
�sh610.4 Dis
ard Considerations of EAFM

Haley Frater

February 12, 2018

Copyright This work is li
ensed under the Creative Commons Attribution-

ShareAlike Li
ense. To view a 
opy of this li
ense, visit http://
reative
ommons.org/li
enses/by-

sa/1.0/ or send a letter to Creative Commons, 559 Nathan Abbott Way, Stanford,

California 94305, USA.

A
knowledgements

This tutorial was developed as a part of the EU H2020 proje
t MINOUW.

This proje
t has re
eived funding from the European Commission's Horizon

2020 Resear
h and Innovation Programme under Grant Agreement No. 634495

for the proje
t S
ien
e, Te
hnology, and So
iety Initiative to minimize Unwanted

Cat
hes in European Fisheries (MINOUW).

http://minouw-proje
t.eu/

1



Contents

1 Introdu
tion to Dis
ards 5

1.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 5

1.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.2 What are Dis
ards . . . . . . . . . . . . . . . . . . . . . . . . 5

1.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.3 Why Dis
ards O

ur . . . . . . . . . . . . . . . . . . . . . . . 5

1.3.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2 Dis
ards, By-
at
h, and Slippage 6

2.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 6

2.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.2 What is By
at
h . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.3 What is Slippage . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.3.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.4 Similarities and Di�eren
es . . . . . . . . . . . . . . . . . . . . 8

2.4.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

3 E
osystem Impa
ts of Dis
ards 9

3.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 9

3.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.2 E
osystem Impa
ts of Dis
ards . . . . . . . . . . . . . . . . . 9

3.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.3 Population Level Impa
ts . . . . . . . . . . . . . . . . . . . . 10

3.3.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3.4 Spe
ies Assemblage Impa
ts . . . . . . . . . . . . . . . . . . . 11

3.4.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3.5 Environmental Impa
ts . . . . . . . . . . . . . . . . . . . . . . 12

3.5.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.6 Impa
t on S
avengers . . . . . . . . . . . . . . . . . . . . . . . 13

3.6.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

4 E
onomi
 Impa
ts of Dis
ards 14

4.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 14

4.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.2 Ba
kground to E
onomi
 Impa
ts . . . . . . . . . . . . . . . . 14

2



4.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.3 Commer
ially Valuable Dis
ards . . . . . . . . . . . . . . . . . 15

4.3.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4.4 Illegal Spe
ies Dis
ards . . . . . . . . . . . . . . . . . . . . . . 16

4.4.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.5 Low Commer
ial Value Dis
ards . . . . . . . . . . . . . . . . . 17

4.5.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.6 Monitoring and Prevention Costs . . . . . . . . . . . . . . . . 18

4.6.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

5 Mitigation Methods 20

5.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 20

5.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

5.2 Regulatory History of Dis
ards . . . . . . . . . . . . . . . . . 20

5.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

5.3 Dis
ard Bans . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

5.3.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

5.4 Generi
 Fishery Regulations . . . . . . . . . . . . . . . . . . . 25

5.4.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

5.5 The European Union's Ban . . . . . . . . . . . . . . . . . . . 27

5.5.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

6 E
onomi
 E�e
ts of Dis
ard Bans 29

6.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 29

6.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

6.2 E
onomi
 Losses . . . . . . . . . . . . . . . . . . . . . . . . . 30

6.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

6.3 E
onomi
 Gains . . . . . . . . . . . . . . . . . . . . . . . . . . 32

6.3.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

7 How to Measure Dis
ards 33

7.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 33

7.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

7.2 Types of Data Used . . . . . . . . . . . . . . . . . . . . . . . . 33

7.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

7.3 Data Colle
tion Issues . . . . . . . . . . . . . . . . . . . . . . 35

7.3.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

7.4 Issues Asso
iated with Dis
ard Rate . . . . . . . . . . . . . . . 37

3



7.4.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

7.5 Extrapolation Issues . . . . . . . . . . . . . . . . . . . . . . . 38

7.5.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

7.6 In
orporating Dis
ards into Assessments . . . . . . . . . . . . 39

7.6.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4



1 Introdu
tion to Dis
ards

1.1 Learning Obje
tives

1.1.1 Details

Learning Obje
tives 1

• Explain what dis
ards are

• Explain why dis
ards o

ur

1.2 What are Dis
ards

• De�nition of dis
ards

• What's 
onsidered a dis
ard

• Examples of dis
ards

1.2.1 Details

De�nition 1: Dis
ards

'The proportion of total organi
 material of animal origin in the 
at
h

whi
h is thrown away or dumped at sea, for whatever reason.' FAO

�sheries glossary

Thus, dis
ards are the unwanted or unintentional 
at
h. As su
h, dis
ards


an be of any spe
ies in
luding undersized target spe
ies, spe
ies of low or

no market demand, or �sh for whi
h the �shermen do not have a quota or

have already met their quota.

1.3 Why Dis
ards O

ur

• Why are dis
ards 
aught

• Why are dis
ards are released
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1.3.1 Details

Why Dis
ards O

ur

Generally speaking, dis
ards o

ur be
ause �shermen reje
t a segment of

their landed 
at
h. Throwing ba
k a portion of their landed 
at
h 
an o

ur

for several reasons:

• regulatory reasons

� individuals of the target spe
ies are too small

� the �shermen do not have adequate quota to keep the �sh

� the spe
ies is prote
ted

• e
onomi
 reasons

� the spe
ies of �sh is not of e
onomi
 value

� the size of the �sh is not of e
onomi
 value

� the �sh were damaged during the 
at
hing pro
ess and so are not

of e
onomi
 value

• storage reasons

� there is not enough spa
e in the storage 
ontainers

2 Dis
ards, By-
at
h, and Slippage

2.1 Learning Obje
tives

2.1.1 Details

Learning Obje
tives 2

• De�ne by-
at
h and di�erentiate it from dis
ards

• De�ne slippage and di�erentiate it from dis
ards

• Compare and 
ontrast dis
ards, by-
at
h, and slippage
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2.2 What is By
at
h

• De�nition of by
at
h

• What's 
onsidered by
at
h

• Examples of by
at
h

2.2.1 Details

De�nition 2: By
at
h

The portion of 
at
h whi
h is unintentionally taken while �shing for

another spe
ies.

Thus, anything whi
h is 
aught that was not dire
tly being �shed for is


onsidered by
at
h. For example, 
at
hing dolphin while �shing for tuna.

2.3 What is Slippage

• De�nition of slippage

• What is 
onsidered slippage

• Examples of slippage

2.3.1 Details

De�nition 3: Slippage

Unintentional 
at
hes from seine net �shing or pelagi
 spe
ies whi
h are

never landed.

Slippage, or slipping, is done by releasing a portion of the seine net 
at
h

after the drying-up period but before landing the 
at
h. During this pro
ess

many of the small spe
ies may es
ape. This method is 
ommonly done when

�shing for ma
kerel in the UK and sardines in Portugal in order to redu
e

landings of unwanted spe
ies [Stratoudakis and Marçalo, 2002℄.
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2.4 Similarities and Di�eren
es

• Spe
ies in
luded

• Landing of undesired individuals

• Alive vs. Dead when released

• Reason for releasing in relation to quotas

• Environmental impa
ts

2.4.1 Details

Dis
ards By
at
h Slippage

Types of spe
ies Target and non-

target

Non-target Target and non-

target

Care of unde-

sired spe
ies

Landed Landed Not landed

State of released

individuals

Usually dead Usually dead Usually alive

Relationship

with quota

Over quota, no

quota, or not re-

lated to quota

Not related to

quota

Done not to ex-


eed quota

Environmental

Impa
ts

Disrupts spe
ies

intera
tions,

may 
ause

spe
ies 
as
ades,

provides food

for seabirds,

provides food

for benthi


organisms

Negatively

impa
ts elasmo-

bran
h spe
ies,


an in
lude

the 
at
h of

endangered

spe
ies, 
an

a�e
t nutrient

�ow

Primarily im-

pa
ts small

�sh whi
h 
an


ause bottom-up

trophi
 
as
ades

Further Reading

For more information on by
at
h see Hall et al. [2000℄. For more information

on slipping see Tsagarakis et al. [2012℄
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3 E
osystem Impa
ts of Dis
ards

3.1 Learning Obje
tives

3.1.1 Details

Learning Obje
tives 3

• Explain the impa
t of dis
ards on 
ommer
ial sto
ks

• Explain the impa
t of dis
ards on non-
ommer
ial sto
ks

3.2 E
osystem Impa
ts of Dis
ards

• Ba
kground on e
osystem impa
ts

• Components of the e
osystem most a�e
ted

3.2.1 Details

The e
osystem impa
ts of dis
arding are largely related to nutrient and en-

ergy �ow. As su
h spe
ies are a�e
ted both dire
tly and indire
tly resulting

in e
osystem wide impa
ts. Or, in other words, both target and non-target

spe
ies are impa
ted and spe
ies 
an be both positively or negatively im-

pa
ted.

Although the responses to dis
arding tend to be situationally and spe
ies

dependent several "rules" tend to hold true. First, spe
ies whi
h are k-

sele
ted tend to su�er greater impa
ts than r-sele
ted spe
ies espe
ially when

the target spe
ies is r-sele
ted [Alverson et al., 1994℄. Se
ondly, dis
arding of

smaller �sh tends to result in greater e
osystem impa
ts due to higher rates

of dis
ard mortality [Alverson et al., 1994℄.

Generally speaking the e
osystem 
omponents of greatest 
on
ern are

population size, predatory/prey dynami
s, spe
ies stru
ture, aquati
 
ondi-

tions, and benthi
 
ommunities. As a result, the le
tures within this tutorial

will fo
us on these impa
ts.
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3.3 Population Level Impa
ts

• Impa
t of undersized target spe
ies dis
ards

• Impa
t of no or low e
onomi
 value spe
ies dis
ards

3.3.1 Details

Undersized dis
ards

Dis
ards of undersized target spe
ies have been shown to negatively impa
t

the population size of the target spe
ies. The resulting de
line in popula-

tion size has been attributed to the high mortality levels within the subadult

population. More spe
i�
ally, undersized target spe
ies tend to be subadults

and dis
arding tends to result in very high mortality rates. Thus, when the

subadults are dis
arded they are mostly dead de
reasing the number of indi-

viduals be
oming adults and in turn de
reasing the number of reprodu
tively

a
tive individuals and subsequently the number of o�spring produ
ed. As a

result, the population size of the targeted spe
ies tend to de
line.

Case Study 1: Haddo
k and Whiting in the North Atlanti


The North Atlanti
 mixed �shery 
ontained minimum landing size for


od, haddo
k, and whiting resulting in the dis
arding of undersized in-

dividuals. The asso
iated dis
ard mortality rate by age was:

Age Haddo
k Whiting

1 20% 15%

2 81% 15%

3 54% 15%

4 16% 15%

The high levels of subadult mortality from dis
arding was attributed to

the de
line in total population size for all three spe
ies.

This 
ase study was adapted from Alverson et al. [1994℄.
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No or Low E
onomi
 Value Dis
ards

The mode of population impa
ts from dis
arding low or no e
onomi
 spe
ies

varies greatly amongst spe
ies. However, the resulting impa
t tends to be

the same...population de
line.

E
onomi
ally unimportant spe
ies tend to be either low trophi
 level

spe
ies, su
h as those obtained in the tropi
al shrimp �shery, or high trophi


level spe
ies su
h as sharks and sturgeon. The high dis
ard mortality rates

for low trophi
 level spe
ies tends to result in bottom-up trophi
 
as
ades as

they are typi
ally important prey spe
ies. While the high dis
ard mortality

rates for high trophi
 level individuals tends to result in top-down trophi



as
ades.

The high mortality rates of these spe
ies 
an also result in their own

population de
line espe
ially for k-sele
ted spe
ies. In the 
ase of sharks, for

example, the removal of a few individuals via in
idental 
at
h and subsequent

dis
arding was enough to harm their population [Alverson et al., 1994℄.

3.4 Spe
ies Assemblage Impa
ts

• Impa
t on spe
ies assemblage

• Impa
t on energy �ow

3.4.1 Details

Spe
ies Assemblage

Fishing mortality resulting from dis
arding 
an shift spe
ies assemblages and

impa
t predator-prey dynami
s [Alverson et al., 1994℄. More spe
i�
ally, the

resulting de
rease in population size of the dis
arded �sh 
an result in the

in
rease of another spe
ies potentially altering the predators or prey that are

available. These shifts 
an 
hange foraging patterns and in turn potentially

foraging behavior. These patterns are espe
ially apparent when the dis
ards

are of non-targeted spe
ies.

Case Study 2: Asian Shrimping

In Thailand and Malaysia the families of Leiognathidae, Ariidae, Carangi-
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dae, Nemipteridae, and Pomadasyidae dominated the system prior to

the introdu
tion of shrimp trawling. However, with the onset of shrimp

trawling, the abundan
e of Leiognathidae dropped sharply due to its

high dis
ard mortality rate while pelagi
 spe
ies in
reased in abundan
e.

This 
ase study was adapted from Alverson et al. [1994℄.

Energy Flow

Dis
arding undersized target spe
ies tends to result in a de
line in juvenile

predatory abundan
e as well as prey abundan
e [Browder, 1981℄. Spe
i�-


ally, redu
ing prey abundan
e through non-target dis
arding shifts preda-

tion patterns. Thus, given limited options predators fo
us their e�orts on

the remaining prey spe
ies further redu
ing their population levels. While

the redu
ed prey abundan
es further de
reases predator abundan
es.

3.5 Environmental Impa
ts

• Impa
t on benthi
 
ommunity stru
ture

• Grounds poisoning

3.5.1 Details

Benthi
 Communities

Benthi
 
ommunity stru
ture is impa
ted dire
tly by being dis
arded and

indire
tly from in
reased predation. During the trawling pro
ess benthi


spe
ies 
an be brought to the surfa
e. Landed benthi
 spe
ies are then

dis
arded with very high rates of dis
ard mortality resulting in popula-

tion de
lines. However, for the individuals that survive the landing pro-


ess their redistribution into surfa
e waters results in high predation rates

[Alverson et al., 1994℄.

Ground Poisoning

Dis
arding non-target 
at
h and pro
essing waste has also been found to

result in grounds poisoning or spoiling.
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De�nition 4: Ground Poisoning/Spoiling

Oxygen depletion resulting from the de
omposition pro
ess 
onsuming

oxygen.

Thus, ground poisoning o

urs when the dis
arded waste, whether �sh or

�sh waste, sinks to the sea �oor initiating the de
omposition pro
ess. During

the de
omposition pro
ess the oxygen is 
onsumed by de
omposing ba
teria


reating anaerobi
 
onditions.

Ground poisoning tends to be highest when large quantities of dis
ards

are released from a stationary ship.

Case Study 3: New Zealand Hoki

Along the west 
oast of New Zealand, 47.800mt was dis
arded from a

hoki (Ma
ruronus novazealandiae)�shery resulting in a proje
ted oxy-

gen saturation redu
tion of 45-55%.

This 
ase study was adapted from Alverson et al. [1994℄.

3.6 Impa
t on S
avengers

• Bene�ts to s
avengers

• Negative impa
ts on s
avengers

3.6.1 Details

Bene�ts to S
avengers

Like most things the e
ologi
al impa
ts of dis
arding are not ex
lussively

negative. In fa
t, for s
avengers espe
ially seabirds, sharks, dolphins, and

benthi
 s
avengers the impa
t 
an be rather positive. Infa
t, some seabird

population in
reases have been attributed to dis
arding [Bellido et al., 2011℄.

The positive response from dis
arding 
an be attributed to in
reased for-

age. Spe
i�
ally, dis
arding �sh and �sh waste brings food supplies from

lower depths and makes them available at the surfa
e. As a result, seabirds

and other surfa
e s
avengers now have the opportunity to forage on spe
ies

13



they would otherwise not have a

ess to. However, they are unable to s
av-

enge all of the dis
ards allowing some to move through the water 
olumn

making them available to midwater s
avengers su
h as sharks. Eventually

the dis
ards rea
h benthi
 s
avengers like �sh, 
rabs, shrimp, and other in-

vertebrates [Bellido et al., 2011℄.

Negative Impa
ts

Although dis
arding in
reases food availability it also simultaneously in-


reases the probability of these s
avengers being 
aught by the �shery. More

spe
i�
ally, s
avengers feeding on dis
arded material are more likely to be

a

identally 
aught by �sherman than individuals not feeding on dis
ards.

4 E
onomi
 Impa
ts of Dis
ards

4.1 Learning Obje
tives

4.1.1 Details

Learning Obje
tives 4

• Explain how dis
arding e
onomi
ally impa
ts 
ommer
ial and non-


ommer
ial �sheries as well as was to mitigate these impa
ts

• Explain the e
onomi
 impa
t of illegal �sh dis
ards and monitor-

ing/prevention 
osts as well as ways to redu
e these impa
ts

4.2 Ba
kground to E
onomi
 Impa
ts

• Costs asso
iated with the a
t of dis
arding

• Costs asso
iated with the monitoring and prevention of dis
arding

4.2.1 Details

The e
onomi
 impa
t of dis
arding 
an be attributed to 2 major areas:

• the 
osts asso
iated with the a
t of dis
arding

14



• the 
osts asso
iated with monitoring and preventing dis
arding

A
t of Dis
arding

The e
onomi
 
osts asso
iated with the a
t of dis
arding itself deal primarily

with the e
onomi
 losses attributed to target spe
ies population de
lines and

impa
t on quotas. Thus, the 
osts dire
tly asso
iated with dis
arding are

typi
ally felt by those harvesting, pro
essing, marketing, and/or 
onsuming

the �sh [Alverson et al., 1994℄.

The indire
t e
onomi
 impa
ts asso
iated with dis
arding 
an be at-

tributed to 1)the impa
t of dis
arding 
ommer
ially valuable spe
ies on other

�sheries, 2) dis
arding non-legal individuals, and 3) dis
arding e
onomi
ally

unimportant non-target spe
ies. Thus, the remainder of this le
ture will dive

into more detail on ea
h of these areas.

Control and Monitoring

The e
onomi
 
ost of 
ontrolling and monitoring dis
ards is largely attributed

to enfor
ement 
osts, gear modi�
ation 
osts, and altering �shing behavior

to redu
e by-
at
h. As a result, the e
onomi
 impa
t is largely imposed on

�shermen and the agen
ies responsible for enfor
ing regulations.

Within the subsequent le
tures we will explore the 
osts asso
iated with

gear 
hanges, 
losing areas to �shing, and observer 
osts.

4.3 Commer
ially Valuable Dis
ards

• What is in
luded in this 
ategory

• How the 
ost is a

rued

• Solutions

4.3.1 Details

What's In
luded

Fish in
luded in this 
ategory are �sh whi
h are of 
ommer
ial value but not

the target spe
ies for the �shing vessel. In other words, �sheries exist for the

landed spe
ies yet they were 
aught by another. In this situation mu
h of

15



the �nan
ial strain is pla
ed on the �shery of the harvested spe
ies rather

than the �shery whi
h 
aught it.

Cost A

ruement

The e
onomi
 impa
t of dis
arding a 
ommer
ially valuable, non-target spe
ies

is expressed via population redu
tions. In other words, a

idental 
at
hes

tend to result in mortality redu
ing population size and in turn the number

of �sh available for harvest. Thus, the e
onomi
 impa
t in this situation is

largely a�e
ting the �shery of the non-target spe
ies via redu
ed harvests.

Solutions

A variety of solutions are available for dis
ards of non-target, 
ommer
ially

valuable spe
ies in
luding:

• vessel spe
i�
 in
entives or quota systems

• altering �shing behavior, i.e. 
hanging when a �shery is open or where

it is allowed to �sh

• in
reasing gear sele
tivity

However, the major 
on
ern when de
iding on a solution is sele
ting one

whi
h is e
onomi
ally feasible for the �shermen. Thus, the solution needs to

not only redu
e by-
at
h but also be �nan
ially bene�
ial for the �shermen

otherwise �shermen are not likely to adhere to the poli
y.

4.4 Illegal Spe
ies Dis
ards

• Explanation of what is in
luded in this 
ategory

• Current e
onomi
 impa
t

• Methods for redu
ing e
onomi
 impa
t

16



4.4.1 Details

What's In
luded

Fish in
luded in this 
ategory are individuals of the target spe
ies who are

not legal to keep. The dis
arded individuals are either under size, of the

wrong sex, or are obtained after quota has been met. Thus, the e
onomi


impa
t is a

rued by the �shery itself.

Loss A

ruement

E
onomi
 loss in this situation, like the last, is largely attributed to de
reases

in population size from de
reases in the number of individuals rea
hing sexual

maturity and from dire
t mortality. However, 
ost 
an also be a

rued if the

�shery alters its gear in order to avoid harvesting these individuals.

Solutions

One of the major issues with this type of dis
ard is that it is not in
luded in

mortality 
al
ulations. Spe
i�
ally, until re
ently the dis
ard of non-legal or

sub-optimal individuals was not in
luded in �shing mortality 
al
ulations. As

a result, �sheries 
ould 
ontinue to �sh until their tonnage of legal/optimally

sized individuals was rea
hed. Thus, �sheries would 
ontinue to �sh even

though they would have to potentially dis
ard individuals [Alverson et al.,

1994℄. Therefore, a reasonable solution is to require �sheries to in
lude these

"sub-optimal" individuals in their tonnage limits.

4.5 Low Commer
ial Value Dis
ards

• Why low or no 
ommer
ial value spe
ies still have an e
onomi
 im-

pa
t

• Methods for redu
ing e
onomi
 impa
t

4.5.1 Details

Loss A

ruement

Although this group of dis
ards does not have e
onomi
 value in and of them-

selves, their dis
arding does result in e
onomi
 losses. E
onomi
 losses 
an
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be a

rued from the pro
essing of the landed �sh. For example, 
at
hing,

sorting, and dis
arding the �sh all require manpower and therefore in
ur ex-

penses whi
h are not regained. Similarly, for at-sea pro
essors, lower fa
tory

throughput e�
ien
ies and higher labor 
osts from having to remove the

undesired spe
ies results in e
onomi
 losses [Alverson et al., 1994℄.

E
onomi
 loss 
an also be attributed to 
ompound impa
ts, i.e dis
ard

mortality a�e
ting other potentially e
onomi
ally bene�
ial spe
ies. For ex-

ample, if the dis
arded spe
ies is a prey spe
ies its de
reased population size

from dis
ard mortality may result in redu
ed growth, survival, and repro-

du
tion for its predatory spe
ies whi
h are often 
ommer
ially valuable.

However, dis
ard mortality 
an also result in e
onomi
 gain if the dis-


arded material results in in
rease prey availability for 
ommer
ially valuable

spe
ies. For example, dis
arded �sh 
an in
rease forage for 
ephalopods and

shrimp resulting in in
reased abundan
e.

Solutions

One way to redu
e the e
onomi
, and environmental, problems asso
iated

with the dis
arding of e
onomi
ally undesirable spe
ies is to 
reate/�nd a

market. Although these spe
ies may not be exportable their may be a lo
al

market or alternative market, su
h as �shmeal, whi
h 
an be exploited to

provide e
onomi
 bene�t. For this to work, however, the e
onomi
 gain has

to be more bene�
ial than dis
arding.

4.6 Monitoring and Prevention Costs

• What's 
onsidered in monitoring and prevention 
osts

• Costs asso
iated with prevention

• Costs asso
iated with monitoring

4.6.1 Details

What's In
luded

In
luded in the 
ost of monitoring and prevention are management and en-

for
ement 
osts as well as 
osts asso
iated with altering �shing gear and
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behavior to redu
e by-
at
h. Therefore the 
osts in
luded within this 
ate-

gory in
lude su
h things as:

• observer 
osts

• disposing of old gear and pur
hasing new gear

• redu
ed �shing times/lo
als

These 
osts 
an be divided into two 
ategories: 
osts asso
iated with pre-

venting dis
ards and the 
osts asso
iated with monitoring dis
ards.

Prevention Costs

Prevention 
osts are the 
osts a

rued by the �shing operation to redu
e

the likelihood of obtaining dis
ards. A 
ommon preventative 
ost is altering

gear to be more sele
tive. Gear alteration 
an in
ur 
ost by 1) the 
ost of

pur
hasing new equipment and/or 2)the lost �nan
ial gains when alternative

gear is not obtainable [Alverson et al., 1994℄.

Another preventative 
ost is the potential redu
tion in 
at
h from area

and seasonal 
losures. For example, the Bering Sea multi-spe
ies ground�sh

�shery shifted their start date from January to November [Alverson et al.,

1994℄.

Monitoring Costs

Mu
h of the monitoring 
ost is attributed to observers.

De�nition 5: Observer

Independent spe
ialists who work on ships to ensure regulatory adher-

en
e.

Observers are individuals paid to ensure that all rules and regulations re-

garding dis
ards, among are things, are being adhered to. Although the


ost of observers is substantial, it is mu
h more tangible than other methods

[Alverson et al., 1994℄.
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5 Mitigation Methods

5.1 Learning Obje
tives

5.1.1 Details

Learning Obje
tives 5

• Explain how governmental regulations are used to redu
e dis
ards

• Explain how dis
ard bans work

• Explain how general �shing regulations are used to regulate dis-


arding

• Explain the EU's methodology for redu
ing dis
ards

5.2 Regulatory History of Dis
ards

• International regulatory history

• Regulations of histori
al interesty

5.2.1 Details

International Regulatory History

The regulatory fo
us of the �shing industry has seen a dramati
 shift over

the last 50 years. Traditionally, �sheries management 
entered on avoiding

population 
rashes in order to ensure optimal 
at
hes [Kelleher, 2005℄. Dur-

ing this time, dis
ard resear
h and regulation fo
used largely on optimizing

mesh size to redu
e unwanted 
at
h while maximizing pro�table 
at
h. In

other words, dis
ards were looked at as a nuisan
e rather than an e
osystem

issue.

The fo
us on optimizing 
at
h 
arried into the 1980s. Infa
t, it was

not until the 1990s that dis
ards, espe
ially by-
at
h of marine mammals,

be
ame of interest to �sheries managers. However, this interest was largely

isolated to the United States. It wasn't until the late 1990s early 2000s

that the international �shing 
ommunity began expressing 
on
ern about the

e
osystem impa
ts of dis
arding. However, it was not until the mid 2010s
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that the European Commission began implementing stri
t dis
ard regulations

(see "The EU Approa
h" for more information).

In general, the shifting interest in dis
ards was largely driven by the

U.S. via a so
io-
onservation movement. Spe
i�
ally, 
onservation NGOs

began pushing 
ongress to adapt legislation that would redu
e the by
at
h

of marine mammals, sea turtles, and sea birds. In 1972 the marine mammal

prote
tion a
t was passed whi
h prote
ts 
eta
eans, pinnipeds, sirenians, sea

otters, and polar bears within U.S. waters. This a
t was followed up by

the Endangered Spe
ies A
t in 1973 whi
h made it illegal to "take" any

federally listed spe
ies and the Magnuson-Stevens Fishery Conservation and

Management A
t (1976) whi
h expanded U.S. jurisdi
tion from 12 to 200

nauti
al miles.

On
e regulatory standards were established, the U.S. began requiring

imported �sh to meet the same requirements. This brought by-
at
h, and

ultimately dis
ards, to the forefront of international poli
y talks.

Sin
e then a variety of dis
ard regulations have been used. There are two

primary ways of implementing a management regime fo
used on redu
ing

dis
ards, 1) a dis
ard ban or 2) set generi
 �sheries regulations whi
h are

aimed at redu
ing dis
ards.

Regulations of Interest

The following are international multilateral initiatives whi
h have impa
ted

dis
arding. The table is modi�ed from [Kelleher, 2005℄.
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Year Initiative Impa
t on Dis
ards

1973 Convention on International Trade in

Endangered Spe
ies of Wild Fauna and

Flora (CITES)

Under CITES, marine mammals, tur-

tles, and seabirds and some �sh spe
ies

are listed under Appendix I (spe
ies

threatened with extin
tion that are or

may be a�e
ted by trade), and Ap-

pendix II (Spe
ies threatened with ex-

tin
tion unless trade is subje
t to stri
t

regulations). CITES listing may have a

signi�
ant e�e
t on �sheries that 
at
h

su
h spe
ies

1979 Convention on Migratory Spe
ies The 
onvention has provided a forum

for the development of legally binding

regional agreements on marine mam-

mals and turtles

1982 Agreement for the Implementation of

the Provisions of the United Nations

Convention on the Law of the Sea

(UNCLOS) relating to the Conserva-

tion and Management of Straddling

Fish Sto
ks and Highly Migratory Fish

Sto
ks (United Nations Implementing

Agreement [UNIA℄)

...minimize...dis
ards,..., 
at
h of non-

target spe
ies both �sh and non-�sh

spe
ies, and impa
ts on asso
iated or

dependent spe
ies, in parti
ular endan-

gered spe
ies...

1992 Convention on Biologi
al Diversity Dis
ards a�e
t biodiversity along at

least three axes: spe
ies numbers,

spe
ies densities and spe
ies dispersion.

These impa
ts are not well understood,

parti
ularly with regard to benthos

1995 The Rome Consensus on World Fish-

eries adopted by the FAO Ministerial

Conferen
e on Fisheries

...redu
e by
at
hes, �sh dis
ards

1995 Code of Condu
t for Responsible Fish-

eries (CCRF)

...
olle
t information on dis-


ards...,...take a

ount of dis-


ards (in the pre
autionary ap-

proa
h)...,...develop te
hnologies that

minimize dis
ards...;use of sele
tive

gear to minimize dis
ards;...

1997 International Plan of A
tion (IPOA) on

seabirds

Prevention of seabird 
apture and

realease of seabirds

1998 International Plan of A
tion (IPOA) on

sharks

Minimize waste and en
ourage full use

of dead sharks

22



5.3 Dis
ard Bans

• What are dis
ard bans and what is their purpose

• Types of dis
ard bans and how they work

5.3.1 Details

Ba
kground to Dis
ard Bans

Dis
ard bans or "no-dis
ard" regimes are used by a variety of regulating

bodies to eliminate, or redu
e, dis
arding.

De�nition 6: Dis
ard Ban

Dis
ard bans made it illegal, under most 
ir
umstan
es, to dis
ard any

landed biologi
al material.

Essentially, dis
ard bans 
hange the way �shermen �sh and managers

manager. Fisherman swit
h from 
hoosing between landing unwanted �sh

and dis
arding them or selling them on alternative markets to 
at
hing and

not 
at
hing unwanted �sh. This in turn alters where and how �shermen

�sh. It eliminates highgrading and stops �shermen from �shing in areas

where they know they will land unwanted individuals.

De�nition 7: Highgrading

Dis
arding of low value target spe
ies to make room for higher valued

individuals [Vestergaard, 1996℄.

From a managers perspe
tive, it 
hanges the fo
us from landings to gross


at
hes and from produ
tion to total �shing mortality [Kelleher, 2005℄. Thus,

within a no-dis
ard regime �shing is more 
losely monitored via on-board

observers and more responsibility, i.e. obligation to move or stop �shing, is

pla
ed on the �shermen.

Implementing Dis
ard Bans

There are three systems through whi
h dis
ard bans 
an be implemented:

total allowable 
at
h (TAC), individual non-transferable quotas (INTQs),

and individuals transferable quotas (ITQs).
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De�nition 8: Total Allowable Cat
h (TAC)

Total allowable 
at
hes are annual, or biannual for deep sea sto
ks, 
at
h

limits whi
h are divided up for a parti
ular sto
k via quotas. TACs are

measured in tonnes.

Within a TAC system quotas, or tonnes of �sh 
aught, are given by spe
ies

for ea
h �shery. When a dis
ard ban is implemented within this system the

quota 
ontains a designated tonnage for "undesirable" individuals. In other

words, the quota is divided into two 
ategories 1) tonnes of target spe
ies

and 2) tonnes of undesirable biologi
al material.

From a regulatory perspe
tive, on
e the quota is met the �shermen must

stop �shing and the �shery is 
losed. Remember, the quota is set at the

�shery level rather than the individual level.

De�nition 9: Individual Non-transferable Quotas (INTQs)

Tonnage quotas are imposed on the individual, i.e. �shing vessel, and

are not allowed to be traded amongst vessels.

In an INTQ system, quotas, set as tonnage of biologi
al material, are assigned

to ea
h vessel, rather than the �shery as in TAC. The quotas in this 
ase 
an

also not be traded, or sold, amongst vessels. Thus, on
e a vessel has rea
hed

its quota it must stop �shing even if the �shery has not yet rea
hed its quota.

De�nition 10: Individual Transferable Quotas (ITQs)

A system in whi
h tonnage quotas are applied at the individual vessel

level and 
an be traded.

Individual transferable quotas fun
tion in the same way as INTQs in that

the quota is set to the individual vessel. However, in an ITQ system, unlike

an INTQ system, quotas 
an be traded or sold amongst or within vessels

depending on the regulations. Trading amongst vessels is 
ondu
ted within

a �shery whereas trading within a vessel is done a
ross spe
ies. For example,

in I
eland �shermen are allowed to pur
hase additional tonnage from other

vessels when their quota for a parti
ular spe
ies has been met. In Norway,

however, quotas are divvied up based on spe
ies ratio. Thus, on
e their

quota for one spe
ies is met they are able to substitute it for a portion of

their quota for another spe
ies as long as they maintain their assigned ratio.
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5.4 Generi
 Fishery Regulations

• What are generi
 �shery regulations for dis
ards and what is their

purpose

• Types of regulations and how they work

5.4.1 Details

Ba
kground to Generi
 Fishery Regulations for Dis
ards

A se
ond approa
h to redu
ing dis
ards is to set forth regulations aimed

at altering �shing behaviors. In other words, regulations are set whi
h ul-

timately de
rease dis
arding without dire
tly regulating dis
arding. Some

areas whi
h may be regulated in
lude:

• �shing e�ort

• landing 
omposition

• gear

• �shing 
losures

Implementing Generi
 Fishery Regulations for Dis
ard-

ing

As mentioned above, there are a wide variety of regulations whi
h 
an be

implemented in the hope of redu
ing dis
ards. Many of these regulations are

aimed at redu
ing a parti
ular 
ategory (i.e. spe
ies, size, sex, et
.) of dis-


ards. These regulations, however, do not dire
tly regulate dis
arding and

therefore may not a
tually redu
e total dis
ards but may rather shift dis-


arding from one spe
ies to another [Kelleher, 2005℄. However, their overall

goal is to redu
e dis
arding. Thus, for ea
h of the regulation types we will

address what they are and how they intend to redu
e dis
ards.

Fishing E�ort Regulations targeting �shing e�ort in
lude redu
ing �eet 
a-

pa
ity and/or days at sea as well as implementing 
losed seasons. They are

based on the notion that a major 
ontributor to dis
arding is over�shing.

Thus, by redu
ing the amount of �shing you will in turn redu
e the need for
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dis
arding.

Landing Composition Some 
ountries, su
h as Senegal, regulate some of their

�sheries via landing 
omposition, i.e. Senegal's shrimp �shery is required to

have at least 15% of the landings be shrimp. If these regulations are tied with

a dis
ard ban, i.e. �shermen are not allowed to dis
ard unwanted spe
ies,

then they 
an aid in redu
ing by
at
h. In the 
ase of Senegal's shrimp �shery,

the �shery has a dis
ard poli
y as well as the minimum landing per
entage

of 15% shrimp, if the 
omposition regulation is not adhered to it 
an a
tually

result in loosing your �shing li
ense. Thus, landing 
omposition requirements

0teamed with no-dis
ard poli
ies help to ensure that �shing pra
ti
es target

the desired spe
ies by negatively reinfor
ing dis
arding.

Gear Gear regulations fo
us on in
reasing sele
tivity via minimum mesh size

and by
at
h avoidan
e additives regulations, among others. Mesh size reg-

ulations aim at redu
ing dis
ards by redu
ing by
at
h. For example, by

in
reasing the minimum mesh size allowed one 
an redu
e the number of

undersized individuals 
aught. However, this does not ne
essarily redu
e

by
at
h of unwanted spe
ies. Thus, Kelleher [2005℄ re
ommends that all

minimum mesh size requirements be a

ompanied by rigging restri
tions as

rigging methodology 
an signi�
antly impa
t sele
tivity. By
at
h avoidan
e

additives also redu
e dis
ards by redu
ing by
at
h. With by
at
h avoidan
e

additives equipment is added to the �shing gear to redu
e the likelihood of


at
hing unwanted spe
ies. Examples of by
at
h avoidan
e additives in
lude

TEDs, turtle ex
losure devi
es; SSDs, seal saver devi
es; and BRDs, by
at
h

redu
tion devi
es.

Closures Fishing 
losures 
ome in two main forms: seasons and areas. Sea-

sonal 
losures aim at redu
ing the likelihood of 
at
hing juveniles. Spe
if-

i
ally, �sheries managers may alter start dates or temporally 
lose �shing

when juvenile abundan
e is parti
ularly high and then reopen the �shery

on
e they are either less a
tive or the proportion of adults:juveniles is greater.

Area 
losures may o

ur for the same reason. Although, area 
losure may

also o

ur when abundan
es of an undesired spe
ies are parti
ularly high in

a spe
i�
 lo
ation.
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5.5 The European Union's Ban

• What is the ban

• How the ban will work

• Implementing the ban

• Enfor
ing the ban

• In
entives

5.5.1 Details

Case Study 4: EU Dis
ard Ban

As part of the 2013 Common Fisheries Poli
y (CFP) the European Union

pledged to gradually eliminate dis
arding via a landing obligation. The

landing obligation requires that all landed 
ommer
ial spe
ies be 
ounted

towards quota. The landing obligation states that undersized individuals

must be retained but may not be used for human 
onsumption while

illegal spe
ies, su
h as the basking shark, may not remain on board and

therefore must be returned to the sea. All illegal spe
ies returned to the

sea must be re
orded [e
2℄.

Implementing the Ban

The proposed ban will be implemented in
rementally between 2015 and

2019. The ban a�e
ts all 
ommer
ial �sheries, in
luding spe
ies reg-

ulated by TACs and minimum size, whi
h �sh in European waters or

European vessels whi
h �sh in the high seas. Spe
i�
 spe
ies regula-

tions will be do
umented in temporary dis
ard plans. Temporary dis-


ard plans will in
lude information on: spe
ies 
overed, do
umenting

requirements, minimum 
onservation referen
e sizes, as well as exemp-

tions. Ea
h plan is in e�e
t for 3 years after whi
h time it will be

in
orporated into a Multi Annual Plan [e
2℄.

The ban works su
h that ea
h year between 2014 ad 2016 a new set

of �sheries must 
omply. In 2014 pelagi
 spe
ies must adhere to a no

dis
ard poli
y followed by demersal spe
ies (
od, hake, and sole) in 2015
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and all spe
ies in 2016 [e
C℄.

Enfor
ing the Ban

The general guidelines for the ban state that spe
ies whi
h have high

dis
ard survival rates are to be identi�ed and released live while spe
ies

with low dis
ard survival rates are to be landed and 
ounted towards

quota. However, the ban identi�es spe
i�
 handling guidelines for un-

dersized �sh, �sh 
aught outside quota limits (both individual and na-

tional), and e�ort management systems.

Undersized �sh Size limitations will be set based o� of the spe
ies

biology and will be used to improve gear spe
i�
ity. Undersized individ-

uals 
an only be sold for �sh meal or pet food produ
tion and thus only


over the landing 
osts without providing �nan
ial gain. Enfor
ement

of undersized individuals will be 
ondu
ted at the regional level via re-

gionalization.

Individual quota All �sh, even those 
aught after the quota has been

met, must be landed. On
e landed it is the �shermen's responsibility to

obtain, i.e. trade or buy, the ne
essary quotas from other ships.

National quotas If a national �shery ex
eeds a years quota it is the

member state's responsibility to as
ertain the ne
essary quota elsewhere.

Ex
ess quotas may be obtained from histori
ally unmet quotas or by

trading with other member states. If the quota 
annot be met, the over-

age amount will be dedu
ted from the following years quota.

E�ort management systems E�ort restri
tions are to be allo
ated

and not exhausted. In the event that e�ort supersedes the allo
ated

amount 
ommer
ial spe
ies above the minimum size may not be sold on

market.

In order to enfor
e these rules all vessels must have:

• ele
troni
 logbooks
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• vessel monitoring systems (VMS)

• underwater 
ameras (CCTV)

• observers

The required equipment, however, is �uid in that as new te
hnologies

emerge the requirements will 
hange. This is parti
ularly true for tra
k-

ing, reporting, and analysis tools [e
C℄.

In
entives

In
orporated into the plan are in
entives for in
reasing sele
tivity and

landing. Spe
i�
ally �nan
ial in
entives are available for te
hni
al or

organizational innovation, gear sele
tivity improvements, and by-
at
h

redu
tion improvements. Finan
ial in
entives are also available for par-

ti
ipating in on-board resear
h.

Finan
ing is also available for improving produ
t labeling and mar-

ketability.

Member states also have the ability to apply quota in
entives. For

example, if a parti
ular vessel has signi�
antly lower by-
at
h the mem-

ber state 
an in
rease its quota at the 
ost of another vessel [e
C℄.

6 E
onomi
 E�e
ts of Dis
ard Bans

6.1 Learning Obje
tives

6.1.1 Details

Learning Obje
tives 6

• Explain the e
onomi
 losses(�shermen and non-�shermen)

• Explain the e
onomi
 gains (�shermen and non-�shermen)
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6.2 E
onomi
 Losses

• Costs asso
iated with sorting, landing, and transportating the pre-

viously dis
arded material

• Costs asso
iated with quotas

• Costs asso
iated with gear sele
tivity

6.2.1 Details

The e
onomi
 losses asso
iated with the European dis
ard ban were summa-

rized by Cat
hpole et al. [2014℄ as:

• losses due to the extra sorting, landing, and transportation 
osts from

the otherwise dis
arded material

• losses from 
ounting dis
ards towards quota

• losses from 
ounting undersized, non-marketable �sh towards quota

(i.e. 
an no longer sell these �sh on the more pro�table human market)

• losses from in
reasing gear sele
tively

Sorting, Landing, and Transportation Costs

The landing, and in turn, handling of previously dis
arded spe
ies has been

found to result in in
reased vessel 
osts [Cat
hpole et al., 2014℄. Landing

previously dis
arded spe
ies in
reases the time needed to sort through the


at
h whi
h may slow �shing operations. Ultimately, the in
reased sorting

time may redu
e the amount of �shing time available to a parti
ular vessel.

The in
reased load and variety of spe
ies may also a�e
t the sorting pro
esses,

i.e. sorting methods/e�
ien
ies may need to be altered to a

ommodate the

new dynami
s. In order to 
ompensate some vessels may hire extra sta�,

thus de
reasing pro�t margins. Similarly, extra storage 
ontainers may be

needed to handle the extra dis
ard load both on vessel and in port.

From a transportation perspe
tive, vessels are expe
ted to see an in
rease

in transportation 
osts as the previously dis
arded material now needs to be

delivered to pro
essing plants. Currently, there are two major e
onomi


issues asso
iated with transportation 1) transportation e�
ien
y and 2)pro-


essing plant lo
ation. The biologi
 material is shipped to pro
essing plants
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in storage bins, whi
h under normal 
ir
umstan
es would not be shipped

unless they are 
ompletely full; however, in the 
ase of dis
ards are often

shipped below 
apa
ity. Thus, the 
ost per unit is higher even though prod-

u
t value is lower. This issue, however, may be resolved on
e all �sheries

are fully obliging to the landing obligation. The 
ost ine�
ien
y issues are

exa
erbated, 
ompared to marketable spe
ies, be
ause the distan
e between

ports and �shmeal pro
essing plants are typi
ally greater than the distan
e

between ports and 
ommer
ial markets.

Costs Asso
iated with Quotas

The most substantial e
onomi
 
ost is the e
onomi
 loss due to �lling quotas

with e
onomi
ally subpar material. The 
ost of �lling quota with lower valued

spe
ies 
an be espe
ially detrimental in the 
ase of 
hoke spe
ies.

De�nition 11: Choke Spe
ies

A spe
ies whi
h, even at low quota, 
an 
ause a �shing vessel to have to


ease �shing even if they have not met quota for other spe
ies.

The biggest 
hoke spe
ies threat is from spe
ies that do not have a TAC.

Thus, if a spe
ies without a TAC is 
aught it 
ould theoreti
ally halt all

�shing.

E
onomi
 losses asso
iated with quotas 
an also 
ome in the form of

missed future gains. More spe
i�
ally, if undersized spe
ies are 
aught and


annot be dis
arded the vessel is missing out on the opportunity on 
at
hing

them at size. This results in the vessel having to sell the �sh as �shmeal

rather than to the more pro�table human market.

Gear Sele
tivity

Vessel operators 
an experien
e e
onomi
 loss due to gear sele
tivity by 1)


ost of new gear and 2) potential loss from in
reased sele
tivity. Spe
i�-


ally, in order to avoid the 
apture of quota limited spe
ies, i.e. undersized

individuals, �shermen may pur
hase new gear in
urring the gear's 
ost. Al-

though this may limit the 
apture of undersized spe
ies it may also redu
e

the 
apture of non-limited and non-quota spe
ies whi
h 
ould be sold.
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6.3 E
onomi
 Gains

• Bene�t from bait market

• Bene�t to alternative markets

• Bene�t to �shermen (in
reased quotas)

6.3.1 Details

The e
onomi
 gains asso
iated with the European dis
ard ban were summa-

rized by Cat
hpole et al. [2014℄ as:

• de
reased bait 
osts

• in
reased produ
t/pro�t for non-human 
onsumption outlets

• in�ated quotas to 
ompensate for 
ounting dis
ards

• in
reased work and in turn pro�t for transportation 
ompanies

Bait Costs

Under previous regulations it was illegal to use undersized individuals as bait

in pots. However, under the landing obligation, some vessels maybe able to

use some of their undersized �sh as bait whi
h is mu
h more lu
rative. This

new market 
ould provide e
onomi
 gains due to the higher market value

relative to �shmeal and the elimination of transportation 
osts. However,

the market is 
urrently rather limited.

Alternative Markets

Currently there are several markets for previously dis
arded �sh in
luding:

�shmeal, pot bait, pet food, and animal feed. Ea
h of these markets do

provide some �nan
ial gain. However, the �nan
ial gain of these markets

is dependent on handling and transportation 
osts and may vary seasonally.

Even at low input 
osts the pro�t margins are expe
ted to rather low.
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In�ated Quotas

The largest potential e
onomi
 gain is asso
iated with the in
reased quotas.

In order to 
ompensate for 
ounting the e
onomi
ally undesirable �sh to-

wards quota managers have in
reased quotas. Therefore, if a vessel is able

to maintain relatively low landing rates of undesirable individuals they 
ould

potentially land more e
onomi
ally desirable individuals thus in
reasing their

pro�t margins.

7 How to Measure Dis
ards

7.1 Learning Obje
tives

7.1.1 Details

Learning Obje
tives 7

• Explain the type of data 
urrently used to estimate dis
ard rates

• Explain the issues with the 
urrent data

• Identify solutions to the data issues

• Explain how the data is in
orporated into assessments

7.2 Types of Data Used

• How the data is 
olle
ted

• Types of data 
olle
ted

• Dis
ard database

• Dis
ard 
al
ulations
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7.2.1 Details

Data Colle
tion

Dis
ard data is typi
ally 
olle
ted in one of four ways: 1) on-board observer

re
ords 2) on-board �sher re
ords, 3) interviews with �shers, or 4) through

a 
omparison of landings with a known pro�le of total 
at
h. A

ording to

Kelleher [2005℄ observer data is 
onsistently the most a

urate and 
omplete

data sour
e. However, it is also the most expensive to 
olle
t.

The 
olle
ted data should in
lude lo
ation, �shing gear used, and target

spe
ies as well as tonnage of landings and dis
ards. The data should then be

input into the dis
ard database.

Dis
ard Database

The dis
ard database is an international depository of all dis
ard data. As of

2005, the database 
ontained over 2000 re
ords of whi
h 1275 
ontain quan-

titative information on either landings or dis
ards [Kelleher, 2005℄. However,

only 788 re
ords 
ontain both the landings and dis
ards for a given �shery.

Dis
ard Cal
ulations

Dis
ard data is typi
ally 
onverted to dis
ard rate and is 
al
ulated on the

�shery level.

De�nition 12: Dis
ard Rate

The proportion, per
entage, of the total 
at
h whi
h is dis
arded [Kelleher,

2005℄.

De�nition 13: Fishery

A �shery is 
omprised of all �eets whi
h �sh the same area, using the

same gear, and are targeting the same spe
ies.

Thus, dis
ard rate provides the amount of dis
ards in relation to the

total 
at
h. However, typi
ally a weighted dis
ard rate is used. The weighted
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dis
ard rate is 
al
ulated from 
omplete entries, i.e. 
ontain both the tonnage

of target 
at
h and tonnnage of dis
ards, for ea
h �shery using

Weighted discard rate(%) =
Summed discards(tonnes)x100

Summed discards+ summed landings(tonnes)

Another 
ommon 
al
ulation is average dis
ard rates.

De�nition 14: Average Dis
ard Rate

Average of the individual dis
ard rates for a set of �sheries [Kelleher,

2005℄.

7.3 Data Colle
tion Issues

• Issues with data in
lusiveness

• Variability issues

• Correlation issues

• Sampling issues

• Solutions

7.3.1 Details

Some of the major issues asso
iated with dis
ard data are:

• non-existent or in
omplete data

• dis
ards have high variability

• dis
ards are di�
ult to 
orrelate with other data

• dis
ard data are not randomly sampled

Data In
lusiveness

Probably the largest issue fa
ing dis
ard data is the la
k of data. Although

dis
ards have been identi�ed as an important part of the �shing industry

many of the �sheries do not 
olle
t 
omplete dis
ard data. A

ording to
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Bellido et al. [2011℄, the la
k of 
omplete dis
ard data 
an be attributed to

the monitoring and resear
h e�ort needed to 
olle
t this type of data. As a

result, mu
h of the 
olle
ted data is for a limited time period and typi
ally not

available for the entire �shery (only some �eets 
olle
ted the data). Infa
t,

Kelleher [2005℄ found that only 788 of the more than 2000 entries in the

dis
ard database 
ontained quantitative data on both landings and dis
ards.

Variability Issues

Typi
ally, the best and most 
omplete data is 
ompiled from on-board ob-

servers. One of the major issues, however, with on-board observer data

is the high spatial and temporal variation shown within dis
ard patterns

[Bellido et al., 2011℄. This variability 
an be attributed to 
hanging �shing

behavior due to 
at
h 
omposition, season, area, gear, �sh marketability,

port, quotas, trip duration, and regulation di�eren
es. For example, inter-

annual variation may be linked to the abundan
e of smaller, less marketable

�sh, i.e. at times when smaller sized year
lasses are more abundant the

dis
ard rate will be higher [Kelleher, 2005℄.

If the variability is not properly taken into 
onsideration it 
an signi�-


antly bias dis
ard rates.

Correlation Issues

A suggested solution to address the variability issues is to 
olle
t more auxil-

iary data. Spe
i�
ally, the 
olle
tion of environmental, biologi
al, regulatory,

and market data have been suggested. However, the ability to 
orrelate these

data with dis
ard rates is typi
ally unsu

essful due to �shermen being driven

by game theory rather than the previously mentioned parameters [Kelleher,

2005℄.

Sampling Issues

On-board observer data also fa
es two other issues: 1) altered �shermen

behavior due to the presen
e of the observer and 2)non-random sampling.

Be
ause on-board observers are typi
ally used to ensure the adheren
e

to dis
ard regulations, it is suggested that �shermen will alter there dis
ard

behavior while observers are on-board. Thus, on-board observation data may

provide arti�
ially low estimates of dis
ards.
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Also, the observers are not randomly pla
ed among ships or even �eets.

As a result, the estimates provided may not be representative of the �eet or

�shery as a whole.

Solutions

As previously mentioned, one solution is to determine a set of auxiliary pa-

rameters whi
h 
an be used to ba
k
al
ulate dis
ard rate when in
omplete

data is present. This, would ideally be able to redu
e variability while in-


reasing sample size, i.e. redu
ing the number of in
omplete data sets. The

data needed to adquately adjust for variation and �ll in missing information

will most likely have to be �shery spe
i�
 [Bellido et al., 2011℄. In other

words, the data needed to redu
e variability and in
rease sample size will

vary a
ross �sheries.

Another solution is to 
ombine on-board and shore-based sampling meth-

ods. This provides a way to 
ompare estimates while also providing insights

into the 
orrelation between landings and dis
ards.

In order to redu
e obsever 
ost and observer related behavioral 
hanges

on-board 
ameras have been suggested. The 
ameras would be deployed on

the de
k and 
ould be 
ompared with port information to provide a more

realisti
 idea of dis
ard rates.

7.4 Issues Asso
iated with Dis
ard Rate

• Dis
ard rate assumptions

• Issues with the landing/dis
ard 
orrelation

• Issues with data resolution

7.4.1 Details

Dis
ard rate assumptions

As previously dis
ussed, dis
ard rate is the proportion, or per
entage, of

dis
arded biomass relative to the total amount of landed biomass and it

is typi
ally 
al
ulated as a weighted average a
ross a �shery. Inorder to

a

omplish this several assumptions have to be made:
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• the relationship between landings and dis
ards are linear at the aggre-

gate level

• dis
ard rates are similar a
ross all vessels within a �eet or �shery

• similar �sheries have similar dis
ard rates

These assumptions, however, are asso
iated with some nuan
es when 
al-


ulating �shery level dis
ard rates.

Landings/Dis
ards Correlation

As previously mentioned, it is often assumed that the relationship between

landings and dis
ards for a parti
ular ship is linear. Ultimately, this as-

sumes that the total quantity of dis
ards 
an be derived from landings data.

This relationship, however, does not ne
essarily hold true at the individual

trip/gear level or to landings of the target spe
ies [Kelleher, 2005℄. This issue

is exa
erbated when s
alling up as will be dis
ussed on the next slide.

Data Resolution

Cal
ulating dis
ard rate is typi
ally 
ompleted on the �eet level while dis-


ard data is 
olle
ted on the vessel level. However, dis
ard data is typi
ally

not available for all of the vessels within a parti
ular �shery. As a result,

known dis
ard rates are applied to similar vessels whose data is la
king. As

previously dis
ussed, however, signi�
ant variation 
an exist a
ross similar

vessels making this assumption problemati
.

7.5 Extrapolation Issues

• Ways to extrapolate or raise the data

• Extrapolation issues

• Solutions
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7.5.1 Details

Extrapolation Methods

In order to obtain �shery or �eet level estimates of dis
ards the data, whi
h

are often on the sample level, must be extrapolated or raised to the �shery

or �eet level. Extrapolating 
an be a

omplished using one of two methods,

1) extrapolate as a fun
tion of e�ort or 2)extrapolate as a fun
tion of total


at
h for the �shery. However, e�ort data is often times non-existent and


at
h data is often derived from landings data. Thus, both methods have

asso
iated problems.

Extrapolation Issues

Be
ause e�ort data is typi
ally nonexistent, extrapolating from landing data

is more 
ommon. This often means that dis
ard estimates are raised as a

fun
tion of a single target spe
ies' landings data. However, target spe
ies

landings and dis
ards tend to be very loosely 
orrelated, if at all. Kelleher

[2005℄ attributes this weak 
orrelation to target spe
ies landings being more


losely related to the distribution and availability of the target spe
ies rather

than the temporal or spatial distribution of dis
arded spe
ies.

Solutions

Kelleher [2005℄, suggests using 
omplex models whi
h 
ontain information

on 
at
h 
omposition, minimum landing sizes, year 
lasses, seasons, and/or

market pri
es as they are more likely to be related to dis
ard rates than

target spe
ies landings alone.

7.6 In
orporating Dis
ards into Assessments

• Why dis
ards should be in
orporated

• In
orporation into sto
k assessments
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7.6.1 Details

Why In
lude in EAFM

A

ording to Bellido et al. [2011℄, EAFM should in
lude dis
ards be
ause:

• dis
ards dire
tly a�e
t the balan
e, diversity, and fun
tioning of the

e
osystem

• dis
ards 
ould negatively impa
t �sheries

• dis
ards are per
eived as wasteful and ine�e
tive

• dis
ard regulations often have redu
ed 
omplian
e

In
orporation into sto
k assessments

One way dis
ards should be in
orporated into EAFM is via sto
k assessments.

Within a sto
k assessment, dis
ards should be in
orporated into mortality

estimates as their ex
lusion 
ould result in underestimating �shing mortality.

The problem with in
luding this information, however, is the la
k of reliable

data. Using unreliable data 
ould potentially bias the results leading to

ina

urate population estimates and ultimately 
ould impa
t quotas.

On the other hand, in
luding dis
ards 
ould provide insight into strong

year 
lasses. Punt et al. [2006℄, found that in
orporating dis
ards into south-

eastern Australian �sheries assessments dete
ted strong year-
lasses prior to

appearing in landing data. This suggests that ex
luding dis
ard data 
ould

result in biased assessments.

Further Reading

For more information on dis
ards see Kelleher [2005℄ and Alverson et al.

[1994℄. For examples of dis
ards being in
luded within an EAFM framework

see Punt et al. [2006℄.
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