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ABSTRACT: Clinical fish disease and liver pathology 
are high-level indicators of ecosystem health. In terna­
tionally agreed  protocols for their m easurem ent have 
allowed for the comparison of datasets that transcend 
international m arine boundaries and have prom oted 
the collection of quality assured data by several coun­
tries bordering the northeast Atlantic and associated 
seas. Here, grossly visible diseases and liver lesions 
(including tumours) w ere recorded betw een 2002 and 
2006 from UK Clean Seas Environm ental Monitoring 
Programme sites in the Irish and North Seas and in 
the English Channel. Diagnosis followed protocols 
developed by the International Council for the Explo­
ration of the Sea and the Biological Effects Quality 
Assurance in M onitoring Programmes. M ultivariate 
data analysis revealed a stable disease profile at most 
sites sampled. Sites w ith the highest levels of grossly 
visible diseases and liver lesions consistently grouped 
together within a given year, and distinctly from 
those sites displaying a lower prevalence of disease. 
Between-year analyses for these sites dem onstrated 
the repetitive nature of these patterns, suggesting a rel­
atively consistent disease profile betw een years, even 
at open ocean sites. Assessment of prevalence for the 
different diseases allowed for developm ent of a g rad ­
ing system that assigned relative harm  scores for pop­
ulations existing at a particular site. G rading of harm  
scores into site types may provide an assessm ent tool 
for m anagers to identify sites of concern and to cross­
correlate disease w ith potential causal factors. The 
use of disease data in m arine environm ent status 
monitoring is discussed.

KEY WORDS: Epidemiology • Grossly visible fish d is­
eases • Histopathology • Liver pathology • M onitoring • 
Neoplasia • Quality assurance
_________  Resale or republication no t perm itted  w ithout _________

written consent of the publisher

Liver tum ours in  Lim anda lim anda  a re  re co rd e d  as p a r t  of th e  
a n n u a l C lean  Seas E n v ironm en ta l M onito ring  Program m e in 
th e  UK.
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INTRODUCTION

Several studies on marine epizootics in the past 
decade have led to the suggestion that the num ber and 
extent of disease outbreaks in m arine organism s is 
increasing (reviewed by Lafferty et al. 2004). However, 
W ard & Lafferty (2004) have stated that due to a lack 
of baseline data for disease in m any species groups, 
dem onstration of clear evidence for an increase in 
the num ber or extent of outbreaks is problematic. 
Although these studies highlight our relative lack of 
understanding of disease processes in even our most 
abundant m arine species groups, they also provide 
published evidence that acute epizootics can generate
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mortalities extensive enough to create population- 
level effects in those species implicated. In addition to 
acute epizootics, significant interest also lies in the 
m easurem ent of sublethal infections and non-infectious 
conditions (such as cancer or neoplasia, and lesions 
involved in the process of neoplasia) that provide an 
indicator for the general health  status of a given pop­
ulation at a given point in time. In this context, fish 
diseases caused by pathogenic agents, and liver 
histopathology (including that associated w ith cancer), 
have been recorded in national marine and estuarine 
monitoring program m es for many years (Lang & 
Dethlefsen 1996). Within the northeast Atlantic region, 
guidelines for biological effects of contam inants m oni­
toring include the m easurem ent of fish disease for g en ­
eral (non-specific) monitoring and of liver nodules 
(tumours) and liver histopathology for polycyclic aro­
matic hydrocarbon (PAH)-specific effects. As part of 
the UK Clean Seas Environm ental M onitoring Pro­
gram m e (CSEMP), the disease status of the flatfish 
species dab Limanda limanda  at offshore sites and 
flounder Platichthys flesus  at inshore and estuarine 
sites are m onitored according to the procedures of the 
Oslo and Paris Commission (OSPAR) Coordinated 
Environm ental M onitoring Programme (CEMP) 
(OSPAR 1998a,b). Grossly visible diseases present in 
these sentinel species include lymphocystis, epiderm al 
hyperplasia and papilloma, acute and healing ulcera­
tions of the skin, and hyperpigm entation of the skin. 
A lthough the aetiology of these and other pathologies 
is not known in all cases, and may well be multifactor­
ial in nature, taken  together their m easurem ent within 
populations provides a high-level indicator of health 
status amongst individuals comprising those popula­
tions. Such data have been used to detect long-term  
trends in disease prevalence at given locations and, in 
combination with other biom arkers of exposure, are 
used to provide greater confidence in the use of fish 
diseases as indicators of contam inant effects (Lang & 
Dethlefsen 1996, Wosniok et al. 2000).

The presence of liver tumours (neoplasms) is also 
recorded routinely in dab and flounder populations 
sam pled as part of CSEMP. In flatfish liver, the p res­
ence of neoplasia has been  classified as a direct indica­
tor of contam inant exposure and likely represents a 
biological endpoint of historic exposure to chemicals 
that initiate and promote carcinogenic pathw ays 
(Myers et al. 1990, 1991, 1992, 1994, Schiewe et al. 
1991, Reichert et al. 1998). As a result, the presence of 
grossly visible and histologically confirmed liver neo­
plasms and other hepatic lesions involved in neoplasia 
has been used for m any years in environm ental m oni­
toring program m es around the world (Myers et al. 
1987, 1992, 1998, Stein et al. 1990, V ethaak & W ester 
1996, Stentiford et al. 2003, Lyons et al. 2004). At some

offshore sites in the North Sea, liver tum our p reva­
lence in wild flatfish has exceeded 10 % in recent years 
(Feist et al. 2004, Cefas 2007), w hereas prevalence in 
estuarine species can be significantly higher (Stenti­
ford et al. 2003, Koehler 2004). These figures are sig­
nificantly higher than those observed in other wildlife 
populations (e.g. Fowler 1987, H arshbarger 2004), 
indicating either a higher propensity for cancer in 
these species or a relatively higher exposure to car­
cinogens via the aquatic environm ent.

In addition to the assessm ent of grossly visible 
tumours, histopathological assessm ent of liver samples 
from flatfish populations collected under CSEMP 
allows for the diagnosis of microscopic lesions not 
visible during whole fish assessments. The lesions 
recorded by use of this approach include those thought 
to precede the developm ent of benign and m alignant 
lesions such as foci of cellular alteration, non-neoplastic 
toxicopathic lesions (such as nuclear and cellular poly­
morphism) and lesions associated w ith cell death, 
inflammation and regeneration. Currently, 32 ca te­
gories of liver lesion are classified under the in terna­
tional Biological Effects Quality Assurance in M onitor­
ing Programmes (BEQUALM) project. The diagnosis of 
these lesion types in the dab and flounder liver follows 
the guidelines set out by Feist et al. (2004). Similar 
guidelines exist for diagnosis of liver lesions in m edaka 
Oryzias latipes (Boorman et al. 1997) and English sole 
Parophrys vetulus (Myers et al. 1987).

Systematically collected data on fish disease in wild 
populations is rare, and the majority of those datasets 
available are those collected during and following 
overt disease epizootics (Lafferty et al. 2004). W here 
monitoring program m es do track disease prevalence 
over space and time, it should be possible to m ake firm 
comments regarding w hether prevalence is increasing 
or decreasing and w here hotspots and reference sites 
exist. By use of such an approach, factors that coincide 
w ith these changes in disease prevalence (such as pol­
lution, changes in population structure and climate 
change) may be im plicated as causal, related or non­
associated. Since 2001, CSEMP data for clinical 
disease and liver pathology have been  collected by 
use of quality assured procedures developed under 
BEQUALM. As such, datasets from 2002 until the p re ­
sent are directly com parable by use of high-level 
approaches such as those offered by m ultivariate sta­
tistics packages like PRIMER™. Through PRIMER™, 
we have analysed 3 major datasets pertaining to 
grossly visible disease and liver pathology in fish col­
lected from 23 UK CSEMP sites in the North Sea, Irish 
Sea and English Channel visited annually from 2002 to 
2006. By using such an approach, it is possible to d is­
criminate particular sites ('site typing') based upon the 
diseases in fish captured at those sites. Furthermore,
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by com paring datasets collected at these individual 
sites over several years, it is possible to assess w hether 
disease profiles are repeated  or change significantly 
over time. To our knowledge, this is the first attem pt to 
utilise a multivariate statistical approach to discrimi­
nate m arine sites based  upon multiple disease vari­
ables in resident fish populations. Data has been  fur­
ther processed to create a simple assessm ent criterion 
that defines the relative health  of populations from 
particular sites. It should be noted that this analysis 
does not account for causality to the pattern  observed 
and that features inherent in the host population at a 
given site, such as size, while controlled across groups, 
may not account for other features such as age. These 
aspects are considered in the discussion. The develop­
m ent of such assessm ent tools is timely w ith the UK 
Departm ent for Environment, Food and Rural Affairs 
(Defra) C harting Progress Report (Defra 2005) and 
OSPAR Quality Status Reports 2010 (OSPAR 2000) 
looming alongside the introduction of the new  Euro­
pean Union M arine Strategy Directive (MSD). Site typ­
ing of this kind provides environm ental m anagers with 
assessm ent tools to identify regions of concern and to 
cross-correlate disease w ith potential causal factors 
associated w ith those locations.

MATERIALS AND METHODS

Dab Limanda limanda  w ere captured at CSEMP sites 
(Fig. 1) during June and July 2002 to 2006 by use of 
30 min tows of a standard G ranton trawl. Upon landing, 
50 dab of 20 to 25 cm total length  from each site in each 
year w ere im m ediately rem oved from the catch and 
placed into flow-through tanks containing aerated  sea­
w ater (according to Feist et al. 2004). The sex, size (total 
length) and presence of grossly visible signs of disease 
w ere recorded for each fish using the m ethodo­
logy specified by the International Council for the 
Exploration of the Sea (ICES) (Bucke et al. 1996). 
Representative im ages of the grossly visible diseases 
are shown in Fig. 2. Following grossly visible disease 
assessment, fish were euthanised and, upon opening of 
the body cavity, the liver w as assessed for the presence 
of visible tumours according to the guidelines set out by 
Feist et al. (2004). Liver samples w ere rem oved and 
fixed for 24 h in 10% neutral buffered formalin (NBF) 
before transfer to 70% industrial m ethylated spirit 
(IMS) for subsequent histological assessment. In order 
to prevent the appearance of p ost m ortem  artefacts, 
only live fish w ere sampled. Due to prevailing w eather 
conditions, not all sites w ere visited in each year.

Histopathology. Fixed samples w ere em bedded in 
wax in a vacuum  infiltration processor by using stan­
dard  protocols (Feist et al. 2004). Sections w ere cut at

3 to 5 pm on a rotary microtome and resulting tissue 
sections m ounted onto glass slides before staining with 
haem atoxylin and eosin (H&E). Stained sections w ere 
analysed by light microscopy (Eclipse E800, Nikon) 
and diagnosis of liver lesion type followed the gu ide­
lines set out by Feist et al. (2004) for flatfish liver. 
Digital im ages of histological features w ere obtained 
by use of the Lucia™ Screen M easurem ent System 
(Nikon). Representative im ages of normal liver and the 
5 liver histopathology categories (NNT: non-neoplastic 
toxicopathic; NSI: non-specific inflammatory; FCA: 
foci of cellular alteration; BN: benign neoplasm; and 
MN: m alignant neoplasm) are given in Fig. 3.

Data analysis. The percentage prevalence of macro- 
scopically visible liver tum ours in dab w as calculated 
from the 50 fish collected at each CSEMP station. His­
tological samples of liver collected from the same fish 
w ere used to confirm neoplasia and to calculate the 
true (histological) prevalence of liver tumours in fish 
from these sites. The m easurem ent of liver tumour 
prevalence in this way allows for an assessm ent of the 
effect of sam pling m ethod (macroscopic vs. m icro­
scopic assessment) on the accuracy of tum our p reva­
lence data  collected under CSEMP and other monitor­
ing programmes.

M ultivariate statistical analysis of grossly visible d is­
ease and liver histopathology data was carried out by 
use of the PRIMER™ 6.0 software package (Clarke

Amble NE Dogger
N Dogger

St B ees

W  Dogger

C Dogger

.Off Humber

Indefatigable Bank

W ash

Inner Cardigan United
Kingdom

S Cardigan

irthen Ba>

Belgium

France

Fig. 1. UK C lean  Seas E nv ironm en ta l M onito ring  P rogram  
(CSEMP) sites sam p led  from  2002 to 2006. F ish  d isease  d a ta  
co llected  from  th ese  sites w e re  u se d  to  g e n e ra te  d isease  p r e ­
v a len ce  ra n g es  a n d  q u artiles  for in d iv idual d isease  v ariab les
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Fig. 2. Lim anda lim anda. R ep resen ta tiv e  im ages of grossly  v isib le d iseases of d ab  acco rd in g  to ICES criteria  (Bucke et al. 1996). 
(A) No visib le e x te rn a l d iseases. (B) E p iderm al pap illo m a  (EP) on sk in  (arrow ). (C) Skin  h y p e rp ig m en ta tio n  (HYP), m ulti-focal 
h y p e rp ig m en te d  reg io n s on sk in  (arrow s). (D) Sk in  u lce ra tio n  (U) (arrow ). (E) L ym phocystis (LY), c luste r of in fec ted  su b ep id erm al 

fib rob lasts (arrow ). (F) S ingle la rg e  liver n o d u le  (LN) (arrow) a n d  ad jacen t ap p a re n tly  n o rm al liver (*)

& Warwick 2001) (Primer-E). The prim ary aim of the 
analysis w as to com pare the disease profile of dab 
populations captured from CSEMP stations over the 
survey period (2002 to 2006). The m ean prevalence of 
the 5 grossly visible diseases (LY: lymphocystis; EP: 
epiderm al papilloma; U: skin ulceration; HYP: skin 
hyperpigm entation; and LN: liver nodules visible d u r­

ing dissection) and the 5 liver histopathology ca te­
gories formed the 10-variable dataset for each site in 
each year. Specifically, liver histopathology data w ere 
generated  by allocating the 32 BEQUALM liver lesions 
to 1 of the 5 liver pathology categories (Table 1). A 
principal components analysis (PCA) w as then carried 
out using the 10-variable data  to identify the key

 >►

Fig. 3. Lim anda lim anda. R ep resen ta tiv e  liver lesions a n d  p a th o lo g y  categories acco rd in g  to Feist e t al. (2004). (A) N orm al liver; 
no  abnorm ality  d e te c te d  (NAD). (B) N u c lea r p leom orph ism  (w hite arrow s); n o n -n eo p lastic  tox icopath ic  lesion  (NNT). (C) G ra n u ­
lom a (w hite arrow ) a n d  m elan o m acro p h ag e  cen tres  (black arrow ); non-specific  in flam m atory  les ion  (NSI). (D) Focus of cellu lar 
a lte ra tio n  (w hite arrow ); foci of cellu lar a lte ra tio n  (FCA). (E) H ep ato ce llu la r ad en o m a  (w hite arrow ); b e n ig n  n eo p lasm  (BN). 
(F) H epato ce llu la r carc inom a w ith  a typ ical cellu lar a n d  n u c lea r profiles (w hite arrow ); m alig n an t n eo p lasm  (MN). H&E sta in in g



Sten tifo rd  e t al.: F ish  d iseases in  m arin e  m onito ring 5

B

\ <=□

100 |tm ' T
—

I

Æ s x

i

c . ' .

©

9 »»

£=>

? • sjJ *  * - i i i

' 200 gm 50 gm

£

200 gm 50 gm



6 M ar Ecol P rog  Ser 381: 1 -15 , 2009

T able  1. F latfish  liver lesions a n d  asso c ia ted  p a th o lo g y  categories as lis ted  b y  BEQUALM (see Feist et al. 2004). T he category  
'N o abnorm ality  d e te c te d ' is a ssig n ed  to in d iv idua l spec im ens th a t do no t exh ib it any  of th e  pa th o lo g ies  lis ted  in  th is tab le . 

N ot all specific lesions w e re  o b se rv ed  d u rin g  th e  2002-2006  sam p lin g  p e rio d

N on-specific  an d  
in flam m atory

N on-neop lastic
tox icopath ic

Foci of cellu lar 
a lte ra tio n

B enign  neop lasm s M alig n an t neop lasm s

C oagu la tive  necrosis 
A poptosis 
Steatosis 

H em osiderosis 
V ariab le  g lycogen  

M e lan o m acro p h ag es 
In flam m ation 

G ranu lom a 
Fibrosis 

R eg en era tio n

Phospholipoidosis 
F ibrillar inclusions 

Polym orphism  
H ydropic  d eg en e ra tio n  

Spongiosis h ep a tis

C lear cell 
V acuolated  
Eosinophilic 
Basophilic 

M ixed

H epato ce llu la r ad en o m a 
C ho lan  giorna 
H em ang iom a 

P an crea tic  ad en o m a

H ep ato ce llu la r carc i­
no m a 

C ho lang iocar chrom a 
P an crea tic  carcinom a 

H epato b ilia ry  carcinom a 
H em ang iosarcom a 
H em angiopericy tic  

sarcom a

drivers (amongst these variables) for site grouping 
or separation. A resem blance matrix w as calculated 
based on a betw een-sites analysis and a non-metric 
multi-dimensional scaling (NMDS) plot was generated  
that incorporated data from all sites in all years. From 
the NMDS plots, individual bubble plots w ere pro­
duced to depict the prevalence of the individual d is­
eases (grossly visible and liver pathology categories) at 
each of the sites based upon the pattern  generated  
from NMDS.

Furtherm ore, statistical analysis of year-to-year 
changes in disease status at these sites was possible by 
com paring the 10-variable data from each survey year. 
To achieve this, we selected 9 common sites that w ere 
sam pled in each survey year and applied the following 
analysis protocol to each year: PCA, resem blance 
matrices and NMDS plots w ere generated  for each 
year followed by a comparison of annual disease pro­
files by use of the RELATE function in Primer™ 6.0. 
Rho (R) values and significance levels w ere recorded 
for each year-to-year comparison.

RESULTS

Grossly visible diseases and lesions of the liver of 
dab captured at the CSEMP stations betw een 2002 and 
2006 w ere typical of those described previously by 
Bucke et al. (1996) and Feist et al. (2004) for European 
flatfish species. In total, disease status w as assessed in 
4450 fish collected from 89 sites betw een 2002 and 
2006. The prevalence of each grossly visible disease 
and liver pathology category at each site in each year 
is sum m arised in A ppendix 1, Table AÍ (available as 
supplem entary m aterial at w w w .int-res.com /articles/ 
suppl/m381p001_app.pdf). Data presen ted  in this 
table formed the multi-year, multivariate dataset 
analysed by use of Primer™ 6.0.

Comparison of macroscopic and microscopic 
nodule data

The prevalence of macroscopically visible liver nod­
ules recorded in the field was com pared to histopatho- 
logical data from the same specimens. By com paring 
prevalence by use of both techniques, it was possible 
to generate a correction factor that may be applied in 
instances w here only one technique is used. Taking all 
years together, macroscopic diagnosis underestim ated 
the prevalence of neoplastic liver lesions by up to 
8.4 %. The correction factor was highest for those sites 
w here macroscopic tum our prevalence was highest 
(8.4, 8.3 and 7.3% for North Dogger, Inner Cardigan 
and North East Dogger, respectively) and lowest at 
those sites w here macroscopic tum our prevalence was 
lowest (0 % for Rye Bay, C arm arthen Bay, South Eddy- 
stone and Newhaven). A negative m ean correction 
factor (-0.5%) at Tees Bay dem onstrated that, in some 
cases, macroscopic diagnosis of liver tum our nodules 
may overestim ate their true microscopic prevalence. In 
these instances, macroscopically visible liver tumours 
w ere confirmed as inflammatory or cystic in nature 
rather than  neoplastic by use of histopathology. By 
combining data from all sites in all years a m ean cor­
rection factor of 3.2 % was calculated.

Multivariate assessment of data (2002 to 2006)

A 2-dimensional PCA ordination plot for the 1 ((-vari­
able com bined year data is given in Fig. 4. Using the 
variable vector as a guide, sites discrim inated in an 
approxim ately linear m anner along the first principal 
com ponent (PCI). As such, PCI represen ted  55% of 
the variability w ithin the data. The second principle 
com ponent (PC2) contributed a further 18.9% of the 
total variability (cumulative variability of PCI + PC2 =

http://www.int-res.com/articles/
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visib le d iseases a n d  p a th o lo g y  categ o ries as in  Figs. 2 & 3

74%). Addition of a third, fourth and fifth principle 
com ponent (PC3, PC4 and PC5; not shown in Fig. 4) 
fulfilled a cumulative variability of 95%. Considering 
the eigenvector output data  from Primer™, as a com ­
ponent of this variability, the prevalence of liver FCAs 
contributed most significantly to the distribution of 
sites along the PCI axis. Sites in the negative aspect of 
PC2 w ere most significantly classified by the p reva­
lence of liver inflammation, w herease sites in the posi­
tive aspect of PC2 w ere classified by prevalence of 
skin hyperpigm entation.

Following PCA, subsequent analysis of the 
10-variable com bined year data was carried 
out using NMDS (Fig. 5). For ease of in ter­
pretation, sites w ere geographically classi­
fied according to 5 categories: Irish Sea 
South, Irish Sea North, English Channel, Off­
shore North Sea (Dogger) and Inshore North 
Sea. By use of this approach, it w as possible 
to visualise the discriminatory pattern  of sites 
depicted in the PCA analysis (Fig. 4) and to 
further investigate similarities betw een sites 
based upon the individual components (dis­
eases) that comprised the pattern. Once 
again, the NMDS depicted a clear separation 
of sites along a fairly linear plane. Sites such 
as West Dogger (WD), North Dogger (ND) 
and North East Dogger (NED) clustered 
towards the upper left quadrant of the plot, 
w hereas Rye Bay (RB), N ew haven (NH), Red 
Wharf (RW) and C arm arthen Bay (CB) clus­
tered  towards the bottom right quadrant of 
the plot. Liverpool Bay (LB), Inner Cardigan 
(IC), Off H um ber (OH), Flam borough (FL), 
M orecam be Bay (MB) and Burbo Bight (BB) 
occupied the space betw een these extrem es 
(Fig. 5). By representing  the NMDS plot as

separate bubble (prevalence) plots for the 
10 disease variables, it was possible to visu­
alise the drivers for the pattern. Figs. 6 & 7 
represent 6 of the variables from the 10- 
variable dataset. Sites in the upper left 
quadrant (e.g. ND, WD, NED) w ere classi­
fied by relatively higher prevalences of 
FCA, BN and MN, and by higher p reva­
lences of grossly visible diseases, particu­
larly HYP. Sites towards the lower right 
quadrant (e.g. RB, NH, RW, CB) w ere 
classified by relatively lower levels of FCA, 
benign and m alignant neoplasms, and 
grossly visible diseases. Overall, fish popu­
lations from sites in the upper left quadrant 
exhibited a higher prevalence of grossly 
visible diseases and liver lesions, particu­
larly those associated w ith the carcinogenic 

pathw ay (FCA, BN and MN). Interestingly, sites on the 
Dogger Bank (Central Dogger [CD], ND, NED and 
WD) clustered at the extrem e upper left quadrant due 
to additional higher prevalence of HYP at these sites 
com pared to those towards the centre of the plot.

A cluster analysis built upon the same data depicted 
this separation of Dogger Bank sites, w ith ND, NED 
and WD from all years and CD from some years show ­
ing only approxim ately 73 % similarity to all other sites 
from all years. In addition, a second cluster (containing
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http://www.int-res.com/articles/suppl/m381p001_app.pdf
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Fig. 6. Lim anda lim anda. B ubble  p lo ts for specific d isease  v ariab les 
co n tribu ting  to th e  NM DS p lo t show n  in  Fig. 5. (A) Liver foci of cellu lar 
a lte ra tio n  (FCA). (B) B en ign  liver neop lasm . (C) M alig n an t liver n e o ­
plasm . B ubble  size dep ic ts th e  p re v a len c e  (%) acco rd ing  to  th e  sp e ­
cific k ey  asso c iated  w ith  eac h  p an el. See T able  A Í for site  codes

the sites RB, RW and NH, amongst others), with 
only approxim ately 70% similarity to all other 
sites from all years, w as also formed. A final 
broad cluster w ithin the middle of the plot sepa­
rates from the other 2 major clusters at a similar­
ity level of approxim ately 76 % (data not shown). 
This final cluster contained the sites that existed 
w ithin the centre of the NMDS (Fig. 5) and b u b ­
ble (Figs. 6 & 7) plots: LB, IC, OH, FL and BB.

In summary, PCA, NMDS and cluster analysis 
of all data from all years dem onstrated discrimi­
nation of sites based upon the prevalence profile 
of grossly visible disease and liver lesions found 
at those sites. Sites on the Dogger Bank ap ­
peared  to form a discrete grouping away from 
those in the Inner North Sea, English Channel, 
and Irish Sea based  upon the co-occurrence of 
relatively higher prevalence of liver lesions 
involved w ith the stepwise process of liver neo­
plasia, and those representing  skin hyperpig­
m entation. Sites in the English C hannel and 
some Irish Sea and Inner North Sea sites (e.g. 
CB, RW and TB) w ere defined by their relatively 
low levels of grossly visible disease and liver 
pathology. Remaining sites in the Irish Sea and 
Inner North Sea w ere interm ediate betw een 
these extrem es.

Year-to-year comparisons

To test the reproducibility of using grossly 
visible disease and liver pathology data  as an 
efficient site discriminator, a year-to-year com ­
parison of Primer™ resem blance matrices was 
carried out using data from 9 sites commonly 
visited in each of the 2002 through 2006 sam ­
pling campaigns: BB, FL, LB, MB, ND, OH, RW, 
RB and WD. Year-to-year comparisons w ere 
m ade by utilising the RELATE function within 
Primer™. This utilised a Spearm an rank correla­
tion to test the null hypothesis of no relation 
betw een 2 datasets (e.g. 2002 vs. 2003 data), a 
Rho value of 1 suggesting perfect correlation 
betw een 2 resem blance matrices and a value of 
0 suggesting no relationship betw een matrices. 
A comparison matrix for the 10-variable data 
from 9 sites over 5 yr (2002 to 2006) is given in 
Table 2. Year-to-year comparisons yielded Rho 
values ranging from 0.386 and 0.74, w ith a m ean 
year-to-year value of 0.601. These test statistics 
suggest that NMDS plots generated  for each 
sam pling year using the common 10 disease 
variables show a significant degree of similarity. 
Furtherm ore, datasets that are separated  by
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Fig. 7. Lim anda lim anda. B ubble  p lo ts of specific d isease  v ariab les 
co n tribu ting  to th e  NM DS p lo t in  Fig. 5. (A) L ym phocystis in fec tion  
(LY). (B) Skin u lceration . (C) Sk in  h y p e rp ig m en ta tio n  (HYP). B ubble 
size dep ic ts th e  p re v a len c e  (%) accord ing  to th e  specific key  asso­

cia ted  w ith  each  panel. See Table A Í for site codes

more than one year (e.g. 2002 vs. 2006) also 
showed a significant similarity (R = 0.74, p =
0.01). Deviations from perfect m atch (Rho value = 
1 ) are likely due to prevalence shifts in individual 
disease categories at given sites w ithin each year 
(see Table AÍ). These patterns may be further 
investigated using dedicated trend  analyses for 
these sites (not carried out in the present study). 
However, the Rho values presen ted  in Table 2 
allow rejection of the null hypothesis of no simi­
larity betw een sampling years.

Site type classification

Table 3 lists the prevalence ranges for the 10 
disease variables over the 5 yr period of the p re ­
sent study. By dividing the range of each disease 
variable into quartiles and assigning a score of 0,
1, 2 and 3 to the baseline, lower-mid, mid-high 
and higher quartiles, respectively, it was possible 
to generate a simple grading system for each dis­
ease variable. Further, by applying this grading 
system to each disease variable at each site in 
each year of the present study, it was possible to 
generate a harm  score for each site. Theoretical 
disease scores range from 0 (baseline quartile 
prevalence for all 10 disease variables) to 30 
(higher quartile prevalence for all 10 disease 
variables). Disease scores for each site in each 
year are given in Table AÍ. The lowest disease 
scores w ere observed at Wash (WA, 0), RW (0), 
RB (1), South Eddystone (SE, 1) and NH (2), 
w hereas the highest scores w ere observed at the 
Dogger Bank sites ND (17), WD (18) and NED 
(19). By expressing disease scores as a bubble 
plot overlay on the NMDS plot for the 10 disease 
variables from all sites and all years (Fig. 5) it was 
possible to show a gradation from low scores at 
sites in the lower right quartile of the plot (e.g. 
RB, NH, RW, CB) to the highest scores at sites in 
the upper left quartile (predominantly ND, NED, 
WD and CD) (Fig. 8). Separation of the 5 grossly 
visible disease category scores from the 5 liver 
pathology category scores allowed the harm  
score to be represen ted  as a com bined score for 
grossly visible disease and liver pathology (both 
of which range from 0 to 15). An arbitrary divi­
sion of these 2 harm  scores into 3 categories (<5, 
>5 and <10, and >10) defined a broad classifica­
tion system of site types (A, B and C) according to 
the grossly visible disease and liver pathology 
profiles of flatfish found at those sites. The simple 
site classification system is provided in Table 4. 
Separation of the grossly visible disease score
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T able  2. L im anda lim anda. RELATE scores for y ear-to -year 
com parisons of dab  d isease  p rofile  re sem b lan ce  m atrices 
u s in g  PRIMER™ 6.0. R -values of 1 d ep ic t 100%  sim ilarity  in  
fish d isease  profiles b e tw e e n  years, w h ile  v a lu es of 0 dep ic t 

no  sim ilarity  in  d isease  profiles b e tw e e n  years

2002 2003 2004 2005 2006

2002

2003 R = 0.515
(p = 0.01)

2004 R = 0.567
(p = 0.01)

R = 0.603
(p = 0.01)

2005 R = 0.39 
(p < 0.05)

R = 0.614 
(p < 0.05)

R = 0.669 
(p < 0.05)

2006 R = 0.74
(p = 0.01)

R = 0.506 
(p < 0.05)

R = 0.386 
(p < 0.05)

R = 0.423 
(p < 0.05)

from the liver pathology score allowed the assessm ent 
to be applied even in scenarios w here only one dataset 
(e.g. grossly visible disease) was available.

DISCUSSION 

Temporal and spatial stability in marine disease 
profiles

In an attem pt to classify the health  status of the 
marine environm ent and, in particular, to associate 
observed effects w ith causal or potentially causal 
factors, an increasing num ber of so-called biological 
effects techniques have em erged in recent years. 
These include the m easurem ent of physiological or 
metabolic biom arkers that are induced via exposure to 
chemical contam inants (exposure markers), or bio­

assays that utilise endpoints such as reproductive status, 
growth, death, or disease in reference and im pacted 
populations (endpoint markers) (Thain et al. 2008). For 
biological effects techniques to be useful in national or 
even international monitoring programmes, a dem on­
strable quality assurance protocol is required  that 
allows users in different regions to apply the technique 
according to the agreed principles. Such approaches 
allow any data obtained to be reliably com pared. For 
this reason, well-controlled approaches to marine 
monitoring activities such as those laid down in OSPAR 
CEMP are highly regarded  as cornerstones that allow 
for m arine environm ent status to be reliably assessed. 
OSPAR and the Helsinki Commission (HELCOM) have 
agreed  on an ecosystem -based approach to monitor­
ing and assessing the m arine environm ent which 
attem pts to understand interactions betw een  hum an 
activities (e.g. pollution) and the effects that these 
activities have on resident biota (Thain et al. 2008). 
Currently, grossly visible fish diseases and the p res­
ence of liver nodules (including neoplasia) and liver 
pathology are recognised in the OSPAR Joint Assess­
m ent and M onitoring Programme and are afforded 
Category I status (i.e. a m ethod suitable for marine 
monitoring purposes w ith analytical quality control 
established). At present, the analytical quality control 
for both grossly visible diseases and liver pathology 
are provided by a specific section of the European 
BEQUALM, a scheme in which participants partake in 
proficiency testing and ring trials prior to submission of 
their datasets to m arine data  stew ards such as ICES. It 
is the goal of various ICES groups such as the W ork­
ing Group for the Biological Effects of Contam inants 
and the Working Group on Pathology and Diseases of 
M arine Organisms (WGPDMO) to review  the status of 
biological effects techniques (such as disease and liver

T able  3. Lim anda lim anda. P rev a len ce  ra n g es  for 10 d isease  v a riab les  m ea su re d  over th e  5 yr s tu d y  period . T he p re v a len c e  ra n g e  
of eac h  d isease  over th e  p e rio d  h as  b e e n  d iv ided  in to  q u artiles  an d  a  score  h a s  b e e n  assig n ed  to  e ach  q u artile  (0 to  3). A zero  
score is ta k e n  to  re p re se n t th e  5 yr b a se lin e  p re v a len c e  for each  d isease. H ig h er scores d ep ic t h ig h er p rev alen ces. Scores a s ­
sig n ed  to th e  p re v a len c e  of eac h  d isease  at e ach  site  in  each  y ea r allow  a n  overall h a rm  score to b e  assigned . P a tho logy  category

ab b rev iatio n s as in  T able  A Í

Low est
p rev a len ce

H ighest
p rev a len ce

R ange B aseline L o w -M id H ig h -M id H igh

N N T 0 26 26 0 to 6.5 6.6 to 13 13.1 to  19.5 >19.5
FCA 2 58 56 Oto 16 16.1 to 30 30.1 to 44 >44
BN 0 24 24 0 to 6 6.1 to 12 12.1 to 18 >18
M N 0 8 8 0 to 2 2.1 to 4 4.1 to 6 >6
NSI 42 100 58 Oto 56.5 56.6 to 71 71.1 to  85.5 >85.5
LY 0 14 14 Oto 3.5 3.6 to 7 7.1 to 10.5 >10.5
U 0 38 38 0 to 9.5 9.6 to 19 19.1 to  28.5 >28.5
EP 0 14 14 Oto 3.5 3.6 to 7 7.1 to 10.5 >10.5
HYP 0 52 52 Oto 13 13.1 to 26 26.1 to 39 >39
LN 0 18 18 Oto 4.5 4.6 to 9 9.1 to 13.5 >13.5

H arm  score 0 1 2 3
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T able  4. Lim anda lim anda. S im ple m arin e  site  classification  sch em e b a se d  u p o n  d isease  profiles a n d  d e riv ed  h a rm  scores in  
popu lations of d ab  c ap tu red  at th o se  sites. F ree  tex t p ro v ides a  b ro a d  outline  of th e  likely  d isease  p rofile  w ith in  e ach  site  type.

Patho logy  ca teg o ry  abb rev ia tio n s as in  T able  A Í

Type A Type B Type C

G enera lly  low  p re v a len c e  (< 10 %) of 
ICES ex te rn a l d iseases a n d  alm ost 

com plete  ab sen ce  of HYP

Up to 50 % of fish  w ith  no  ind ica tion  
of BEQUALM liver pa th o lo g y  

c ateg o ries (NAD)

Low p re v a len c e  (<5 %) of fish w ith  
N N T liver lesions a n d  approx im ate ly  
50 % p re v a len c e  of NSI liver lesions

Low p re v a len c e  of fish  w ith  liver 
FCA (<10 %) a n d  BN liver tum ours 
(<5 %). M N  liver tum ours very  ra re  

or absen t

A p p earan ce  of h ig h e r  p re v a len c e  of 
ICES ex te rn a l d iseases (including LY,

U a n d  HYP)

Less th a n  30 % of fish  w ith  n o  in d ica tio n  
of BEQUALM liver pa th o lo g y  categories 

(NAD)

Low p re v a len c e  (<10 %) of fish  w ith  N N T 
liver lesions b u t a n  e lev a ted  p rev a len ce  

of NSI liver lesions (up to 90 %)

P rev a len ce  of FCA can  ex ceed  15 %. 
BN liver tu m o u r p re v a len c e  a ro u n d  

10 %. M N  liver tum ours m ore  com m on 
th a n  in  Type A (up to 6 %)

H ig h est leve ls of ICES ex te rn a l d iseases 
(includ ing  u p  to 50 % p re v a len c e  of HYP

Less th a n  20 % of fish  w ith  no  in d ica tio n  of 
BEQUALM liver p a th o lo g y  categories (NAD)

Sim ilar p re v a len c e  of N N T  liver lesions to 
T ype B sites b u t a  consisten tly  h ig h  p re v a ­

len ce  (up to 100 %) of NSI liver lesions

H ig h  p re v a len c e  (up to 50 %) of FCA w ith  
BN liver tu m o u r p re v a len c e  often  ex ceed in g  

15 %. M N  liver tum ours still com paratively  
ra re  th o u g h  g en era lly  com prise a  la rg e r 

p ro p o rtio n  of o b se rv ed  liver tum ours th a n  
Type B (up to 8% )

Liver pa th o lo g y  score  <5 an d /o r 
ex te rn a l d isease  score <5

Liver p a th o lo g y  score >5 an d  <10 an d /o r 
ex te rn a l d isease  score > 5 <10

Liver p a th o lo g y  score  >10 an d /o r ex te rn a l 
d isease  score  >10

pathology) and to provide organisations such as 
OSPAR and HELCOM with information pertinent to 
their usage (Thain et al. 2008).

The present study has reported  on the application of 
these principles to monitoring of the UK m arine envi­
ronm ent under CSEMP. Grossly visible diseases and 
liver lesions w ere recorded from the sentinel flatfish

species dab Limanda limanda  by use of quality assur­
ance principles laid down by ICES (Bucke et al. 1996, 
Feist et al. 2004). In addition to providing an overview 
of disease status in this species from a range of coastal 
and offshore sites in UK waters, the present study has 
dem onstrated that the patterns of disease observed at 
these sites are largely stable over time and that certain 

sites and regions contain populations affected 
by significantly different disease profiles with 
differing prevalence.

Demonstration of stable geographical p ro­
files is the first step in assessing the applica­
bility of disease as a reliable m arker of popu­
lation health. As such, it allows sites to be 
discrim inated based upon the relative harm  
caused by disease to populations residing 
therein, and further provides confidence in 
the diagnostic approach used to assess this 
harm. Secondly, relative tem poral stability in 
harm  scores generated  from disease profiles 
dem onstrates consistency in geographical 
patterns betw een years, thereby suggesting 
that this profile has an underlying basis, the 
cause of w hich can be further investigated. 
In the context of m arine monitoring, such 
investigations may include m easurem ents of 
inherent biological features in the popula­
tions of concern (e.g. age, diet, m igrations 
and population genetics), known or unknow n 
abiotic factors (e.g. tem perature and salinity) 
or anthropogenic factors (e.g. chemical pollu­
tion and fishing pressure).

External d isease and liver pathology, all years

2D  S tress: 0.1
ND

NED CD

NDWD
LB

CD,
Harm score

CD BB)
m  WASB

AWT SB
BBohT ra

TBfCI

20

Fig. 8. Lim anda  lim anda. B ubble  p lo t of h a rm  scores de riv ed  from  a ssig n ­
in g  d e riv ed  scores (Table 4) to d isease  p re v a len c e  d a ta  (Table 2). H arm  
scores a re  su p e rim p o sed  onto th e  NM DS p lo t (Fig. 5) of all d isease  d a ta  
from  all sites in  all years. H ig h est h a rm  scores a re  se e n  in  th e  u p p e r  left 
qu artile  w hile  low est scores occur in  th e  b o ttom  rig h t q u artile  (see scale). 
B ubble  size in  th e  le g e n d  dep icts th e  h a rm  score  scale  a sso c ia ted  w ith  th e  

plot. See T able  A Í for site  codes
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Disease: a biomarker or phenotypic anchor?

Since one goal of multifactorial m arine monitoring is 
to associate observed changes from a baseline situa­
tion w ith potential causes (e.g. the expression of bio­
m arkers in sentinel species following their exposure to 
xenobiotics), it is im portant to consider w hich en d ­
points have the potential to dem onstrate this accu­
rately and which factors may complicate interpretation 
of da ta  collected in the field. Diseases of the liver, in 
particular neoplastic and preneoplastic lesions of the 
liver of flatfish, have been  widely em ployed as indica­
tors of exposure to hydrocarbons and other chemicals 
in laboratory and field studies (e.g. Myers et al. 1991, 
1998, V ethaak et al. 1996). As such, their presence at 
elevated levels at particular inshore or estuarine sites 
has been correlated w ith the burden  of specific xeno- 
biotic chemicals in the sedim ent and in tissues of fish 
from those sites (Koehler 1990, Stein et al. 1990, Myers 
et al. 2008). Although intuitive that the higher p reva­
lence of liver neoplasia in dab from certain CSEMP 
sites identified in the present study may be associated 
with elevated levels of carcinogenic contam inants in 
sedim ent and tissues at those sites, or even elevated 
biom arker responses, the dem onstration of these re la ­
tionships has proved more elusive, w ith less clear links 
betw een causal contam inants and disease at offshore 
locations (Cefas 2006, 2007, Lyons et al. 2006). Work in 
our laboratory at present is attem pting to interpret this 
apparent paradox by investigation of potential con­
founding factors that may alter the expression of bio­
m arkers and the prevalence of disease. W hereas p re ­
vious studies have described a single m etapopulation 
of dab around the coast of the UK and in the North Sea 
(Rijnsdorp et al. 1992), we are now adopting a m icro­
satellite m arker-based approach to analyse popula­
tions of dab in the Irish Sea, English C hannel and 
North Sea, to see if any significant degree of substruc­
turing actually exists (Tysklind et al. in press). W hether 
such genetic distinctions betw een subpopulations of 
marine species could lead to differential susceptibility 
to diseases such as liver cancer is currently unknown. 
However, studies of this type highlight how ecological 
data will play an increasingly im portant role in in ter­
pretation of data collected for the purposes of assessing 
status of the m arine environm ent. Effects of other con­
founding factors that may affect disease prevalence, 
such as the age, sex and migrational tendencies of 
sentinel species, have been  amply highlighted by Au 
(2004). Studies to assess some of these factors are cu r­
rently underw ay in our laboratory and are expected to 
describe at least a proportion of the variation observed 
betw een sites and regions. Recognising the contribut­
ing role of such factors will significantly refine our 
approaches to marine monitoring and will lead to a

g reater understanding of cause-effect pathways, p ar­
ticularly w ith respect to the biological effects of spe­
cific contam inant exposure.

Quantification and docum entation of these life h is­
tory param eters have been term ed phenotype anchor­
ing in recent studies that have attem pted to align bio­
m arker responses w ith higher-level health  indicators 
(such as disease) in fish and molluscs (Stentiford et al. 
2005, W ard et al. 2006, Hines et al. 2007, Bignell et 
al. 2008). By using this approach, the disease(s) p er  se 
may either be considered as a direct m arker of envi­
ronm ent status (e.g. liver cancer) or simply a variable 
associated w ith the host that may affect the m easure­
m ent of a more specific biomarker. For this reason, in 
the context of marine monitoring, it may be pertinent 
to consider grossly visible diseases (generally non­
specific pathologies, parasites and microbial infections) 
separately from more specific pathologies (e.g. liver 
cancer and intersex) that have at least some dem on­
strable experim ental link with exposure to, for instance, 
xenobiotic contam inants. This is recognised here by 
the separation of the grossly visible disease harm  score 
from that generated  from liver pathology data. In 
future studies, it is recom m ended that disease only be 
utilised as a biom arker if its induction has at least 
partially been dem onstrated to be associated with 
exposure to a specific factor(s). Relevant exam ples 
may include liver cancer and pre-cancers, and gonadal 
pathologies such as intersex (Bateman et al. 2004, 
Stentiford & Feist 2005). O ther diseases, pathologies 
and conditions, such as those caused by parasites, 
microbial agents or unknow n (idiopathic) factors, are 
nonetheless relevant to environm ental monitoring pro­
grams, even though their cause may not be directly 
(or even indirectly) related  to other data collected at a 
particular site. In these cases, rather than assessing 
these diseases as biom arkers p er  se, these observa­
tions becom e phenotypic data that act as additional 
cross-correlates (to sex, age, size, etc.) against which 
simultaneously collected data for chemistry or expo­
sure m arkers can be assessed.

Monitoring data and marine epidem iology

C urrent epidemiological theory is largely based upon 
terrestrial systems and several recent reviews, while 
highlighting the potential significance of diseases in 
the m arine environm ent, have suggested that qualita­
tive differences within these environm ents introduce 
problems w hen attem pting to apply terrestrial theories 
to m arine pathogen dynamics. Such differences in ­
clude the higher diversity in phylogeny and life history 
traits in marine organism s and, significantly, the open 
nature of m arine environm ents that facilitates long
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distance dispersal of hosts and their pathogens (Mc- 
Callum et al. 2004). These features lead to significantly 
higher dispersal rates of m arine pathogens com pared 
to terrestrial pathogens (McCallum et al. 2003) and 
create difficulties in applying standard spatial ep i­
demiological approaches to this environm ent (Hess 
et al. 2001, Holt & Boulinier 2005, Ostfeld et al. 2005). 
A lthough landscape epidemiology recognises the po­
tential for biotic and abiotic factors to influence the 
spread of diseases in terrestrial populations, exam ples 
of similar scenarios in marine environm ents are less 
common. However, these principles have been  dis­
cussed in relation to the prevalence of some marine 
pathogens. Specifically, an elevated prevalence of the 
dinoflagellate parasite Hem atodinium  sp. in marine 
decapods has been  reported to be associated w ith spe­
cific features of the la n d -se a  interface (e.g. embay- 
ments, lagoons and fjords; see Stentiford & Shields 
2005), w hereas differential prevalence of nem atodes 
has been observed in marine fish in the North Sea re l­
ative to tem perature stratification of the w ater column 
(Klimpel & Riickert 2005). Such exam ples highlight 
how diseases associated w ith either microbial or meta- 
zoan pathogens (such as the grossly visible diseases 
recorded in the present study) may be naturally vari­
able in open ocean systems, but it may be possible to 
associate this natural variability w ith site-specific fea­
tures if appropriate supporting m etadata are available. 
A lthough interpreting the effect of the m arine sub­
surface physical environm ent and other hydrographic 
features may seem im m ediately problem atic in the 
context of m arine epidemiology, the availability of 
electronic m arine m apping and GIS opens the possi­
bility for m arine spatial epidemiology similar to that 
utilised in terrestrial systems. O pen access datasets for 
marine diseases held by data  stewards such as ICES 
could be utilised for such an approach. In this context, 
layering of disease m aps w ith others for xenobiotic 
contam inants, biom arkers and other biotic and abiotic 
variables such as prevailing currents (Brown et al. 
1999) may eventually provide the basis for a risk-based 
approach to m onitoring the presence and spread of 
pathogens in m arine environm ents. The availability of 
quality assured datasets for marine diseases of the type 
reported in the present study will undoubtedly assist 
the developm ent of methodology for m arine epidem i­
ology and may also be useful in the context of disease 
risk analysis for future offshore aquaculture ventures.

Classifying site types

The repeatable patterns observed in fish disease 
profiles from sentinel flatfish collected at UK marine 
sites has allowed for the generation of a simple classi­

fication system for the discrimination of site types that 
reflects the prevalence of those diseases in populations 
captured at the sites. Although site classifications 
inherently lead to a loss in resolution in empirical data 
associated w ith those locations, they are becom ing an 
increasingly common assessm ent tool for judging the 
outcome of m anagem ent intervention and to highlight 
sites or regions of highest concern. Furtherm ore, with 
continued developm ent, fish disease status has a key 
role to play in determ ining Good Environm ental 
Status as will be required  under the European Union's 
M arine Strategy Directive. It is also vital that we con­
tinue to take an in tegrated  approach w hen d e te r­
mining ecosystem health, w ith disease levels and 
biological effects tools adding value and providing 
com plem entary data  to that provided by chemical and 
ecological m ethodologies (Hagger et al. 2006, Thain et 
al. 2006, 2008, Viarengo et al. 2007). In our opinion, site 
classification, based  on either grossly visible diseases, 
liver lesions or both, provides a vital first step for the 
eventual integration of these high-level health  data 
w ith biom arkers of exposure to contam inants and even 
w ith contam inant burdens in sediment, w ater or tissue. 
In addition, standardised classification of site types 
based upon the disease profile and prevalence enables 
assessm ent of long-term  trends that may be associated 
w ith factors such as climate change (Harveii et al. 
1999). For this purpose, WGPDMO have recently pro­
posed a Fish Disease Index (FDI) that will be utilised 
for defining disease trends in fish captured from open 
ocean monitoring sites (ICES 2007). The introduction 
of the FDI represents the final phase in the develop­
m ent of robust quality assurance for the use of fish d is­
ease m easurem ent and, coupled with the principles set 
out in the present study, will provide the first assess­
m ent tool for use by environm ental m anagers to clas­
sify change (based on disease) in resident fish popula­
tions. Furtherm ore, it recognises the im portance of 
disease as a high level indicator of health  status in fish 
stocks.

CONCLUSIONS

Grossly visible disease and liver pathology data col­
lected from sentinel flatfish by use of recognised 
quality assurance protocols can be utilised to discrimi­
nate geographically distinct m arine sites in European 
waters. Disease profiles at given sites are largely stable 
betw een years, although the prevalence of individual 
diseases may vary temporally. Harm scores can be 
generated  that depict the relative departure  from a 
baseline health  status in the fish population captured 
at a specific site. The com ponents of the harm  score 
derived from grossly visible disease data (generally
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considered non-specific) can be separated  from those 
components derived from liver pathology data  (includ­
ing cancer). Separation allows for better resolution of 
potential cause-effect pathw ays (e.g. by comparison of 
specific disease data  to other biotic and abiotic factors 
prevailing at a site). Harm  scores and other features in 
the disease profile can be utilised to designate a spe­
cific site type that coincides with the profile and p reva­
lence of grossly visible diseases and liver lesions m ea­
sured at that site. Site typing provides a simple m ethod 
to grade relative harm  (due to disease) in populations 
residing at specific sites. Site typing and future dep ar­
tures from a specific site type may form the basis of an 
assessm ent tool for use by m anagers to assess refer­
ence and hotspot sites and to monitor the outcome of 
intervention strategies to improve m arine environ­
m ental status.
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