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Introduction 

Once upon a time, there was a shepherd boy who was bored 
watching the village sheep on the hillside. To amuse himself he 
started shouting: “Wolf” when there was NO wolf around: False 
Positive. The villagers came running, but they found no wolf, got 
angry and left. The same thing happened quite a few times…  
 

One day the shepherd boy saw a REAL wolf prowling about his flock 
and started shouting: “Wolf”: True Positive, BUT the villagers didn’t 
believe him so they didn't come… 

Aesop’s Fables 
“The shepherd boy and the Wolf” 

https://www.storyarts.org/library/aesops/stories/boy.html  
http://thesladetales.com/category/fables-myths/ 

Presenter
Presentation Notes
ROC curves provide a visual and statistical way of SDT to evaluate indicators and are based on: Sensitivity: True Positive Probability 1-Specificity: False Positive Probability  ROC curves show strength of indicators in detecting true positives without including too many false positivesArea under ROC curve compares the performance of different indicators. More confidence in indicators with higher area.Area under curve, AUC, provides a measure of the indicator’s ability to discriminate the observations that have the condition from those that do not: AUC > 0.7 acceptable discrimination AUC> 0.8 excellent discrimination
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Introduction – Signal Detection Theory (SDT) 
 Through SDT, ecological indicators can be proved helpful for 

environmental managers to decide about a rational threshold 
(true / not true) guided by probabilities. 

 SDT was developed to distinguish noise from true planes in 
radar equipment (World War I) 

 Then applied in medical diagnostics and ecological studies, 
among others 

 We are using it to assess the performance of some benthic 
indices and the associated uncertainty 

Hale, S. S., J. F. Heltshe, 
2008. Signals from the 
benthos: Development 
and evaluation of a 
benthic index for the 
nearshore Gulf of 
Maine. Ecological 
Indicators, 8: 338-350. 



 Bay of Biscay (N. Spain) 
 9 sampling stations 
 Annual surveys (2000-2013) 
 Pressure: urban wastewater discharge 
 Sediments: %OrgMatter (OM), RedOx 
 Benthic invertebrates: abundance 

 

 Saronikos Gulf (Greece) 
 7 sampling stations 
 Annual surveys (2000-2012) 
 Pressure: urban wastewater discharge 
 Sediments: %TOC (Total Org Carbon) 
 Benthic invertebrates: abundance 
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Study Areas 

Presenter
Presentation Notes
Mompás-Pasaia Coastal Water Body (CWB) is located on the Basque coast (northern Spain), in the Bay of Biscay, in the Atlantic Ocean. Following the typologies described within the WFD, it has been defined as an exposed, euhaline, shallow coastal water type. It has been monitored since 2000 within the framework of the Environmental Assessment of the Mompás coastal area and Oiartzun estuary (Muxika et al., 2009), which main aim is to analyse the response of the coastal area between Donostia-San Sebastián and Pasaia, and the Oiartzun Transitional Water Body to the sewerage scheme which is being developed in the area. There is a submarine outfall which discharges 388,800 m3·day-1 of urban wastewater at 50 m water depth and 1,200m to 1400 m from the coast (8 diffusors along 200 m), approximately. These discharges are biologically treated since 2005.The sampling scheme consists of 9 sampling stations sampled annually (in summer), located at 35-65 m water depth. At each sampling station, 4 replicates were obtained, between 2000 and 2013, for benthic analysis (Muxika et al., 2014) using a ≈0.1 m2 Van Veen grab.The Saronikos or Athens Gulf (Eastern Mediterranean, Greece) is the natural marine gateway of the city of Athens and Piraeus harbour. It is divided into a deeper western sub-basin and an eastern part. The northern area of the eastern part is called the “Inner Gulf” and is relatively flat, with a mean depth of 90 m. The Inner Gulf can be further divided into a deeper western sector with homogeneous muddy sediments and an eastern sector with more heterogeneous sediments and averagely lower depths. The gulf receives the effluents of the central sewage outfall of Athens through a deep underwater outlet situated on Psittalia Island, in the inner part of Saronikos Gulf, discharging treated urban sewage through two 1870 m long submarine pipelines at a depth of approximately 65 m. The Waste Water Treatment Plant (WWTP) receives an average wastewater flow of approximately 730,000 m3 day-1. It has been in operation since 1994, through a stage-wise construction that involved three phases: phase A (primary treatment) completed in 1994, phase B (advanced secondary biological treatment using activated sludge processes) completed in 2004 and phase C (tertiary treatment, comprising the sludge thermal drying unit) completed in 2007. Currently, wastewater treatment achieves suspended solids and organic load reduction of about 93% and total nitrogen reduction of about 80% in comparison with influent loads.A network of 7 stations located in the Inner Saronikos Gulf including also stations from the adjacent Elefsis bay have been monitored regularly from 2000 up to the present year (2012) covering a period of over 10 years (Simboura et al., 2014). The data from the inner Saronikos gulf (7 stations) are treated in this analysis.
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Methods 

Benthic indices assessed 
 
 Bay of Biscay: 
 AMBI & M-AMBI 
 

 Saronikos Gulf: 
 BENTIX & multimetric BENTIX 

 
 
 
Ecosystem relevant indices able to 
detect the impact of anthropogenic 
pressures: Solid Management Tool.  

Gold Standard: 
is the surrogate (the most accurate 
available measurement) of the real 
condition, based on which, samples are 
classified as impacted and non-impacted.  

 
 

 Bay of Biscay: 
 Impacted: OM>2% & RedOx<0 mV 
 Non-impacted: OM<2% & RedOX>0 m 
 

 Saronikos Gulf: 
 Impacted: TOC>0.7%  
 Non-impacted: TOC<0.7% 

Presenter
Presentation Notes
In the present study four community-based, benthic indices (AMBI, M-AMBI, BENTIX and Multimetric BENTIX) have been selected in order to evaluate their performance in two different study areas (Mompás-Pasaia Coastal Water Body in Spain- Bay of Biscay and Saronikos gulf in Greece) under discharge pressure, determined as change in the state of sediment redox potential and organic matter content, in the Bay of Biscay, and TOC in Saronikos Gulf, with markedly different prevalence (0.329 for Mompás-Pasaia Coastal Water Body and 0.758 for Saronikos Gulf).Bay of Biscay: In order to evaluate the calculated indices with SDT sediment redox potential and organic matter content were used to define which samples could be considered impacted and which ones could be considered non-impacted. Samples considered impacted were those containing more than 2% organic matter and with negative values of redox potential (reduced conditions); conversely, samples considered non-impacted were those containing less than 2% organic matter and with positive values of redox potential (oxidized conditions). The samples not meeting those gold standards were not included in the analyses as it was considered that there were no enough evidences to classify them as impacted or non-impacted.Saronikos Gulf : Exploration of data acquired through the implementation of the Hellenic monitoring network (HCMR, 2012, 2013) for the WFD (2000/60) the threshold of TOC content in sediment between disturbed and undisturbed sites or between moderate and good class is proposed to be 0.7% while the threshold of TOC 1% is signified as the boundary of the moderate to poor class. Reference stations have values of TOC as low as 0.2%. 



Calculated parameters: 
  Accuracy: percentage of samples correctly classified by the 

indicator 
  Prevalence: proportion of impacted samples to total samples 
  Sensitivity: probability of classifying an impacted sample as such 
  Specificity: probability of classifying a non-impacted sample as 

such 
  Positive Predictive Value (PPV): probability of having an impacted 

sample when such is said by the indicator 
  Negative Predictive Value (NPV): probability of having a non-

impacted sample when such is said by the indicator 
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Methods 

Presenter
Presentation Notes
The Signal Detection Theory was implemented in order to calculate the sensitivity –probability of a positive indicator, given that the true response is positive (Hale and Heltshe, 2008) – and specificity –probability of a negative indicator, given that the true response is negative (Hale and Heltshe, 2008) – of each of the indices (AMBI, BENTIX, M-AMBI and Multimetric BENTIX) in the two study areas. ROC (Receiver Operating Characteristic) curves were plotted and the area under the curve (AUC) was calculated for each of the indices, in order to assess their discriminating ability in respect to the haphazard discrimination.Finally, as the accuracy of an indicator depends on the prevalence of the response, positive predictive values (PPV), which represent the probability of a positive response (impacted sample) when the indicator is positive, and negative predictive values (NPV), which represent the probability of a negative response (non-impacted sample) when the indicator is negative, were calculated. They were plotted against a range of prevalence of the response in order to assess the accuracy of the indicators when the sampling strategy would lead to a different proportion of impacted and non-impacted samples. The PPV–NPV technique is followed in order to check how well an index developed for one geographic area might work in another region with different level of degraded conditions.



Bay of Biscay: 
 22 out of 126 samples classified as impacted 
 47 out of 126 samples classified as non-impacted 
 57 samples removed for subsequent analyses 
 

Saronikos Gulf: 
 47 out of 62 samples classified as impacted 
 15 out of 62 samples classified as non-impacted 
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Results 

Presenter
Presentation Notes
In Mompás-Pasaia Coastal Water Body, the prevalence of impacted samples (according to the defined gold standard) is 0.329, i.e. almost one third of samples are considered as impacted.In Saronikos Gulf the prevalence of impacted samples is 0.758, which means that from the 62 stations 47 are considered impacted based on the gold standard. 
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Results 

AUCAMBI = 0.855 
AUCBentix = 0.917 

AUCM-AMBI = 0.864 
AUCMult Bentix = 0.922 

Bay of Biscay 

AMBI Bentix 
I NI TOTAL I NI TOTAL 

Gold 
Standard 

I 15 8 23 23 0 23 
NI 4 43 47 37 10 47 

TOTAL 19 54 70 60 10 70 
Accuracy 83% 47% 
Specificity 0.91 var 0.002 0.21 var 0.004 
Sensitivity 0.65 var 0.010 1.00 var 0.000 
Prevalence 0.329 0.329 
PPV 0.789 0.383 
NPV 0.843 1.000 

M-AMBI Multimetric Bentix 
I NI TOTAL I NI TOTAL 

Gold 
Standard 

I 16 7 23 23 0 23 
NI 4 43 47 41 6 47 

TOTAL 20 50 70 64 6 70 
Accuracy 84% 41% 
Specificity 0.91 var 0.002 0.13 var 0.002 
Sensitivity 0.70 var 0.009 1.00 var 0.000 
Prevalence 0.329 0.329 
PPV 0.800 0.359 
NPV 0.860 1.000 

Presenter
Presentation Notes
ROC curves show that the association between the four studied indices and the environmental quality assessed by the gold standard is quite strong for Mompás-Pasaia Coastal Water Body, since the areas under the curves (AUC) range between 0.855-0.922 (maximum value could be 1). The areas under the curves are significantly different from 0.5 for the four indices in both areas (p< 0.05). There are no big differences among them, although BENTIX and Multimetric BENTIX are slightly above AMBI and M-AMBI in Mompás-Pasaia Coastal Water Body. The multimetric versions are also slightly above single indices in the first case study. In Mompás-Pasaia Coastal Water Body, the prevalence of impacted samples (according to the defined gold standard) is 0.329, i.e. almost one third of samples are considered as impacted. In these conditions, and using the boundaries taken from the publications and from legislation, the accuracy of the AMBI and M-AMBI is 83% and 84%, respectively, whereas the accuracy of BENTIX and Multimetric BENTIX is 47% and 41%, respectively. This low accuracy is due to a high proportion of non-impacted samples (according to the defined gold standard) that are classified as impacted by BENTIX and Multimetric BENTIX (i.e. low specificity). 



Bay of Biscay 
Enhancing performance by maximising sensitivity + specificity 
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Results 

AMBI Bentix 
I NI TOTAL I NI TOTAL 

Gold 
Standard 

I 16 7 23 20 3 23 
NI 4 43 47 6 41 47 

TOTAL 20 50 70 26 44 70 
Accuracy 84% 87% 
Specificity 0.91 var 0.002 0.87 var 0.002 
Sensitivity 0.70 var 0.009 0.87 var 0.005 
Prevalence 0.329 0.329 
PPV 0.800 0.769 
NPV 0.860 0.932 

M-AMBI Multimetric Bentix 
I NI TOTAL I NI TOTAL 

Gold 
Standard 

I 18 5 23 20 3 23 
NI 5 42 47 4 43 47 

TOTAL 23 47 70 24 46 70 
Accuracy 86% 90% 
Specificity 0.89 var 0.002 0.91 var 0.002 
Sensitivity 0.78 var 0.007 0.87 var 0.005 
Prevalence 0.329 0.329 
PPV 0.783 0.833 
NPV 0.894 0.935 

INDEX Published boundary Best boundary 
AMBI 3.3 2.839 
BENTIX 3.5 2.597 
M-AMBI 0.53 0.575 
Multimetric BENTIX 0.60 0.4855 

Presenter
Presentation Notes
From this analyses, the best boundaries for each of the indices could be set as the ones for which the sum of sensitivity and specificity maximizes. When the best boundaries between impacted and non-impacted conditions are taken, the accuracy of all indices improves to 84-90%. 



Bay of Biscay 

10 

Results 

Bentix 

Multimetric Bentix M-AMBI 
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Presenter
Presentation Notes
The PPV and NPV curves in Mompás-Pasaia Coastal Water Body show that the performance of AMBI and M-AMBI is quite similar using both the original boundaries (from publications and legislation) and the best boundaries (those which maximize the sum of sensitivity and specificity). Conversely, the performance of BENTIX and Multimetric BENTIX improves, as PPV increase in low prevalence conditions. 



Saronikos Gulf 
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Results 

AUCAMBI = 0.779 
AUCBentix = 0.701 

AUCM-AMBI = 0.670 
AUCMult Bentix = 0.726 

AMBI Bentix 
I NI TOTAL I NI TOTAL 

Gold 
Standard 

I 14 33 47 39 8 47 
NI 1 14 15 6 9 15 

TOTAL 15 47 62 45 17 62 
Accuracy 45% 77% 
Specificity 0.93 var 0.004 0.60 var 0.016 
Sensitivity 0.30 var 0.004 0.83 var 0.003 
Prevalence 0.758 0.329 
PPV 0.933 0.867 
NPV 0.298 0.529 

M-AMBI Multimetric Bentix 
I NI TOTAL I NI TOTAL 

Gold 
Standard 

I 12 35 47 41 6 47 
NI 2 13 15 9 6 15 

TOTAL 14 48 62 50 12 62 
Accuracy 40% 76% 
Specificity 0.87 var 0.008 0.40 var 0.016 
Sensitivity 0.26 var 0.004 0.87 var 0.002 
Prevalence 0.758 0.758 
PPV 0.857 0.820 
NPV 0.271 0.500 

Presenter
Presentation Notes
Accordingly for Saronikos Gulf, ROC curves show that the association between the four studied indices and the environmental quality assessed by the gold standard is relatively strong, where the AUC range between 0.670-0.779. The areas under the curves are significantly different from 0.5 for the four indices in both areas (p< 0.05). There are no big differences among them, although AMBI and Multimetric BENTIX appear to have a better performance in Saronikos Gulf. In Saronikos Gulf the prevalence of impacted samples is 0.758, which means that from the 62 stations 47 are considered impacted based on the gold standard. In these conditions, for the boundaries suggested from legislation and publications, the accuracy of AMBI and M-AMBI is 45% and 40% accordingly (due to their low sensitivity: impacted stations were classified as non-impacted), whereas the accuracy of BENTIX and Multimetric BENTIX is 77% and 76% respectively.
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Results 

INDEX Published boundary Best boundary 
AMBI 3.3 2.589 
BENTIX 3.5 3.155 
M-AMBI 0.53 0.6605 
Multimetric BENTIX 0.60 0.555 

AMBI Bentix 
I NI TOTAL I NI TOTAL 

Gold 
Standard 

I 31 16 47 32 15 47 
NI 3 12 15 4 11 15 

TOTAL 34 28 62 36 26 62 
Accuracy 69% 69% 
Specificity 0.80 var 0.011 0.73 var 0.013 
Sensitivity 0.66 var 0.005 0.68 var 0.005 
Prevalence 0.758 0.758 
PPV 0.912 0.889 
NPV 0.429 0.423 

M-AMBI Multimetric Bentix 
I NI TOTAL I NI TOTAL 

Gold 
Standard 

I 40 7 47 35 12 47 
NI 8 7 15 5 10 15 

TOTAL 48 14 62 40 22 62 
Accuracy 77% 73% 
Specificity 0.53 var 0.017 0.67 var 0.015 
Sensitivity 0.85 var 0.003 0.74 var 0.004 
Prevalence 0.758 0.758 
PPV 0.833 0.875 
NPV 0.500 0.455 

Saronikos Gulf 
Enhancing performance by maximising sensitivity + specificity 

Presenter
Presentation Notes
From this analyses, the best boundaries for each of the indices could be set as the ones for which the sum of sensitivity and specificity maximizes. When the best boundaries between impacted and non-impacted conditions are taken, the accuracy of AMBI and M-AMBI improves to 69% and 77% respectively. However, the accuracy of BENTIX and Multimetric BENTIX accuracy appear to have a decline to 74% and 73% respectively, due to the fact that their sensitivity worsens, although their specificity improves, which penalizes the indices in areas with high prevalence of impacted samples.
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Results 

Saronikos Gulf 
AMBI Bentix 

Multimetric Bentix M-AMBI 

Prevalence 

Po
sit

iv
e 

&
 N

eg
at

iv
e 

Pr
ed

ic
tiv

e 
Va

lu
es

 

Presenter
Presentation Notes
In Saronikos gulf, PPV and NPV curves show that the performance of AMBI and M-AMBI is much better when using the best boundaries (those which maximize the sum of sensitivity and specificity) rather than using the original boundaries (from publications and legislation). More specifically their sensitivity (NPV curves) improved in high prevalence conditions. For BENTIX and Multimetric BENTIX the best boundaries are quite close to the original ones (BENTIX: 3.155 instead of 3.5 and Multimetric BENTIX: 0.555 instead of 0.6). 
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Conclusions 

AMBI, Bentix, M-AMBI & multimetric Bentix are able to 
distinguish impacted samples from non-impacted samples in 
both areas under study 

 

All of them present similar performances, although: 
 Multimetric Bentix showed highest performance in Bay of Biscay 
 AMBI showed highest performance in Saronikos Gulf 
 

AMBI & M-AMBI appeared to have higher specificity  
(better identifying non-impacted samples): No wolf around 
 

Bentix & Multimetric Bentix appeared to have higher sensitivity 
(better identifying impacted samples): Real wolf around 
 

Presenter
Presentation Notes
In the present study four community-based, benthic indices (AMBI, M-AMBI, BENTIX and Multimetric BENTIX) have been selected in order to evaluate their performance in two different study areas (Mompás-Pasaia Coastal Water Body in Spain- Bay of Biscay and Saronikos gulf in Greece) under discharge pressure, determined as change in the state of sediment redox potential and organic matter content, in the Bay of Biscay, and TOC in Saronikos Gulf, with markedly different prevalence (0.329 for Mompás-Pasaia Coastal Water Body and 0.758 for Saronikos Gulf). All four indices proved to be able to distinguish impacted samples from non-impacted, in both areas. The four indices appeared to present similar performances with Multimetric BENTIX presenting the highest performance in Bay of Biscay and AMBI in Saronikos Gulf. Based on the findings, in both areas, AMBI and M-AMBI appeared to have higher specificity (non-impacted samples, according to the defined gold standard, were classified as such) whereas BENTIX and Multimetric BENTIX appeared to present higher sensitivity (impacted samples, according to the defined gold standard, were classified as such). 
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Conclusions 

Best boundaries (those maximizing sensitivity+specificity) 
improved the average performance of the indices (number of 
times the shepherd says the truth or lies) for the full gradient of 
prevalence 

 

However, differences between sites could be attributed to: 
 Different gold standards 
 Different prevalence 
 Biogeographic differences 

Presenter
Presentation Notes
PPV and NPV plots showed that (for both conditions) when using the best boundaries between impacted and non-impacted conditions (understood as the ones for which the sum of sensitivity and specificity is maximum), rather than using the boundaries taken from the publications and from legislation, the average performance of the indices for the full gradient of prevalence improves. The best boundaries between impacted and non-impacted conditions improved the accuracy of the indices that were developed in the other area (AMBI and M-AMBI for Saronikos Gulf and BENTIX and Multimetric BENTIX in Mompás-Pasaia Coastal Water Body). For a more thorough insight and comparison of the indices’ performance per se, larger datasets with comparable prevalence sharing impacted and non impacted sites could also be used, such as those that have been used for intercalibration exercise within eco-regions (GIG, 2013). Nevertheless, this study consists provides a very useful methodological tool for communicating indices’ results to end users, managers and policy makers.



WATERS Symposium, 6-7 May 2015, Malmö 

Questions? 

Presenter
Presentation Notes
THANK YOU ANGEL!!
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