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FLR: an open-source framework for the evaluation 
and development of management strategies
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T he FLR fram ew ork (Fisheries Library for R) is a d evelopm en t effort d irected  tow ards th e  evaluation  o f fisheries m anagem en t strategies. 
T he overall goal is to  develop a co m m o n  fram ew ork to  facilitate collaboration w ith in  an d  across disciplines (e.g. biological, ecological, 
statistical, m athem atical, econom ic, an d  social) and, in particular, to  ensure th a t  new  m o delling  m eth o d s an d  softw are are m ore  easily 
validated and  evaluated, as well as becom ing widely available once developed. Specifically, th e  fram ew ork details how  to  im plem ent 
an d  link a variety of fishery, biological, an d  econom ic  software packages so th a t  a lternative  m an a g em e n t strategies an d  procedures can 
be evaluated for their robustness to  uncerta in ty  before im plem entation. T he design o f th e  fram ework, including th e  ad o p tio n  of 
o b jec t-o rien ta ted  program m ing, its feasibility to  be ex tended  to  new  processes, an d  its app lication  to  new  m an ag em en t approaches 
(e.g. ecosystem  affects o f fishing), is discussed. The im portance of open source for p ro m o tin g  transparency  and  allowing technology 
transfer betw een disciplines an d  researchers is stressed.
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Introduction
T he m anagem ent o f fisheries increasingly em bodies m ultip le and 
conflicting biological, ecological, econom ic, and  social objectives. 
However, despite constant efforts to  regulate fisheries by regional 
m anagem ent bodies and national governm ents, fishing capacity 
o ften  rem ains above the  level necessary to  ensure th e  sustainable 
exploitation o f m arine resources, especially in  developed countries. 
This failure has been analysed in d ep th  du rin g  th e  past decade by 
the scientific com m unity, w hich has repeatedly recom m ended  
substantial changes to  incentives and  governance, as well as adjust­
m en ts to  the way that fisheries research and  m o n ito rin g  are 
conducted  and  expertise is deployed (Botsford e t al., 1997; 
G islason et al., 2000; Pauly et al., 2002; Sinclair e t a l ,  2002; 
Garcia and  de Leiva M oreno, 2003; H ilb o m  et a l ,  2004; Jennings, 
2004; Sissenwine and M urawski, 2004; G rafton et a l ,  2006).

A lthough the need to develop novel alternative m anagem ent 
strategies is widely recognized, it  is a lm ost im possible to  develop 
these by conducting  large-scale experim ents on  fish stocks,

except th at rep o rted  by  Sainsbury et al. (1997). Therefore, therè 
has been a tren d  tow ards th e  use o f co m puter sim ulation  to 
develop ro b u st m anagem ent strategies th a t can  m eet m ultiple 
objectives. T his approach  was p ioneered by the Scientific 
C om m ittee o f  th e  In ternational W haling  C om m ission 
(H am m ond  an d  D onovan, in  press) and  is now  being used in  fish­
eries m anagem ent, particularly  in  South Africa (B utterw orth  and 
Bergh, 1993; B utte rw orth  et al., 1997; C ochrane et al., 1998; 
G erom ont et a l ,  1999; De O liveira an d  B utterw orth , 2004; 
Johnston and  B utterw orth , 2005) and  A ustralia (P u n t and 
Sm ith, 1999; T uck e t a l ,  2003; C am pbell and  Dowling, 2005; 
D ichm ont et a l ,  2005; Punt et a l ,  2005).

A m ajo r failing o f  conventional m anagem ent advice has been 
that it  does n o t explicitly inco rpora te  im p o rtan t sources o f  uncer­
tainty. For exam ple, it  is generally assum ed th a t (i) in p u t data are 
appropria te  an d  n o t biased; (ii) stock assessm ent m odels accu­
rately reflect b o th  p o p u lation  and  fisheries dynamics; and
(iii) m anagem ent m easures are  perfectly im plem ented  (C otter
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et a l ,  2004; Peterm an, 2004; P un t, 2006). In  others w ords, the 
robustness o f the advice to uncertainty w ith  respect to  b o th  the 
intrinsic p roperties o f  n a tu ra l systems and  o u r  ability to  u n d e r­
stand, m o n ito r, and con tro l them  is largely ignored.

Following Rosenberg and  Restrepo (1994), Francis an d  Sho tton  
(1997), an d  Keli et al. (2005a, b, 2006b), uncertain ties in  fish stock 
assessm ent and  m anagem ent can be categorized as follows:

•  process error— caused by disregarding variability, tem poral and  
spatial, in  dynam ic popu lation  and  fisheries processes;

•  observation  error— sam pling error and m easurem ent error;

•  estim ation  erro r— arising w hen estim ating param eters o f  the  
m odels used in the assessment procedure;

•  m o d el erro r— related to  the ability o f  th e  m odel stru c tu re  to  
cap tu re  th e  core o f th e  system dynamics;

•  im p lem en tation  erro r— where the effects o f m anagem ent 
actions m ay differ from  those intended.

S im ulation  is an  im p o rtan t to o l th at can be used  to  generate data, 
cond itional on  a set o f  assum ptions ab o u t th e  dynamics; to  eval­
uate the accuracy and precision o f  estim ates derived from  stock 
assessm ent m odels, the robustness o f  those m odels to  m isspecifi- 
cation , an d  th e ir sensitivity to  changes in  th e  in p u t data.

In  reality, however, m any o f  these e rro r types are in te rd ep en ­
dent, and the to tal uncertain ty  cannot always be decom posed in 
th e  constitu tin g  types. It is n o t sufficient, therefore, to  identify  
the  sources o f  error; their com plex interactive relationships need 
to be  u nderstood  as well. A lthough th e  statistical m odels o f 
Fourn ier et al. (1998), M etho t (2005), M ichielsens et al. (2006), 
and  Porch  et al. (2006) can integrate several sources o f  uncerta in ty  
(e.g. observation  and process error), stock assessm ent m odels 
alone canno t rigorously test the robustness o f  a m anagem ent 
strategy (i.e. contro l rules to  im plem ent specific m anagem ent 
m easures to  achieve a particular set o f  objectives) to  a wide 
range o f  uncertainties.

Traditionally, stock assessment requires a tim e-consum ing 
re-evaluation o f data and the running o f  increasingly com plex 
m odels to  p roduce advice that m ay deviate considerably from  one 
year to  the next. H ilbom  (2003) forecasts th e  en d  o f  such a treadm ill 
and  the  increased use o f  M anagem ent Strategy Evaluation (MSE), in 
w hich com plex m odels are used prim arily to  test the robustness o f 
sim pler assessm ent-m anagem ent rules before im plem entation, by 
conducting  com puter-based experiments th a t em body h o w  the 
w hole system reacts to  a variety o f  possible m anagem ent actions. 
Population  and fleet dynamics are deduced from  a range o f  plaus­
ible hypotheses an d  available data sets, rather th an  being based on a 
singular set o f  assum ptions, because the objective is to  develop stra t­
egies that are robust to  o u r uncertainty ab o u t th e  “true” dynam ics 
and, hence, to  m eet the requirem ents of the precau tionary  approach 
to  fisheries m anagem ent adopted  by FAO (1996). Therefore, there 
has been a trend  tow ards MSE that allows the  data-collection 
regimes, assessment procedures and rules fo r decision-m aking, 
e.g. harvest contro l rules (HCRs), either to  b e  evaluated in  the 
form  o f  a m anagem ent procedure (M P); (B utterw orth  et a l ,  
1997), in  w hich all elem ents are pre-specified, or, alternatively, to  
draw  conclusions about individual com ponents o f  a m anagem ent 
strategy so th at even if  im plem entation differs from  that actually 
tested, the results are still applicable.

How ever, B utterw orth  and  P u n t (1999) n o ted  th at th e  absence 
o f  any  general software package was a m ajo r im p ed im en t to  the

wider use o f MSE. Therefore, th e  FLR (Fisheries Library in R) 
open-source fram ework was developed to provide an  in tegrated 
suite o f software th at allows d a ta  exploration, condition ing  o f 
m odels (the estim ation o f p a ram eters consistent w ith  th e  data 
and hypotheses about h o w  these w ere  generated), im plem entation  
o f M Ps (e.g. m ethods for stock assessm ents and  forecasts), an d  the 
testing o f m anagem ent strategies an d  econom ic im pact assess­
m ents to be conducted  w ith in  a com m o n  environm ent. T he use 
o f open source is im p o rtan t in  th a t  it facilitates be tte r collabor­
a tion  and  the transfer o f  know ledge w ith in  and  between 
disciplines.

Conceptual framework
The MSE approach requires m athem atical representations o f  two 
systems: a “tru e ” system and  an  “observed” one. T he tru e  system 
is represented by the operating  m o d el (O M ) th at sim ulates the 
real world. It does so by a ttem p tin g  to  capture all existing k n o w ­
ledge and  data, and  in som e cases presum ptions and  o p in ion  
about the real w orld (H am m o n d  a n d  D onovan, in  press), in c lu d ­
ing the full dynamics o f th e  exploited populations, fisher 
behaviour in  response to  m an ag em en t actions (an im plem entation  
m odel), and environm ental co n d itio n s (external driving forces), as 
well as in teractions between all its com ponents. T he O M  will often 
contain a greater level o f  com plexity  and know ledge th an  that 
used w ith in  stock assessment m odels. It should  also allow  the 
evaluation o f th e  consequences o f  con trasting  hypotheses about 
the real dynamics.

In  contrast, the observed system  represents the conventional 
M P from  da ta  collection th ro u g h  stock  assessment to m anagem ent 
im plem entation. The M P m ay be based on cu rren t o r  alternative 
stock assessm ent m ethods an d  m anagem ent strategies and 
includes (i) an  observation m odel th at sim ulates da ta  collection 
from  the tru e  popu lation  in  th e  OM ; (ii) an  assessm ent m odel 
to  derive estim ates o f stock sta tus from  the sim ulated observations; 
and (iii) a predefined set o f  m anagem ent actions according to 
som e specified rules (e.g. an  H C R ), w hich takes in to  acco u n t the 
outcom e o f  the assessment.

The observed system will fu rth er act on th e  real system th ro u g h  
feedback o f  the  m anagem ent options. For exam ple, th e  m ain 
m anagem ent in strum en t o f  th e  EU C om m on Fisheries Policy to  
control fishing m orta lity  is to  set the to ta l allowable catch 
(TAC). However, reported  catches are also one o f the m ain 
sources of data for providing scientific advice, m eaning th a t bias 
in the assessm ent process, particularly  where there is po ten tial 
for fisheries to  fool the  inspection , can be driven by m anagem ent 
advice, w hich in  tu rn  is based u p o n  the assessment process.

Software framework
The EU project FEMS (Fram ew ork for the  Evaluation o f 
M anagem ent Strategies, con tract Q 5 R S -2002-01824) proposed, 
an d  initially developed, a generic fram ew ork th a t is now  the core 
o f  the FLR initiative (h ttp ://w w w .flr-p ro ject.o rg). FLR is deve­
loped using R (R D evelopm ent Core Team, 2006), an env ironm ent 
and  com puter language for statistical com puting  and  graphics, 
w hich is highly extensible. It includes effective data hand ling  and 
storage facilities, m athem atical operators including those  for 
matrices, and  a large, coherent, integrated collection o f  statistical, 
m athem atical, and  graphical tools for data analysis. T he term  
“environm ent” is in tended  to  characterize R as a fully p lanned  
and  coherent system, ra ther th an  an  increm ental accretion o f 
specific, inflexible, and  rigid tools, as is frequently the case w ith
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o ther data-analysis software (and fisheries software in  particu lar). 
T his en v iro n m en t is designed a round  a co m p u te r language 
an d  allows users to  add  additional functionality  by  defining new 
functions o r developing new libraries. FLR takes advantage o f 
these features and  extends them  to fisheries m odelling.

FLR allows exploratory data analyses to  be conducted , alternative 
stock assessm ent m ethods to  be im plem ented (including 
the in co rp o ra tio n  o f  existing m ethods w ritten in  Fortran  and 
C /C  + +  ), M Ps to  be developed (including testing o f H C R  for 
working groups; ICES, 2 0 0 6 a-d ), and  the conditioning o f  OM s 
o n  a variety o f  data an d  hypotheses. Currently, econom ic and 
ecosystem m odels are also being incorporated to  allow better evalu­
a tion  o f m anagem en t strategies for mixed and  m ultispecies fisheries.

FLR, like R, is an open-source project licensed under the 
GN U General Public License (w w w .gnu.org/licenses/licenses. 
htm l#GPL). T he source code is freely available, allowing scientists 
to  check an d  validate the  im plem entation o f m ethods, c o m p u ­
tations carried ou t, and  assum ptions m ade, which im plicitly consti­
tutes a peer-review  process. C ode-sharing also speeds u p  the 
scientific process, and  because R already has a b road  set o f  tools 
for data analysis, practitioners can focus on the real issues instead 
o f  rewriting specific software already developed by som eone else.

FLR is im p lem en ted  using ob ject-orientated  p rogram m ing  
(O O P). T he essence o f O O P is to  trea t data, an d  th e  p rocedures 
th a t act u p o n  da ta , as a single object. These objects are o f particu lar 
types o r classes an d  represent the different elem ents o f  a system  (S4 
classes w ith in  R; C ham bers, 2000). Using this approach , different 
elem ents o f  fisheries systems (stocks, fleets, assessm ent m ethods, 
and  so on .) are represented  as core classes, and  the fram ew ork is 
extendable by add ing  new  classes (e.g. to  im p lem en t econom ic 
and  ecosystem m odels). Further inform ation  a b o u t th e  struc tu re  
and  use o f  these classes can be found in  the do cu m en ta tio n  and  
tu toria ls (h ttp ://w w w .flr-p ro ject.o rg /doku .php?id= courses:ty flr).

T he basic co m p o n en t o f  FLR classes is the FLQ uant class, which 
is essentially an array u se d  to  store data o f one particu lar type 
(e.g. observations su ch  as catch data o r  param eters such as 
natural m ortality). U s in g  a standard  class m akes it  easier to 
im plem ent m ethods to  sum m arize  and  operate  them . FLQuant 
has five d im ensions in  version  1, and  six in versions 2.0 and 
later. Often, however, o n e  or m ore o f  th e  d im ensions will n o t be 
used, and th e ir ex istence is transparen t to  the user. T he quantity  
represented  by  the first d im ension  can be set by  the user. For 
exam ple, it could co rre sp o n d  to  age, length, o r  vessel class. The 
next fou r d im ensions a re , in  order, year, u n it, season, and  area; 
“u n it” is open to  any  so rt o f  division th a t m igh t be o f  use, e.g. sub­
stocks, or m ale/fem ale, a n d  “season” an d  “area” allow fo r tim e 
and space subdivisions. T he sixth d im ension , “iter”, is used to 
store different ite ra tions w hen conducting  M onte C arlo  sim u­
lations, e.g. w hen b o o tstrap p in g  or ru n n in g  Bayesian estim ation 
m ethods.

A lthough m ost p ro g ram m in g  is in R, code w ritten  in  other 
languages such as F o rtra n  o r  C + +  can  also be included. For 
exam ple, solving n o n -lin e a r  equations is com puta tionally  in ten ­
sive, an d  fast C + +  ro u tin e s using au tom atic  differentiation  can 
be called from  R. Existing  stock assessm ent m ethods, e.g. ICA 
(Patterson and  M elvin, 1996) and  XSA (Shepherd, 1999), have 
also been  in tegrated using  th e  original source code. Even when 
classes have add itional co d e  w ritten  in  o th er languages, R is still 
the  fro n t end  o f  th e  FLR fram ew ork, an d  th e  user is unaw are o f 
their use. N on-R  code is also d istribu ted  u n d e r the GPL license, 
so its use does n o t d e trac t from  the peer-review  process.

O perating and m anagem ent models
Figure 1 shows th e  co n cep tu a l fram ew ork and  its im plem entation  
in FLR classes. In  th e  O M , th e  tru e  po p u lation  is represented  by an 
object o f  class FLBiol; ad d itio n al classes are used to  m odel
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Figure 1. The conceptual framework and how it is m apped into FLR classes.
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p articu lar processes, e.g. the stock-recruitm ent relationship is via 
the FLSR class. T he p o p u la tio n  interacts w ith fishing fleets, a 
single fleet represented  by  FLFleet. The MSE m ay be based on 
several stocks com bined  using the class FLBiols, w hich is essen­
tially a collection o f  FLBiol objects. M ultiple fleets can  also be 
accom m odated  using a sim ilar m echanism .

Full details o f  FLR packages can be found  on  the FLR website 
(h ttp ://w w w .flr-p ro je c t.o rg /); th is list will be continually  
updated  w ith  the latest in fo rm ation  and  links to  docum entation  
and examples.

As th e  w orld  can only  be seen th rough  th e  data th at we collect, 
observations are sam pled from  th e  OM  fo r use in  the M R 
O bservation  erro r is im plem ented  using the FLOE class, w hich is 
the link  betw een the O M  and  the M R  O bservations are generated 
from  th e  variables s im u la ted  in  the OM  (b o th  biological and 
hum an) an d  are used, d irectly  o r indirectly, in  th e  M P to  ascertain 
stock status. T he M P uses th e  FLStock class to  calculate stock data 
(catches, w eight-at-age, an d  so o n ), on  the basis o f  observations 
m odified b y  FLOE, and  th e  FLIndex class to  m odel indices o f 
abundance [e.g. catch p e r u n it o f  effort (cpue) from  fleets or 
surveys]. S tock  assessm ent is carried o u t using th e  FLAssess 
package, w hich  provides classes for data in p u t, diagnostics inspec­
tion , an d  stock status estim ation  and  is in tended  to allow for the 
im p lem en tation  o f a variety  o f  stock assessment m ethods.

Estim ates o f  stock sta tus obtained from  stock assessment are 
used in  th e  decision m odel (e.g. an H C R ), which attem pts 
to  affect th e  behaviour o f  the hum an  elem ents in the OM  
(e.g. th ro u g h  the use o f  TACs) to  achieve specific goals w ithin 
prescribed constraints. Alternatively, the data could be used directly 
to  set m anagem ent regulations, in  w hich case the data generated by 
the observation error m odel w ould be  used directly by th e  HCR. 
Several classes are available to  assist in  im plem enting an HCR, 
including one class fo r perform ing a short-term  forecast (FLSTF) 
and one to  calculate biological reference po in ts (FLBRP). The 
results o f  th e  H C R  are fed back in to  the O M . In  the real world, 
however, m anagem ent actions are never im plem ented perfectly, 
and  w ith in  FLR, im p lem en tation  erro r can  be m odelled in  a 
variety o f  ways (e.g. by m odelling  the relationship between fleet 
capacity, effort, an d  fishing m ortality). T his should take into 
account factors that m ay cause th e  effects o f  m anagem ent to 
differ from  th e  goals o f  th e  decision m odel, such as lim itations 
im posed by bycatch. FLFleet, therefore, has attributes that record 
tru e  catches, landings, an d  discards from  different biological 
populations.

The behav iour o f  a fleet, and  hence com pliance w ith  regu­
lations, m ig h t differ from  th a t assum ed by an  H C R  because o f 
fleet adap tation , learn ing, o r  as a response to  econom ic co n ­
straints. Such responses are m otivated  by econom ic factors (i.e. 
profits), so consideration  o f  econom ic incentives provides a 
m eans o f  estim ating  how  fishers m ay respond  to  changes in  the 
natural, econom ic, an d  regulatory  en v ironm en t w ith in  w hich 
they operate. As a result, FLEcon, an  econom ic package, is being 
developed, w hich  allows econom ic indicators to  be calculated 
an d  th e  response o f  fishers, an d  hence com pliance w ith regu­
lations, to  be  m odelled. This includes dynam ics relating to  fleet 
m obility  (effort allocation), fleet ad ap tatio n , an d  th e  effects o f 
prices and  costs (e.g. o f  fuel).

Conditioning OMs on data
An O M  is a sim ulation  m odel th a t represents plausible hypotheses 
about stock  dynam ics an d  the behaviour o f  fleets and  is intended

to  test th e  robustness o f  m an ag em en t strategies to w hat we do not 
know  and canno t control, as w e ll as to w hat we know  and can 
contro l. C om ponents o f  the O M , biological, econom ic, or 
b io-econom ic, m ust be c o n d itio n ed  on  available data, so that 
m odel pred ic tions and  data are consisten t (Zeh and  Punt, 2005). 
A lternative OM s should be co n stru c ted  on  the basis o f  structurally 
different m odels, so that the robu stn ess o f  candidate m anagem ent 
strategies can be tested. These m ig h t include less obvious, b u t still 
plausible, hypotheses about th e  dynam ics.

Keli et al. (2006a) iden tified  four d ifferent approaches to 
developing OM s, w hich were expressed m ostly  in  a Bayesian 
context, b u t are equally relevant w ith in  a ffequentist philosophy. 
T he am o u n t o f  knowledge, d a ta  requirem ents, and com plexity 
o f im p lem en tation  differ qu ite  m arked ly  am ong these approaches. 
D epending o n  the situation , FLR allows the im plem entation  o f all 
types, b u t th e  com plexity an d  dem ands on the analyst vary 
betw een types:

(i) T he O M  m im ics the c u rre n t stock assessment m odel, im ply­
ing that th e  assessment m o d e l describes the true  dynamics 
alm ost perfectly. Arguably, th is  approach is the least dem and­
ing o f  knowledge and  data.

(ii) T he O M  represents all available (and  valid) data, and  its 
param eter estim ates dep en d  alm ost exclusively on  the data 
(including m axim um -likelihood  estim ation o r a Bayesian 
analysis w ith  n on-in fo rm ative  prio rs). The OM  does no t 
need  to  be identical to  th e  assessm ent m odel used in the 
MP. The strong and  often unrealistic assum ption in  this 
case is th at fu tu re  developm ents will be sim ilar to  what 
happened  in the past.

(iii) As for (ii), except that, in a Bayesian m odelling approach, 
inform ative p rio rs (from  m eta-analytical or M onte Carlo 
m ethods) describe in  a fo rm al probabilistic way a priori 
degrees o f  belief in  param eters and  processes on  the basis 
o f  expert judgem ent. Data from  sources o ther than  a specific 
fishery have an  im pact w hen condition ing  the OM.

(iv) As fo r (iii), except th a t the em phasis is on  a priori in for­
m ation  and  expert beliefs ab o u t the processes th at m ay 
affect th e  m anagem ent system in  future (i.e. the focus is on 
th e  fu ture, no t on  fitting h istorical data). Consequently, the 
O M  m ust be flexible so th a t a range o f factors can be 
addressed.

A lthough standard  statistical techniques allow perform ance to  be 
assessed, th e  Bayesian approach allows the assignm ent o f p rio r 
degrees o f  belief in  param eters, processes, and  m odels for which 
there  is in fo rm ation , be it expert o r derived from  m eta-analyses. 
Therefore, the FLBayes package is being developed as a generic 
too l fo r the Bayesian estim ation, an d  it will im plem ent a class 
specific to  storage and basic analysis o f  the param eter M arkov 
chains com ing  from  M onte  Carlo estim ation  procedures. This is 
com patib le w ith  all FLBayes estim ation rou tines and also allows 
the im p o rt o f  such M arkov chains from  o th er external estim ation  
schemes (e.g. BUGS) for use in m anagem ent sim ulations. The 
sixth d im ension  in  FLQ uant is where M onte  Carlo sam ples result­
ing from  th e  sim ulations are stored, allowing inferences to  be 
draw n on  im p o rtan t stock and  fishery quantities. I t  is envisaged 
that, in  the fu tu re  and  for as many m eth o d s as is feasible, using 
bo th  Bayesian and  ffequentist estim ation schemes will be possible.

http://www.flr-project.org/
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Discussion
A m ajo r challenge for fisheries science is to  develop a fram ew ork 
fo r scientific advice th a t com prehensively accounts fo r key uncer­
tain ties and  risks w hile supporting  th e  sustainable exploitation o f 
m arine  living resources and m ain tain ing  an econom ically  viable 
fish ing  industry. A n im p ortan t princip le w hen developing such a 
fram ew ork is robustness to uncerta in ty  because, a lthough it is 
se ldom  possible to  predict the response o f  fish popu lations to 
m anagem ent w ith  any degree o f  accuracy, it is possible to  assess 
w hich strategies will on average w ork  best, i.e. w hich m anagem ent 
o p tio n  is m ore robust.

Scientists involved in  stock assessm ent w orking groups are 
experiencing m orale  problem s roo ted  in  a feeling th a t too  often 
all th ey  are do ing is “turning the  crank” o n  assessm ents (W ilson 
an d  H egland, 2005) an d  w ould prefer a greater scientific focus 
an d  com binations o f  reform s such as th e  developm ent o f  m anage­
m en t strategies th a t incorporate alternative m easures, fleet-, 
fisheries-, and ecosystem -based approaches, an d  m ore  in teraction  
a b o u t advice w ith  m anagers. I t  is h o p ed  th a t FLR will help 
b y  prov id ing  tools for stock assessors, m anagers, an d  others for 
use in  the advisory process and  allow strategic decisions to  
be  m ade. For exam ple, they should allow “w hat i f ’ questions to  
be  answered.

U sing  R and  ado p tin g  an open-source license and  developm ent 
m odel, FLR is in ten d ed  to im prove transparency  and  scientific 
review, encourage active participation , and  b lu r th e  d istinction  
betw een developers and  users b y  allowing p a rtic ipa tion  in the 
developm ent process. This is im portan t: m anagem ent o f  fisheries 
requ ires collaboration  between disciplines, e.g. biological and  
econom ic, because if  two policies have th e  sam e biological 
im p ac t b u t differ in  econom ic term s, th en  an  econom ic im pact 
analysis can help derive a preferred op tion . For example, a 
red u ctio n  in fishing m orta lity  im plem ented  as an  effort reduction  
m ay  have the sam e biological effect, regardless o f  w hether it is 
im p lem en ted  by lim iting  days at sea o r  reducing  fleet size. 
H ow ever, the econom ic consequences, an d  hence fishers’ response 
to  these tw o alternative m anagem ent m easures, w ould  be very 
different. Notably, i f  such a policy m akes a fleet ban k ru p t, then 
it is unlikely to be  im plem ented  in  law o r  practice as a consequence 
of, respectively, political pressure o r non-com pliance.

E nforcem ent costs are also im p o rtan t because th e  benefits o f  a 
policy  m ay  no t outw eigh the costs. There is an  increasing need, 
therefore, to  build  b io-econom ic m odels to  perform  cost/benefit 
analyses o f  enforcem ent schemes and  to co n d u ct im pact analyses 
to  identify  the best way to  im plem ent m anagem ent objectives. 
T he cost o f  co m puter sim ulation is m uch  low er th an  th e  cost o f 
collecting da ta  o r  th e  value o f  forgone yield th ro u g h  bad  m anage­
m ent. T his approach  has been used successfully fo r  small stocks, 
e.g. Blackwater herring  (Roei et a l ,  2004), allowing assessm ent 
and  m anagem ent costs to  be reduced, b u t still allowing the stock 
to  m ain ta in  M arine Stewardship C ouncil certification (www. 
m sc.org).

T here  are two m ain  areas where FLR is app lied  or is in tended  to 
be  app lied  w ithin an  ecosystem context: (i) testing  th e  robustness 
o f  sim ple  assessm en t-m anagem en t rules given species in ter­
actions an d  (ii) help ing  develop ind icator-based  m anagem ent 
system s to  assess the im pact o f  fishing o n  ecosystems.

A ydin  and Gaichas (2006) n o ted  th ree  im p o rta n t sources o f 
u n certa in ty  in m ultispecies m odels: (i) s tru c tu ra l uncertainty, 
e.g. aggregation in  th e  foodweb; (ii) func tional uncerta in ty  in

p re d a to r-p re y  re la tionsh ips; an d  (iii) d a ta  uncertainty. There 
are often  too  few da ta  to  identify  the m ain  in teractions between 
species o r to  describe th e  response o f  indiv idual species to 
m anagem ent, b u t even w h e n  data are available, lim ited knowledge 
o f  th e  functional fo rm  a n d  precise dynam ics o f the relationships 
am ong species jeo pard izes o u r ability  to  use them  in  m odels to 
provide m anagem ent advice directly. Therefore, it is im p ortan t 
to  develop a range o f  a lte rna tive  O M s, w ith  different assum ptions. 
O nly in this way w ill i t  be possible to  ensure that th e  full 
uncertain ty  is captured.

Aydin and  Gaichas (2006) also p o in ted  o u t th at there are two 
basic approaches to  m ultispecies m odelling:

• “M in im um  Realistic M odelling” (P u n t an d  B utterw orth, 1995), 
e.g. adding com plexity  in  a piecem eal fash ion  to im prove fits to 
the data. An exam ple is m ultispecies v irtua l popu lation  analysis 
(MSVPA; Sparre 1991), w hich extended single-species VPA by 
including p re d a to r -p re y  in teractions to  estim ate natural 
m ortality.

« “Big P icture”; i.e. m o d els o f  “th e  w hole ecosystem ” or, in a 
p re d a to r-p re y  con tex t, the w hole foodw eb, for example, 
Ecopath w ith Ecosim  (C hristensen  et a l ,  2005).

A distinction  shou ld  be m ade  betw een the  uses o f  m in im um  rea­
listic and  Big P ic ture  m odels. T he m ain  use o f  m odels such as 
MSVPA has been  to  im prove  existing single-species evaluations, 
whereas Big P ic ture  m odels have been  used m ainly  to  explore or 
evaluate hypotheses. It is envisaged that, in  fu ture, Big Picture 
m odels will be  used to  evaluate th e  m in im u m  level o f  realism 
needed w hen prov id ing  m anagem en t advice, i.e. to  evaluate the 
benefits o f  adding com plexity, ra th e r th an  ad d in g  com plexity for 
com plexity’s sake. For exam ple, m ultispecies m odels m ay also be 
used to  test the  robustness o f  sim pler assessm en t-m anagem en t 
rules before im plem entation , in particu lar fo r species and  fisheries 
in w hich there  are im p o rta n t in teractions b u t too  few data to 
provide trad itiona l advice.

Increasingly, MSE is being  used to  design m anagem ent 
strategies for achieving fishery ecosystem objectives (Sainsbury 
et a l ,  2000) and, in  particu lar, to  help  develop indicator-based 
m anagem ent systems to  assess the im pact o f  fishing on  ecosystems. 
For exam ple, Fulton  et al. (2004a, b, 2005) app lied  MSE to  evaluate 
the perform ance o f  state indicators in an  A ustralian fishery, using a 
relatively com plex determ in istic  m odel to  describe ecosystem 
dynam ics. Those au th o rs  th en  used a sam pling m odel to generate 
data w ith  realistic m easurem ent u n certa in ty  (bias and  variance) 
for a given sam pling design (location  and  tim ing) to  p roduce 
th e  da ta  requ ired  to  calculate state indicators. Sim ulated data 
were collected for d ifferent levels o f  fishing an d  for fishing com ­
bined w ith  o th er activities. T he perform ance o f  the indicators 
derived from  the data was then assessed in  te rm s o f  the  indicators’ 
capacities to  track  p roperties o f  interest. Ind ica to r perform ance 
can be m easured as th e  ability o f  indicators to  detect o r predict 
trends in  a ttributes, w here the tru e  values are know n from  the 
m odels.

To develop an  environm ental assessm ent (EA) o f  the N orth  
Sea, a sim ilar system  is to  be evaluated using FLR. It will benefit 
from  a relatively good  understand ing  o f  biological processes and 
the  variety  o f  m odels already developed in  FLR. For these 
reasons, this cou ld  be an  ideal system  in  w hich  to  test the 
im plem entation  o f  an  EA based o n  indicators. It m ay also allow
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us to  assess how  effectively m anagem ent can be applied in  data- 
p o o r circum stances, by  com paring  the perform ance o f  m anage­
m en t system s based on  suites o f  linked pressure-state and response 
in d ica to rs w ith  those based solely o n  routine  m o n ito rin g  o f 
pressure an d  in frequen t m o n ito rin g  o f  som e aspects o f  state.

A lthough  MSE is a pow erful tool, the  u ltim ate aim  is to 
im prove the quality  o f  m anagem ent. Im portantly , the MSE 
approach  is in ten d ed  to  do so, n o t by m aking the analysis m ore  
com plex, b u t by help ing  to develop a robust m anagem ent fram e­
w ork th a t can h and le  the  often conflicting and  poorly  defined 
m anagem ent objectives, account for m any o f the uncertain ties 
th at are often  ignored  in  the conventional approach, an d  a id  in 
strategic decision-m aking.
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