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Discarding practices for commercial gadoids in 
the North Sea
Yorgos Stratoudakis, Robert J. Fryer, and Robin M. Cook

Abstract: Understanding fishers’ discarding behaviour, and anticipating their reactions to changes in the biological or 
regulatory characteristics o f a fishery, are important for dealing with the problem of discarding. In this paper, we investigate 
the discarding o f haddock (Melanogrammus aeglefinus), whiting (Merlangius merlangus), and Atlantic cod (Gadus morhua) 
in the North Sea, using data collected by scientific observers onboard Scottish demersal vessels. We describe discarding on 
each trip by species-specific discard curves and explore how these curves depend on biological and regulatory variables.
There are large differences in the size o f discarded fish between inshore and offshore areas, with offshore-operating vessels 
discarding larger fish (high-grading). Increases in legal landing size correspond to immediate increases in the size of discarded 
fish, particularly for haddock and cod in inshore areas. In general, discarding practices for haddock and cod are similar over 
time and consistent across gears, whereas decisions for the lesser valued whiting are more variable and can be affected by the 
catch composition.

Résumé : Si l’on veut régler le problème du rejet des poissons par les pêcheurs, il est important de comprendre le 
comportement des pêcheurs et de prévoir leur réaction face à la modification des caractéristiques biologiques ou 
réglementaires d ’une pêche. Dans le présent article, nous examinons le rejet de l’aiglefin (Melanogrammus aeglefinus), du 
merlan (Merlangius merlangus) et de la morue en mer du Nord (Gadus morhua) à l’aide de données recueillies par des 
observateurs scientifiques à bord de bateaux écossais de pêche du poisson de fond. Nous décrivons les rejets effectués lors de 
chaque sortie à l’aide de courbes de rejets en fonction de l’espèce, et nous analysons dans quelle mesure ces courbes 
dépendent de variables biologiques et réglementaires. Nous observons des différences importantes entre la taille des poissons 
rejetés dans les zones côtières et ceux rejetés dans les zones du large : les bateaux travaillant au large rejettent des poissons 
plus gros (écrémage). L’accroissement de la taille légale des poissons débarqués correspond à des augmentations immédiates 
de la taille des poissons rejetés, en particulier de l ’aiglefin et de la morue dans les zones côtières. En général, les rejets 
d ’aiglefin et de morue sont similaires dans le temps et uniformes d ’un engin à l ’autre, tandis que les décisions relatives au 
merlan, espèce moins prisée, sont plus variables, et peuvent être influencées par la composition des captures.

(Traduit par la Rédaction]

Introduction
D iscard ing  fish  to  the sea has fo r som e tim e been  accepted  

as an  inev itab le  com ponent o f  harvest fisheries. R ecen t e s ti
m ates suggest tha t m ore than one quarter o f  a ll fish  caught 
annually  are w asted  th rough  d iscard ing  (A lverson  e t al, 1994). 
Such estim ates help  to appreciate  the m agnitude o f  the phe
nom enon and  gradually  lead  to the situation w here d iscard ing  
is becom ing  a  m ajor m anagem ent issue (A lverson  and H ughes 
1996). H ow ever, the decision to d iscard  is taken on deck  and 
is therefore  largely a function o f fish e rs’ b ehav iou r (H ilborn 
1985). U nderstanding  this behaviour and an tic ipating  fishers’ 
reactions to  changes in the b io logical o r regu la to ry  charac
teristics o f  a fishery  are im portant fo r dealing  w ith  the prob lem  
and reducing  the w aste.
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F or unm arketable species the process is stra igh tforw ard , 
because the entire catch  is dum ped  overboard. F o r species w ith  
a  com m ercial in terest (target o r bycatch), m any factors can 
influence the final decision  on w hether to discard. T hese  range 
from  fisheries regulations and b io logical properties o f  the 
fished stocks to  m arket fo rces and fishers’ personal p re fe r
ences (C rean and Sym es 1994). T he situation is particu larly  
com plica ted  in  m ixed-species dem ersal fisheries, w here sev
eral considerations in term ingle  to create a com plex and dy 
nam ic d iscard ing  behav iour (P ik itch  1991). Sam pson (1994) 
and G illis et al. (1995a, 1995b) applied  ideas from  behav ioura l 
eco logy  and  m icroeconom ics to  e lucidate aspects o f  the 
decision-m aking  involved in d iscarding. H ow ever, these  stu d 
ies are based  on analytical approaches that m ake m in im al use 
o f  actual discards data.

In th is paper, w e investigate  d iscarding practices using field  
data, ra ther than a theoretical approach. T he data com e from  
the Scottish discards sam pling program m e (Jerm yn and R obb 
1981), w hich  sends scien tific  observers on com m ercial fish ing  
trips. W hilst onboard, the observers m onito r the fish ing  opera
tion and obtain  species-specific length  frequencies o f land ings 
and discards. H ere, we investigate  how the proportions o f  each 
species discarded at length  depend on various b io log ica l and 
regulatory  variables. In particular, we exam ine the e ffec t o f 
fish ing area and gear, quarter o f  the year, landing harbour, and 
the com position  o f  the catch . Further, we exam ine tem poral
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Fig. 1. Stratification of the North Sea for the Scottish discards 
sampling programme.
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changes in the p roportion  discarded at length  and associate  
them  w ith changes in the m anagem ent m easures that prevail 
in the N orth  Sea dem ersal fisheries.

W e consider d iscarding by Scottish vessels using dem ersal 
m obile  gears in the N orth Sea and focus on haddock  
(M elanogram m us aeglefinus), w hiting (M erlang ius m erlan 
gus), and A tlantic cod (G adus m orhua), the three m ost im por
tan t target species. T he study covers the period  1975-1993 , 
during w hich m any aspects o f  the N orth Sea fisheries have 
changed  (Sym es 1992; H islop 1996). T hese include b io logical 
changes, such as the reduction  o f  som e stocks to  h istorically  
low  levels, and regulatory  changes, such as increases in nom i
nal m esh size and m in im um  landing size.

Materials and m ethods

The Scottish discards sampling programme
Regular sampling of discards by scientific observers onboard U.K. 

vessels fishing in the North Sea and landing in Scotland began in 1975 
and continues to the present day. The main objective of the pro
gramme is to provide annual estimates of the total quantities of the 
major commercial gadoids discarded in the North Sea (see Jermyn 
and Robb 1981). Cooperation in the programme by fishing vessels is 
on a voluntary basis.

The programme is based on stratified random sampling by area 
(Fig. 1), quarter of the year (January to March, etc.), and gear. Sam
pling concentrates on mobile demersal gears (trawlers and seiners) 
that are mainly used for catching gadoids and produce many discards

in the process (Alverson et al. 1994). Resource limitations usually 
restrict sampling to one trip in each stratum where more than 1 0  0 0 0  h 
of fishing is expected (Jermyn and Robb 1981). As a result, the cov
erage is always small, ranging between 0 . 1  and 0 .2 % annually, both 
in terms of effort and landings. A sampling trip is defined to be the 
period spent away from the harbour until return for landing. This can 
vary from 1 day for small inshore vessels, to 2  weeks for larger ves
sels operating in the open sea. Sometimes, the fishing area or the 
operating gear change while the observer is onboard, and these are 
treated as separate trips.

Table 1 shows the number of trips sampled by area and gear. They 
are separated into the periods 1975-1984 and 1985-1993 to show 
how fishing methods, and hence sampling effort, have changed over 
the study period. Early sampling was concentrated on heavy trawlers 
(vessels larger than 27.5 m) and seiners. Light trawlers (vessels 
smaller than 27.5 m) became more important later, as fishing by 
heavy trawlers declined and many seiners converted to trawling. 
Nephrops trawlers (trawlers targeting the Norway lobster. Nephrops 
norvegicus) were first sampled in 1982, and pair trawlers (demersal 
trawlers operating in pairs) in 1986. In total, 982 trips on 242 vessels 
landing in 19 Scottish harbours were sampled during the study period, 
with an average of 23 h fishing observed per trip.

Discard summary statistics
While onboard, the scientific observers collect samples of the 

sorted catch to estimate discards and landings length frequencies of 
the three targeted gadoids (haddock, whiting, and cod). Numbers 
landed and discarded at length can be combined to calculate the pro
portion of the species catch discarded at length. Our aim is to explore, 
for each species in turn, how the proportion of fish discarded at length 
depends on biological and regulatory variables. To do so, we first 
describe the proportions discarded at length on each trip by two sum
mary statistics. We then model the relationship between these sum
mary statistics and the explanatory variables.

The proportions discarded at length can be thought of as coming 
from an underlying discard curve that relates the probability of dis
carding a fish to its length. The concept was introduced by Jean ( 1963) 
and is similar to that of gear selection curves (Wileman et al. 1996), 
only here the selection is imposed by the fishers, rather than the net. 
Intuitively, discard curves should be nonincreasing functions of 
length, and the data confirm this to be so; see Fig. 2, for example. Gear 
selection curves are usually summarized by two statistics that mea
sure their location (length at which 50% of the fish are retained in the 
codend; Lso) and spread (the difference between the 75 and 25% 
retention lengths; interquartile range). In a similar way, we summa
rize the location of the discard curves by the species-specific discard
ing L5 0  (DLJ0) and the spread by the discarding interquartile range. 
However, analysis o f the discarding interquartile range did not reveal 
any systematic dependency on the explanatory variables (Stra
toudakis 1997), and in the rest of this paper we concentrate on DL5 0 .

To estimate DL50, we first have to fit a discard curve to the data 
for each trip. Techniques for estimating gear selection curves (Wile
man et al. 1996) can easily be adapted for doing so. One option would 
be to fit a logistic curve (McCullagh and Neider 1989). However, we 
fitted nonparametric isotonic curves that assume only that the curves 
are nonincreasing (Barlow et al. 1972; Millar 1993). The advantage 
of these curves is that they can describe both symmetric and asymmet
ric discarding patterns. A fitted isotonic discard curve is shown in 
Fig. 2. We then estimated DL5 0  by linearly interpolating between the 
fitted proportions o f the isotonic discard curve. However, DL5 0  cannot 
be estimated when the species is not caught or when the entire species 
catch is discarded (particularly common in Nephrops trawlers where 
fish can legally be landed only in small amounts). Such trips were 
excluded from this analysis, resulting in slightly different data sets 
being used for modelling haddock, whiting, and cod DL5 0 s. Figure 3 
shows summary box and whisker plots of the estimates of DL5 0  by 
species, excluding those from Nephrops trawlers. The range of
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Table 1. Number of trips sampled by area and gear in the North Sea for 1975-1984 and 1985-1993.

1975-1984 1985-19 9 3 ~

Heavy Light Nephrops Pair Heavy Light Nephrops Pair
Area trawl Seine trawl trawl trawl trawl Seine trawl trawl trawl

Shetland 38 61 8 — _ _ 4 37 19 — 2 1

Viking — 28 — — — 1 25 2 — 2

Forties — 24 — — — — 24 6 2 5
Central — 31 — — — — 26 7 — 2

Moray Firth — 41 1 1 18 — — 36 2 2 52 2

Buchan 38 64 27 17 — 7 62 64 59 45
Other 8 1 2 — — 2 17 8 3 1

Total 84 252 48 35 ____ 14 227 128 116 78

Fig. 2. An example o f the methodology used to summarize the data from a sampled trip. Length frequencies for haddock discards and haddock 
landings from a seine trip in Buchan (June 1979), with the proportion of discards at length and the fitted isotonic curve.
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estimates for cod is much wider than for haddock and whiting, possi
bly reflecting the scarcity of cod data.

We also estimated the standard error of each DL3(1 using bootstrap 
techniques (Efron and Tibshirani 1993). This can be thought of as 
measuring the “within-trip” variability associated with estimating 
DLjo and could be used later to correctly model the variance structure 
of the DL50s in terms of within-trip and among-trip components of 
variation. However, exploratory analysis showed that, for haddock 
and whiting, the within-trip variability was much smaller than the 
among-trip variability and could effectively be ignored. The situation 
is less clear for cod (and for Nephrops trawlers), for which fewer fish 
are generally caught per trip, but for simplicity, we have ignored the 
within-trip component o f variation throughout.

Explanatory variables
The explanatory variables available for this study can be conven

iently grouped into three categories: catch variables measured during 
each trip, stratification variables associated with the selection of the 
vessel, and annual variables that change over time.

Catch variables
Detailed biological information is collected on each trip, so there

are many ways of measuring the catch (i.e., discards plus landings) on 
that trip. We use the following, that seem to capture the broad features 
of the catch: (i) haddock catch per unit effort in kilograms per hour 
(HCPUE); (ii) whiting catch per unit effort in kilograms per hour 
(WCPUE); (iii) cod catch per unit effort in kilograms per hour 
(CCPUE); (iv) median length of species catch in centimetres (MED). 
Table 2 summarizes the distribution of these variables over the entire 
data set. The median length variable is species specific, in that the 
median length of the haddock catch is used to model haddock DL5 0  

and so on. The CPUE and median length of the species catch are 
clearly measures of abundance and size of the species catch. The 
CPUEs of the other two gadoids are used to explore whether “species 
interactions” influence discarding. Biomass was estimated from the 
combined length distribution of discards and landings, using monthly 
length-weight relationships (Coull et al. 1989). Logarithms were 
taken to reduce the skewness of the CPUE distributions, with 0.5 
added to each observation to allow for zero values (i.e., when the other 
two gadoids were not caught in the trip).

Stratification variables
These are the variables used to stratify sampling in the Scottish 

discards programme, with the addition of landing harbour: (j) gear
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Fig. 3. Box and whisker plots o f the estimated DL 5 0 s, by species, 
excluding trips from Nephrops trawlers.

40 '

_  35 -
£
o

S 30 - 
Q

25 -

{see Table 1), (Ü) area {see Fig. 1), (iii) quarter of year; and (iv) har
bour. Note that all these variables are treated as categorical.

Annual variables
In addition to treating year as a variable in its own right, there are 

many variables that change only annually or every few years. These 
mainly relate to annually assessed biological parameters of the stocks 
(e.g., year-class strength, stock biomass, etc.) and to the prevailling 
management measures in the North Sea, i.e., minimum landing size 
(MLS), nominal mesh size (NMS), and quotas. MLS increased once 
within the study period, in 1979 for whiting (from 25 to 27 cm), and 
in 1989 for haddock and cod (from 27 to 30 cm and from 30 to 35 cm, 
respectively). NMS regulations were modified several times within 
the study period; the nominal size of meshes in the codend was stan
dardized to 80 nun in 1980 and then increased to 85,90, and 100 mm 
in 1987,1989, and 1991 respectively.

It is obvious how changes in MLS may affect discarding decisions. 
Changes in NMS could affect discarding through changes in the size 
distribution of the catch; stock biomass and year-class strength 
through changes in the availability of resources and changing market 
conditions (Crean and Symes 1994); and quotas by limiting the 
biomass that can reach the market (Pikitch 1991). A summary of the 
biological variables related to the assessment o f the North Sea gadoid 
stocks (e.g., spawning stock biomass and year-class strength) can be 
found in ICES (1996). Hislop (1996) discusses changes in the North 
Sea gadoid stocks within the study period, and Symes (1992) de
scribes recent changes in the management regime for the North Sea 
demersal fisheries.

Unfortunately, having many annual variables presents modelling 
difficulties since, with 19 years’ data, there are only 18 degrees of 
freedom available for investigating annual effects. To avoid problems 
of confounding and overfitting, we first use only year to explore 
temporal trends in discarding. We then relate significant year effects 
to other annual variables for a clearer biological interpretation.

Modelling DLS0
Our original intention was to use generalized additive models 

(GAMs: Hastie and Tibshirani 1990) to model DL 5 0  for each species 
across the North Sea. GAMs generalize traditional regression tech
niques by relating the response variable to arbitrary, smooth functions 
of the explanatory variables. They are a particularly useful modelling 
tool, because they accommodate relationships o f many different 
shapes, allowing the data to determine, to a large extent, the most 
suitable shape to be used. GAMs are being increasingly used in a
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Table 2. Median and quartiles o f each catch explanatory variable 
over the entire data set.

Variable
First

quartile Median
Third

quartile

Haddock CPUE (k g l r 1) 6 . 6 1 0 . 8 16.3
Cod CPUE ( k g l r 1) 3.0 5.6 9.0
Whiting CPUE (kg h '1) 2 . 8 5.6 10.4
Haddock median length (cm) 26.2 29.1 31.3
Cod median length (cm) 32.2 36.2 42.3
Whiting median length (cm) 25.5 28.1 30.3

fisheries context; see, for example, Swartzman et al. (1994) and 
Borchers et al. (1997). However, exploratory GAM fits revealed 
highly significant interactions between the explanatory variables, no
tably involving either area or gear. Since GAM software is not suffi
ciently developed to deal easily with such interactions, an alternative 
approach was required.

Our solution is to use two different regression techniques that 
examine the data from different directions. First, we use regression 
trees (Breiman et al. 1984; Clark and Pregibon 1993) as an explora
tory tool to identify broad patterns in discarding across the North Sea. 
Regression trees are particularly suited to modelling interactions and 
dealing with a mixture of continuous and categorical explanatory 
variables (Venables and Ripley 1994). They operate by recursively 
splitting the data into homogeneous subsets (two at a time). Each split 
is determined by the value of an explanatory variable, with the data 
“below” the splitting value going into one group and the data “above” 
going into the other. The splitting point is chosen to minimize the 
within-group variance of the response variable in the two subsets.

We fitted a tree to the DL5 0  of each species using the explanatory 
variables described above:

DL5 0  ~ Year + Area + Gear +  Quarter + Harbour
+ HCPUE + CCPUE + WCPUE + Median.

The trees were initially fitted with no constraints on the size of the 
fitted model, leading to some overfitting. The optimal tree size was 
then evaluated by cross-validation (Efron and Tibshirani 1993). The 
results of a regression tree must, in some sense, be regarded as ex
ploratory, since there are no formal tests of significance involved in 
model selection. However, cross-validation gives the tree with the 
smallest estimated prediction error.

Second, we obtain more detailed insight into discarding patterns 
by fitting separate GAMs to subsets o f the data, corresponding to each 
combination of area and gear. Using GAMs in this way avoids the 
problem of modelling the interactions involving area or gear. The 
drawback is that there is no formal way of assessing area and gear 
effects, other than by a qualitative inspection o f the fitted models 
across areas and gears. However, we feei that combining the detailed 
GAM results with the “overview” provided by the regression trees 
allows us to built a cohesive picture o f discarding patterns in the North 
Sea.

For each area and gear combination, we fitted a “full” model that 
included all explanatory variables (other than area and gear):

DL5 0  -  Year + Quarter + Harbour + HCPUE + CCPUE
+ WCPUE + Median.

In this model, catch variables were fitted as smoothers with 4 degrees 
of freedom (df) and year was fitted as a categorical variable to allow 
DL50s to vary freely between years. Normally distributed errors were 
assumed. The full model was then simplified using a stepwise selec
tion procedure (Draper and Smith 1981), in which the catch variables 
were also considered as linear effects ( 1  df), and year as a smooth 
effect on 5, 3, and 1 df. Fewer degrees o f freedom were allowed for 
year in area and gear combinations with less than 15 years of sam
pling. Model selection was based on Akaike’s information criterion
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(AIC). However, in stepwise regression, terms nonsignificant at the 
5% level may not be removed by AIC (e.g., Buckland et al. 1992). To 
overcome this, we did a backward search on the final model, remov
ing all terms nonsignificant in an F  test at the 5% level. The adequacy 
of the selected model was investigated by residual plots. Finally, we 
tried to replace any significant year effect by the other biological and 
regulatory annual variables.

Results
Figures 4 a -4 c  show s the selected regression  trees o f  had

dock, cod , and w hiting, respectively . T he haddock  and cod 
trees are very sim ilar. B oth show a strong spatial separation 
w ith in  the N orth  Sea, w ith sm aller D L 50s in M oray F irth and 
B uchan. T h is is equ ivalen t to an in sho re-o ffsho re  grouping, 
since M oray F irth  and B uchan are coastal areas, easily  ap 
p roached  from  harbours in eastern  and northern  Scotland 
(Fig. 1). B oth trees also show  an increase in D L 5 0  in inshore 
areas around  1989. T h is coincides w ith the only increase in the 
M LS o f  these species during the study period, a lthough NM S 
also increased  in the sam e year (from  85 to  90  m m ). The had 
dock tree also  show s that before 1989, vessels fishing inshore 
and land ing  in sm all harbours had sm aller D L 50s than those 
land ing  in large harbours. Further, in  o ffshore areas, haddock 
D L 5 0  increases w hen larger haddock  are caught. Possib le ex 
p lanations fo r these findings are d iscussed later.

T he m ost im portan t variable in the w hiting  tree  is the m e
dian length  o f  the w hiting  catch, w ith larger D L 50s w hen larger 
w hiting  are caught. T here is also a tem poral effect, w ith an 
increase in D L 5 0  around  1979. A gain, th is co incides w ith the 
only increase in w hiting  M LS during the study period. A fter 
1979, an area separation  appears, w ith sm aller D L50s in 
B uchan and Shetland. N ote that gear does no t appear in any 
tree, w hich suggests that any gear effect can only be o f  secon
dary im portance com pared  w ith those effects in the trees.

T ab les 3 -5  show  the selected G A M s for each area and gear 
com bination . Y ear is the m ost im portan t explanatory  variable, 
being h igh ly  sign ifican t in m ost da ta  sets. T he fitted  tem poral 
patterns are p lo tted  in Figs. 5 a -5 c  and  show  tha t D L 5 0  gener
ally changes in a  sm ooth , linear, o r stepw ise m anner over tim e. 
T he tem poral trends d iffer betw een areas and gears, dem on
strating  som e o f  the in teractions d iscussed  earlie r (i.e., be
tw een  area, gear, and  year). H ow ever, fo r haddock  (Fig. 5a), 
com m on features can  be  observed in m any data  sets; D L 50s 
often show  an increase  from  the late 1970s to  the early  1980s, 
a  peak  around  1982-1983 , a decrease during the rest o f  the 
1980s, and  ano ther increase from  1989 onw ards. T he tem poral 
patterns in cod  (Fig. 5b) are sim pler than  in haddock  and also 
show  com m on fea tu res across data sets, w ith changes in  D L 5 0  

often being adequate ly  explained  by M LS. For w hiting 
(Fig. 5c), the tem poral patterns are m ore am biguous and sug
gest gear-dependen t tem poral trends. T he  m ost consisten t is 
for seine (the gear m ost thoroughly sam pled throughout the 
study), w here the increase  o f  M LS in 1979 generally  coincides 
w ith an increase  in  D L 50.

F or haddock  and cod , the catch and stratification  variables 
w ere som etim es sign ifican t (T ables 3 and 4), bu t these effects 
w ere no t consisten t e ith e r across areas (w ithin gears), o r across 
gears (w ith in  areas). C onversely , the w hiting  G A M s show  an 
in teresting  re la tionsh ip  betw een D L 5U and the catch  variables. 
In offshore  areas, there  are strong relationsh ips w ith the catch
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Fig. 4. Regression trees for DL50: (a) haddock; (b) cod; (c) whiting. 
Values in boxes are the fitted DL50s at each level of the tree 
partition. Variables given in boldface are those significant for the 
ensuing binary partition. The levels of the significant variable that 
lead to different branches of the tree are indicated at each splitting 
point. For example, the first partition in the haddock tree is 
according to area. Trips in Buchan and Moray Firth have a fitted 
DL 5 0  o f 28.6 cm and trips in the remaining areas have a fitted DLS 0  

of 30.4 cm.

Area Forties, Central 
Shetland, Viking

Year Haddock median
> = 36 cm< 36 cm< 1989 > = 1989

Harbour
Large

I
Small

Area Forties, Central 
Shetland, Viking

Buchan 
M. Firth

Year
< 1989

Whiting median
< 30 cm > = 30 cm

Year Whiting median
> = 35  cm< 35  cm< 1979 > = 1979

Shetland Area 
Buchan

Forties, Central 
M. Firth, Viking

30.1

28.527.7

28.3

28.2

28.7

30.4

27.7

31.2

29.0

29.5

29.3

32.2

27.7

32.3

26.8 27.9

33.2

32.1

30.428.6
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Table 3. Selected model, residual variance (s2), and proportion of explained variance (R2) for GAMs fitted to haddock 
DLJ() by area and gear.

Area Gear

Selected model

s 2 R2Annual Stratification Catch

Shetland Heavy Year (3) _ _ CCPUE +HMED (4) 1 . 1 0.74
Seine Year (5) _ _ WCPUE (4) 2 . 1 0.43
Light — — CCPUE (4) + HCPUE + WCPUE 0.7 0.70
Pair Year — — 1.5 0 . 2 2

Viking Seine Year (5) — WCPUE + HMED 2 . 1 0.61
Forties Seine Year (5) _ — 2.4 0.36
Central Seine Year Harbour CCPUE + HCPUE + HMED 1 . 1 0.61
Moray Firth Seine Year (5) — — 1 . 2 0.29

Light Year* — — 0.4 0.81
Nephrops — Harbour CCPUE (41 + WCPUE (41 1.3 0.44

Buchan Heavy Year* — HCPUE 1.3 0.59
Seine Year (5) Harbour HCPUE (4) + HMED (4) 0 . 6 0.71
Light Year* Harbour + quarter HCPUE (4) + WCPUE (4) 0.4 0.78
Nephrops MLS Quarter — 1 . 2 0.69
Pah- Year —■ CCPUE 0.9 0.56

Note: When an explanatory variable is fitted as a smooth term, it is follow ed by a value in parentheses that g ives the degrees o f freedom  
o f  the smooth. When year is fitted as a categorical variable, this is indicated by an asterisk. Only terms significant at the 5% level or 
greater are shown; those significant at the 1% level are underlined; and those significant at the 0.1% level are shown in bold. CCPUE, cod 
CPUE; HCPUE, haddock CPUE; HMED, haddock median length; WCPUE, whiting CPUE.

T able 4. Selected model, residual variance ( r ) ,  and proportion of explained variance (R2) for GAMs fitted to cod DLW by 
area and gear.

Selected model

Area Gear Annual Stratification Catch s1 R2

Shetland Heavy Year (2) — CMED 4.3 0.31
Seine Year (31 — WCPUE 5.2 0.25
Light — — — 5.2 —
Pair Year — — 5.0 0.29

Viking Seine Year (31 Quarter — 3.2 0.38
Forties Seine MLS — _ 3.4 0 . 1 1

Central Seine MLS Harbour CCPUE (4) + HCPUE 1.8 0.53
Moray Firth Seine MLS — — 4.3 0.09

Light — — — - 4.9 —
Nephrops — Harbour — 1 1 . 6 0 . 1 2

Buchan Heavy — — — 3.1 —
Seine MLS _ — 3.0 0.49
Light MLS — — 2 . 8 0.31
Nephrops Year (3) Harbour CCPUE (4) + HCPUE 5.5 0.63
Pair MLS Quarter — 1 . 6 0.74

Note: W hen an explanatory variable is fitted as a smooth term, it is  followed by a value in parentheses that g ives the degrees o f  freedom  
o f  the smooth. When year is fitted as a categorical variable, this is indicated by an asterisk. Only terms significant at the 5% level or 
greater are shown; those significant at the 1% level are underlined; and those significant at the 0.1% level are shown in boldface. CMED, 
cod median length. Other variables are as in Table 3.

variables (T able 5). W hen significant, D L 5 0  is alw ays posi
tively re la ted  to haddock  C PU E , cod C PU E, and the m edian 
length o f  the w hiting  catch  and negatively  related  to  w hiting  
CPU E. In inshore areas, there are few  significant catch  effects. 
These findings are in terpreted  below .

Discussion
Interpretation  o f  patterns in D L S0

W e now  piece together the G A M  and regression tree results

to describe d iscarding patterns across the N orth  Sea. T he h ad 
dock and  cod  trees suggest an in sho re-o ffsho re  effect on d is
card ing  (F igs. 4 a  and 4b). T h is is supported  by the G A M s 
(Figs. 5a  and  5b), w here the p red icted  D L 50s are larger o ff
shore. T he  G A M s show a sim ilar effect fo r w hiting (Fig. 5c). 
H ow ever, th is is no t supported  by the w hiting tree (Fig. 4c), 
w here the m edian length o f  the (w hiting) catch, ra ther than  
area, has the dom inant effect on D L 50. T his can be explained 
by  considering  how the m edian length o f the w hiting  catch  
changes w ith  area (Fig. 6 a). C atches in M oray Firth and
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Table 5. Selected model, residual variance (s2), and proportion o f explained variance (R2) for GAMs fitted to whiting DLJ 0  

by area and gear.

Area Gear

Selected model

r 2 R2Annual Stratification Catch

Shetland Heavy — — WMED 2.3 0.34
Seine Year (5) — HCPUE + W CPUE + W MED 2 . 8 0.44
Light Year (3) — WCPUE + WMED 2 . 1 0.56
Pair Year Quarter CCPUE + HCPUE + WCPUE 1.4 0.79

Viking Seine Y ear (3) — CCPUE + WMED 2.4 0.62
Forties Seine Year (3) — — 3.3 0.23
Central Seine MLS — CCPUE + HCPUE + WMED 2 . 2 0.41
Moray Firth Seine Y ear (3) — HCPUE 1.4 0.58

Light Year — WCPUE 1 . 1 0.23
Nephrops Year (2) — WMED (4) 1 . 1 0.43

Buchan Heavy — — — 2.7 —

Seine M LS — WCPUE 1.4 0.13
Light — — CCPUE (4) + WMED 0.9 0.80
Nephrops Year* — WCPUE 0.3 0.75
Pair Year Quarter — 0.7 0.47

Note; When an explanatory variable is fitted as a smooth term, it is follow ed by a value in parentheses that g ives the degrees o f freedom  
o f  the smooth. W hen year is fitted as a categorical variable, this is indicated by an asterisk. Only terms significant at the 5% leve! or 
greater are shown; those significant at the 1% level are underlined; and those significant at the 0.1% level are shown in bold. W MED, 
Whiting median length. Other variables are given in Table 3.

B uchan com prise  sm aller w hiting than catches in  offshore ar
eas, so that area and m edian length  o f  the catch are con 
founded. If  w e repeat the w hiting  regression tree excluding 
m edian  length, then the in sho re-o ffsho re  pattern  em erges as 
the dom inan t effect. T hus, w hiting  D L 50s are g reater offshore, 
w here  larger w hiting  tend to be caught. In fact, the m edian  
length  o f  haddock  is also  related  to area (Fig. 6b), suggesting 
that spatia l patterns are confounded  w ith haddock size. No 
such pattern  is found fo r cod.

T able  5 suggests a further in sho re-o ffsho re  d ifference in 
the d iscarding o f  w hiting , since the catch  variables have a large 
effec t on w hiting  D L J 0  in offshore areas, but only a neglig ib le 
effect inshore. In inshore areas, the m edian  length  o f  the w hit
ing catch  is d istribu ted  around the M LS (Fig. 6a), so d iscard 
ing decis ions are likely to be  dom inated  by legal size 
considerations, ra ther than  the com position  o f the catch. O ff
shore, w hiting  m edian length  is d istribu ted  about sizes greater 
than the M L S, so the catch  variables can becom e m ore im por
tant. In  offshore areas, w hiting  D L 5 0  tends to be positively 
related  to  the abundance o f  haddock and cod in  the catch , and, 
unexpected ly , negatively  related to the abundance o f  w hiting 
in  the catch. T his can  be in terpreted  as a shift in p rim ary target 
species w hen w hiting  dom inates the catch: a tight selection  fo r 
the lesser valued w hiting  only occurs w hen w hiting is abun
dan t re la tive to  the  prim ary  m arket targets, haddock  and cod.

T he G A M s show  th a t tem poral patterns in d iscarding can 
best be described  by a  sm ooth curve, a  straight line, or a  single 
step  (Fig. 5). T h is confirm s that D L 50s change system atically  
over tim e, ra ther than in response to  noisy, short-term  effects, 
such as recru itm ent variation. O nly occasionally  w ere the ob 
served tem poral patterns adequately  explained  by b io logical 
o r regu latory  annual variables, and this alw ays involved M LS. 
O f course, this does not necessarily  m ean that b io logical and 
regu latory  variables do not affect D L 50, m erely that the 
changes in D L 5 0  are m ore com plicated  that can be explained 
by these variables alone.

C hanges in  M LS o ffe r a p lausib le  explanation  fo r m any of 
the observed tem poral pa tterns in D LS0. E ven w hen M LS does 
no t adequately  explain  all the tem poral variation , increases in 
D L 5 0  generally  occurred  around the tim e o f  M LS increases 
(Fig. 5). H ow ever, changes in N M S and M LS occurred  at sim i
lar tim es. A lthough it is no t possib le to form ally  d isentangle 
these tw o effects, there are several reasons w hy M LS is m ore 
likely  to  be the causative effect. F irst, N M S can only have an 
ind irec t effect on d iscard ing  decisions by altering  the size d is
tribu tion  o f  the catch. Further, if  N M S w as the only  fac to r to 
in fluence DL50, it w ould  have a  sim ultaneous effect on all three 
species, w hich should lead  to  sim ilar D L ws across species. 
H ow ever, w hiting D L 50s do not, in general, increase around 
1989 (Fig. 5 c). A lso, especially  after 1989, the D L 50s o f  the 
th ree  species are separated  by-several centim etres, ly ing  close 
to  the ir respective M LSs (Fig. 5).

O n the o ther hand, fo r the M LS hypothesis to  hold, M LS 
should  have a sim ilar im pact across areas and gears. T his is 
no t ev iden t in the regression trees, w hich suggest that the 
change in  M LS only affected  inshore areas. H ow ever, the 
G A M  results suggest that haddock and cod D L 50s also  in 
creased  in o ffshore areas around  1989 (Figs. 5a  and 5b), and 
w hiting  D L 50s shifted in som e offshore areas around 1979 
(F ig. 5c). B efore the changes in M LS, the D L 50s o f ali three 
species w ere consisten tly  h ig h er offshore. T he  shifts in  M LS 
w ould  therefore have been  m ore easily  accom m odated  off
shore and, hence, m ight no t have been identified by  the regres
sion  trees.

T he o ther tem poral pattern  to  be explained is the increase 
in haddock  D L 50s in  the early  1980s and its subsequent de
crease. H ere, w e can only  speculate. T he spaw ning stock 
b iom ass o f  haddock w as com paratively  high in the early  1980s 
b u t then  reached histo rically  low  levels by the end  o f  the d ec 
ade (H islop 1996), so D L 5 0  cou ld  be related to species abun
dance. A lso, the in troduction  o f  the C om m on F isheries Policy  
in  1983 led to  a tigh te r en fo rcem en t o f  quotas, so quota
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.  .b. uiu UL,so picuicuuns anu partial residuals by area and gear: (a) haddock; (¿>) cod; (c) whiting. The dotted line is the minimum landing size. The lower two rows correspond to
inshore areas and the upper two rows to offshore areas.
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pressures could have started in fluencing  d iscarding decisions 
around this tim e. W hen quotas can  be easily  reached , quota 
pressures m ight cause fishers to keep  only  the larger, m ore 
m arketab le , fish (A lverson et al. 1994). H addock D L sos w ere 
h ighest in a period (1 9 82 -1984 ) w hen  landings w ere close to 
the allocated  quotas, w hilst the subsequent decrease in  D L 5 0  

corresponds to  a period w hen land ings w ere m uch low er than 
the quotas (ICES 1996).

T he prelim inary  G A M  fits to  the w hole data set revealed  
h igh ly  significant in teractions, particu larly  involving area and 
gear. W e can in terpret these in terac tions by  com paring the 
fitted  effects for each area and gear com bination  in Fig. 5 and 
T able  5. T here are clearly  im portan t in teractions betw een area 
and the catch  variables for w hiting, since there are strong re
lationships betw een D L 5 0  and  the ca tch  variables o ffshore and 
very w eak relationships ( i f  at all) inshore. T he tem poral trends 
are a lso  area and g ear specific. H ere, how ever, once w e re
m ove the m ain effect o f  larger D L 50s in offshore areas, the 
d ifferences in tem poral patterns betw een  areas and gears are 
sm all and have no apparen t structure. T hus, we conclude that, 
w hile these in teractions are statistically  significant, they do no t 
represen t im portant b io logical o r technological effects.

G eneral considerations
D espite the m any vessels and trips sam pled  to provide the 

data  fo r this study, generalizations should  be considered  w ith 
care. T he data com e from  a voluntary  schem e w here sam pling 
is restric ted  to vessels w illing to coopera te  and w ith w orking 
and liv ing  space availab le  fo r the scien tific  observer. W e there
fore assum e that d iscarding on these vessels is representative 
o f  Scottish  dem ersal vessels as a w hole. W e also assum e that 
fish ing practices and discarding behav iou r do not change in 
the p resence o f observers. N evertheless, the Scottish data p ro 
vide one o f  the best opportunities to investigate  d iscarding on 
a relatively  large spatial and tem poral scale using real data.

T he m ost striking result o f this study is the difference in 
d iscard ing  practices betw een areas, convenien tly  sum m arized 
by an  insho re-o ffsho re  separation . T h is separation is, o f  
course, artificial, since there are no regulatory  d ifferences in 
the m anagem ent o f  these areas. It is d ifficu lt to see w hy a 
vessel fish ing  “inshore” in eastern B uchan  w ill adopt d ifferen t 
d iscard ing  practices from  one fish ing  “offshore," a few  m iles 
aw ay in  w estern Forties (see Fig. 1). H ow ever, this type o f  
crude b inary  categorization  is not uncom m on w hen describ ing  
aspects o f  fishers’ behaviour (Sm ith  and M cK elvey 1986) and 
is a  usefu l too l fo r highlighting  a lternative d iscarding stra te
gies.

If  w e divide the Scottish dem ersal flee t in to  an inshore and 
offshore com ponent, la rger vessels and m ore en terprising  skip
pers (“stochasts” according to A llen and M cG lade 1986) are 
likely to  fish  offshore, w here there is a g rea ter p roportion  o f 
desirab le  fish sizes in the catch  (P.J. W right, M arine L abora
tory , A berdeen, U .K ., personal com m unication). Such vessels 
tend  to  target la rger fish, w hich have a h igher m arket value. 
A necdotal ev idence suggests that, in the earlie r years, vessels 
fish ing  offshore often used  nets w ith m esh sizes larger than the 
N M S, to reduce the am ount o f “tra sh ” fish  in  the catch  and, 
hence, the tim e devoted to  sorting. B efore 1989, this p ractice 
led to  the d iscard ing  o f  haddock and cod  m uch  larger than the 
M L S. T his seem s to indicate typical h igh-grad ing  decisions. 
H igh-grad ing  is the behav iour w here po ten tially  m arketable

Fig. 6 . Box and whisker plots of the median length of whiting (a) 
and haddock (b ) catches in seine trips by area.
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fish are d iscarded  to m ake space for m ore valuable fish  w hen 
to tal landings are lim ited  by  trip quotas o r ho ld  capacity  (A l
verson e t al. 1994; G illis et al. 1995a, 1995b). In Scotland, hold 
capacity  can hardly be considered  restric tive, and  quo tas are 
m ain ly  allocated on a vessel-specific  m onthly  basis (Sym es 
1992). N evertheless, it is p lausib le  that a com bination  o f  quota 
pressures (albeit not im posed on  a trip  level) and  financial 
considerations m ake fishers selective in  w hat they keep  for the 
m arket. A fter 1989, M LS considerations have becom e m ore 
im portant, w ith  haddock  and, especially  cod, d iscarded  d o s e  
to  the M LS.

Inshore areas are associated  w ith sm aller fish, bu t safer fish 
ing conditions and reduced  steam ing  tim e. F ishers less p re 
pared to  take risks (“cartesians” according to  A llen and 
M cG lade 1986) or w ith sm aller vessels are therefore likely  to 
fish  closer to the hom e port. In these situations the scarcity  o f 
high-quality  fish obliges fishers to land virtually  everyth ing
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above the M LS. Indeed, the selection is often so tight that 
m easuring sticks are em ployed  to com pare fish w ith the im 
posed M LS. T hus, inshore fishers are  m ain ly  constrained by 
M LS, w hich has been show n to be a pow erfu l enforcem ent 
tool generating  an im m ediate  reaction  o f  the fishers. N ote, 
how ever, that, despite  the obvious effort to conform  w ith the 
new regulation , even several years after the change in M LS for 
haddock and cod, m any inshore gears still had average D L 50s 
below  the legal size (Figs. 5a  and 5b).

W hiting  d iscard ing  strategies d iffer from  those for haddock 
and cod. A gain there is an in sho re-o ffsho re  separation, w ith 
d iscard ing  inshore being  m ainly  determ ined  by the M LS. 
H ow ever, un like haddock and cod, the increase in M LS w as 
relatively  easily  accom m odated  by the fishers. O ffshore, the 
com position  o f  the catch  has the greatest effect on d iscarding. 
A  h igh-grad ing  m echanism  based on the threats o f  quota m an
agem ent is less likely fo r w hiting , since landings are usually  
well below  the allocated  quotas (ICES 1996). A m ore p lausib le 
explanation  is that w hiting , having sm aller com m ercial value 
than haddock  and cod, is usually  a secondary  target w hen the 
o ther tw o species are abundant in the catch . In such cases, 
w hiting  are only kept at sizes com parable w ith those o f had 
dock and cod, above the current w hiting M LS. W hen w hiting 
dom inate the catch , fishers seem  to sw itch  target species and 
land m ost w hiting  o f  legal size. It m ight be possib le to  explore 
this idea fu rther, by using optim al forag ing  theory m odels to 
investigate w hether changes in the relative abundance o f  prey 
(catch o f  haddock , w hiting, and cod) can adequately  explain 
the observed  selection  strategy o f the p redato r (fisher).

In conclusion , w e have show n that data from  routine d is
cards sam pling program m es can also address issues not d i
rectly  related  to  the estim ation o f  total discards. The 
identification  o f  specific d iscarding practices (e.g., d ifferences 
betw een the inshore and offshore sector, reactions to  M LS 
changes), can  help  to evaluate  the effectiveness and social im 
plications o f  fu ture m anagem ent m easures designed to curb 
d iscarding. Further, annual estim ates o f  D L 5 0  can be incorpo
rated in assessm ent m odels fo r stocks w here direct m onitoring 
o f  d iscards is no t availab le  (e.g ., C hen  and G ordon 1997). 
F inally , o u r observation  o f  illegal p ractices in sam pled trips 
(landing below  M LS) supports earlie r view s (C otter 1995) that 
the reliab ility  o f  d iscards sam pling program m es depend on the 
developm ent o f  a rapo rt w ith  the fishers, ra ther than on en 
forcem ent.

Acknowledgements
W e thank the skippers and crew s o f  vessels w ho perm itted  

and facilita ted  d iscards sam pling, as w ell as those w ho con 
tributed  to the collection  and storage o f  this inform ation. The 
first au thor also  w ishes to acknow ledge the ELF for funding his 
w ork (con trac t N os. ERB4001 G T 93/2696 and FA IR G T 95/ 
6010). F inally , we thank  the three anonym ous referees w hose 
com m ents im proved  the m anuscript.

References
Allen, P.M., and McGlade, J.M. 1986. Dynamics of discovery and

exploitation: the case of the Scotian Shelf groundfish fisheries.
Can. J. Fish. Aquat. Sei. 43: 1187-1200.

Alverson, D.L.. and Hughes, S.E. 1996. Bycatch: from emotion to
effective management. Rev. Fish Biol. Fish. 6 : 443-462.

Alverson, D.L., Freeberg, M.H., Murawski. S.A., and Pope, J.G. 
1994. A global assessment o f fisheries bycatch and discards. FAO 
Fish. Tech. Pap. No. 339.

Barlow, R.E., Bartholomew, D.J., Bremner, J.M., and Brunk, H.D. 
1972. Statistical inference under order restrictions. Wiley, New 
York.

Borchers, D.L., Buckland, S.T., Priede, I.G., and Ahmadi, S. 1997. 
Improving the precision of the daily egg production method using 
generalized additive models. Can. J. Fish. Aquat. Sei. 54: 2727- 
2742.

Breiman, L., Friedman, J.H., Olshen, R., and Stone, C.J. 1984. Class
ification and regression trees. Wadsworth, Belmont, Calif.

Buckland, S.T., Anderson, D.R., Burnham, K.P., and Laake, J.L 
1992. Distance sampling; Estimating abundance of biological 
populations. Chapman & Haii, London.

Chen, Y., and Gordon, G.N.G. 1997. Assessing discarding at sea 
using a length-structured yield-per-recruit model. Fish. Res. (Am
sterdam), 30: 43-55.

Clark, L.A., and Pregibon, D. 1993. Tree-based models. In Statistical 
models in S. Edited by J.M. Chambers and T.J. Hastie. Chapman 
& Haii, London, pp. 377-419.

Cotter, J. (Editor). 1995. Assessment of discarding rates for commer
cial species of fish. Final report to the Commission of the Euro
pean Community. Contract Ref. No. BIOECO/93/003.

Coull, K.A., Jermyn, A.S., Newton, A.W., Henderson, G.I., and Haii, 
W.B. 1989. Length/weight relationships for 8 8  species of fish en
countered in the North East Atlantic. Scot. Fish. Res. Rep. No 43.

Crean, K., and Symes, D. 1994. The discards problem: towards a 
European solution. Mar. Policy, 18(5): 422-434.

Draper, N., and Smith, H. 1981. Applied regression analysis. 2nd cd. 
Wiley, New York.

Efron, B., and Tibshirani, R.J. 1993. An introduction to the bootstrap. 
Monogr. Stat. Appl. Prob. No. 57. Chapman & Haii, London.

Gillis, D.M., Pikitch, E.K., and Peterman, R.M. 1995a. Dynamic dis
carding decisions: foraging theory for high-grading in a trawl fish
ery. Behav. Ecol. 6 : 146-154.

Gillis, D.M., Petemian. R.M., and Pikitch, E.K. 19956. Implications 
o f trip regulations for high-grading: a model of the behavior of 
fishermen. Can. J. Fish. Aquat. Sei. 52: 402-415.

Hastie, T.J., and Tibshirani, R.J. 1990. Generalised additive models. 
Monogr. Stat. Appl. Prob. No. 43. Chapman & Haii, London.

Hilbom, R. 1985. Fleet dynamics and individual variation: why some 
people catch more fish than others. Can. J. Fish. Aquat. Sei. 42: 
2-13.

Hislop, J. 1996. Changes in North Sea gadoid stocks. ICES J. Mar. 
Sei. 53: 1146-1156.

International Council for the Exploration of the Sea (ICES). 1996. 
Report of the Working Group on the assessment of demersal 
stocks in the North Sea and Skagerrak. ICES CM1996/Assess:6.

Jean, Y. 1963. Discards of fish at sea by northern New Brunswick 
draggers. J. Fish. Res. Board Can. 20(2): 497-524.

Jermyn, A.S., and Robb, A.P. 1981. Review o f cod, haddock and 
whiting discarded in the North Sea by Scottish fishing vessels for 
the period 1975-1980. ICES CM 1981/G:47.

McCullagh, P., and Neider, J. A. 1989. Generalised linear models. 2nd 
ed. Monogr. Stat. Appl. Prob. No. 37. Chapman & Haii, London.

Millar, R.B. 1993. Incorporation of between-haul variation using 
bootstrapping and non-parametric estimations o f selection curves. 
Fish. Bull. U.S. 91: 564-572.

Pikitch, E.K. 1991. Technological interactions in the US West Coast 
groundfish trawl fishery and their implications for management. 
ICES Mar. Sei. Symp. 193: 253-263.

Sampson, D.B. 1994. Fishing tactics in a two-species fisheries model: 
the bioeconomics of bycatch and discarding. Can. J. Fish. Aquat. 
Sei. 51: 2688-2694.

Smith, C.L., and McKelvey, R. 1986. Specialist and generalist: roles 
for coping with variability. N. Am. J. Fish. Manage. 6 : 88-99.

©  1998 NRC Canada



1644 Can. J. Fish. Aquat. Sei. Vol. 55, 1998

Stratoudakis, Y. 1997. A study of fish discarded by Scottish demersal 
fishing vessels. Ph.D. thesis, University of Aberdeen, Aberdeen, 
U.K.

Swartzman, G., Stuetzle, W., Kulman, K., and Powojowski, M. 1994. 
Relating the distribution of pollock schools in the Bering Sea to 
environmental factors. ICES J. Mar. Sei. 51: 481-492.

Symes, D. 1992. The Common Fisheries Policy and UK quota man
agement. Ocean Coastal Management, 18: 319-338.

Venables, W.N., and Ripley, B.D. 1994. Modem applied statistics 
with S-plus. Springer-Verlag, New York.

Wileman, D.A., Ferro, R.S.T., Fonteyne, R., and Millar, R.B. (Edi
tors). 1996. Manual o f methods of measuring the selectivity of 
towed fishing gears. ICES Coop. Res, Rep. No. 215.

© 1998 NRC Canada


