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Modelling discard ogives from Irish demersal fisheries
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Irish demersal fisheries. — ICES Journal o f  Marine Science, 63: 1086—1095.

Annual discard ogives were estimated using generalized additive models (GAMs) for four 
demersal fish species: whiting, haddock, megrim, and plaice. The analysis was based on 
data collected on board commercial vessels and at Irish fishing ports from 1995 to 2003. 
For all species the m ost im portant factors influencing annual discard ogives were fleet 
(combination o f  gear, fishing ground, and targeted species), m ean length o f  the catch and 
year, and, for megrim, also m inim um  landing size. The length at which fish are discarded 
has increased since 2000 for haddock, whiting, and plaice. In contrast, discarded length has 
decreased for megrim, accom panying a reduction in minimum landing size in 2000.

©  2006 In te rnational C ouncil fo r  th e  E xp lo ra tio n  o f  th e  Sea. P ub lished  b y  E lsev ie r  L td . A ll r ig h ts  reserved .

Keywords: demersal fisheries, discard ogives, GAM, haddock, megrim, plaice, whiting.

Received 1 April 2005; accepted 29 M arch 2006.

L. Borges and E. Rogan: Aquaculture and Fisheries Development Centre, Department o f  
Zoology, Ecology and P lant Science, University College Cork, Distillery Fields, North 
Mali, Cork, Ireland. A. F. Zuur: H ighland Statistics Ltd., Newburgh, Scotland, UK. R. Officer: 
Southern Fisheries Centre, Departm ent o f  Primary Industries and Fisheries, PO Box 76, 
Deception Bay, Queensland 4508, Australia. Correspondence to L. Borges: Netherlands 
Institute fo r  Fisheries Research, PO Box 68, 1970 A B  IJmuiden, The Netherlands: tel: +31 
255 564646; fa x: +31 255 564644; e-mail: lisa.borges@wur.nl.

Introduction

D iscarding part o f  the ca tch  a t sea is usual in  com m ercial 
fisheries. This is because fish ing  gears are generally  not fully 
selective for the target species, and they therefore catch 
som e species, sizes, o r  condition  (e.g. dam aged) w ith low 
m arket value. A substantial proportion o f  the  com m ercial 
catch from  the waters around  Ireland is discarded (Borges 
et al., 2005a). Such discard ing  contributes substantially to 
the m ortality  caused by fishing, yet the  fisheries statistics 
upon w hich fisheries m anagem en t decisions are based there 
do no t include adequate estim ates o f  the quantities o f  fish 
discarded at sea (ICES, 2005, 2006). U nfortunately, direct 
on-board estim ation o f  discards by scientific observers is 
costly, and such program m es have only recently  been estab
lished in  m any fisheries. A vailab le  data on discarding are 
consequently often p a tchy  and  o f  poor resolution.

T he application o f  m odelling  approaches to discard data 
provides a m eans o f  m ore fully  extracting the inform ation 
content o f  available data. Such m odelling  approaches can 
also be used  to m inim ize “ n o ise”  in  the available data w hile

still presen ting  som e m easure o f  precision (confidence inter
vals). M oreover, discard m odels m ay be used  to  predict dis
cards in unsam pled strata or into the future for partially  
discarded length/age classes.

D iscarding can be  expressed as the probability  o f  an  indi
vidual being  discarded at a given length. For com m ercial spe
cies, this probability  generally  decreases w ith increasing 
length and is zero after a certain length, because the specim en 
will eventually  attain a com m ercial size and  w ill be  landed. 
Such data w ill have an  S-shape curve and have previously 
been described by  logistic function ogives (Stratoudakis 
et al., 1998; R ochet e t al., 2002; Palsson, 2003; M achias 
et al. , 2004; R ochet andT renkel, 2005), hereafter called a dis
card ogive. W hile  estim ating these species-specific curves, 
one can determ ine the effect o f  certain  variables (e.g. year, 
area, gear) on the probability  o f  discarding, because discards 
are highly variab le  betw een areas (Stratoudakis et al., 1999), 
depths (A llain  e t al., 2003), gears, and years (Borges et al., 
2005a). Previous m odelling  o f  discards has generally  been 
restricted to  describ ing the relationship betw een discard rates 
and explanatory  variables, w ithout considering the age or
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Results

The G A M s show that length, fleet, year, and M C L had  an 
effect on the proportion o f  fish discarded annually in  all 
four species (Table 1). D ifferent fleets exhibit different dis
card behaviour, and therefore different discard ogives. Fur
therm ore, the change in d iscard  length  w ith  year follow s 
a specific pattem : a decrease until 1999—2000 and an in
crease thereafter for all species, excep t for m egrim , where 
there is a  steady decline in d iscard  length  w ith  year. The 
m ean catch length (M CL) is negatively  related to discard 
probability, i.e. the larger the m ean length  o f  the catch, 
the low er the level o f  discarding (F igure 2), so the  dis
carded length decreases (ogives sh ift to the left). The 
non-linear effect o f  year is show n in F igures 3—6 b y  a shift 
o f  the d iscard  ogives (to the righ t w ith  increasing discards) 
and therefore by an  increase in  D L50 (the length at w hich 
50%  fish are discarded), and also by the different distance 
betw een curves (and DL50 values), w hich  is relative to 
the level o f each year effect. A s a consequence, several 
annual discard ogives are closer together (sim ilar DL50), 
o r m ore isolated than others. T he com bined effect o f  
M CL and year is also reflected in the d istance betw een 
annual ogives. In fleets w here M C L  is decreasing and the 
discard probability is increasing w ith  year, the predicted  
discard ogives are shifted to the righ t and the distance 
betw een them  is larger (h igher D L 50) than  where there is 
no M C L  effect in the m odel. T his is the case fo r the 
haddock and w hiting fleets, the  opposite  is true for m egrim . 
For p laice, however, M C L has the opposite  effect o f  year, 
and the resulting discard ogives are still shifted to the right 
(year effect), bu t the d istance betw een  ogives is sm aller 
than w ith  no M C L effect. T he partial p lo ts o f  th e  sm oother 
applied to length (not presented) w ere sim ilar betw een 
species, and they did not show  the substantial departures 
from linearity  as the sm oothers applied to year and M CL. 
T herefore the resulting d iscard  ogives appeared to be  sym 
m etrical w ith respect to length, and  th ey  did no t differ sub
stantially  in the m ajority  o f  fleets and  species studied. 
R ecruitm ent was a h ighly significant explanatory variable 
in the GA M s for haddock (p  <  0 .001), borderline significant

for w hiting  and m egrim  (p  <  0 .05), bu t no t significant for 
p laice  ( p > 0 .1 ) .  H ow ever, because som e stocks are not 
analytically  assessed (e.g. p laice  in  VHj), have m issing 
assessm ent years (e.g. haddock  in 2003), and  also because 
ICES assessm ents are carried  out per stock as opposed to 
fleet and stock, in troducing this variable in  the m odels 
resulted  in  a data loss o f  around 37%  for all species, except 
for plaice w here  data loss reached  62% . In v iew  o f  these 
lim itations, recruitm ent w as excluded  from  the final m odels 
for all species. F inally , visual inspection o f  the deviance 
residual p lo ts did no t show  m ajo r patterns or trends for 
any o f  the G A M s estim ated.

C onsidering each  species separately, haddock shows 
a change in  the  shape o f  the  d iscard  ogives w ith  tim e: the 
“ inclination” o f  the  curve is less pronounced  in otter 
traw lers operating  in  IC ES D ivisions V Ib (Rockall Bank) 
and V llb  (W est o f  A chill). T hese tw o fishing fleets also dis
card  considerably larger haddock than  the o ther fleets, par
ticu larly  at lengths above M L S (Figures 3 and 4). W hiting 
w ere d iscarded at m arked ly  longer lengths than  the estab
lished M LS (23 cm ) before  2000. W hiting  also have 
a  g reater probability  o f  being  discarded by  beam  traw lers 
operating in  the Irish  Sea than  by otter traw lers targeting 
N ephrops  (data  no t p resented). F inally , both species 
show ed an increase in  discarding since 2000, particularly  
in  2003 for w hiting. T here  is also a significant effect o f  
year in  beam  traw lers for both species. H ow ever, this effect 
is borderline significant and highly variab le  because o f 
m issing da ta  in recent years, so the in teraction  term  be
tw een  fleet and  y ear w as excluded in the final model.

M egrim  w as the only  species w here  the change in m ini
m um  landing size (M LS) exp lained  a significant proportion 
o f  the variability  in d iscard  probability . W hen  M LS was in
troduced to the G A M , th e  drop in the d iscard  probability  in 
1999—2000 in  the sm oother app lied  to y ear was no longer 
observed, and  the V -shaped curve (sim ilar to those obtained 
for th e  o ther species) w as substitu ted  by a decreasing trend 
(Figure 2). D iscard  ogives fo llow ed the decrease in the 
M LS only in  tw o fleets: otter traw lers operating  on the 
R ockall B ank and  W est o f  A chill. In all o ther fleets, 
although there  was a decrease in d iscarded length since

Table 1. Generalized additive models estimated per species between 1995 and 2003. Fleets are defined by  the gear used (otter trawl, beam 
trawl, and “Scottish seine” ), area visited (ICES Division and fishing ground), and targeted species (Nephrops norvegicus). MCL is the 
mean length o f  the catch and MLS is m inim um  landing size.

Species
Number o f  

observations Generalized additive models estimated

Haddock 1299 logit(d iscard  p robability) =  const. +  ¿(length, 3) +  fleet +  ¿( year, 4) +  ¿(M CL, 4)
Whiting 1 282 logit(discard probability) =  const. +  ¿(length, 3) +  fleet +  ¿(year, 4) 4 -¿(M CL, 4) +  fleet x  ¿(MCL, 4)
Megrim 1 028 logit(d iscard  probability) =  const. +  ¿(length, 4) +  fleet +  ¿(MCL, 4) +  ¿(year, 4) +  MLS +  fleet x  MLS
Plaice 756 logit(d iscard  probability) — const. +  ¿(length, 4) +  ¿(MCL, 4) +  ¿( year, 4) +  fleet +  fleet x ¿( year, 4)

Note: All parameters and models were significant at a 1% level. s(X, Y ) denotes a sm ooth function applied to explanatory variable X w ith Y 
degrees o f  freedom.
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Figure 2. Partial plot o f  the sm oother (solid line) applied to year and to m ean catch length (MCL) o f  the generalized additive model, 
estimated by species and 95% confidence lim it (dotted line). Vertical bars along the x-axis indicate the lengths sampled.

P la ic e

2000, there  w as no apparent change w ith  M LS, excep t for 
otte r traw lers operating on  the Porcupine Bank. In  contrast, 
in that fleet, there is an  apparent increase in discarding w ith 
a reduction  in MLS. M egrim  w as also retained a t signifi
cantly  sm aller lengths by  Scottish seiners than by any  other 
fleet studied  (Figures 5 and 6). P laice show s a significant

year effect, particularly  in  o tte r traw lers fishing fo r N eph
rops  in V llg . D iscarding increased  after 2000 in  all fleets, 
except fo r otter traw lers targeting  N ephrops  in V llg . P laice 
is also discarded extensively at lengths above M LS by the 
fleets operating  in  the Irish Sea and by Scottish  seiners 
(data not presented).
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Figure 3. Predicted discard ogives based on the generalized additive model estimated o f discard probability  vs. length, fleet, year, and 
M CL for haddock. M inimum landing size (MLS) is indicated by a vertical line.

Discussion
T he fact th at different fleets have different discarding p rac 
tices is a resu lt a lso  found by Stratoudakis et al. (1998) and 
R ochet e t al. (2002). A  com bination o f  factors such as d if
fering m arket forces and fishing grounds, even in  fleets with 
com m on targeted  species and gear, is likely to influence 
fishers’ behaviour and consequently to change the resulting 
d iscard  ogives. T hese findings underline the im portance o f 
fleet-specific discard estim ation to gaining a proper under
standing o f  d iscard  practices w ithin fisheries.

In presen ting  annual discard ogives, w e intended to  iden
tify significant year-on-year variations in d iscard  practices. 
S tock assessm ents in our study area operate on an  annual 
tim e-step , so require inform ation on sources o f  m ortality  
to be p resented  on an annual basis. W e also aim ed to relate 
observed interannual variability  in discard p ractices to an
nual variables such as quotas and recruitm ent. H ow ever, 
the recruitm ent estim ates used in the m odels had  no

significant effect (except in  the case o f  haddock, w here d is
cards increased  w ith  recru itm ent). T he lack  o f  an effect is 
p robably  due to  the fact that recru itm ent estim ates used 
as inputs to the GAM s w e re  draw n from  stock assessm ents 
th at generally  consider landings only (rather than  total 
catch). M oreover, the  s to ck  assessm ents are calculated  
from  the international landings o f  all fleets on a stock-by- 
stock basis ra ther than  by national fleets. A pplication o f  re
cruitm ent estim ates from  such assessm ents to our analysis 
m ay therefore be inappropriate . An alternative approach 
to using recruitm ent estim ates from  such assessm ents 
w ould  be to  use survey estim ates o f  recruitm ent directly. 
U nfortunately, survey d a ta  are not available for the tim e- 
series a t the level o f  d isaggregation  required  fo r consistency 
w ith the d iscard  data b e in g  m odelled.

Official landings and annual quotas w ere initially consid
ered in the m odels, but w ere  subsequently  excluded. T he 
behaviour and utility  o f  th ese  variables is also questionable. 
Once T otal A llow able C atches (TA C s) are agreed at an  EU
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Figure 4. Predicted DL25, DL50, and DL75 (the length at which 25%, 50%, and 75% fish are discarded, respectively) based on the gen
eralized additive model estimated o f  discard probability vs. length, fleet, year, and M C L for haddock. Lines represent the DL25 and DL75; 
squares represent the DL50. M inimum landing size (MLS) is indicated by a  horizontal line.

level, national governm ents undertake extensive quota trad
ing for particu lar stocks, and  m ay  continue to trade quota 
throughout the fishing year. D eterm ining the final level o f  
quota available to particu lar fisheries and  fleets is therefore 
no t a triv ia l task. Furtherm ore, a llocation  o f  national quotas 
by national governm ents to F ish  Producer Organizations 
(and indirectly  to fleets) is done in  a  way that m ay m ake 
quotas restrictive for som e fleets, yet unrestrictive for 
others. M ost im portantly , fo r m any o f  the  stocks concerned, 
decreases in TA C  have no t restricted  landings. T he preva
lence o f  m isreporting has seriously  underm ined the veracity  
o f  reported  landings sta tistics (IC ES, 2006).

O ur finding that fishers re ta ined  sm aller fish w hen the 
m ean length  o f  the catch  w as larger was initially surprising. 
H ow ever, this m ay be exp lained  by  considering the behav
iour o f  fishers. For fish o f  “ in term ediate” length close to, 
but above, M LS (say  23 cm ), a  crew  m em ber sorting the 
catch  m ay  be in doubt w hether or no t to discard. W hen 
a catch is predom inantly  o f  sm all fish, the probability o f 
a 23 cm  fish being d iscarded is h igh because fishers will be 
less like ly  to p ick  it  ou t o f  a  to tal catch  w hich is considered 
to be  sm all in  size. C onversely , the sam e 23 cm  fish in  a catch 
o f  m ain ly  large fish w ill h ave  a lesser probability o f  being 
d iscarded because it can  b e  landed  m ixed with larger fish.

T he increase in  length  d iscarded observed for all four 
species in  recent years m ay  also have resulted from  the

evolution o f  th e  m arket and  the influence o f  m anagem ent 
m easures. M oreover, increasingly  stringent restrictions on 
landings (as during  the study period) w ill probably alter 
behaviour tow ards fishing practices that seek  to  increase 
the value o f  a lim ited w eigh t o f  catch, i.e. highgrading. 
H ighgrading has also been reported  by Stratoudakis e t al. 
(1998) fo r haddock  and w h iting  in offshore fleets in the 
N orth  Sea. T he results from  the discard ogives obtained 
here for had d o ck  discarded by otte r traw lers operating  at 
the R ockall B ank  and W est o f  A chill and fo r m egrim  dis
carded a t the Porcupine B ank are consistent w ith h ighgrad
ing. T he increased  levels o f  discarding o f  haddock well 
above th e  M L S in 2002 and 2003 a t R ockall and W est o f  
A chill suggest o ther changes in discarding behaviour in 
recent years. A  concurrent increase in  targeting m egrim  
m ay  have in duced  this change, such  that only haddock in 
best condition  are  retained for landing. Such factors are 
likely  to  be  m o st pronounced on the longer trips undertaken 
to these g rounds, and particularly  for species such as had
dock w hich keep  relatively poorly. H addock o f  all sizes 
caught early  on a long trip  w ould  b e  expected to have 
a greater d iscard  ra te  than those caught later in the trip. 
N evertheless, in  the three fleets m entioned  previously, the 
possibility  th at the results m ay  be the product o f  a m isfit 
o f  the m odels estim ated, ow ing to a lack  o f  data in recen t 
years, cannot be  excluded.
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Figure 5. Predicted discard ogives based on the generalized additive model estim ated o f  discard probability vs. length, fleet, MCL, year, 
MLS, and fleet x  MLS interaction for m egrim. Minimum landing size is indicated by a  dotted line (prior to 2000) and by a solid line (for 
2000 and subsequent years).

The effect o f  m inim um  landing size is, to some extent, 
hidden by the substantial y ear effect observed for the three 
species for w hich M LS w as changed. M LS significantly af
fected m egrim  discards, bu t th e  effect was variable betw een 
fleets. D iscarding a t lengths above M LS has also been ob
served by R ochet e t al. (2002) fo r the four species studied. 
In contrast, S tratoudakis e t al. (1998) reported  an  im m edi
ate increase in  discarding w ith  an increase in M LS for had
dock and w hiting, and a system atic change over tim e in 
DL50 (the length  at w hich  50%  fish are discarded). In 
our study the decrease in M L S fo r p laice  did no t overcom e 
the increase in discarded leng th  observed w ith year, except 
for otter traw lers fishing fo r N ephrops  in  V llg  Sm alls. As 
m entioned previously, estim ates o f  discarding are no t in
cluded in the assessm ent o f  th is stock. There are concerns 
that non-inclusion o f  d iscard  data represents a m ajo r defi
ciency in the assessm ent, particu larly  i f  there have been 
changes in discard p ractices over tim e (ICES, 2004b). 
O ur results indicate that these  concerns are w ell founded: 
a clear trend in  d iscard  p ractices w as observed over time.

The indication o f  h ighgrad ing  in the m ajority  o f  the fleets 
and species studied h igh ligh ts the need  for technical

conservation m easures to  b e  in tune w ith  the discarding be
haviour o f  fishers, and the factors that m ay  influence such 
behaviour. O ur results suggest that a reduction  in M LS 
will not be  effective in reducing  discarding w ithout an in
creased m ark e t accep tab ility  o f  sm aller fish. The recent 
m anagem ent m easures im posed in the Irish Sea and in the 
waters W est o f  Scotland (changes in m esh  size, im position 
o f  effort regu lation , and seasonal/area closures) w ere ex
pected to  increase  th e  average length  o f  fish in  the catch, 
and consequently  to  reduce the proportion o f  fish discarded. 
H ow ever, the status o f  stocks in these areas is such that the 
m ean length  in  the catch  is actually  decreasing. The increas
ing p roportion  o f  fish discarded in these areas is consistent 
w ith our finding th at fishers discard larger fish when the av
erage length  in  th e  catch is sm aller. These results indicate 
that the m anagem en t m easures adopted have no t been effec
tive in p ro tec ting  ju v en ile  haddock and w hiting. C lear un 
derstanding o f  the discard p ractices and m arket influences, 
allied to  re liab le  m onitoring o f  fishing activity , is needed 
to im prove th e  efficiency o f  such m anagem ent measures.

As d iscussed above, th e  m odels presented here m ay be 
used to evaluate  the im pact o f  changes or new  m anagem ent
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Figure 6. Predicted DL25, DL50, and DL75 (the length at which 25%, 50%, and 75%  fish are discarded, respectively) based on the gen
eralized additive model estim ated o f  discard probability vs. length, fleet, MCL, year, MLS, and fleet x  MLS interaction for megrim. Lines 
represent the DL25 and DL75; squares represent the DL50. Minimum landing size (MLS) is indicated by a horizontal line.

m easures on discards. G A M s m ay be used to investigate the 
effectiveness o f  (and changes in) technical conservation 
m easures (such as m esh size increases, changes in M LS) 
betw een gears and areas. G A M s can also detect the effect 
o f  landing restrictions on discards, for instance the im pact 
o f  quota reductions and  changes betw een quota system s 
(e.g. m onthly to trip-based). T he flexibility o f  G A M s also 
allow s for the inclusion o f  o ther explanatory variables 
(such as area, gear, dep th , species catch com position and 
abundance, or season) th at are e ither no t considered in 
the p resent study or are included in the fleet definition. 
Finally, GAM s can also be  used  to com pare/calibrate other 
d iscard data estim ation m ethods, fo r exam ple based  on se
lectivity  data (Casey, 1996) or in population  sim ulation 
studies (van K eeken e t a l., 2003).
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