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Problems associated with the ‘one-out, all-out’ principle, when using multiple
ecosystem components in assessing the ecological status of marine waters
1. Problems when assessing the ecological status

Recent legislation worldwide (i.e. Oceans Act in USA, Australia
or Canada; Water Framework Directive (WFD) or Marine Strategy
in Europe, and National Water Act in South Africa) has been devel-
oped to address ecological quality or integrity within estuarine and
coastal systems (Borja et al., 2008a). The main objective of these
legislative measures and policies is to maintain a good environ-
mental or ecological status for marine waters, habitats and re-
sources. When such good status is not achieved, the restoration
of degraded aquatic habitats and ecosystems must be addressed
(Apitz et al., 2006; Borja et al., 2008a). Most such legislation seeks
to define quality in an integrative way by using several biological
elements (i.e. phytoplankton, macroalgae, angiosperms, benthic
invertebrates and fishes), together with physico-chemical and
pollution elements. Such an approach permits the assessment of
ecological status at the ecosystem level (‘ecosystem approach’ or
‘holistic approach’ methodologies) (Borja et al., 2008a). However,
some legislation, such as the European WFD (Directive, 2000/60/
EC), uses the ‘one-out, all-out’ (OOAO) principle in the assessment.
This principle is based upon the assumption that the worst status
of the elements used in the assessment determines the final status
of a water body (Heiskanen et al., 2004; Borja, 2005). Hence, all the
elements are monitored and assessed, using different methodolo-
gies, but if (for example) phytoplankton is in a ‘moderate’ status
and the rest of the elements have a ‘high’ status (there are 5 possi-
ble levels: bad, poor, moderate, good and high), the whole water
body is classified as ‘moderate’. Sometimes, this approach has been
misinterpreted, applying the OOAO principle at the level of the
metrics within each element (i.e. nutrients and oxygen, in the
physico-chemical element, in the case of García et al. (2010)), in-
stead of at the level of the elements used in the assessment (those
mentioned above), as required by the WFD.

As such, this principle entails the risk of imposing restoration
costs disproportionate to the achievable environmental improve-
ment, i.e. restoration must be made when a system does not
achieve at least a good status. Moreover, the use of a large number
of elements and sampling locations, within a particular water
body, can amplify the risk of misclassification (Tueros et al.,
2009). These problems, applying this principle, have been observed
when assessing the ecological status of Danish lakes, for example
(Sondergaard et al., 2005). Hence, some authors have proposed
avoidance of this simplistic principle, although it may provide a
useful starting point in the ecological status assessment (Moss,
2008; Borja et al., 2009c).

In a recent paper, Borja et al. (2009a) investigated the assess-
ment of the ecological status, in an integrative way, within the
0025-326X � 2010 Elsevier Ltd.
doi:10.1016/j.marpolbul.2010.06.026

Open access under CC BY-NC-ND license. 
Basque Country (northern Spain), using multiple ecosystem com-
ponents in transitional (estuarine) and coastal water bodies.
Although this was a proposal within the WFD (Borja et al., 2004),
the method is not consistent with the OOAO principle. However,
as most of the WFD monitoring programmes have been established
in European Member States, it is time to evaluate the strengths and
weaknesses of the OOAO and alternative approaches, as suggested
by Noges et al. (2009). Hence, in this contribution we investigate
the ecological status assessment under integrative and OOAO
approaches, to study the origin of discrepancies between the
approaches.

2. Methods for the assessment and reliability

The methodologies for integrating the above mentioned ele-
ments into a unique evaluation of a water body have been de-
scribed in Borja et al. (2004, 2008a). These authors apply an
integrative method to a series of data from 51 sampling stations,
distributed amongst 18 water bodies (14 transitional and 4 coastal)
of the Basque Country (northern Spain), for the period 1995–2008
(although, here, data are presented only for the period 2002–2008).
The methods used to assess the status of each element are listed in
Table 1.

However, some of the methods which are being used within the
WFD have been developed on a local basis; they have not been
tested in different geographical areas. Neither have they been used
by independent authors (other than the authors of the method),
nor have they been intercalibrated with other methods (Borja
et al., 2007, 2009d). Hence, these points might relate to its reliabil-
ity (Table 1).

3. Comparing integrative and OOAO methods

The evolution of the ecological status assessment, using the
integrative method and the OOAO principle, for the Basque transi-
tional and coastal waters is shown in Fig. 1. In coastal waters an in-
crease in the percentage of stations in high and good status can be
detected, according to the quality improvement within the region
(Borja et al., 2009b; Tueros et al., 2009). This is not the case in tran-
sitional waters, where a slight increase in the percentage of
moderate and poor cases can be detected, even if the quality
improvement has been described also by the same authors.

The origin of this disagreement between the quality status as-
sessed by the integrative method and by the OOAO principle has
been studied, taking into account the elements involved in the
assessment. In this case, it can be seen that the disagreement for
coastal waters is low (23 out of 125 cases; 18%), with phytoplankton
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Table 1
Physico-chemical and biological quality elements used in the Basque Country for the ecological status assessment. The Table includes: (i) the name (and references) of the method
used in each water category (TW: transitional waters; CW: coastal waters); (ii) if the method has been tested against different pressures; (iii) if it has been intercalibrated; (iv) if it
has been tested by authors other than the proposers of the method; and (v) the reliability of the method, based upon items (ii) to (iv). Notes: W: water; S: sediment; B:
biomonitors; PCQI: Physico-chemical Quality Index; CFR: Calidad de Fondos Rocosos; M-AMBI: multivariate AMBI (AZTI’s Marine Biotic Index); AFI: AZTI’s Fish Index. References
cited: (1) Borja et al., 2004; (2) Bald et al., 2005; (3) Rodriguez et al., 2006; (4) Muxika et al., 2007; (5) Juanes et al., 2008; (6) Tueros et al., 2008; (7) Tueros et al., 2009; (8) Revilla
et al., 2009; (9) Uriarte and Borja, 2009; (10) Revilla et al., 2010; (11) Borja et al., 2009a; (12) Borja et al., 2009b; (13) Guinda et al., 2008; (14) European Commission, 2008; (15)
Borja et al., 2007; (16) Borja et al., 2009d; (17) Borja et al., 2008b; (18) Teixeira et al., 2008; (19) Munari et al., 2010; (20) Simonini et al., 2009; (21) Bigot et al., 2008; and (22)
Martinho et al., 2008.

Elements assessed Water category Method (references) Tested Intercalibrated Others Reliability

Chemical TW/CW W/S/B – (1), (3), (6), (7) Yes (7) No No Moderate
Physico-chemical TW/CW PCQI – (2) Yes (2), (11) No No Moderate
Phytoplankton TW Basque – (10) Yes (11) No No Moderate

CW Spanish – (8) Yes (8), (11) Yes (14) No High
Macroalgae TW Basque – (1) No No No Low

CW CFR – (5) Yes (5), (13) Yes (14) Yes (11) High
Macroinvertebrates TW M-AMBI – (1), (4) Yes (4), (11), (12) No Yes (17), (18), (19) High

CW M-AMBI – (1), (4) Yes (4), (11), (12) Yes (14), (15), (16) Yes (20), (21) High
Fishes TW AFI – (1), (9) Yes (9), (11) No Yes (22) High
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Fig. 1. Evolution of the ecological status assessment, using an integrative method (see Borja et al., 2009a) and the ‘one-out, all-out’ principle, for Basque: (a) transitional and
(b) coastal waters. Note: H: high status; G: good status; M: moderate status; P: poor status; and B: bad status.
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(14 cases) and macroalgae (6 cases) being the main elements respon-
sible (Table 2). The number of cases of disagreement is much higher
for transitional waters (130 out of 224 cases; 58%), whilst the main
elements responsible are the macroalgae alone (72 cases), or macro-
algae together with other elements (i.e. phytoplankton, 3 cases, and
fishes, 12 cases) (Table 2). Another element producing a relative high
number of disagreements (15) is phytoplankton, in transitional
waters (Table 2).

Hence, when comparing the elements producing disagreement
between both approaches (Table 2), combined with the reliability
of the methods used in the assessment (Table 1), it can be seen that
macroalgae in transitional waters have a low reliability, whilst
phytoplankton in transitional waters have a moderate reliability.
This finding demonstrates the importance of using reliable meth-
ods, in assessing the ecological status of aquatic systems. In fact,
if macroalgae in transitional waters are removed from the analysis,
the number of cases of disagreement is reduced, from 130 to 72
(32% of the 224 cases studied). Thus, the percentage of achieve-
ment of the desired ecological status, within transitional and coast-
al water bodies using both methods, now show the expected
recovery pattern (Fig. 2b) described for several elements in the
region (Borja et al., 2009b; Uriarte and Borja, 2009; Tueros et al.,
2009) (Fig. 2a).

4. Need to use reliable methods

Inconsistencies similar to those described here have been ob-
served by Moss et al. (2003) and Moss (2008), when applying the
OOAO principle. This principle tends to downgrade the quality of
the sites unjustifiably, depending on the number of metrics
included in the assessment (Moss et al., 2003; Noges et al.,
2009). Errors within individual quality elements and metrics tend
to show considerable variability (Johnson et al., 2006), with it
being difficult to attain adequate confidence and precision for
many individual measures of biological quality (Wallin et al.,
2003). If the elements are combined using the OOAO principle,



Table 2
Number of cases in which physico-chemical and biological elements are producing
disagreement between the integrative method and the ‘one-out, all-out’ principle, for
transitional and coastal waters.

Elements involved Transitional Coastal

Phytoplankton 15 14
Macroalgae 72 6
Phytoplankton and macroinvertebrates 1
Phytoplankton and macroalgae 3 1
Chemistry 1
Fishes 18
Physico-chemistry 3
Macroalgae and fishes 12
Fishes and chemistry 4
Phytoplankton and fishes 1
Phytoplankton and chemistry 1
Various 1
Total cases with disagreement 130 23
Total cases studied 224 125
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Fig. 2. Percentage of achievement of good or very good ecological status, within
transitional (TW) and coastal (CW) water bodies of the Basque Country, following
the two approaches used in this investigation: (i) the ‘One-out, all-out’ approach
(OOAO); and (ii) the integrative method (INT). (a) Evolution using all the elements;
and (b) evolution after removing macroalgae (MC) from transitional waters.
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reliable, precise metrics tend to be overruled by less reliable met-
rics, for a large proportion of water bodies (Noges et al., 2009), as
shown in the case of the Basque Country. Since each quality ele-
ment is assessed independently of others, a high level of statistical
confidence is needed for each quality element (Hatton-Ellis, 2008);
this is particularly relevant in the use of the Ecological Quality Ra-
tio (van de Bund and Solimini, 2006).

As stated by Hering et al. (2010), summarizing all sources of
variability into an ecological assessment of a water body results
in either Type I errors, detecting a difference when no real differ-
ence exists; and Type II errors, not detecting a difference which
is real. As a Type I error increases when a Type II error is reduced
and vice versa, provided the number of observations remains un-
changed, both of these errors cannot be eliminated unless the en-
tire population is sampled.

The OOAO principle is consistent with the precautionary princi-
ple, providing protection for the most vulnerable elements within a
water body (Hering et al., 2010). At the same time, this principle
will tend also to inflate Type I errors (concluding that a water body
is below good status, even if the water body is really of good sta-
tus), thus posing a risk of implementing measures where they
are not strictly needed. As a result, the OOAO principle increases
the likelihood of scoring a lower status class by sheer randomness,
whereas the risk of misclassifying to a higher status (than the ac-
tual state) becomes less likely (Hering et al., 2010).

Several authors have claimed alternative approaches to the
OOAO principle (Moss et al., 2003; Borja et al., 2004; Noges et al.,
2009; Tueros et al., 2009). However, as the WFD is clear in terms
of legally using the OOAO principle, there is no simple way to avoid
this particular problem. Following the conclusions of Hering et al.
(2010), options to reduce Type I errors include: (i) the selection
of confidence levels for the different elements, in such a way as
to minimise the risk of Type I errors (Carstensen, 2007); (ii) in-
crease of sampling frequency or density, to reduce the variation
in each element (not always possible, due to financial constraints,
and, in some cases, can also increase the risk of misclassification, as
demonstrated by Tueros et al. (2009)); and (iii) omitting elements
with too high (not explained) variability, from the assessment.
From this contribution, it seems that the later is a good approach
when the reliability of methods is insufficient. Hence, an improved
development and validation of the methods used within the WFD
is needed, testing them over a wide range of geographical and pres-
sure gradients, by investigators other than the developers of the
methods, and conveniently intercalibrated with other European
methods.
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