0.87 0.87 0.67 0.88
A3 0.88 0.9 0.63 0.81
Ad 0.88 0.8 0.50" 0.82
Mean 0.88 0.86 0.56 0.84
M1 0.78 0.98 0.52 0.97
M2 0.72 0.88 0.08* 0.76
M3 0.94 0.88 0.85 0.88
M4 0.89 0.94 0.72 0.88
Mean 0.83 0.92 0.54 0.87
E1 0.87 0.8 0.66 0.97
E2 0.92 0.94 0.92 0.93
E3 0.89 0.75 0.82 0.61
E4 0.79 0.62 0.53% 0.88
Mean 0.87 0.78 0.73 0.84
Wi 0.78 0.96 0.50" 0.81
w2 0.69 0.94 0.44* 0.99
W3 0.91 0.61 0.82 0.84
W4 0.8 0.92 0.68 0.89
Mean 0.8 0.86 0.61 0.96

“Presence of sensitive taxa”, and “Biodiversity num-
ber of taxa measures”. However, they were not
equally important to experts from different regions.
Mediterranean and US East Coast experts, respec-
tively, considered “Biodiversity number of taxa
measures” and “Presence of sensitive taxa” only
marginally important. In turn, two other attributes,
“Biodiversity community measures” and
“Abundance dominance patterns” also were consid-
ered important by Mediterranean and US West Coast
experts, respectively.

On average, experts deviating from their peers
used less than the average of 5.3 criteria used by the
others. Experts who consistently assessed samples
in a worse condition than the median used an aver-
age of 5.0 criteria compared to an average of 2.8 cri-
teria used by experts assessing samples in better con-
dition than the median. The experts indicated that it
was not more difficult to evaluate data from non-
home regions because genus and family associations
across regions permitted extrapolation from knowl-
edge of local fauna. Most experts identified tolerant
taxa at the species or genus level, but mostly relied
on the presence of higher-level taxonomic groups for

sensitive taxa (Table 9). Most frequently recognized
as tolerant taxa were Polychaetes from the Capitella
capitata complex, Streblospio benedicti,
Ophryotrocha sp., and Malacoceros fuliginosus,
oligochaetes, and the bivalve Nucula annulata. Most
commonly identified as sensitive taxa were the
Echinoidea, Ophiuroidea (other than Ophiuridae) and
Gammaridea higher taxonomic groups, Amphiodia
spp., and Tellina agilis. Different indicator taxa
were considered for samples from different regions
and, therefore, this list of indicator taxa is not uni-
versally applicable throughout all four regions.

DiscussIiON

No systematic difference in assessments based
on experts’ regions of origin was observed, though
the level of agreement here was slightly lower than
that achieved by Weisberg et al. (2008) in a single
region. The slightly higher correlations within the
West Coast group of experts were possibly driven by
the particularly close professional ties, since three of
them are from the same agency.

There was greater agreement on sample ranks
than on sample condition categories. While the

Benthic macrofauna community condition: Developing consensus across N. America and Europe - 50



Table 6. Spearman correlation coefficients between expert regional sample ranks and the median regional rank.
n =12. Key: A = EU Atlantic ; M = EU Mediterranean; E = US East Coast; W = US West Coast.; and * = non-signif-

icant correlations (p 2 0.05).

Experts EU Atlantic EU Mediterranean US East Coast US West Coast
Al 0.94 0.83 0.55* 0.62
A2 0.99 0.84 0.74 0.76
A3 0.98 0.93 0.64 0.79
Ad 0.8 0.68 0.58* 0.82
Mean 0.92 0.82 0.63 0.75
M1 0.83 0.96 0.55* 0.9
M2 0.84 0.87 0.02* 0.7
M3 0.98 0.87 0.73 0.77
M4 0.94 0.99 0.54* 0.81
Mean 0.9 0.93 0.46 0.79
E1 0.84 0.81 0.73 0.92
E2 0.92 0.89 0.98 0.92
E3 0.85 0.75 0.86 0.85
E4 0.94 0.74 0.59 0.82
Mean 0.89 0.8 0.79 0.88
W1 0.91 0.93 0.69 0.92
w2z 0.62 0.95 0.44* 0.99
W3 0.92 0.63 0.92 0.9
w4 0.85 0.92 0.88 0.92
Mean 0.82 0.88 0.73 0.93

experts largely agreed on the relative positions of
samples along the disturbance gradient, they had
more difficulty establishing assessment thresholds to
assign categories. For example, experts A2 and E2
did not differ from the median expert in sample
rankings, but there was consistent directional devia-
tion in their condition categories. Other examples of
threshold setting being less consensual than sample
ranking included experts giving the same rank to a
sample, but disagreeing on sample condition (e.g.,
experts E3 and E4 on samples EU_M5 or EU_M7;
Tables 1 and 2). For both types of evaluation, the
consensus was less clear near the middle of the dis-
turbance gradient. From a management perspective,
having good agreement at the ends of the gradient is
of much less utility than having good agreement near
its center. This agreement is of particular importance
in categorizations, since the classification of a site
has practical implications whose consequences are
most apparent at the good/bad threshold (Borja ef al.
2009b).

The experts differed in the number of criteria
they used for their assessments and those using more
criteria generally showed less directional deviation in

their category assignments. This is consistent with
recommendations to use multiple metrics when
assessing ecological status (Weisberg et al. 1997;
Borja et al. 2004a, 2007, 2009a; Dauvin et al. 2007;
Muxika et al. 2007; Borja and Dauer 2008;
Lavesque et al. 2009). The most widely used crite-
ria, used by the experts, are very similar to those
determined by Alden ef al. (2002), studying the rela-
tive discriminatory power of individual metrics with-
in the Benthic Index of Biotic Integrity (B-IBI).
However, the number of criteria used was not the
only factor affecting individual expert tendencies.
Experts who placed higher importance on dominance
of tolerant, or presence of sensitive taxa often rated
sites more negatively than the average expert. By
contrast, those who tended to classify samples in a
better condition than the median, besides using con-
siderably fewer attributes, often disregarded tolerant
species presence, or sensitive species presence or
both, or did not give any of these criteria the top
importance. This was evident in samples with low
species richness but high quality species present, and
those with high species richness as well as a high
percentage of C. capitata or other indicators of poor
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Figure 1. Deviation of each expert’s samples rank from median rank along the disturbance gradient (samples
ordered by median ranks). Key: A = EU Atlantic ; M = EU Mediterranean; E = US East Coast; W = US West Coast;
p = Spearman rank correlation; Dev = total absolute deviation from median rank; grey dots = expert ranks; and

black dots = median ranks.

condition (e.g., samples US _E1; US W3; EU_M5).
The use of complementary criteria that measure dif-
ferent benthic community attributes is therefore
advised. Including the presence/or dominance of
indicator species minimizes the risk of misclassify-
ing disturbed communities as undisturbed.

Some of the differences in how much emphasis
experts placed on use of sensitive and tolerant taxa
may have been due to their ability to identify rele-
vant taxa outside of their home region. The experts
suggested that this was less of a problem for sensi-
tive taxa, which they tended to identify at higher tax-
onomic levels. In contrast, tolerant taxa tended to be
identified at the species level and required local
knowledge. For example, in sample EU_A1 most
European Atlantic and Mediterranean and US East
Coast experts associated the dominance of Amphiura
filiformis with organic enrichment, while US West
Coast experts considered it a sensitive species. This
raises the possibility that species occurring over wide

geographical areas may indicate different ecological
conditions in different regions. Benthic indices
based on indicator species (e.g., AMBI; Borja et al.
2000) may need to adjust accordingly when expand-
ing geographic application (Borja et al. 2008).

Individual expert approaches to assigning condi-
tion categories and dealing with uncertainty explain
many condition category differences. Some experts,
assuming a balanced gradient of disturbance from
good to bad, simply split the ranked samples in four
classes; others divided the range of values for differ-
ent metrics by four; and others assigned categories
depending on how well benthic community charac-
teristics fit their conceptual view. In doubt, other
experts assigned ties to sample rankings. For sam-
ples in between categories or on category bound-
aries, some experts always chose the lower condition
category.

However, the full gradient of disturbance might
not have been truly achieved for all regional
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Figure 2. Samples’ median absolute deviations (MAD) along the disturbance gradient (samples ordered by medi-
an ranks), and percentage of experts classifying each sample as “Good” (unaffected or marginal deviation from
unaffected) and “Bad” (affected or severely affected) condition. Key: A = EU Atlantic; M = EU Mediterranean; E =

US East Coast; and W = US West Coast.

Table 8. Criteria used by benthic experts to rank and categorize samples. EU = Europe; US = United States; sd =
standard deviation; Importance = the average importance for all 16 experts, where: 1 = very important; 2 = impor-
tant, but secondary; 3 = marginally important; 4 = useful but only to interpret the other factors; 5 = not used; and
N = the number of experts that used the criterion.

Criteria Importance sd N Regional Average Importance

EU Atlantic  EU Mediterranean  US East Coast US West Coast
Dominance by tolerant 1.8 04 14 14 1.5 2.1 2.0
taxa
Presence of sensitive 2.6 0.5 11 2.8 2.0 33 2.3
taxa
Biodiversity number of 27 0.5 13 28 33 20 27
taxa measures
Abundance dominance 3.0 0.9 10 33 38 33 1.6
patterns
Biodiversity community 3.4 1.1 g 30 20 4.0 45
measures
Abundance 3.7 0.9 10 4.0 4.8 3.0 3.0
Complex analyses 48 0.9 2 50 33 5.0 5.0
Invasive & Intraduced 4.8 0.2 2 50 50 4.5 4.8

species

Benthic macrofauna community condition: Developing consensus across N. America and Europe - 54



Table 9. Indicator taxa identified by the experts. sd = standard deviation; Importance = the average importance
for all 16 experts, where: 1 = very important; 2 = important, but secondary; 3 = marginally important; 4 = useful but
only to interpret the other factors; 5 = taxon mentioned but not its importance; and N = the number of experts that
referred to the taxon.

Tolerant taxa Importance sd N Sensitive taxa Importance sd N
Sofemya reidi 1.0 0.0 3 Lamice conchitega 1.0 1
Sofemya togata 1.0 0.0 4 Sabellidae 1.0 1
Schistomerngos longicomis 1.0 a.0 3 Terebellidae 1.0 1
Ophryotrocha spp. 12 0.4 5 Trichobranchidas 1.0 1
Arnardia brevis 13 0.6 3 Ammgphiura spp. 1.3 0.5 4
Mutinia faterafis 15 7 2 Amphiodiz spp. complex 1.4 a5 5
Raricirrus beryli 1.5 Q7 2 Ampelisca spp. 1.5 08 4
Capitella capitata  complex 146 1.2 14 Proclea spp. 1.5 0.7 2
Macorna carfottensis 1.8 0.5 4 Gammaridea (Haustoriidas, Phoxocephalidag) 1.8 1.8 5
Farvilucina tenwisculpla 1.8 a5 4 Teftinz agifis 1.8 a8 5
Medfomasts spp. 1.8 0.8 5 Cyathura burbanchi 20 1
Streblospio benedicti 1.8 0.8 6 Echingidea 2.0 1.5 &
Maollusca 20 1 Artadara transversa 2.0 1
Corbufa gibba 20 a8 4 Mercenana mercenaria 2.0 1
Thyasiridae 2.0 a.0 2 Mya arenaria 2.0 0.0 3
Cosswra longocirrata 2.0 1 Nemocardium centififosum 2.0 1
Armardia spp. 20 1 Flagiocardium papilfosurn 2.0 1.4 2
Eteone heteropoda 20 1 Teffinz spp. 2.0 1.0 3
Euchone incolor 2.0 1 Timoclea ovata 2.0 1.4 2
Levinsenia gracifis 2.0 1 Ophiurgidea {other than Ophiuridae) 2.0 1.5 5]
MNephtys homibergii 20 1 Ampharetidas 2.0 1
MNuctda annats 2.2 04 5 Maldanidae 2.0 1
Malacoceros fuliginosus 2.2 1.1 5 Pectinana spp. 2.0 1.4 2
Pofydora spp. 23 0.5 4 Ensis directus 2.3 06 3
Frionospio steensirupi 2.3 0.5 4 Macoms bafihica 2.3 0.8 3
Axinopsida serricala 2.3 a6 3 Listniefla goteta 2.5 21 2
Oligochaeta 2.4 14 7 Spisula spp. 2.5 21 2
Dipolydara spp. 25 07 2 Arthropoda 27 21 3
Thyasira flexuosa 27 1.2 3 Spisufa solidissima 27 1.2 3
Ampelisca spp. 3.0 1.7 3 Mollusca 3.5 1.7 4
Euphilomedes zpp. 3.0 1.4 2 Chaelopterus vanopedatus 3.7 08 3
Mysella spp. 30 0.0 2 Erachiopoda av 1.2 3
Mytifies edulis 30 1.0 3 Edwardsia spp. 4.0 1.4 2
MNassarius mendicus 30 1.4 2 Crustacea 5.0 1
Amghiuridae 3.0 28 2 Bivalvia 5.0 1
Chaetopterus variopedatus 30 1 Palychaeta 50 1
Aphelochasta spp. 30 1.2 4 Linbrineris spp. 5.0 1
Chastozone spp. 3.0 1.0 3 Fista spp. 5.0 1
Cirratulus spp. 3.0 1.0 3

Tharyx spp. 30 1.0 5

Cossuridae 30 1

Streblospio spp. 3.0 1

Lucinidae 3.3 135 3

Paraonidae 33 08 3

Fseudopolfydors spp. 35 1.3 4

Prionospio spp. 37 12 3

Spionidae 3.8 1.5 4

Ericthonius brasifiensis 4.0 1

Falychaeta 4.0 1.4 2

Cirratulidas 4.0 1.0 3

Polygordius spp. 4.0 14 2

Malacoceros spp. 4.0 1

Muctda spp. 4.5 or 2
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datasets, weakening the assumption of balanced sam-
ples across the four categories and contributing to
the lower overall level of agreement on categoriza-
tions. The number of “unaffected” and “marginal
deviation from unaffected” categories was higher for
US East Coast samples (Table 1) than the other
regions, which had samples more evenly distributed
across categories (Table 4). While the other regional
samples were selected based on characteristics of the
biological communities, US East Coast samples were
selected based on abiotic factors, and the ERM
values used as proxy for disturbance may not have
accurately reflected the condition of the local
benthic communities.

Another factor that contributed to discrepancies
among experts was the challenge of distinguishing
anthropogenic disturbance from natural stresses,
which has been largely debated in estuaries (Dauvin
2007, Elliott and Quintino, 2007). This was particu-
larly notable for the US East Coast data, which were
largely samples from coarse sediments subject to
high wave energy or strong currents about which the
experts had more disagreements than for the other
regions. The high energy led to lower species rich-
ness (Hall 1994) than might otherwise be expected
for euhaline areas in that geography. Some of the
experts ranked the samples as stressed because of
lower species richness, independent of the origin of
the stress. Others recognized the communities as
dominated by high energy species and modified their
species richness expectations accordingly. The dif-
ferences in evaluations of these samples can be
attributed to differences in following guidelines on
how to deal with natural versus anthropogenic stress.

The challenge associated with natural stress
illustrates that estimates of the level of agreement
among experts were probably a minimum because
information that they would have usually used when
making an assessment was withheld. In typical
assessments, the experts would know the specific
sample locations, which were withheld to avoid
interference due to local expert knowledge about
particular sites. For example, the experts may have
used location specific information to lower their
species richness expectations based on susceptibility
to wave energy stress. Also, it is likely that the true
level of consensus was underestimated because the
experts were asked to conduct their assessments in
isolation, where normally they would confer with
their peers. Following submittal of their site assess-
ments, a conference call was conducted among the

experts to investigate factors that led to differences
among them. In many cases, experts deviating from
the median indicated that hearing the perspectives
(such as the potential for wave energy influence) of
the other experts would have caused them to change
their assessment toward the median, if they had been
provided the opportunity.

While there were some sites for which the
experts disagreed, the generally high level of agree-
ment in this study seems to confirm the European
WEFED suggestion that BPJ is a viable means for cali-
brating indices of ecosystem condition (Borja 2005).
More importantly, the agreement observed across
large geographies suggests a means for creating a
common calibration scale that allows national and
international comparisons of benthic condition.
While the data set from this study has value in that
context, it also needs to be expanded. There are
many other geographies and habitats that were not
included here, including estuarine habitats. Even
more importantly, this study used the four assess-
ment categories used by Weisberg et al. (2008) and
found that there is a need to map these categories to
the five ecological quality classes on which the WFD
is based, or to any other new assessment scheme.
Category classifications are important because they
usually are the basis for different environmental reg-
ulatory and management requirements, which may
be associated with substantially different costs.
Based on the consistency in sample ranking among
the experts in the present study, it is expected that
this mapping will be easily accomplished.
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