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Background 
At EN-HZ 10-2019 there was discussion related to biological effects indicators and the potential to improve 
this aspect in future assessments. This document provides a summary of development related to the Fish 
Disease Index (FDI) in the HELCOM and OSPAR regions. 
 
Action requested 
The Meeting is invited to take note of the information and comment on the information provided. 
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Thomas Lang, Thünen Institut für Fischereiökologie, Bremerhaven 
Werner Wosniok, Institut für Statistik, Univ. Bremen 

Introduction 
Diseases of wild fish have been studied in the OSPAR and HELCOM regions on a systematic basis since the 
end of the 1970s (Lang 2002). In the North Sea and adjacent areas (English Channel, Irish Sea, western 
Baltic Sea), the common dab (Limanda limanda) has been used as a bioindicator species in many studies, 
largely as part of national environmental monitoring programmes addressing biological effects of 
contaminants and other stressors (Dethlefsen et al., 1987; Dethlefsen, 1990; Vethaak and ap Rheinallt, 
1992; Vethaak et al., 1992; Bucke et al., 1996; Dethlefsen et al., 2000; Lang, 2002; Feist et al., 2004;  ICES, 
2009; Vethaak et al., 2009, Lang et al., 2017a). 

Fish disease data have been submitted on a regular basis to the ICES Environment Data Centre (using the 
ICES Environmental Data Reporting Format, EDRF) and have been used repeatedly for integrated statistical 
data analyses with respect to relationships between spatial and temporal patterns in disease prevalence 
and environmental factors suspected to be causally involved in the changes recorded and for assessments 
of marine environmental quality (Wosniok et al., 1999; Wosniok et al., 2000; Lang, 2002; OSPAR, 2010a; 
ICES, 2012).  

Monitoring of fish diseases became part of the techniques recommended by OSPAR for general and 
contaminant-specific biological effects monitoring under the OSPAR Joint Assessment and Monitoring 
Programme (JAMP) and the Coordinated Environmental Monitoring Programme (CEMP) (Lang, 2002; 
OSPAR, 1997, 2008, 2010b). According to OSPAR, fish disease monitoring addresses three components: 

• Externally visible fish diseases 
• Macroscopic liver neoplasms (tumours) 
• Liver histopathology 

At present, these components are part of the OSPAR pre-CEMP and are, thus, monitored on a voluntary 
basis. However, it is envisaged that they become mandatory once the requirements are met. In case of fish 
disease monitoring, this depends on the successful implementation of assessment tools (see further 
below); technical guidelines have been published and quality assurance tools are established. 

Methodologies encompassing all steps from sampling, diagnosis, data recording to data analysis and 
assessment have been developed largely through activities of the ICES Working Group on Pathology and 
Diseases of Marine Organisms (WGPDMO) (Bucke et al., 1996; Lang, 2002; Feist et al., 2004; ICES, 2009; 
2012), and quality assurance of methodologies is in place through the Biological Effects Quality Assurance 
in Monitoring programme (BEQUALM) (www.bequalm.org).  

As part of ICES WGPDMO activities, the Fish Disease Index (FDI) approach for the analysis and assessment 
of the disease status was developed in first instance for the common, because this species has been the 
major target species of monitoring contaminants and their biological effects. The FDI approach includes the 
definition of assessment criteria (BAC, EAC) (Lang and Wosniok, 2008; ICES, 2009; ICES, 2012; Davies and 
Vethaak, 2012).  
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The FDI is a comprehensive measure to describe and assess the full disease status of a fish. It is constructed 
from the disease information recorded per individual by first calculating the individual FDI per specimen. 
For the description and assessment of fish health in a geographical area, the mean FDI can be calculated 
from the individual FDIs observed in that area and during the time period under consideration. So far, the 
FDI approach is available for the component “externally visible diseases “, but it can also be used with some 
modifications for the other components (see above). Details on the construction and calculation of the FDI 
and on the assessment criteria can be found in Lang and Wosniok (2008) and ICES (2012).  

Amongst the advantages of the FDI approach are: 

- The FDI provides a more holistic and integrative picture of the health status of fish since it 
combines data on a range of diseases, including their severity grades and effect on the host,  and 
adjust for effects of confounding factors, facilitating an analysis of spatial and temporal patterns.  

- The FDI reacts on strong effects regarding single diseases, but its particular strength is its ability to 
signal also minor effects that occur jointly on several diseases considered.  

- The FDI constitutes an indicator of integrative effects of environmental stressors on fish health, 
rather than being an indicator of effects of specific stressors (e.g., specific contaminants or 
contaminant groups).  

- It, thus, serves as an “alarm bell” in monitoring programmes, reflecting changes in ecosystem 
health that could be missed by only looking at a selected set of specific indicators of single 
stressors. 

- The FDI assessment criteria developed for the common dab follow standard concepts in case of the 
BAC, while the EAC is defined based on a negative biological effect (reduction in condition factors) 
associated with the diseases status (see further below).  

- Although the FDI approach was originally developed for common dab, it has been used also on a 
trial basis for analyzing and assessing disease data obtained from other fish species that are, e.g., 
relevant as bioindicators for studies in the Baltic Sea (European flounder Platichthys flesus, Atlantic 
cod Gadus morhua).   

 

Current FDI Status under OSPAR 
As described above, fish disease monitoring and the FDI approach are part of the OSPAR pre-CEMP. 
However, beginning in 2016 and initiated by Germany, the OSPAR Working Group on Monitoring and on 
Trends and Effects of Substances in the Marine Environment (MIME) addressed the use of the FDI approach 
developed for externally visible diseases of the common dab for MIME assessments in order to explore 
possibilities to raise the status from pre-CEMP to CEMP. This process is still ongoing.   

In 2018, the results of a trial assessment performed by Germany using disease data from areas in the North 
Sea data was presented to MIME that was carried out by using the OSPAR MIME assessment methodology 
applied for contaminants in biota (http://dome.ices.dk/osparmime/help_methods_biota_metals.html).  

The results of the assessment clearly indicated marked differences between sampling stations both in 
terms of current health status and trends.  At some stations, FDI values exceeded the EAC, reflecting a bad 
health status of dab associated with a loss in general fitness (decrease in condition factor). Some stations 

http://dome.ices.dk/osparmime/help_methods_biota_metals.html
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revealed an increasing trend in FDI, partly exceeding the EAC which indicates a significant worsening of the 
health status over the past years. 

The trial assessment concluded/recommended:   

− Monitoring of fish diseases is considered a useful component of programmes aiming to analyse and 
assess effects of environmental stressors, including hazardous substances, on ecosystem health. 
Through ICES/OSPAR activities, methods for fish disease monitoring are in place, quality assured 
through published guidelines and have been intercalibrated repeatedly. 

− The FDI approach can be used to analyse and assess status and trends in health status of common 
dab from the OSPAR Region; it can also be applied to other fish species after modification, provided 
that data are available.  

− Fish disease data can be extracted from ICES DOME using standard protocols. 

− FDI assessment criteria (BAC, EAC) have been developed and tested for common dab and can be 
regarded as applicable.  

− The OSPAR MIME strategy to assess status and trends of contaminants can directly be applied to 
the FDI assessment, and, thus, status and trends of different parameters (e.g., fish diseases and 
contaminants) can easily be compared for corresponding patterns. 

− OSPAR should consider including the analysis of FDI data in its regular assessment programme 
under OSPAR MIME. 

− If further development of the indicator is regarded as required, the ICES WG on Pathology and 
Diseases of Marine Organisms should be tasked to take the lead. 

OSPAR MIME discussed the conclusions and recommendations from the trial, in particular that MIME 
should include the analysis of FDI data in its regular annual CEMP assessment. MIME noted further 
development of the indicator was required, and that ICES WG on Pathology and Diseases of Marine 
Organisms (WGPDMO) could be tasked to take the lead. OSPAR MIME agreed to include the FDI data for 
dab, cod and flounder in the roll-over assessment, beginning at MIME 2019. Germany drafted a technical 
specification sheet for an FDI assessment as a contribution to the QSR (OSPAR HAZEC Doc. 19/6/6) (OSPAR, 
2019). 

FDI Status under HELCOM 
Although the Fish Disease Index (FDI) has been proposed as hazardous substances indicator under the 
ecological objective “healthy wildlife” already in the Baltic Sea Action Plan (BSAP) (HELCOM, 2007) and the 
FDI was later endorsed through the CORESET project as suggested HELCOM Core Indicator for effects of 
hazardous substances (HELCOM, 2012; 2013), the FDI has so far not been fully implemented for Baltic Sea 
monitoring. Therefore, the FDI is currently listed as pre-core indicator. This is despite the fact that fish 
diseases are monitored on a regular basis by some Baltic Sea countries (Germany, Poland) and on a trial 
basis by others (e.g., Sweden) and that the FDI methodology has been developed for Baltic Sea fishes (dab, 
flounder, cod) (ICES, 2012; HELCOM, 2012).    

There is some practical experience with using the FDI approach for Baltic Sea fishes, since Germany has 
used the FDI approach developed for common dab in a study on integrated monitoring of contaminants 
and biological effects in areas including the western Baltic Sea (ICON project) (Lang et al., 2017a) and the 
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FDI for Baltic cod in an extensive multi-year study on effects of dumped chemical munitions on the health 
status of fish (projects CHEMSEA, MODUM, DAIMON) (Lang et al., 2017b).      

However, for applying the FDI approach on a regular basis as HELCOM indicator, assessment criteria for 
flounder and cod still have to be established (so far, BAC and EAC for the FDI are only available for common 
dab). Once the missing assessment criteria have been established and standardised, the FDI approach 
including its assessment component can be applied on a more formal basis, and there is some indication 
that interest in Baltic Sea countries involved or interested in fish disease monitoring to use the approach is 
currently increasing.  

Conclusions 
The Fish Disease Index (FDI) can be regarded - and is in fact widely accepted - as a useful indicator for 
monitoring and assessing biological effects of hazardous substances in wild marine fish. It functions as an 
“alarm bell”, indicating adverse impact of environmental stressors including contaminants affecting the 
immune system on the health status of fish rather than indicating contaminant-specific effects.    

The basis of applying the FDI approach is to conduct fish disease monitoring following standard operating 
procedures largely developed, intercalibrated and implemented through ICES and OSPAR activities. Such a 
monitoring can easily be performed provided that suitable platforms (research or commercial vessels) and 
ship time is available. 

The FDI approach and associated assessment procedures developed for common dab are ready for 
application in marine monitoring and assessment programmes such as the OSPAR Coordinated 
Environmental Monitoring Programme (CEMP) and it is envisaged that the MIME activities (see above) will 
further strengthen the FDI status in OSPAR and in member countries.  In the Baltic Sea, the FDI approach 
developed for common dab can directly be used in the western Baltic Sea (the eastern distribution limit of 
dab is the Arkona Sea). The FDI approach is also ready to be used for flounder and cod, except for the 
establishment of assessment criteria (BAC, EAC) which still have to be developed and implemented. It is 
recommended to take all necessary steps to accomplish this goal.    
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