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Summary    
Species   transformation   provisions   used   in   fisheries   management   systems   allow   fishers   to   convert  
quota   of   one   species   to   that   of   another   species   at   prescribed   conversion   rates.   These   provisions,  
alongside  other  a  catch-­‐‑quota  balancing  mechanisms,  are  meant  to  aid  fishers   in  matching  available  
quota  to  actual  catch  so  that  incentives  to  discard  are  reduced.  Here  we  used  a  bioeconomic  model  to  
examine  how  species   transformation  provisions  affect   long-­‐‑term  sustainability  and  profitability  of  a  
multi-­‐‑species  fishery,  given  that  fishers  have  a  short-­‐‑term  view  to  maximize  their  profit  within  each  
fishing   year.   We   based   parameterization   on   Icelandic   demersal   fisheries   management,   which  
currently   employs   one   of   the   broadest   implementations   of   species   transformations.   Each   métier  
represents   a   combination  of   three   species   catchability   rates   that  define  how   independent   a   species’  
catch   rate   is   from   other   species.   We   evaluated   the   potential   for   total   profit   to   be   increased      (or  
decreased)   through   an   increased   responsiveness   of   fishing   to   economic   conditions   when   there   is  
uncertainty   in   setting   the   total   allowable   catches   (TACs)   or   quota   conversion   rates.   Allowing  
conversions  generally  did  not  lead  to  increased  profits  under  uncertainty  except  where  TACs  were  set  
too  low,  bringing  catches  of  those  species  closer  to  maximum  economic  yield  (MEY)  levels.  
  
Introduction  
The   usefulness   of   individual   quotas   (IQs)   for  multi-­‐‑species   fisheries   has   been   hotly   debated.  Most  
multispecies   IQ   systems   have   additional   “catch-­‐‑balancing”   mechanisms   implemented   alongside  
quota   trading   that   add   flexibility   in   balancing   catches  with   quota   and   reduce   incentives   to  discard  
(Sanchirico   et   al.   2006).   However,   these   rules   allow   legal   routes   for   exceeding   individual   and  
aggregate   species   quotas.   Although   implementing   species   transformation   regulations   can   reduce  
long-­‐‑run  total  profit  of  a  multi-­‐‑species  fishery  due  to  a  greater  opportunity  for  maximization  of  short-­‐‑
term   profits   over   long-­‐‑term   goals   (Woods   et   al.   2015),   there   may   be   some   opportunity   for   profit  
recovery  in  the  face  of  erroneous  knowledge  regarding  biological  status  or  prices  of  species.  That   is  
because  species  transformations  allow  flexibility  to  target  species  more  heavily  in  years  when  prices  
are  unexpectedly  higher  or  TACs  are  inadvertently  set  too  low.  In  this  study  we  analyzed  the  effects  
of  management  uncertainty  on  how  species  transformations  were  used  to  generate  total  profit.    
  
Materials  and  Methods  
We  used  a  bioeconomic  model  with  1)  age-­‐‑structured  population  dynamics   for  Atlantic   cod   (Gadus  
morhua),  haddock  (Melanogrammus  aeglefinus),  and  lemon  sole  (Microstomus  kitt),  2)  fishing  by  a  single  
user  who   allotted   unconstrained   effort   among  métiers   to   annually  maximize   profit   (i.e.,   revenue   –  
costs   –   penalties),   3)   costs   linearly   dependent   on   total   effort,   and   4)   a   management   system   that  
imposed   penalties   for   surpassing   fishing   limits.   Métier   pattern   P0   was   defined   as   having   three  
métiers,   the   first   of  which   catches  Atlantic   cod   at   the   catch   rate   (i.e.,   catchability)   that  would  yield  
MSY  when  fished  at  equilibrium  (MSY-­‐‑rate),  but  haddock  and  lemon  sole  only  at  1/3rd  of  their  MSY-­‐‑
rates.  The  second  métier  catches  haddock  at  its  MSY-­‐‑rate  but  other  species  at  1/3rd  of  their  MSY-­‐‑rates,  
and  the  third  catches  lemon  sole  at  double  the  MSY-­‐‑rate,  with  all  other  species  caught  at  1/3rd  MSY-­‐‑
rate  (Fig.  1  top  left).  The  first  métier  of  pattern  P2  has  cod  catchability  set  to  its  MSY-­‐‑rate,  haddock  at  
double,  and  lemon  sole  1/3rd  MSY-­‐‑rates;  the  second  has  lemon  sole  catchability  set  to  its  MSY-­‐‑rate  and  
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the   other   species   to   1/3rd  
(Fig.   1   bottom   left).   To  
implement   management  
uncertainty,  we  over-­‐‑   (+)   or  
under-­‐‑   (-­‐‑)   estimated  1)   total  
allowable   catches   (TACs)  
and   2)   fine   and   quota  
conversion   rates   (CE   /   fine  
rates)   to   120%   or   80%   of  
accurate   values  
respectively.   Uncertainty  
was   applied   to   either  
haddock   or   lemon   sole   in  
year   51   (after   gray   solid  
line,   Fig.   1),   and   species  
transformations   were  
allowed  beginning  year   101  
(after  dashed  gray   line,  Fig.  
1).   Changes   in   total  
revenues   –   costs   associated  
with   either   uncertainty   or  
early   and   mid-­‐‑term   effects  
of   species   transformations  
(years   1   –   5  &   5   –   10,  %   in  
Fig.   1)  were  analyzed.  Here  
we  only   show   results  when  
abundances  were  equalized,  
but   we   analyzed   realistic  
abundances  as  well.  
  

Results  and  Discussion  
Under-­‐‑  or  overestimation  of  CE  /  fine  rates  only  affected  results  when  there  was  a  trade-­‐‑off  between  
gained  cod  revenues  versus  haddock  penalties,  on  métier  1  of  P2  (Fig.  1m,n).  In  contrast,  uncertainty  
in  setting  TACs  showed  one  case  with  an  increase  in  total  revenues  –  costs  (Fig.  1h).  Underestimated  
haddock  TAC  was  overfilled  by  converting  TAC  from  another  species,  whose  TAC  was  underfilled  as  
a  result.  Biomass  levels  of  both  species  approached  that  which  yields  MEY  at  equilibrium,  increasing  
profitability   of   the   system.   Overestimated   TACs   generally   did   not   increase   total   revenues   –   costs  
because  excess  quota  was  used  to  overfill  the  TAC  of  other  species  or  had  no  effect.  Therefore,  species  
transformations  do  show  the  potential   for  profit   increase  due   to  management  uncertainty,  but  only  
under  the  conditions  that  1)  a  species  TAC  was  underestimated,  2)  it  is  profitable  to  reduce  fishing  on  
another   species   to   convert   quota   into   that   species.   We   did   not   find   a   case   demonstrating   profit  
recovery,  as  the  first  condition  led  to  greater  increases  in  profit  than  species  transformations  yielded.  
In   addition,   the   conditions   listed   above   depend   on   a   high   level   of   knowledge   regarding   métier  
pattern  and  relative  profitability,  so  that  recognizing  such  a  state  may  be  unrealistic.  
  
References  
Sanchirico,   J.N.,  Holland,  D.,  Quigley,  K.,  and  Fina,  M.  2006.  Catch-­‐‑quota  balancing   in  multispecies   individual  

fishing  quotas.  Marine  Policy,  30:  767  –  785.  
Woods,  P.J.,  Holland,  D.S.,  Marteinsdóttir,  G.,  and  Punt,  A.E.  2015.  How  a  catch-­‐‑quota  balancing  system  can  go  

wrong:  an  evaluation  of  the  species  quota  transformation  provisions  in  the  Icelandic  multispecies  demersal  
fishery.  ICES  Journal  of  Marine  Science  72:  1257  –  1277.  

Time

 

0% 2%, 0%

0.
5

1.
0

1.
5

+ 

Fo
r L

em
on

 s
ol

e a

Time

 

0% 2%, 0%
Atl. cod
Haddock
L. sole

− 
CE / fine rates

x3

b

Time

 

−9% 1%, −1%

+ 
c

Time

 

5% 2%, 1%

− 
TAC

d

Time

 

0% 2%, 0%
0.

5
1.

0
1.

5
Fo

r h
ad

do
ck

e

Time

 

0% 2%, 0%f

Time

 

0% 2%, 0%g

Time

 

12% 2%, 4%h

Time

 

0% 0%, −7%

0.
5

1.
0

1.
5

Fo
r L

em
on

 s
ol

e i

B
io

m
as

s 
/ B

TA
C

Time

 

0% −1%, −7%j

Time

 

−16% 1%, −4%k

Time

 

16% 1%, −5%l

Time

 

3% 0%, −6%

45 150

0.
5

1.
0

1.
5

Fo
r h

ad
do

ck

m

Time

 

−3% −1%, −5%

45 150

n

Time (t)
Time

 

−9% −2%, −9%

45 150

o

Time

 

10% 1%, −5%

45 150

p

 

M1 M2 M3

Métier patterns
P0, x3

2x

 

 

P2, x3

2x

 

 

Figure   1.   Biomass   scaled   by   that   expected   while   fishing   TAC   at   equilibrium  
(BTAC)   is   shown   for   model   results   of   P0   (a   –   h)   and   P2   (i   –   p)   with   species  
abundances  equalized.  Filled  regions  show  the  difference  in  model  results  with  
management  uncertainty  implemented  in  year  51   (thick  lines)  from  results  with  
no   uncertainty   (thin   lines,   repeated   across   a   panel   row).   If   no   filled   region   is  
shown,  results  did  not  change.  Shown  left  of  year  100  are  the  %  change  in  mean  
total   revenues  –   costs  due   to  management  uncertainty.   Shown   right  of  year  100  
are   the  %  change  in  mean   total   revenues  –   costs   that  occurred  during   the  first  5  
years   with   species   transformations   (early   effects),   followed   by   that   which  
occurred  during  the  5th  –  10th  years  after  implementation  (mid-­‐‑term  effects).  
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