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Fish indicators of coastal ecological resilience
Is fish diversity a useful indicator of the ecological resilience of the 
coastal zone? This is a first attem pt to assess the characteristics of fishes 
that help to build resilience at the ecosystem level.

B y Jorge B renner

OVER THE PAST DECADE SEVERAL 
legal and scientific motivations have  
em erged  that have led to better 
understanding of the coasta l marine 
environment at the European level. 
A s a result, there is a n ew  structure 
in p lace for the study of marine 
biodiversity and eco lo g ica l  func­
tioning. The present work integrates 
s o m e  of the conceptual approaches  
d e v e lo p e d  by the m ost  relevant 
initiatives: BIOMARE (www.biomare  
web.org), C e n su s  of Marine Life 
(w w w .co m l.o rg ) and MarBEF  
(w w w .m arbef .org). Our research  
fo c u s e s  on the developm ent of an 
ecologica l framework for a s s e s s in g  
the resilience of the coasta l marine 
e c o sy s te m  in Catalonia, Spain.

The Catalonian coast is one of the fastest- 
develop ing  areas in th e  W estern  
M editerranean, w ith m ore than  40%  of its 
p o p u la tio n  (2.8 m illion) living in coastal 
m unic ipalities . C oastal activ ities su ch  as 
recreation  and  u rban isation  dem and large 
areas, w ith  these two in particu lar being 
considered the m ajor sources of pressure along 
the coast. This region is now preparing  for the 
im plem entation  of an Integrated Coastal Zone 
M anagem ent (ICZM) strategy, w h ich  has 
h e ig h ten ed  in te res t in  assessing the  
environm ental services th a t the coastal zone 
provides to the global socio-econom ic system. 
This need for assessm ent has p u t scientists to 
w ork  on understand ing  the properties that 
provide stability to the ecological systems, and 
th u s goods and services to the society

O ne of the properties of the stability of a 
system  that we are analysing along the coast is 
ecological resilience. Resilience is a m easure of 
the am oun t of energy required  to move the 
ecosystem  from  one o rgan ised  sta te  of 
structure  to another organised state (Holling, 
1973) and has been long used in its inverse 
form: vulnerability  C arpenter et al (2001), 
Peterson et al (1998) and others suggest that 
resilience represents, in an integral manner,
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Fig 1. Fish attributes that will be used to form clusters.

the condition of the entire system, whereas 
struc tu re  and  o ther functioning indicators 
(individually) represent only one part of it.

There is substantial evidence in the literature 
th a t species diversity  enhances ecosystem  
functioning (see a revision in  Toreau et al, 
2002). F ish  p rov ide  several im p o rtan t 
functions that are th ough t to be relevant for 
system  resilience an d  th u s  c o n trib u te  to 
ecosystem  stability (H olm lund and Hammer, 
1999). T his p ro jec t w ill evaluate the 
contribution  of fish to potential ecological 
resilience, specifically using their diversity in 
link, m em ory and response functions, from  a 
m acroecological perspec tive  (ICSLJ, 2002; 
Tundberg and Moberg, 2003). The charac­

teristics se lected  for 
analysis have been  
chosen on the basis of 
th e ir role in the  
ecosystem ’s ability  to 
reorgan ise  follow ing 
disturbance. The specific 
a ttributes of fish that will 
be used to form  clusters 
or functional groups are 
show n in Figure 1.

A GIS has been  
im plem ented to develop 
a biophysical m odel of 
the natural com m unities 
and  fish occurrences 
along the  m ore th an  
8 0 0 k m  of C atalon ian  
coast. In the analysis, we 
w ill calculate the  
resilience based on the 

contribution  of functional groups w ith in  each 
com m unity  A conceptual m odel will also use 
the in p u t of additional spatial sub-m odels that 
have been developed to study their interaction 
w ith  in d iv id u a l co m m u n itie s’ resilience 
(Figure 2).

Ecological resilience has three basic properties:

•  the am oun t of change th a t the system  can 
su p p o rt before it moves from  its stable 
dom ain

•  the organisational degree of the system ’s 
com ponents based on its structure and 
process

•  the learning process of the  system  to adapt 
to new conditions (and survive).
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Fig 2. Conceptual model.
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These will be used to analyse how ecological 
resilience relates to the ecological condition of 
the coast, and thereby construct an indicator 
(adapted from C arpenter et al, 2001).

The total resilience of the  system  will be 
assessed based on the  ind iv idual values of the 
co m m u n itie s , th ro u g h  th e  c o n d itio n  
indicator. In m ost areas, fish are a well- 
know n  b iodiversity  group and  th u s  it is 
expected th a t the  resu lting  spatial indicators 
and  fram ew ork could  be used  to  p rom ote  
m ore su s ta in ab le  coasta l stra teg ies  and  
actions at a global scale. •
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B y C hris E m blow  

. „ . f l i t

I

COST-IMPACT (C O S T IN G  THE 
im pact of d em ersa l fishing on 
marine e c o sy s te m  p r o c e s s e s  and  
biodiversity), a Fifth Framework R&D 
project lead by Melanie Austen from 
Plymouth Marine Faboratory, w a s  
com pleted  at the end of November  
2004.

Involving eleven p a rtn e r in stitu tes  in six 
E uropean countries, C ost-Im pact aim ed to 
address potentially conflicting objectives of 
m aintaining sustainable fisheries in European 
w aters w hile avoiding negative effects on the 
en v iro n m en t an d  conserv ing  m arine 
biodiversity

Specifically, the project set ou t to provide 
advice to decision-m akers on the im pacts of 
dem ersal fish ing on m arine  ben th ic  
biodiversity  and  its associated goods and 
services; how these im pacts influence other 
m arine ecosystem s processes; and how likely 
values of goods and services provided by the 
m arine environm ent are affected by fishing. 
T his balance be tw een  science, soc io ­
econom ics and policy was achieved th rough  a 
series of well-balanced w ork  packages.

C ost-Im p act h a d  three m ain  sc ien tific  
com ponents:-

•  Experim ental field and m esocosm  studies 
in Crete, Norw ay and Poland, exam ining 
sedim ent, w ater chem istry and m acro- and 
m eiofaunal biodiversity;

•  Ecosystem  m odelling  of the  effects of 
fishing;

•  Environm ental econom ics modelling.

In add itio n , effort w as focused on 
d issem ination  an d  co m m u n ica tio n  of the 
project aims and results th rough  a reference 
user group, w hich was established early on in 
th e  p ro ject. T h rough  th is  group, 
rep resen tatives from  the  fishing and 
aq u acu ltu re  in dustries, env ironm en ta l 
m anagers and policy m akers provided external 
in p u t in to  the  p ro jec t d irec tio n  and 
com m unication.

Field experim ental studies carried ou t under 
Cost-Im pact brought to light the com plexity of 
the  re la tionsh ip  betw een dem ersal fishing 
effects an d  changes in  b iod iversity  and

Sampling at sea.

environm ent. In all studies there was a 
high degree of variability in the im pacts of 
fishing, d ep en d in g  on sed im en t type, 
seasonality, traw ling effort and biodiversity 
present. The m esocosm  studies show ed 
that rem oval of large b io turbating  taxa 
th ro u g h  traw ling  m ay have im p o rtan t 
long-term  effects on the  ecosystem, w hich 
may prove to be m ore im portan t than 
short-term  direct effects such as habitat 
d is tu rbance. In te rac tio n s be tw een  
b io tu rb a to rs , b iod iversity  and  organic 
enrichm ent highlighted the need to take a 
holistic approach  to m anaging an th ro ­
pogenic  im pacts on  th e  env ironm ent. 
M esocosm  n u trien t experim ents show ed 
that the effect and role of b io turbating  taxa 
in nu trien t cycling patterns was im portant, 
and that som e significant and  com plex 
patterns could be a ttributed  to traw ling 
effects.

In Septem ber 2004, the  final w orkshop of 
th e  C o st-Im pact p ro jec t w as held  in  
Dublin, Ireland. The w orkshop was the 
culm ination of three years’ collaboration 
be tw een  fisheries scientists, ben th ic  
ecologists, ecosystem  m odellers, socio­
econom ists, data m anagers and m arine 
environm ental policy and decision makers. 
C ost-Im pact has been a com m endable 
exam ple of early user involvem ent through 
establishing a reference user group, and of 
the im portance of integrating the natural 
sciences w ith  the  socio-econom ic. The 
final project report will be available on the 
p ro jec t w ebsite  sho rtly  a t w w w .cost- 
impact.org, w hich also gives further details 
of the C ost-Im pact project. •
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