
�sh610.2 E
ologi
al 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

MareFrame is a EC-funded RTD proje
t whi
h seeks to remove the barriers

preventing more widespread use of the e
osystem-based approa
h to �sheries man-

agement.

http://mareframe-fp7.org

This proje
t has re
eived funding from the European Union's Seventh Frame-

work Programme for resear
h, te
hnologi
al development and demonstration under

grant agreement no.613571.

http://mareframe-fp7.org

The University of I
eland uses the tutor-web in many 
ourses and funds 
ontent-

development as a part of this use.

The University of I
eland Resear
h Fund has funded many of the studies de-

veloping algorithms uses in tutor-web.

http://www.hi.is/

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 Individual Considerations 4

1.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 4

1.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.2 Introdu
tion to Individual Considerations . . . . . . . . . . . . 4

1.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.3 Sex-Based Di�eren
es . . . . . . . . . . . . . . . . . . . . . . . 5

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

1.4 Phenotypi
 Variation . . . . . . . . . . . . . . . . . . . . . . . 8

1.4.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.4.2 Why In
lude Phenotypi
 and Life History Variation . . 9

1.4.3 Further Reading . . . . . . . . . . . . . . . . . . . . . 9

1.5 Variation in Body Size . . . . . . . . . . . . . . . . . . . . . . 10

1.5.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.6 Behavioral Variation . . . . . . . . . . . . . . . . . . . . . . . 11

1.6.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.7 Physiologi
al Variation . . . . . . . . . . . . . . . . . . . . . . 13

1.7.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.8 In
orporating Individuals into an EAFM Framework . . . . . 14

1.8.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2 Habitat Considerations 16

2.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 16

2.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.2 Essential Fish Habitat (EFH) . . . . . . . . . . . . . . . . . . 17

2.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.3 Habitat Components . . . . . . . . . . . . . . . . . . . . . . . 18

2.3.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.4 Marine Prote
ted Areas (MPA) . . . . . . . . . . . . . . . . . 22

2.4.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.5 In
orporating Habitat into an EAFM Framework . . . . . . . 25

2.5.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3 Community Considerations 26

3.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 26

3.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.2 Role of Trophi
 Cas
ades in an E
osystem . . . . . . . . . . . 27

2



3.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

3.3 Trophi
 Indi
ators . . . . . . . . . . . . . . . . . . . . . . . . 29

3.3.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.4 Trophi
 Intera
tions: Marine Trophi
 Index (MTI) . . . . . . 30

3.4.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.5 Trophi
 Intera
tions: Fishing in Balan
e (FiB) . . . . . . . . . 32

3.5.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3.6 Trophi
 Intera
tions: Pelagi
/Demersal Index (P/D) . . . . . 33

3.6.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.7 In
orporating Community Considerations into an EAFM Framework 34

3.7.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4 Climati
 Considerations 35

4.1 Learning Obje
tives . . . . . . . . . . . . . . . . . . . . . . . . 35

4.1.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.2 Global Climate Change (GCC) and O
ean A
idi�
ation . . . . 35

4.2.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.3 Climati
/Habitat Components to Consider . . . . . . . . . . . 38

4.3.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.4 E
osystem Responses to Climati
 Change . . . . . . . . . . . . 39

4.4.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.5 In
orporating Climati
 Considerations into an EAFM Framework 43

4.5.1 Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

3



1 Individual Considerations

1.1 Learning Obje
tives

1.1.1 Details

Learning Obje
tives 1

• Explain why individual 
hara
teristi
s su
h as body size should be

in
luded in an EAFM framework

• Explain why variation in phenotype, behavior, and physiology

among individuals should be in
luded in an EAFM framework

• Explain how individual 
onsiderations 
an be in
orporated into an

EAFM plan

1.2 Introdu
tion to Individual Considerations

• E
ologi
al s
aling (Individual to e
osystem)

• Why in
lude the individual level

• Individual 
omponents to be 
onsidered

1.2.1 Details

Figure 1: Levels of e
ologi
al organi-

zation.
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Why In
lude the Individual

When in
luding individuals within an EAFM framework one is really 
onsid-

ering the variation among individuals within a population, i.e. phenotypi


di�eren
es, physiologi
al di�eren
es, behavioral di�eren
es, et
. Variation or

problems at the individual level 
an often 
as
ade to the population, 
om-

munity, and even e
osystem level and are therefore an important 
omponent

in developing an EAFM management plan. For example, environmental fa
-

tors 
an in�uen
e 
ellular pro
esses and organ fun
tion whi
h 
ombine to

impa
t individual �tness whi
h drives population-level pro
esses and 
an ef-

fe
t e
osystem stru
ture and fun
tion [Ward et al., 2016℄. In other words,

individual variation should be in
luded within an EAFM framework be
ause

variations in individuals transfer dire
tly to how the population fun
tions

and links the population to its e
osystem.

Important Individual Components

A

ording to Ward et al. [2016℄ there are several individual 
hara
teristi
s

that warrant 
onsideration when developing an EAFM management plan:

• Sex-based di�eren
es

• Phenotypi
 variation

• Body-size di�eren
es

• Behavioral variation

• Physiologi
al variation

The reason it is important to 
onsider these 
hara
teristi
s as well as how

they are in
orporated into an EAFM management plan will be 
overed in

the subsequent slides.

1.3 Sex-Based Di�eren
es

• De�ne sex-based di�eren
es

• Explain the impa
t of sex on 
at
hability

• Explain what 
auses sex ratios to be altered (in
luding examples)

• Impa
t of altered sex ratios on e
osystem e
ology

5



1.3.1 Details

What are Sex-Based Di�eren
es

When dis
ussing sex-based di�eren
es within an EAFM framework one is

looking at the di�eren
es between the sexes and how they impa
t mating

systems. Thus, 
hara
teristi
s that vary among individuals su
h as size,

behavior, and rate of maturity should be looked at. These 
hara
teristi
s are

of interest be
ause they impa
t the 
at
hability of an individual whi
h 
an

alter sex ratios and subsequently mating system and the e
osystem.

Cat
hability, Sex Ratios, and Populations

Fisheries tend to sele
t for the largest, fastest maturing, most a
tive, most ag-

gressive individuals [Stokes and Law, 2000, Rowe and Hut
hings, 2003℄. As

a result, these individuals are removed from the mating pool redu
ing phe-

notypi
 variation within the population. Typi
ally, these individuals are also

the preferred mates, so, removing them from the population 
an result in re-

du
ed reprodu
tive investment and fertilization rates and in turn de
reased

o�spring viability [Sheldon, 2000℄.

These 
hara
teristi
s (larger size, qui
ker maturity, and more a
tive and

aggression) also tend to be more prominent in males whi
h means �sheries are

preferentially sele
ting males skewing the sex ratio. Having a female favored

sex ratio 
an redu
e reprodu
tive su

ess by de
reasing the probability of

en
ountering a suitable mate. This is espe
ially true if the sex being sele
ted

for is the "
hoosie" sex, i.e. the one the sele
ts the mate. A female skewed sex

ratio 
an also redu
e fertilization rates by redu
ing the amount of investment

females pla
e on reprodu
tion. For example, female Banggai 
ardinal�sh,

Pterapogon kauderni, provide more resour
es to their eggs when they mate

with a "desirable" male as apposed to a lesser male [Kolm, 2002℄.

Redu
ed reprodu
tive rates from skewed sex ratios have been found to in-


rease the rate of population de
line and de
rease the re
overy rate [Rowe and Hut
hings,

2003℄. The relative impa
t on population de
line and re
overy in
reases as

the

1. intensity of mate 
ompetition in
reases

2. importan
e of mate �tness in
reases; and

3. sex bias be
omes more extreme within a 
ommer
ial �shery
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As the desire by 
ommer
ial �sherman to 
at
h larger individuals in
reases

the male to female ratio be
omes more skewed potentially in
reasing mate


ompetition among females and in
reasing the importan
e of �nding the

�ttest male. These impa
ts in turn a�e
t the rate at whi
h a population

de
lines or re
overs from a de
line. Thus, the sele
tion for large individuals

has the potential to in
rease the rate of population de
line and de
rease the

rate of re
overy. As a result, it is important for managers to 
onsider the

impli
ations of size regulations on individuals when developing a management

plan.

Case Study 1: Atlanti
 Cod

Cod are broad
ast-spawners with signi�
ant size and behavioral varia-

tion among individuals. Female 
od rea
h sexual maturity between 2-7

years of age and between 35-85 
m in size. Cod release their eggs over

a 3-6 week period within a 6-12 week period. The number and size of

eggs also varies among individuals as well as the depth with whi
h they

are released.

During the spawning season, males tend to be deeper in the water

than females as a ventral mount is required for mating. This behavior,

however, in
reases the sus
eptibility of males to �shing gear (the �shing

gear is deployed on or near the bottom) altering the sex ratio during the

mating season. The sex ratio may be further altered by the largest most

territorial males being more likely to be harvested. This may result in

redu
ed quality and size of males, i.e. higher quality males are deeper

in the water and more a
tive. Redu
ing the quality and size of males

available to females, who are thought to be the 
hoosers, may negatively

a�e
t reprodu
tion in several ways

• Male and female 
od need to be relatively equal in size to repro-

du
e. Thus, if large males are preferentially removed from the

population then large females will have fewer mate options.

• Females may require more time to �nd an adequate mate altering

the reprodu
tive season.

• Delayed spawning 
ould result in over-ripening of gametes redu
ing

the probability of fertilization and developmental su

ess of the
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o�spring.

The impa
t on reprodu
tion may negatively impa
t the population

as a whole. Spe
i�
ally, redu
ing the size of 
od reprodu
ing su

essfully

has been found to trun
ate the average body size for a population. For

example, the mean individual mass of northern 
od in Newfoundland

de
reased by 50% between 1962 and 1991 (a period of overexploitation

resulting in a population 
rash). The redu
ed size variation is a result

of redu
ed geneti
 variation. Thus, the re
overing population will have

less geneti
 material to sele
t upon.

This 
ase study was adapted from Rowe and Hut
hings [2003℄.

1.4 Phenotypi
 Variation

• What is phenotypi
 variation

• Examples of phenotypi
 variation

• Why phenotypi
 and life history varia-

tion should be in
luded

Phenotypi
 variation expressed as

pattern and 
oloration di�eren
es in

Donax variabilis. Photo was taken by

Debivort.

1.4.1 Details

What is Phenotypi
 Variation

De�nition 1: Phenotypi
 Variation

Phenotypi
 variation is the variety of observable traits within a popula-

tion.

Phenotypi
 variation typi
ally results from geneti
 variation and/or an in-

dividuals response to environmental 
onditions (in
luding the sele
tive pres-

8



sures of �shing). Phenotypi
 variation 
an be expressed as di�eren
es in

development, morphology, phenology, behavior, and produ
ts of behavior

among individuals. Spe
i�
 examples of phenotypi
 variation in
lude s
ale


oloration, body size, and aggressive behavior.

1.4.2 Why In
lude Phenotypi
 and Life History Variation

Phenotypi
 and life history variation should be in
luded within an EAFM

framework for several reasons:

• Fishing mortality 
an drive shifts in phenotypi
 variation by sele
ting

for parti
ular 
hara
teristi
s and thus removing that geneti
 material

from the population, i.e. sele
ting for large �sh

• Individuals within a population are often linked based on the di�er-

en
es in life history, i.e. variation in dorsal �ns in 
od impa
t whi
h

individuals 
an mate together

• Variation impa
ts the resilien
e and adaptability of a population to

environmental 
hange

• Variation in traits like maturation and reprodu
tion 
an in�uen
e the

vulnerability of a population to de
line from harvesting

It is important to look at both phenotype and life history variation as phe-

notypi
 variation o

urs on the individual level but manifests itself in life

history shifts at the population level. Thus, signi�
ant 
hanges in pheno-

type variation 
an 
as
ade to 
hanges in the population, 
ommunity, and

e
osystem.

1.4.3 Further Reading

For more information on phenotypi
 and life history variation and its in
lu-

sion in an EAFM framework see Ward et al. [2016℄.
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1.5 Variation in Body Size

• Causes of body size variation

• Impa
t of body size on 
at
hability

• The types of �sh whi
h should have

body size in
luded within an EAFM

management plan

Body size variation in Chinook Salmon.

Photo taken by Paul Frater.

1.5.1 Details

Causes of Body Size Variation

A �sh's body size is a result of its sex, energeti
s, geneti
s, environment,

and health with the greatest impa
t 
oming from energeti
s [Ward et al.,

2016℄. More spe
i�
ally, how a �sh a
quires and allo
ates its resour
es, i.e.

how mu
h energy an individual puts into reprodu
tion, maintenan
e, growth,

et
., is the largest determinant for body size. However, metaboli
 pro
esses

must be maintained prior to inputting energy into extraneous features su
h

as reprodu
tion. Thus, metaboli
 rates provide a baseline for variation in

body size. Remember that metaboli
 rates vary by mass and temperature

su
h that larger �sh expend proportionally less energy for metaboli
 fun
tion

than smaller �sh.

Why In
lude Body Size Variation

As dis
ussed in the sex-di�eren
es slide, larger more a
tive individuals are

more likely to be harvested than smaller, less a
tive individuals. The size

bias resulting from �sheries 
an impa
t both the individual and population

level. Spe
i�
ally, typi
ally larger individuals experien
e energeti
 and e
o-

logi
al advantages that in
rease their fe
undity, they may also invest more

energy into reprodu
tion. The o�spring of these large individuals also tend

to experien
e in
reased rates of maturation and de
reased sensitivity to food

shortages in
reasing their overall �tness [Ward et al., 2016℄. Thus, the sele
-

tive removal of large individuals via �shing mortality 
ould negatively impa
t
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the reprodu
tive su

ess and de
rease body size variation within the popula-

tion impa
ting long-term resilien
e and re
overy. As a result, it is important

to in
orporate body size variation into EAFM planning.

Another reason it is important to in
lude body size variation into an

EAFM framework is be
ause body size impa
ts the behavior of individuals.

Body size in�uen
es:

• hierar
hi
al stru
ture - larger �sh tend to be higher ranking

• resour
e and mate 
ompetition - larger �sh tend to out-
ompete smaller

�sh

• s
hooling behavior - �sh of similar size tend to align together when

s
hooling

• predator-prey dynami
s - advantageous for predators and prey to be

larger (
an more easily metabolism small prey and 
an avoid smaller

predators via gape restri
tions, respe
tively)

Further Reading

For more information on body size variation and its in
lusion in an EAFM

framework see Ward et al. [2016℄.

1.6 Behavioral Variation

• Examples of behavioral variation

• How behavioral variation impa
ts 
at
hability

• Why behavioral variation should be in
orporated

1.6.1 Details

Examples of Behavioral Variation

When dis
ussing behavioral variation within an EAFM framework we are


on
erned with the a
tions displayed by individuals and how these a
tions

vary among individuals both within and among populations. Behaviors of

interest in
lude: territory defense, boldness, and migratory behavior. Dif-

feren
es in these behaviors 
an result from di�eren
es in life history stage,
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i.e. juveniles and adults behave de�nitely, and physiologi
al di�eren
es, i.e.

a healthy individual and a diseased individuals behave di�erently, among

other things.

Why In
lude Behavioral Variation

In
lusion of behavioral variation allows for another avenue of addressing vul-

nerability to exploitation, impa
t of altered environmental fa
tors, and un-

derstanding population shifts in geneti
/phenotypi
 di�eren
es. For example,

the boldness of an individual has been linked to 
at
hability. Biro and Post

[2008℄, found that bold, fast growing rainbow trout, regardless of body size,

were more sus
eptible to 
ommer
ial �sheries than shy, slow-growing indi-

viduals. This di�eren
e is attributed to the risk-taking potential of bold �sh.

Be
ause bold �sh are more likely to partake in risk-taking behavior they are

also more likely to be 
aught.

Behavioral di�eren
es 
an also provide insight into environmental 
hanges.

Environmental 
hanges, su
h as food deprivation, have been linked to phys-

iologi
al 
hanges whi
h 
an result in 
onsistent behavioral di�eren
es and

in some 
ases phenotypi
 variation. Killen et al. [2013℄ noted that thermal

stress 
an result in behavior suppression for all individuals following severe or

rapid temperature 
hanges altering the individuals metaboli
 rate and aero-

bi
 
apa
ity. Altering the metaboli
 rate, would have proportionally greater

impa
t on small �sh whi
h are not as e�
ient metaboli
ally, potentially shift-

ing size distributions if the stress is prolonged.

It is espe
ially important to in
lude behavioral variation for long lived,

slow maturing spe
ies as the di�eren
es tend to be more signi�
ant. These

spe
ies also tend to be more vulnerable to over �shing.

Further Reading

For more information on behavioral variation and its in
lusion in an EAFM

framework see Ward et al. [2016℄.
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1.7 Physiologi
al Variation

• What is physiologi
 variation

• Why should physiologi
 variation be in
luded

• How physiologi
 variation impa
ts 
at
hability

1.7.1 Details

What is Physiologi
 Variation

Physiologi
al variation refers to the di�eren
es in physiologi
al pro
esses

among individuals. In the 
ase of physiologi
 variation at the individual level,

EAFM is parti
ularly 
on
erned with metaboli
 pro
esses su
h as metaboli


rate, aerobi
 
apa
ity, water retention, et
.

Why Physiologi
al Variation Should be In
luded

Physiology plays several key roles at the individual level whi
h 
an impa
t

the e
osystem and thus are en
ouraged to be in
luded within EAFM manage-

ment planning. Spe
i�
ally, physiologi
al 
hanges often a
t as a link between

the environment, an individuals behavior, and an individuals �tness. Sim-

ilarly, an organisms toleran
e and response to stressors is often a result of

its physiologi
al limits. Thus, the 
onditions in whi
h an organism 
an sur-

vive and reprodu
e are a result of its physiologi
al pro
esses. As a result,

physiologi
al variation 
an be an important 
omponent in the 
al
ulation of

natural mortality, whi
h is usually an area of high un
ertainty in e
osystem

models.

Further Reading

For more information on physiologi
al variation and its in
lusion into EAFM

see Ward et al. [2016℄.
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1.8 In
orporating Individuals into an EAFM Frame-

work

• Summary of why to in
lude individual variation

• In
orporating individual 
onsiderations into referen
e points

• In
orporating individual 
onsideration into models (EwE and At-

lantis spe
i�
 examples)

1.8.1 Details

Summary: Why In
lude Individual Considerations

Considering individual variation within EAFM planning is important from

a 
as
ade perspe
tive. As has been previously pointed out, variation at

the individual level impa
ts the geneti
 material being passed on and in

turn the population stru
ture whi
h 
an alter predator-prey dynami
s and

subsequently the stru
ture, fun
tion, and resilien
e of the e
osystem as a

whole. Conversely, e
osystem level 
hanges, su
h as 
hanges to dissolved

oxygen (DO) 
ontent, 
an impa
t the physiology of an individual whi
h 
an

impa
t 
at
hability and mate sele
tion again resulting in population and

potentially 
ommunity level 
hanges.

In
orporating Individual Considerations - Referen
e Points

For the reasons previously addressed, it is important to 
onsider individual

variation when developing an EAFM management plan. However, in
lusion

of all modes of variation is impossible. Therefore, it is of the utmost im-

portan
e to 
arefully sele
t the individual 
onsiderations whi
h are the most

important in a parti
ular e
osystem. To assist with this issue, Ward et al.

[2016℄ suggests monitoring and maintaining detailed life-history information

in
luding morphology, physiology, and/or behavior data and deriving ben
h-

marks based o� of this information. Utilizing these ben
hmarks, referen
e

points 
an be derived that address the impa
t of shifts in individual variation

on e
osystem-s
ale pro
esses. Like all referen
e points, they should be �uid

and in turn adaptive to 
hanges at all environmental s
ales.

When developing referen
e points it is important to 
onsider the pro-

je
ted environmental 
hanges. Changes in environmental 
onditions from

habitat preservation may alter the phenotypes displayed by individuals and
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thus signi�
antly impa
t their 
ondition in relation to its asso
iated referen
e

point. For example, metaboli
 rate and growth rate appear to be positively


orrelated when food availability is high but negatively 
orrelated when food

availability is low. Thus, within a management would want to a

ount for

how 
hanges in food availability will impa
t the fun
tionality of the individ-

ual.

Assignment 1

Read Andersen and Beyer [2015℄, 
omplete the following simulations us-

ing the simulation applet in Appendix E: Web-based implementation,

and answer the asso
iated questions.

Simulations

W∞ α ηm εa
Simulation 1

Simulation 2

Simulation 3

Simulation 4

Simulation 5

Questions

In
orporating Individual Considerations - E
osystem Models

When in
orporating individual 
onsideration into an EAFM framework the

aim should be to

• assess the risks asso
iated with di�erent management strategies

• attempt to redu
e the probability of altering the populations sex ratio

• redu
e the impa
t of �shing during spawning

• ensure that �shing does not signi�
antly impa
t geneti
 variation

To a

omplish this, managers use statisti
al models to analyze the 
ol-

le
ted data. The data needed to adequately in
lude individual variation into

e
osystem models in
lude: length, weight, 
ondition, and age of individuals

by sex [Rowe and Hut
hings, 2003℄ as well as life-history data [Ward et al.,
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2016℄. This data 
an then be integrated into e
osystem models to evaluate


urrent and future trends. Potential models in
lude biomass-based models

like EwE (E
opath-with-E
osim) and end-to-end models like Atlantis whi
h

in
lude spatially expli
it food web intera
tions.

Individual variation 
an be in
luded within EwE by adjusting key pa-

rameters to re�e
t individual variation. EwE models allow for variation and

thus individual di�eren
es 
an be in
orporated by allowing for population

variation. For example, individual variation 
an be in
orporated into diet

matri
es by adjusting prey-abundan
es. This in turn re�e
ts the impa
t of

individual di�eren
es on bottom-up e
osystem 
as
ades.

In Atlantis, however, individual variation 
an be dire
tly input into the

model via "super parti
les". Thus, spe
i�
 di�eren
es among individuals in

regards to maturity, or size, or ontogeni
 shifts 
an be a parameter within

the model.

When in
orporating individual 
hara
teristi
s, espe
ially di�eren
es in

mating systems, the area 
onsidered within the FMU should be 
onsidered.

For example, from an e
ologi
al s
ope perspe
tive, the spawning grounds

should be in
luded, and from a temporal s
ope perspe
tive, the timing of

spawning should be 
onsidered. Ex
luding part of the spawning area from the

FMU and in turn the model 
an have long-term impli
ations on population

estimation.

2 Habitat Considerations

2.1 Learning Obje
tives

2.1.1 Details

Learning Obje
tives 2

• Des
ribe habitat 
hara
teristi
s that are essential to �sh and ex-

plain how they 
an be in
orporated into an EAFM framework

• De�ne MPA, explain their role, and explain how they 
an be in-


orporated into an EAFM framework
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2.2 Essential Fish Habitat (EFH)

• De�nition of habitat

• Important habitat 
omponents

2.2.1 Details

De�nition 2: Habitat

The environment in whi
h an organism lives in
luding everything that is

needed for the organisms survival, i.e. shelter, water quality, asso
iated

spe
ies (prey and otherswise), spawning grounds, et
..

From a �sheries management perspe
tive essential �sh habitat (EFH)

refers to the water and substrates needed by �sh for spawning, breeding,

feeding and growth. Thus, the EFH for a parti
ular spe
ies in
ludes its prey,


onditions required for spawning (i.e. substrate type, 
over requirements,

et
.), breeding (i.e. mate density, substrate type, 
over requirements, et
.),

and environmental 
onditions (water pH, DO requirements, nutrient 
on-

tent, et
.). Thus, habitat 
omponents are e
osystem level 
omponents whose

impa
ts o

ur at the individual or population level.

When managing habitats it is important to look not only at the essential

habitat 
omponents but also the intera
tion of these 
omponents. Spe
i�-


ally, the stru
ture, fun
tion, and 
omplexity of the environment needs to

be 
onsidered along with the entities themselves. For example, some �at-

�sh require a spe
i�
 substrate 
omposition in whi
h the size 
omposition

of the substrate is more important than the presen
e of a ro
ky substrate

Kaiser et al. [2003℄. Remember, habitat 
omplexity is an artifa
t of surfa
e

topography and internal stru
ture of the substratum as well as the sessile

epifauna whi
h grow on it Kaiser et al. [2003℄.

When looking to in
lude habitat 
omponents into an EAFM assessment

several key 
omponents need to be 
onsidered:

• Habitat features of importan
e

• Habitat 
omplexity preferen
es

• Impa
t of �shing gear on the habitat

• Proposed 
hanges in the habitat from habitat management proje
ts
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2.3 Habitat Components

• Identify important habitat 
omponents

• Explain the role/importan
e of ea
h habitat 
omponent

2.3.1 Details

the habitat 
omponents of the most importan
e to one spe
ies may not mat-

ter at all to another spe
ies. Similarly, 
ompositional preferen
es for a par-

ti
ular habitat 
hara
teristi
 will vary among spe
ies. For example, tropi
al

tuna su
h as skipja
k, bigeye, and yellow�n are known to prefer warmer wa-

ter temperatures than temperate tuna (alba
ore, Atlanti
 Blue�n, southern

blue�n). However, even within tropi
al tuna small s
ale preferen
es emerge

su
h that yellow�n prefer the highest water temperate, greater than 25

◦
C,

while bigeye and skipja
k prefer temperatures ranging between 20 and 28

◦
C

[Arrizabalaga et al., 2015℄.

Although there is mu
h variation in the a
tual 
onditions preferred by

a parti
ular spe
ies the following habitat 
omponents tend to be important

predi
tors of where �sh are found:

• Sea Surfa
e Temperature (SST)

• Sea Surfa
e Salinity (SSS)

• Sea Surfa
e Height (SSH)

• Dissolved Oxygen (DO)

• Chlorophyll a (Chl a) and Chl a derived primary produ
tion

• Mesos
ale O
eanographi
 Features (fronts, eddies, and �laments)

Sea Surfa
e Temperature

De�nition 3: Sea Surfa
e Temperature (SST)

Sea surfa
e temperature refers to the water temperature in the top 10

µm - 5m, depending on the type of instrument being used.
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Why In
lude SST

Fish, unlike mammalian spe
ies, are unable to self-regulate body temper-

ature. Therefore, as SST in
reases or de
reases in temperature so does their

internal temperature. As a result, small 
hanges to SST 
an a�e
t a �sh's a
-

tivity level (i.e. more a
tive in warmer water), range (i.e. �sh migrate to �nd

optimal temperatures), metaboli
 rates (
ellular a
tivity in
reases as temper-

ature in
reases), et
. Similarly, altering the water temperature 
an disturbed

the 
hemi
al 
omposition of the water. For example, warmer water does not

hold as mu
h dissolved oxygen (DO) as 
old water. In fa
t, Munday et al.

[2009℄ found that when water temperature in Australia's Great Barrier Reef

ex
eeded the average summer temperature of 29

◦
C by 3

◦
C that aerobi
 a
tiv-

ity of Ostorhin
hus doederlenine de
reased by 36% and that mortality rates

in
reased sharply.

Sea Surfa
e Salinity (SSS)

De�nition 4: Sea Surfa
e Salinity

Sea surfa
e salinity is the amount, grams, of salt per 1000g of water.

Why In
lude SSS

Sea surfa
e salinity is an important predi
tor of low level food sour
es su
h

as plankton. Spe
i�
ally, de
reases in SSS have been linked to de
lines in

plankton produ
tivity Kaiho et al. [1996℄. De
reasing plankton produ
tivity


ould have 
as
ading impa
ts on higher order �sh, whi
h are also typi
ally

the �sh of 
ommer
ial value. For example, Morita et al. [2001℄ found that

North Pa
i�
 
hum salmon (On
orhyn
hus keta) de
reased in size as SSS de-


reased. Morita et al. [2001℄ attributed the 
orrelation to unfavorable feeding


onditions 
reated by de
reases in plankton produ
tivity.

Sea Surfa
e Height (SSH)

De�nition 5: Sea Surfa
e Height (SSH)

"...the height of the o
ean surfa
e relative to a level of no motion de�ned

by the geoid, a surfa
e of 
onstant geopotential..." Leben and Hausman

[2016℄
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Why In
lude SSH

SSH is often 
onsidered an important habitat 
omponent within e
ologi
al

models as it a
ts as a proxy for several o
eani
 features in
luding tides,


ir
ulation patterns, and the distribution of heat and mass. Thus, SSH

has been used to asso
iate �sh spe
ies with 
limati
 events like ElNiño
or LaNiña and o
eani
 upwellings whi
h play an important role in nutrient

movement and mixture.

Dissolved Oxygen(DO)

De�nition 6: Dissolved Oxygen(DO)

The 
on
entration of gaseous oxygen in the water.

Why In
lude DO

Fish, like humans, require oxygen for survival. However, unlike humans, �sh

a
quire oxygen dire
tly from the water through their gills. The amount of

DO is a result of atmospheri
 O2 absorbtion, photosynthesis, respiration,

temperature, and salinity, to name a few. When the amount of DO drops

below the 
riti
al threshold for a spe
ies its behavior, blood O2 saturation,

metaboli
 rates, ability to swim, egg and larval development, 
ir
ulation,

ventilation, gas ex
hange abilities, and resilien
e 
an be negatively a�e
ted

[Davis, 1975℄. These negative 
onsequen
es 
an ultimately result in toxi
ity

and in turn death for �sh.

Chlorophyll a and Chlorophyll a derived primary produ
tion

De�nition 7: Chlorophyll a

The green pigment present in plants and 
yanoba
teria that is respon-

sible for the absorption of light for photosynthesis.

Why In
lude Chlorophyll a
Chlorophyll a 
on
entrations are in
luded as a proxy for primary produ
tion.

Primary produ
tion, as the base of the food web, ultimately determines the

number of trophi
 levels a system 
an sustain as well as the number of indi-

viduals whi
h 
an be sustained at ea
h trophi
 level.

Chlorophyll a 
an also be an indi
ator for nutrient load. High levels of


hlorophyll a 
an indi
ate high levels of total phosphorous and total nitrogen
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[Søndergaard et al., 2011℄ whi
h 
an result in 
yanoba
teria blooms whi
h


ause toxi
ity at high levels by redu
ing DO.

Mesos
ale O
eanographi
 Features

De�nition 8: Mesos
ale O
eanographi
 Features

Mesos
ale o
eanographi
 features are o
eani
 features measured on the

s
ale of 50-500km and 10-100 days.

Mesos
ale o
eanographi
 features of importan
e within an EAFM frame-

work in
lude fronts, eddies and �laments.

What are Fronts, Eddies, and Filaments

De�nition 9: Mesos
ale O
eanographi
 Fronts

O
eani
 fronts are transitional areas between masses on the o
eans sur-

fa
e whi
h manifest themselves as horizontal gradients in temperature,

salinity, density, turbidity, and 
olor.

De�nition 10: Mesos
ale O
eanographi
 Eddies

Mesos
ale o
eanographi
 eddies are the "weather" of the o
ean measured

on a monthly times
ale in an area less than 100km.

De�nition 11: Mesos
ale O
eanographi
 Filaments

Lines of strong o
eani
 surfa
e 
onvergen
e.

Why In
lude Mesos
ale O
eanographi
 Fronts, Eddies, and Filaments

Mesos
ale o
eanographi
 fronts are asso
iated with in
reased verti
al and

horizontal mixing resulting in in
reased primary and se
ondary produ
tion.

Thus, they are often 
hara
terized by high phytoplankton biomass resulting

in enhan
ed a
tivity at higher trophi
 levels. Infa
t, A
ha et al. [2004℄ found

that frontal zones along the 
ontinental shelves of austral South Ameri
a re-

sult in ex
eptionally large amounts of primary produ
tion, in
reased feeding
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and/or reprodu
tive habitat for nektoni
 spe
ies and a
t as retention areas

for benthi
 spe
ies larvae.

Mesos
ale o
eanographi
 eddies play an important role in the transport of

heat, salt, 
arbon, and nutrients a
ross the o
ean in
luding transport within

strong 
urrents su
h as the Gulf Stream [CTOH, 2013℄. Thus, these ed-

dies are often asso
iated with upwellings and in
reased produ
tivity. Infa
t,

Godø et al. [2012℄ found that eddies not only in
rease produ
tivity leading to

improved foraging grounds for �sh and stimulate energy �ow among trophi


levels but also shape the distribution and density of marine life from the

surfa
e to the bathyal depths.

Filaments, unlike eddies, move water outwards. Thus, �laments also play

an important transport fun
tion but in dispersion rather than 
on
entration.

This dispersion 
aused by �laments plays an important role in the movement

of larval �sh. Rodr�guez et al. [1999℄ found that in the waters between North-

west Afri
a and the Canary Islands that the distribution of neriti
 larvae was


losely tied to the presen
e of �laments.

2.4 Marine Prote
ted Areas (MPA)

• De�nition of marine prote
ted areas

• Role of MPA in �sheries management

• When MPA 
an be used to meet EAFM goals/obje
tives

2.4.1 Details

One of the primary habitat management te
hniques for o
eani
 �sheries is

to 
reate marine prote
ted areas (MPA).

De�nition 12: Marine Prote
ted Areas (MPA)

"A 
learly de�ned geographi
 spa
e, re
ognised, dedi
ated and man-

aged, through legal or other e�e
tive means, to a
hieve the long-term


onservation of nature with asso
iated e
osystem servi
es and 
ultural

values" IUCN

MPAs 
ome in several forms with varying degrees of prote
tion and re-

stri
tion. They are 
lassi�ed based on their 
onservation fo
us, level of pro-

te
tion, permanen
e, and 
onstan
y and s
ale of prote
tion. As a result,
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MPAs vary in their "openness" from multiple use areas, whi
h allow every-

thing from �shing and snorkling to motorboats, to no a

ess areas, whi
h

restri
t all human a

ess. The two most 
ommon MPAs within an EAFM

framework are multiple-use MPAs and No-take MPAs (areas 
losed to all

�shing a
tivities for atleast part of the year). Although the appli
ation of

MPAs varies widely their overall goal is ultimately the same, improve the

natural and 
ultural heritage of the area.

Role of MPAs in Fisheries Management

MPAs allow for a way for �sheries mangers to prioritize areas of 
onservation

interest and in
rease restri
tions to a
hieve management obje
tives. A

ord-

ing to Pomeroy et al. [2013℄, within an EAFM framework, MPAs are viewed

as a suitable management obje
tive whe

1. Controlling �shing mortality of sedentary spe
ies in data poor situa-

tions

2. Bu�ering against un
ertainty

3. Managing for multispe
ies �sheries

4. Minimizing by-
at
h

5. Prote
ting habitat and biodiversity

6. Allo
ation/a

ess to resour
es and reinfor
ement of user rights

When developing an MPA the size, lo
ation, and restri
tions need to be

taken into 
onsideration within the 
ontext of the management goals and

obje
tives. However, some general guidelines in
lude:

• Size: large enough that some of the eggs and larvae they produ
e are

retained within the MPA

� This should be 
onsidered within the FMU

• Lo
ation: MPAs should try to in
orporate 20-40% of ea
h habitat

[Green et al., 2013℄ and 
onne
tedness among MPAs to 
reate 
orri-

dors of movement
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• Restri
tions: should be set to maximize e
osystem improvements while

minimizing so
io-e
onomi
 impa
ts

For more information on how to 
reate MPAs see Green et al. [2013℄.

When MPAs should be used in EAFM

MPAs are often put into a
tion in order to redu
e or eliminate 
ommer
ial

�shing pressure. Typi
ally, the redu
tion or elimination of 
ommer
ial �shing

is set to allow a parti
ular sto
k and/or habitat to re
over. However, this

method does not address the root of the problem. Thus, other a
tions need to

be taken along with the MPA to aid in the re
overy and sustainability of the

sto
k. Similarly, initiating a no-take or restri
ted-take MPA 
an negatively

impa
t the livelihood of the �sherman and/or lo
al 
ommunities whi
h goes

against the so
io-e
onomi
 
onsiderations vital to EAFM. Thus, the use of

MPAs needs to be strategi
 and well planned.

When done properly MPAs 
an be used to improve habitat 
onditions,

sto
k re
overy, as well as the �shery. Spe
i�
ally, there tends to be more

and larger �sh within an MPA than outside it [?℄. Similarly, re
overed areas

within MPAs tend to have higher biodiveristy than their surrounding area

[?℄. From a �shery perspe
tive, the areas adja
ent to MPAs have been known

to bene�t from the spillover e�e
t, i.e. �sh, larvae, and eggs from within the

MPA migrate outside the MPA making them sus
eptible for �shing mortal-

ity. The spillover e�e
t may bene�t the adja
ent �shery; however, from a

management perspe
tive it means that the areas surrounding an MPA need

to monitored as well to ensure over�shing is not o

uring and thus the sto
k

as a whole 
annot re
over.

Case Study 2: Western Mediterranean MPAs

As of 2008, 94 MPAs o

ured within the Mediterranean Sea Gabrié et al.

[2012℄; however, the e�e
tiveness and e
onomi
 impa
t of these areas was

not well understood. Thus, Goñi et al. [2008℄ investigated the impa
t

of spillover from 6 of these MPAs. Ea
h MPA in
luded in the study

had been fun
tional for atleast 8 years, in
orporated areas of �sheries


losure and restri
ted use where �shing was allowed, and the sto
k of

interest had re
overed. Utilizing CPUE data Goñi et al. [2008℄ found

that signi�
ant spillover o

ured and extended 700 to 2500m outside
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the �shery 
losure areas. Thus, MPAs were an e�e
tive way to re
over

�sh sto
ks while not signi�
antly negatively impa
ting the �sher in the

long-term.

2.5 In
orporating Habitat into an EAFM Framework

• Types of habitat data

• EFH models

• Components to 
onsider within a model

2.5.1 Details

As previously de�ned, an organisms habitat in
ludes all of the ne
essary


omponents for it to live and prosper within an area. Thus, if maintaining

a sustainable sto
k is the management obje
t than the �sh's habitat must

be managed to ensure its ability to spawn, breed, feed, and mature. Habitat


onsiderations are in
orporated within management models and management

a
tions, su
h as designating MPAs, to ensure sto
k re
overy and sustainabil-

ity.

EFH Data and Models

From the habitat 
omponents des
ribed earlier in this le
ture (SST, SSS,

SSH, DO, Chl a, Chl a derived primary produ
tion, and mesos
ale o
eano-

graphi
 features) one most sele
t the habitat 
omponents whi
h are of the

most importan
e to the spe
ies of interest, i.e. they must determine the

essential �sh habitat 
omponents. To determine whi
h habitat 
omponents

are EFH 
omponents an EFH analysis 
an be 
ondu
ted. The goal of EFH

analyses are to isolate the habitat 
omponents/geographi
 areas of the most

importan
e to the sustainability of a parti
ular sto
k.

EFH analyses 
an be run using a wide variety of �sheries data in
luding:

a
ousti
 data, trawl data, in
thyoplankton data, egg data, and CPUE (
at
h

per unit e�ort) data. EFH analyses 
an then use the �sheries data as response

variables and the sele
ted habitat data as the explanatory variables.

When sele
ting the explanatory, or habitat, variables to in
lude within

an EFH model it is important to 
onsider the biology and e
ology of the
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spe
ies. Thus, all data in
luded in the model should be there be
ause it rep-

resents an important 
omponent to the spe
ies life history. Other important


onsiderations when sele
ting habitat 
omponents in
lude:

• Multi-sto
k assemblages and habitat use

• Ensure the habitat de�nition is uniform and relevant within biologi
al,

physi
al-hydrographi
, and e
ologi
al 
riteria

• Address spatial and temporal s
ales in uniform ways

• EFH 
hanges a
ross life stages for a parti
ular spe
ies

To aid in the sele
tion pro
ess several statisti
al models exist in
luding

AIC (Akaikie's information 
riteria) and BIC(Bayesian information 
riteria).

On
e the EFH 
omponents have sele
ted they 
an then be integrated with

the �sheries data using GIS or similar software programs. Spe
i�
ally, habi-

tat data 
an be atta
hed to spe
i�
 sampling points. Thus, ea
h �sheries data

entry point will be linked to habitat data. From this information, the pres-

en
e/strength of relevant o
ean pro
esses 
an be determined by 
al
ulating

the distan
e between the pro
ess and the �sh sampling point. The resultant

information 
an be used to 
reate FMUs and MPAs whi
h are in
orporated

into the EAFM management plan.

For detailed information on modelling EFH see Valavanis et al. [2008℄.

3 Community Considerations

3.1 Learning Obje
tives

3.1.1 Details

Learning Obje
tives 3

• Explain trophi
 
as
ades and why they should be in
luded within

an EAFM framework

• For ea
h 
ommunity model identify the type of data needed, be

able to run the model, and interpret the model output

• Explain how 
ommunity 
hara
teristi
s and 
ommunity model out-
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put 
an be in
orporated into an EAFM framework

3.2 Role of Trophi
 Cas
ades in an E
osystem

• What are trophi
 
as
ades

• Why they should be in
luded in an

EAFM framework

• Explain how �sheries impa
t trophi



as
ades

(a)top-down trophi
 
as
ade within

a four-level food web (b) bottom-up

trophi
 
as
ade within a four-level food

web. Figure was adapted and modi�ed

from Curry et al. [2003℄.

3.2.1 Details

Trophi
 Cas
ades and Their Importan
e

When in
luding 
ommunity 
onsiderations into an EAFM framework man-

agers are 
on
erned with the intera
tions among living organisms, i.e. how

abundan
e 
hanges in one spe
ies impa
ts the abundan
e of another spe
ies.

Community intera
tions typi
ally result from predator-prey dynami
s and

o

ur in one of two dire
tions: bottom-up or top-down. In bottom-up 
as-


ades, the abundan
e of the lowest trophi
 level is redu
ed, or in
reased,

resulting in subsequent de
reases in higher trophi
 levels due to de
reased

food. In top-down 
as
ades, the top trophi
 level, say se
ondary 
onsumers,

de
reases resulting in an in
rease in primary 
onsumers (de
reased preda-

tors), whi
h 
auses a de
reases in primary produ
ers (in
reased predation).

These intera
tions are 
olle
tively referred to as trophi
 
as
ades.

De�nition 13: Trophi
 Cas
ade

The alteration of abundan
e, biomass, or produ
tivity a
ross trophi


levels resulting from predator-prey intera
tions.

Trophi
 
as
ades play an important e
osystem role as they 
an have a

signi�
ant impa
t on �sh population dynami
s and 
an even stabilize them

in alternate states Curry et al. [2003℄. Thus, trophi
 
as
ades 
an result
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Figure 2: Trophi
 
as
ade present

in Alaska's Aleutian ar
hipelago: A)

Changes in sea otter abundan
e

a
ross time (B) subsequent 
hange in

sea ur
hin biomass, (C) grazing in-

tensity of sea ur
hins on kelp, and

(D) kelp density. The error bars pre-

sented represent 1 SE. Dark arrows

represent strong trophi
 intera
tions

while light arrows represent weak in-

tera
tions. This �gure was redrawn

from Estes et al. [1998℄.

in dramati
 shifts in the appearan
e, properties, and fun
tionality of the

e
osystem. However, trophi
 
as
ades are �uid in that they exhibit variation

in their strength and duration. As a result, for ea
h e
osystem of interest, the


ommunity intera
tions within it must be well understood to fully express

their impa
t on the e
osystem.

Fisheries and Trophi
 Cas
ades

Commer
ial �sheries often a
t as a driver for top-down trophi
 
as
ades. As

previously dis
ussed, 
ommer
ial �sheries tend to disproportionately harvest

large, top-predators redu
ing the abundan
e/biomass of the higher trophi


levels. As a result, �sheries have begun fo
using more on lower trophi


levels in a phenomenon known as "�shing down marine food webs (FDFW)".

FDFW is quite pervasive sin
e high trophi
 levels tend to be K-sele
ted
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spe
ies and are therefore more sus
eptible to over�shing.

3.3 Trophi
 Indi
ators

• What are trophi
 indi
ators

• Why are trophi
 indi
ators used

• Types of trophi
 indi
ators

• Cal
ulating trophi
 level

3.3.1 Details

What are Trophi
 Indi
ators

To des
ribe the 
omplex nature of interspe
ies intera
tions a set of indi
a-

tors, trophi
 indi
ators, is often 
reated. Trophi
 indi
ators are mathmati
al

models used to simplify the 
omplexity of these intera
tions so that managers


an easily express 
ommunity intera
tions to stakeholders when making man-

agement de
isions. Ultimately trophi
 indi
ators provide information on the

state of the e
osystem, the extent/intensity of �sh mortality on the 
om-

munity and e
osystem as a whole, and provide ben
hmarks for measuring

management progress [Pennino et al., 2011℄.

Types of Trophi
 Indi
ators

There are 3 major types of trophi
 indi
ators: marine trophi
 index (MTI),

�shing in balan
e index (FiB), and Pelagi
/demersal index (P/D). All three

indi
es's 
an be 
al
ulated using the same data type, i.e. �shery landings,

but fo
us on a slightly di�erent relationships and therefore Pennino et al.

[2011℄ re
ommends using all three 
ongruently when making management

de
isions.

The three major trophi
 indi
ators will be explored in the following slides.

Cal
ulating Trophi
 Level

The basis for all 3 trophi
 indi
ators is trophi
 level, or more spe
i�
ally,

identi�ng the dominant trophi
 levels and how energy moves amongst trophi
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levels. Thus, in order to 
al
ulate the trophi
 indi
ators one most �rst 
al-


ulate, or obtain from the literature, the trophi
 level for individual spe
ies.

Trophi
 level 
al
ulations are 
ompleted using dietary information. The 
al-


ulation used to determine trophi
 level is

TLi = 1 +
∑

j

(TLj ×DCij)

where TLj is the trophi
 level of prey spe
ies j and DCij is the fra
tion

of prey spe
ies j in the diet of spe
ies i.
In marine e
osystems, the trophi
 level of most �sh is between 2.0 and

5.0.

3.4 Trophi
 Intera
tions: Marine Trophi
 Index (MTI)

• What is the MTI

• Types of MTI (in
luding 
utMTI)

• How is the MTI 
al
ulated

• What the results indi
ate

• Pros/
ons of the indi
ator

•
cutMTI

3.4.1 Details

What is MTI and How is it Cal
ulated

The marine trophi
 index (MTI) is a trophi
 indi
ator used to 
al
ulate the

mean trophi
 level landed during a parti
ular year. MTI is 
al
ulated on

a yearly basis, i.e. ea
h year of interest needs to be 
omputed indepen-

dently, and 
an be derived from a 
ombination of �sheries landings and diet


onsumption data, used to determine trophi
 level. To 
ompute MTI the

following equation is used

MTIK = Σi(TLi)(Yi)/ΣiYi

where TLi is the trophi
 level of group i and Yi is the landings of trophi


group i.
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Interpreting MTI Results

When interpreting MTI output one is parti
ularly 
on
erned with the trend

in MTI a
ross time, i.e. is the MTI in
reasing, de
reasing or stable. More

spe
i�
ally, one is 
on
erned with the presen
e of a downward trend as it

indi
ates an unsustainable �shery Pauly and Watson [2005℄. If a downward

trend is o

urring than the 
ommunity is shifting from predominately high

trophi
 levels to lower trophi
 levels indi
ating that "�shing down the food

web" is o

urring.

Issues with MTI

Although MTI does a good job of displaying trophi
 level shifts the interpre-

tation is not always 
lear. Spe
i�
ally, as mentioned earlier, a shift a
ross

time from high trophi
 levels to lower trophi
 levels typi
ally results in the


on
lusion that FDFW is o

urring, however, that is not always the 
ase.

Rather, a boom in lower trophi
 levels may be o

urring from eutrophi
a-

tion. To eliminate this problem Pauly and Watson [2005℄ suggests pla
ing a

lower limit on the trophi
 levels in
luded.

cut
MTI

cut
mean trophi
 index (

cut
MTI) 
al
ulates the mean trophi
 level 
aught

during a parti
ular year but with a limit pla
ed on the lowest trophi
 level in-


luded in the 
al
ulation. Typi
ally a 
ut-o� value of 3.25 is used, eliminating

herbivores, detrivores, and planktivores from the 
al
ulation Pennino et al.

[2011℄. The elimination of herbivores, detrivores, and planktivores from the


al
ulation is suggested be
ause their biomass is heavily in�uen
ed from en-

vironmental fa
tors rather than �shing pressure.
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3.5 Trophi
 Intera
tions: Fishing in Balan
e (FiB)

• What is FiB

• How FiB is 
al
ulated

• What the results indi
ate

• Pros/
ons of the indi
ator

Energy transfer in kj ·m−2yr−1
within

the Lan
aster Sound Region of Ar
ti


Canada, data adapted from Wel
h et al.

[1992℄.

3.5.1 Details

What is FiB and How is it Cal
ulated

The �shing in balan
e index (FiB) addresses 
ommunity dynami
s by ap-

plying the law of 10%. The law of 10% states that on average only 10% of

the energy available at one trophi
 level will be passed onto the next trophi


level. The 90% energy loss is attributed to maintenan
e, reprodu
tion, and

other a
tivities by the animals in the system.

FiB aims to 
apture the e�e
t of intentionally �shing down, i.e. �shing

a lower trophi
 level, has on the �sheries produ
tion. It is assumed that

any de
rease in mean trophi
 level should be mat
hed by an e
ologi
ally

appropriate in
rease in the same trophi
 level, i.e. the in
rease in 
at
hes

should be proportional to the transfer e�
ien
y, or how well energy moves,

between trophi
 levels. To 
al
ulate FiB the following equation in used:

FiBK = log[YK × (1/TE)MTIK ]− log[Y0(1/TE)MTL0]

where K is the year, YK are the landings in year K, TE is the transfer

e�
ien
y (whi
h is usually set to 0.1 to re�e
t the law of 10%), MTIK is

the mean trophi
 index in year K, and MTL0 is the mean trophi
 level of

landings in year 0 (year 0 
an be any year used as a baseline).

Interpreting FiB Results

The number derived from the FiB index indi
ates whether the in
rease in

landings from �shing a lower trophi
 level is proportional to the expe
ted

in
rease given the transfer e�
ien
y between trophi
 levels. Thus, like the
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MTI, one is 
on
erned with the trend a
ross time rather than the value itself.

A stable FiB indi
ates that a proportional shift is o

urring while a de
rease

may be indi
ative of an impaired �shery or unreported dis
ards.

Pros/Cons of FiB

In order for FiB to fun
tion properly, it must be assumed that the transfer

e�
ien
y between trophi
 levels is 
onstant a
ross trophi
 levels. Similarly,

the transfer e�
ien
y must be known. Given the assumptions, FiB is believed

to be a better indi
ator of e
osystem 
hange than 
at
h or 
at
h 
omposition

as a result of its integrative nature.

3.6 Trophi
 Intera
tions: Pelagi
/Demersal Index (P/D)

• What is the P/D index

• How it is 
al
ulated

• What the results indi
ate

• Pros/
ons of the indi
ator

3.6.1 Details

What is P/D and How is it Cal
ulated

The pelagi
/demersal index (P/D) is a biologi
al, rather than diet, index

looking at 
ommunity 
hange from a large trophi
 group perspe
tive. The

large trophi
 groups in
orporated into the model 
an in
lude planktivorous,

benthivorous, or pis
ivorous �sh. The index 
an be run using produ
tion,


onsumption, biomass, or 
at
h data and is 
al
ulated by taking the ratio of

pelagi
 �sh relative to demersal �sh [Cury et al., 2005℄. For example, a P/D

ratio 
an be 
omputed by 
al
ulating the 
hange in the biomass ratio a
ross

time for pelagi
 pis
ivorous �sh 
ompared to demersal pis
ivorous �sh. Or,

to 
ategorize e
osystem 
hanges, the biomass ratio between pis
ivorous and

planktivorous �sh 
an be determined.
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Interpretting P/D Results

The trend in P/D a
ross time provides an indi
ation of e
ologi
al 
hanges

a
ross time as well as impa
t of the �shery. For example, when looking at the

impa
t of a �shery, it would be expe
ted that the P/D ratio shows a propor-

tional de
rease in pis
ivorous �sh. While a relative in
rease in pelagi
 �sh 
an

be indi
ative of eutrophi
ation, as they tend to be positively in�uen
ed by

plankton produ
tion and demersal �sh tend to rely on benthi
 
ommunities

whi
h are negatively impa
ted by eutrophi
ation[Pennino et al., 2011℄.

Pros/Cons of P/D

P/D indi
es are a useful way of quantifying e
osystem level 
hanges in data-

poor situations [Pennino and Bellido, 2012℄. Spe
i�
ally, the P/D index al-

lows for a synethesises of the stru
ture and fun
tion of an e
osystem a
ross

time and spa
e using 
ommer
ial statisti
s. Through the P/D index, man-

agers are able to observe the impa
t of �sheries and eutrophi
ation. However,

de
iphering the driving for
e behind the e
osystem 
hanges, i.e. is it �sheries

or eutrophi
ation, is often di�
ult.

3.7 In
orporating Community Considerations into an

EAFM Framework

• How to sele
t whi
h intera
tions to in
lude

• How to in
lude 
ommunity 
onsiderations into EAFM's management

obje
tives

3.7.1 Details

Be
ause ea
h trophi
 index des
ribes a slightly di�erent 
omponent of the


ommunity Pennino et al. [2011℄ re
ommends utilizing all 3 indi
es when

drawing 
on
lusions. That is, by using all three indexes the trends within

the e
osystems be
ome more apparent.

The primary use of trophi
 indi
ies within an EAFM framework is to


ompare the observed trends to management ben
hmarks su
h as referen
e

points. However, due to the sheer 
omplexity of the e
osystems involved, it is


ru
ial that referen
e points and indi
es are not 
ompared a
ross e
osystems.
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But rather, the ben
hmarks/referen
e points are 
reated for ea
h spe
i�


e
osystem of interest.

4 Climati
 Considerations

4.1 Learning Obje
tives

4.1.1 Details

Learning Obje
tives 4

• De�ne GCC and o
ean a
idi�
ation and explain how they impa
t

�sh habitat and the e
osystem as a whole

• Explain why GCC and o
ean a
id�
ation should be in
luded in an

EAFM framework

• Explain how GCC and o
ean a
idi�
ation 
an be in
orporated into

an EAFM framework

4.2 Global Climate Change (GCC) and O
ean A
idi�-


ation

• De�ne GCC and o
ean a
idi�
ation

• Explain the general relationship between GCC and �sheries

• Explain the general relationship between o
ean a
idi�
ation and �sh-

eries

4.2.1 Details

What are Global Climate Change and O
ean A
idi�
ation

De�nition 14: Global Climate Change (GCC)

Global 
limate 
hange (GCC) is the long-term 
hange in the Earth's


limate.
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De�nition 15: O
ean A
idi�
ation (OA)

O
ean a
idi�
ation is the redu
tion in the o
ean's pH from the absorp-

tion of CO2.

In both GCC and OA the proximate 
ause is an in
rease in atmospheri


greenhouse gasses, CO2 espe
ially. The in
rease in atmospheri
 greenhouse

gases drives the 
limati
 
hanges observed in GCC. Similarly, the o
ean is

the largest absorber of atmospheri
 CO2; as atmospheri
 CO2 in
reases the

world's o
ean's absorb more CO2. The absorption of CO2 in
reases the wa-

ter's a
idity by in
reasing the amount of bio
arbonate ions. The in
reased

formation of bi
arbonate ions alters the amount and bonding formation of

hydrogen ions whi
h redu
es the amount 
al
ium 
arbonate produ
ed, whi
h

plays an important role in the e
osystem.

For more information on GCC see M
mi
hael et al. [2004℄. For more

information on OA see Doney et al. [2009℄.

GCC and Fisheries

The 
limati
 impa
ts of GCC are proje
ted to have signi�
ant impa
ts on

the world's �sheries. However, the impa
ts will vary depending on lo
ation,

among other things. For example, in the western Pa
i�
, the in
reased at-

mospheri
 and in turn water temperature is in
reasing strati�
ation in the

water 
olumn. The in
reased strati�
ation is expe
ted to redu
e the amount

of nutrient-ri
h water rea
hing the photi
 zone whi
h would de
rease primary

produ
tion. While in the the Indian O
ean, where air and water temperatures

are 
ooler, redu
ed strati�
ation is expe
ted to o

ur and 
ause in
reases in

primary produ
tion. As a result, we will talk in general terms rather than

spe
i�
s.

On a global s
ale, GCC is 
ausing:

• an in
rease in average global temperature ( 1-3

◦C above 1990 levels)

• an in
rease in average sea surfa
e temperature (0.6

◦C rise over the last

100 years)

• altered pre
ipitation patterns

• more frequent and intense hurri
anes and other storms
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• in
reased sea level height (3.3±0.4mm/year between 1993-2006, 0.5-

1.2m by 2100)

• de
rease sea surfa
e salinity

The 
hanges asso
iated with GCC will impa
t organisms dire
tly via in-


reased SST, for example, and indire
tly by altering their habitat and food

webs.

Impa
t of In
reased SST

In
reases in SST are expe
ted to impa
t the physiologi
al 
ondition, growth

rate, reprodu
tive 
apabilities, and behavior of �shes. From a growth and

physiologi
al perspe
tive, in
reased water temperature would in
rease metaboli


rates while food availability is expe
ted to de
rease from redu
ed primary

produ
tion. Thus, �sh are expe
ted to be of lower physiologi
al 
ondition

and smaller. Similarly, the development, transmission, and sus
eptibility

to disease in
reases as temperatures in
rease. In
reasing disease prevalen
e

tends to result in de
reased reprodu
tion and �sh size and 
an in
rease the

frequen
y and intensity of die-o�s.

Reprodu
tion rates are also expe
ted to de
rease as a dire
t result of

in
reased SST. Spe
i�
ally, most �sh spe
ies are only 
apable of reprodu
ing

within a small temperature range. Thus, if the SST ex
eeds their toleran
e

range reprodu
tion would be inhibited.

Behaviorally speaking, in
reases in water temperature 
an a�e
t predator-

prey intera
tions. Be
ause �sh have higher metaboli
 demands in warmer wa-

ters their need to forage in
reases making them more sus
eptible to predators.

Also, the redu
tion in available food may 
ause them to forage in a larger

area exposing them to more predators.

As a result, �sh, espe
ially temperature sensitive spe
ies and those living

at the edge of the temperature toleran
e, are expe
ted to shift their ranges

to more "a

eptable" regions. Range shifts will in turn alter �sh 
ommunity

dynami
s in
luding food-webs.

OA and Fisheries

Mu
h like the impa
ts of GCC, the e�e
ts of OA o

ur dire
tly and indi-

re
tly. However, whether a spe
ies is impa
ted dire
tly or indire
tly tends to

relate to the type of spe
ies.
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Impa
t on Invertebrates and Other Cal
ifying Spe
ies

Invertebrates and other marine organisms whi
h rely only 
al
i�ed shells will

be dire
tly impa
ted by OA through altered 
hemi
al 
omposition redu
ing

their ability to 
al
ify. Spe
i�
ally, 
al
ifying spe
ies need 
arbonate to pro-

du
e their 
al
i�ed shells; however, when the o
ean absorbs CO2 the 
hem-

i
al rea
tions in the water are altered and 
arboni
 a
id is formed whi
h

in turn makes bi
arbonate, 
arbonate, and hydrogen ions. The hydrogen

ions then atta
h the 
arbonate making it unavailable to shell�sh and inver-

tebrates. The redu
tion in 
al
i�
ation 
auses slower shell growth, de
reased

shell strength,and de
reased development and survival by the young. Thus,

large population de
reases are expe
ted.

Impa
t on Fishes

Fishes, unlike marine spe
ies whi
h 
al
ify, tend to be more impa
ted by the

environmental 
hanges than the elevated CO2 levels themselves. For exam-

ples, 
orals provide 
ru
ial habitat 
omplexity and stru
ture in mu
h of the

worlds reefs. However, 
orals are dying o� be
ause the 
arbonate saturation

levels of the o
ean are de
reasing. The redu
ed 
arbonate saturation impairs


orals ability to 
reate their skeletons and if the saturation levels drop too

low the water 
an a
tually dissolve their existing skeletons. Thus, de
lining


oral populations redu
e the amount of habitat available for reef �sh.

In
reased CO2 has also been known to dire
tly impa
t �sh via behavioral


hanges. Fish that are exposed to high levels of CO2 experien
e impaired

sensory fun
tion whi
h a�e
ts their habitat sele
tion and predator avoidan
e


apabilities.

Further reading

Mu
h of the information presented here was adapted from Heenan et al.

[2015℄.

4.3 Climati
/Habitat Components to Consider

• Identify habitat 
omponents to 
onsider in relation to GCC/o
ean

a
idi�
ation
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4.3.1 Details

In
orporation of the 
limati
 and habitat 
omponents is initially done through

a risk assessment and then a vulnerability assessment.

De�nition 16: Risk Assessment

Risk assessments evaluate whi
h 
limati
 
omponents, or asso
iated

habitat 
hanges, pose the greatest risk.

De�nition 17: Vulnerability Assessment

Vulnerability assessments evaluate how at risk a parti
ular spe
ies/
ommunity

is to 
limati
/habitat 
hanges of the greatest 
on
ern.

Therefore, risk assessments and vulnerability assessments are used to

identify the 
limati
 fa
tors most important to the system of interest as

well as identify how sensitive spe
ies would be impa
ted by the 
hanges

[Gai
has et al., 2016℄. Thus, the 
limati
 
omponents in
luded within EAFM

will vary by region depending on the results of a risk assessment. However,

several habitat/
limate 
omponents are typi
ally in
luded:

• Sea surfa
e temperature (SST)

• Primary produ
tion

• Sea level rise

• Sea surfa
e salinity (SSS)

• Currents

• Biogeo
hemistry of the o
ean

The expe
ted 
hanges of these 
omponents from GCC and OA as well as

their asso
iated e
osystem impa
ts will be dis
ussed in the next le
ture.

4.4 E
osystem Responses to Climati
 Change

• Explain potential e
osystem responses from GCC

• Explain potential e
osystem responses from o
ean a
idi�
ation
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4.4.1 Details

As previously mentioned, several habitat/
limati
 
omponents need to be

explored when assessing the impa
t of GCC and OA on an e
osystem. The


omponents in
lude:

• Sea surfa
e temperature (SST)

• Primary produ
tion

• Wind and Currents

• Biogeo
hemistry of the o
ean

E
osystem Impa
ts of GCC

Sea Surfa
e Temperature (SST)

As previously mentioned, the rising atmospheri
 temperature resulting from

GCC have 
aused an average SST in
rease of 0.6

◦C over the past 100 years.

The rising o
ean temperatures 
an signi�
antly impa
t life history 
hara
-

teristi
s, population growth, and e
osystem pro
esses.

Rising o
ean temperatures signi�
antly impa
t the biologi
al pro
esses

of o
eani
 organisms in
luding enzyme rea
tions, di�usion, and membrane

transport. More spe
i�
ally, as temperature in
reases the rate at whi
h en-

zymes �re in
reases resulting in in
reases in metaboli
 rates whi
h in turn

impa
t the fun
tioning of an individual, population, and 
ommunity. Thus,

as temperatures rise and metaboli
 rates are shifted, 
ommunities are ex-

pe
ted to see 
hanges in their food-webs. Infa
t, in
reases in temperature

have been shown ot redu
e total food web biomass as well as the plant to

animal ratio.

In
reases in SST 
an also shift 
ommunity dynami
s by altering the

growth of spe
ies. For example, poikilotherms in
rease as temperature in-


reases whereas �sh at the edge of their temperature toleran
e de
rease in

biomass as they migrate out of the system. As a result population 
onne
-

tivity, lo
al adaptation, and spe
iation 
an be impa
ted.

Rising sea surfa
e temperatures 
an also impa
t the e
osystem via alien

spe
ies in
luding disease. In
reased temperatures have been asso
iated with

pathogen and ve
tor range expansion. The introdu
tion of new diseases along

with the in
reased stress from environmental 
hanges in
reases an individuals
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sus
eptibility. As a result, in
reases in disease prevalen
e are often asso
iated

with in
reases in SST.

Warmer o
ean temperatures also impa
t the o
ean's strati�
ation. As

o
ean temperatures warm strati�
ation in
reases redu
ing mixing whi
h re-

du
es nutrient availability and perpetuates the de
rease in primary produ
-

tion. The in
reased strati�
ation and temperature are also expe
ted to de-


rease dissolved oxygen 
on
entrations leading to further de
lines in primary

produ
tion.

Primary Produ
tion

Primary produ
tion globally has de
reased by at least 6% sin
e the 1980s.

However, the de
line in primary produ
tion is not evenly distributed - most

of the de
line, 70%, has o

urred at higher latitudes. The de
lines in primary

produ
tion negatively impa
t food web dynami
s.

As SST in
reases primary produ
tion biomass de
reases. The de
rease is

a result of de
reased produ
tion from redu
ed nutrient availability, see above,

and in
reased predation due to in
reased metabolism of herbivores. However,

in
reased predation appears to have a larger impa
t than produ
tion be
ause

respiration is more sensitive than photosynthesis to 
hanges in temperature.

Primary produ
tion is also negatively impa
ted by the redu
tion in sea

i
e. In northern latitudes, spring i
e melt plays an important role in the tim-

ing of phytoplankton blooms. As sea i
e be
omes less abundant the timing

of phytoplankton blooms will be altered as well as the potential extin
tion

of sea-i
e algae. De
lining sea-i
e algae has been asso
iated with a 75±21%

de
rease in krill whi
h is a primary food sour
e for many marine organisms.

Wind and Currents

The in
reased wind and altered behavior of 
urrents asso
iated with GCC are

expe
ted to signi�
antly in�uen
e the distribution and abundan
e of marine

organisms.

In
reasing wind strength is expe
ted to intensify upwellings and in
rease

the amount of organi
 material entering deeper shelf waters. In
reasing the

amount of organi
 material in deep shelf waters 
ould lead to in
reased respi-

ration, hypoxia, and toxi
 gases su
h as methane and hydrogen sul�de being

released from deep anoxi
 sediments. The 
onsumption of oxygen and re-

lease of toxins is expe
ted to result in large die-o�s of deep-water benthi



ommunities.

Similarly, uneven o
eani
 heat distribution is proje
ted to alter the be-
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havior of o
eani
 
urrents. Spe
i�
ally, the strength and dire
tion of o
eani



urrents are expe
ted to shift as temperatures 
ontinue to rise. Shifting 
ur-

rents will further alter heat distribution and nutrient movement.

Further Reading

Mu
h of the information in this se
tion was adapted from Hoegh-Guldberg and Bruno

[2010℄.

E
osystems Impa
ts of OA

Biogeo
hemistry

As previously dis
ussed, o
eani
 waters absorb CO2 from the atmosphere.

Thus, as atmospheri
 CO2 in
reases the amount of CO2 absorbed by the

o
ean also in
reases. The in
reased 
on
entration of o
eani
 CO2 has resulted

in the a
idi�
ation of the o
ean's surfa
e layer. Infa
t, the pH of the o
ean

has de
reased by 0.02pH units per de
ade over that last 30 years for a total

de
rease of 0.1pH units sin
e pre-industrialization.

The in
rease in o
ean a
idity results in substantial de
lines in 
arbonate

ions. The de
line in 
arbonate ions is a result of in
reased hydrogen ions

whi
h alter the typi
al bonding patterns. As a result, the saturation state

of 
al
ium 
arbonate is lowered whi
h 
an 
ause dissolution for 
al
ifying

spe
ies if their shells/skeletons are not prote
ted.

As a result of the biogeo
hemi
al 
hanges 
al
ifying spe
ies su
h as plank-

ton, 
orals, 
oralline algae, and many other invertebrates, are more likely to

experien
e redu
ed shell thi
kness, fertilization rates, developmental rates,

and larval size. De
lines or loss of these spe
ies 
an have signi�
ant e
ologi-


al impa
ts.

Corals are espe
ially sus
eptible to 
hanges in 
al
ium 
arbonate sat-

uration. As saturation levels de
rease their ability to formulate skeletons

de
rease and at extremely low saturation levels dissolution o

urs. This is

espe
ially important from an e
osystem perspe
tive as 
orals are an impor-

tant habitat 
omponent for many organisms. Corals form 
omplex stru
tures

and produ
e 
al
ium 
arbonate. Thus, a redu
tion in 
oral means a further

de
line in 
al
ium 
arbonate as well as habitat loss. Benthi
 invertebrates

are also expe
ted to de
line as a result of de
rease ability to 
al
ify. Redu
-

tions in benthi
 invertebrates su
h as bivalves 
an 
ompound water quality

issues as they are important water puri�ers.

As a whole, a slow down in 
al
i�
ation is expe
ted to
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• Redu
e 
al
ifying spe
ies ability to 
ompete with non
al
ifying spe
ies

• Redu
e the age at whi
h 
al
ifying spe
ies are sexually mature

• Alter buoyan
y

• Alter light behavior in the water 
olumn

• Redu
e habitat 
omplexity

• In
rease pollution levels present in the water

• Shift food webs

• Alter spe
ies distributions

Further Reading

Mu
h of the information in this se
tion was adapted from Doney et al. [2009℄.

4.5 In
orporating Climati
 Considerations into an EAFM

Framework

• How to integrate GCC and OA into EAFM

4.5.1 Details

Integrating GCC and OA into EAFM

Integrating 
limate 
hange and o
ean a
idi�
ation into EAFM needs to be


arried out throughout the planning, exe
ution, and re-evalution pro
esses.

To properly in
lude GCC and OA and their asso
iated impa
ts, their impa
ts

need to be 
arefully distinguished from 
onsequen
es of other environmental

stressors. On
e their spe
i�
 impa
ts are isolated they 
an be worked into

the 5 steps of EAFM.

Step 1: De�ne the S
ope of the FMU

When determining the geographi
 size of the FMU, �sheries management

unit, the 
urrent and future distribution of target spe
ies needs to be 
on-

sidered. Spe
i�
ally, the in
reased water temperature, 
hanges in food web

dynami
s, and alterations to mating systems asso
iated with GCC are likely

to alter the distribution and range of spe
ies. As a result, it is important
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that the FMU 
over all grounds where the spe
ies of interest 
urrently exist

and where they are proje
ted to exist given the best known s
ienti�
 data.

On
e an FMU is designated it is important that the FMU allow for adap-

tative management. As the 
hemistry of the water 
hanges the distribution

and proje
ted distribution of target spe
ies is likely to 
hange. As these


hanges o

ur it is important that the FMU 
hange along with it.

As is true for all stages of EAFM planning, it is important that stakehold-

ers be in
luded within the FMU planning. Designating and altering the FMU


an provide important opportunities for managers to explain 
hanges as well

as edu
ate stakeholders on the potential impa
ts of GCC and OA. This is

also an opportunity for stakeholders to informmanagers of their observations.

Step 2: Identify and Prioritize Issues and Goals

In order to identify and prioritize issues a metri
 needs to be 
reated to

evaluate whi
h 
omponents are the most important. To a

omplish this vul-

nerability and risk assessments are 
ompleted. As previously de�ned, vulner-

ability assessments are a tool to determine how at risk a parti
ular spe
ies is

to the proje
ted 
limati
/habitat 
hanges. Whereas risk assessments deter-

mine whi
h 
limati
/habitat 
omponents are of the highest priority. Thus,

risk assessments are typi
ally run to identify the 
limati
/habitat 
ompo-

nents to in
lude within a vulnerability assessment. Given the results of the

risk assessment and asso
iated vulnerability assessment long-term manage-

ment goals 
an be written whi
h try to negate the negative impa
ts of GCC

and OA on spe
ies/habitats of greatest 
on
ern.

Step 3: Develop and EAFM Plan

Within the management plan itself the list of long-term management goals


reated in Step 2 should be in
luded. The in
lusion of these management

goals ensures that the issues asso
iated with GCC and OA will be addressed.

It is also important to look at other management goals and obje
tives through

a GCC lense, i.e. how will GCC impa
t our ability to meet a parti
ular goal.

Steps 4 and 5: Implementation, Monitoring, Evaluation and Adaptation

of the Plan

Due to the un
ertainty asso
iated with GCC and OA it is important that

the EAFM management plan be re-evaluated frequently. In order to do this

e�e
tively, data needs to be 
olle
ted on a regular basis and analyzed. Any

new �ndings and their asso
iated management 
hanges should be addressed
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with stakeholder groups prior to implementation to maintain transparen
y

Further Reading

Mu
h of the information presented here was adapted from Heenan et al.

[2015℄.
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