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Abstract

CCAMLR adopted a new conservation measure in 2007 to ensure that significant adverse
impacts of bottom fishing gear on Vulnerable Marine Ecosystems (VMEs) are avoided.
Due to the high levels of uncertainty surrounding both the evidence of VME presence
and the consequences of interaction with different types of gear, a risk-management
framework is proposed, similar to that which has been used successfully to minimise the
effects of longline fishing mortality on seabirds. Risk is broadly defined as the conditional
probability of adverse impacts given particular bottom fishing activities multiplied by
the consequences of those impacts. The aim of the risk-management framework is to
avoid significant adverse impacts on VMEs from bottom fishing activities. The framework
consists of four steps: (i) Risk analysis of current and proposed fishing activities; evidence
of potential VMEs; scale of interactions between fishing activities and VMEs; impact of
interactions on VMEs; and recovery potential of VMEs. (ii) Risk evaluation. Information
on likelihood and consequences of interactions of bottom fishing gear with VMEs and
associated uncertainties from risk analysis is combined to produce risk metrics. (iii) Risk
elimination or mitigation. The spatial scale at which this framework operates should be
related to the scale of VMEs, presently unknown. However, management at the level of
fine-scale rectangles (0.5° latitude by 1.0° longitude) or smaller can be used in the first
instance. Temporal scales must be matched to the recovery scale of VMEs, which are
probably in the order of many decades or even centuries. Unacceptable levels of risk
from bottom fishing activities to VMEs must be eliminated or reduced to acceptable
levels through the use of management measures including, inter alia, closed areas around
identified VMEs, open and closed management areas, by-catch limits for VME-forming
organisms, gear modification or spatial distribution of fishing effort. (iv) Review. All of the
above steps should be reviewed annually to ensure that all relevant or new information
has been included, appropriate scientific research and data collection plans are in place
and that risk mitigation measures are successful in their implementation.

Résumé

La CCAMLR a adopté une nouvelle mesure de conservation en 2007 pour veiller a éviter
les impacts négatifs significatifs des engins de péche de fond sur les écosystémes marins
vulnérables (VME). Compte tenu des niveaux élevés d’incertitude entourant tant les
preuves de la présence d’'un VME que les conséquences de l'interaction avec différent
types d’engins, un cadre de gestion du risque est proposé, similaire a celui qui est utilisé
pour réduire les effets de la mortalité liée a la péche a la palangre sur les oiseaux de mer.
Le risque est généralement défini comme la probabilité conditionnelle d’impacts négatifs,
compte tenu de certaines activités de péche de fond, multipliée par les conséquences
de ces impacts. L'objectif du cadre de gestion du risque est d’éviter les impacts négatifs
significatifs des activités de péche de fond sur les VME. Le cadre de gestion comporte
quatre étapes : i) Analyse du risque des activités de péche actuelles et proposées ; preuves
de VME potentiels ; ampleur des interactions entre les activités de péche et les VME ;
impact des interactions sur les VME ; et potentiel de récupération des VME. ii) Evaluation
du risque. Les informations sur la probabilité et les conséquences d’interactions d’engins
de péche de fond avec des VME et les incertitudes associées issues de ’analyse du risque
sont combinées pour produire des métriques. iii) Elimination ou atténuation du risque.
L’échelle spatiale de ce cadre de gestion devrait étre en relation avec I'échelle des VME, qui
est actuellement inconnue. On peut toutefois procéder en premier lieu a une gestion au
niveau des rectangles a échelle précise (0,5° de latitude sur 1,0° de longitude) ou inférieur.
Les échelles temporelles doivent correspondre a 1’échelle de récupération des VME, qui
est probablement de I'ordre de plusieurs décennies, voire méme de plusieurs siecles. Les
niveaux inacceptables de risque présentés par les activités de péche de fond pour les
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VME doivent étre éliminés ou réduits a des niveaux acceptables au moyen de mesures de
gestion, entre autres, la fermeture des secteurs entourant les VME identifiés, ’ouverture
et la fermeture d’aires de gestion, la limitation de la capture accessoire d’organismes
constituant les VME, la modification des engins ou la répartition spatiale de l'effort de
péche. iv) Evaluation. Les étapes ci-dessus devraient étre évaluées annuellement pour
s’assurer que toutes les informations pertinentes ou nouvelles ont été prises en compte,
que des plans appropriés de recherche scientifique et de collecte des données sont en place
et que les mesures d’atténuation du risque ont été mises en ceuvre avec succes.

Pesrome

B 2007 . AHTKOM npuHsi HOBYIO MEpy IO COXPaHEHHMIO B IENSIX O0O0eCredeHHs
n30€XKaHUs! CyIIECTBCHHOTO HEraTUBHOTO BO3ACHCTBHUS Ha yS3BUMbIE MOPCKHE CHCTEMBI
(YMD) co cTOpoHBI AOHHBIX MPOMBICIOBBIX CHAcTeH. B CBSI3M C BBICOKMM ypOBHEM
HEONPE/IeICHHOCTH B OTHOIIICHNH KaK CBUIETEIbCTB HAMMIust Y MO, Tak U MoCIeACTBUH
B3aUMOJICHCTBUS C Pa3lIMYHBIMU THUIIAMU CHACTEH, MpeAsaraeTcsi CUCTeMa YIIpaBIeHUS
puckamy, 1omoOHast TOW, KOTOpasl YCIICIIHO HCIIONb3YeTCs B LENIX MHUHHMH3AINN
MOCTIC/ICTBHM MPOMBICIIOBOI CMEPTHOCTH NPH SAPYCHOM NPOMBICIE JJISI MOPCKUX ITHII.
Puck B menom ompenensercss Kak yCIOBHAas BEPOSTHOCTb HEraTHBHBIX BO3JEHCTBUIL
IpPU HAJINYMU KOHKPETHOH NESTENbHOCTH IO JOHHOMY IPOMBICIY, YMHO)KEHHAs Ha
MOCIIEACTBHS ATUX BO3JEUCTBHH. Llenb 910 cucTeMbl yrpaBieHust puckamMmu — n30exarhb
CYIIIECTBEHHOTO HETaTWBHOTO BO3/ICHCTBHSA Ha YMD CO CTOPOHBI JOHHOTO IPOMBICTA.
Ora cucrema BKIIOYaeT ueThipe mara: (1) AHaIU3 pUCKa CO CTOPOHBI CYIIECTBYHOLICH
U TMpeajaraéModl NpPOMBICIOBOM JESTENbHOCTH; CBUIETENBCTBA BO3MOXKHBIX YMDO;
MacmTad B3aMMOICHCTBUI MEXIy IPOMBICIOBOM AEATEILHOCTBEIO B YMD; BIUSHHE
B3anMOJICHCTBUI Ha YMD; 1 BO3MOXKHOCTH BoccTaHOBIeHHs YMD. (ii) OreHka pucka.
Wudopmanust 0 BEpOATHOCTH U MOCIEACTBUAX B3aUMOJCHCTBHUS JOHHBIX IIPOMBICIIOBBIX
cHactell ¢ YMD 1 COOTBETCTBYIOIINX HEOIMPEAECICHHOCTSX 10 Pe3yJIbTaTaM aHAJIN3a PUCKA
oObeaMHSACTCS IS MONYyYeHHUs Mokaszareneil pucka. (iii) YCTpaHCHHE WIH CMATYCHHE
pucka. [IpocTpancTBeHHBIN MaciuTal, B KOTOPOM 3Ta CHCTEMa JACHCTBYET, J0JKEH OBbITh
cBsi3aH ¢ MmacmTabamum YMD, HEM3BECTHBIMH B Hacrosmiee Bpems. OQHAKO CHadaia
MOXKET IIPUMEHSTHCSI YIPaBJIeHUE Ha YPOBHE MEJIKOMAcIITaOHbIX KiIeToK (0.5° mupoTh
Ha 1.0° monroTel) wiau MeHbmre. MacmrTaObl BO BPEMEHH JIOKHBI COOTBETCTBOBATH
Maciirabam BocCTaHOBICHUST YMD, KOTOpbIE, BEPOSITHO, COCTABISIOT MOPSIKA MHOTHUX
JECATUIETHI WU Jaxke cronetuil. HenomyctuMele ypoBHU pucka it YMD co cTOpoHBI
JIOHHOTO ITPOMBICIIA JJOJIKHBI OBITh YCTPAHEHBI MIIH COKPAIIEHBI 10 IPHEMIIEMOTO YPOBHS
IIyTeM MKCIOIb30BAHUS MEp MO YIPABICHUIO, BKIIOYAs, CPEIU IPOYEro, 3aKpPBITUE
paifoHOB BOKPYT BBIABICHHBIX YMD, OTKPHITHIC W 3aKpBIThIE PAaliOHBI YIpPaBICHUS,
OTpaHHYEHUs] Ha TIPHIOB oOpasyromux YMD opraHn3MoB, MOTUQHKAIMIO CHACTEH
WIH TPOCTPAHCTBEHHOE paclpeieieHne mpombicioBoro ycmnus. (iv) [lepecmotp.
Bce BbIenepeuncieHHbIe Maru JODKHBI €KEeTOAHO MepecMaTpUBaThCs, ¢ TEM YTOOBI
o0ecrieunTh BKIIOYEHHNE BCEH yMECTHOM Miin HOBOM MH(OPMAINHY, HATMIHE HAJISKAIINX
TUTaHOB MPOBEICHNUS HAYYHBIX UCCIEIOBAHUH U cOOpa JaHHBIX U YCIICITHOE BHIMOIHCHHE
Mep [0 CHIKEHHIO PHUCKA.

Resumen

La CCRVMA adopt6 una nueva medida de conservacién en 2007 para evitar que los artes
de pesca de fondo causen graves dafos en los ecosistemas marinos vulnerables (EMV).
Dada la gran incertidumbre en lo que respecta a los indicios de la presencia de un EMV y a
las consecuencias de la interaccién con distintos tipos de artes de pesca, se ha propuesto un
marco para la gestion del riesgo, similar al que se ha utilizado con éxito para minimizar los
efectos de la pesca de palangre en la mortalidad incidental de aves marinas. En términos
generales, el riesgo se define como la probabilidad condicionada de que se produzca un
impacto desfavorable dadas ciertas actividades de pesca de fondo, multiplicada por las
consecuencias de ese impacto. El objetivo del marco de gestién del riesgo es evitar que
las actividades de pesca de fondo causen graves dafios en los EMV. El marco consiste de
cuatro etapas: (i) Andlisis del riesgo de las actividades de pesca en curso y propuestas;
indicios de la presencia de un ecosistema marino potencialmente vulnerable; grado de
interaccién entre las actividades de pesca y los EMV; impacto de las interacciones en los
EMYV; y capacidad de recuperaciéon de los EMV. (ii) Evaluacién del riesgo. La informacién
sobre la probabilidad y las consecuencias de las interacciones entre el arte de pesca de
fondo con los EMV se combina con la incertidumbre asociada al anélisis de riesgo para
producir indices de riesgo. (iii) Eliminaciéon o mitigacién del riesgo. La escala espacial en
la que opera este marco debiera relacionarse con la escala de los EMV, que actualmente se
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desconoce. No obstante, la gestiéon a nivel de rectangulo a escala fina (0.5° latitud por 1.0°
longitud) o menor, puede utilizarse en primera instancia. Las escalas temporales deben
coincidir con la escala de recuperacién de los EMV, que probablemente son del orden de
muchas décadas o hasta siglos. Se debe eliminar cualquier nivel inaceptable de riesgo de
las actividades de pesca de fondo para los EMYV, o bien reducir el riesgo a un nivel aceptable
mediante el uso de medidas de gestién que incluyen, inter alia, areas cerradas alrededor de
los EMV identificados, dreas de gestion abiertas y cerradas, limites de captura secundaria
para los organismos formadores de EMV, modificacién de artes de pesca o distribucion
espacial del esfuerzo de pesca. (iv) Revisiéon. Todas las etapas mencionadas deben ser
revisadas anualmente para asegurar que toda la informacién pertinente, o nueva, haya
sido incluida, que la investigacién cientifica pertinente y los planes de recopilacién de
datos hayan sido especificados y que las medidas de mitigacién del riesgo hayan sido
implementadas con éxito.

Keywords: bottom fishing gear, mitigation, risk assessment, risk management,
vulnerable marine ecosystems, CCAMLR

Introduction

Concern over the impacts of anthropogenic
activities in marine areas beyond national jurisdic-
tion has grown considerably over the course of the
21st Century. International bodies, including the
United Nations General Assembly (UNGA) and
the Convention on Biological Diversity (CBD),
have identified fishing as a major potential threat
to the structure and function of marine ecosystems
(e.g. UNGA, 2006; CBD, 2008).

Protection of Vulnerable Marine Ecosystems
(VMESs) was identified as a key issue by the United
Nations in 2003 (UNGA, 2003). No standard defini-
tion of VMEs has been agreed and they are usu-
ally defined by example only. The vulnerability of
any particular ecosystem is the degree of change
sustained on exposure to a particular disturbance
regime. Thus, the concept of a VME is therefore
only valid when the disturbance regime is speci-
fied. This can be most easily understood by con-
sidering the example of slow-growing, long-lived
deep-sea corals which are damaged or destroyed
by bottom trawling (Roberts and Hirshfield, 2004).
Common strategies to mitigate this damage include
protecting areas of densest concentrations of these
organisms from fishing. Such concentrations have
come to be known as VMEs as convenient short-
hand. However, depending on gear type and fre-
quency of disturbance, other benthic ecosystems
(e.g. soft-sediment communities) can show loss of
biodiversity and ecosystem function (Cryer et al,,
2002). These ecosystems would thus be viewed as
VME:s in the context of their particular disturbance
regimes.

In 2005, UNGA called upon States and Regional
Fisheries Management Organisations and Arrange-
ments (REMO/ As), such as CCAMLR, to consider
interim prohibition of bottom fishing on VMEs; to
address impacts and ensure compliance; to report

on the actions of RFMO/As to deal with adverse
impacts on VMEs; and to review progress with a
view to further recommendations (UNGA, 2005).
In response, a report on the impacts of fishing on
VMESs was presented to the 61st session of UNGA
(UNGA, 2006) leading to UNGA Resolution 61/105
calling for REMO/As to ensure that significant
adverse impacts on VMEs are avoided (UNGA,
2007).

CCAMLR, as a conservation organisation with
the attributes of an REMO, has implemented meas-
ures to deal with the potential impacts of bottom
fishing on VMEs. In 2006, the Commission agreed
that it would need to be satisfied that bottom trawl-
ing would not have a significant adverse impact
on VMEs to approve such activities and requested
the Scientific Committee to review the use of bot-
tom trawling gear in high-seas areas (CCAMLR,
2006, paragraphs 11.36 and 11.37). As an interim
measure, bottom trawling gear was restricted to
areas where conservation measures governing bot-
tom trawling activities were in force at that time
(CCAMLR, 2006, paragraph 11.38).

In 2007, noting the requirements of UNGA
Resolution 61/105, the Scientific Committee of
CCAMLR endorsed practical definitions for de-
structive fishing practices, vulnerability of an
ecosystem to fishing and what constitutes signifi-
cant adverse impacts (Constable and Holt, 2007;
SC-CAMLR, 2007a, paragraph 4.163; SC-CAMLR,
2007b, paragraph 14.4). The Scientific Committee
agreed that a framework, based on existing prac-
tices and procedures, could be used to indicate
the research and data activities needed to manage
bottom fishing and thus avoid significant adverse
impacts on VMEs (SC-CAMLR, 2007a, para-
graph 4.164) (Figure 1).
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Figure 1:

Framework for indicating scientific and data collection activities to manage bottom

fishing to avoid significant adverse impacts on VMEs.

This work was endorsed by the Commission,
noting that many of the components for manag-
ing bottom fishing can draw upon existing prac-
tices and procedures (CCAMLR, 2007a, para-
graph 5.12). In particular, the endorsed CCAMLR
aims for managing interactions with non-target
species are, in order of priority (SC-CAMLR, 2003a,
paragraphs 4.135 and 4.136; SC-CAMLR, 2003b,
paragraph 5.230):

(i) avoidance
(if) mitigation
(iii) catch limits.

Conservation Measure 22-06 (CCAMLR, 2007b)
was adopted to manage bottom fishing in the
CAMLR Convention Area. The Commission iden-
tified further work that would be necessary to meet
the requirements of UNGA Resolution 61/105,
including consideration of available manage-
ment approaches to avoid and mitigate significant
adverse impacts on VMEs (CCAMLR, 2007a, para-
graph 5.13).

In response to the Commission’s requirement
for the Scientific Committee to develop scientific
advice on managing bottom fishing to avoid signifi-
cant adverse impacts on VMEs (SC-CAMLR, 2007a,
paragraphs 4.164 and 4.165; CCAMLR, 2008a,
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paragraph 5.12(ii)(a)), this paper outlines a risk-
management approach for analysing, evaluating
and treating the risks associated with bottom fish-
ing. This approach operationalises Conservation
Measure 22-06 using existing practices and is anal-
ogous to that used by CCAMLR in successfully
minimising the effects of longline fishing mortality
on seabirds (Waugh et al., 2008).

What is risk?

In order to properly implement a risk-manage-
ment framework, the term ‘risk’ needs to be defined
(Kaplan, 1997). Generally, three questions define
risk (Kaplan and Garrick, 1981):

(i) What can happen? (Scenario. Denoted by S;)

(i) How likely is that to happen? (Likelihood.
Denoted by L;)

(iii) If it does happen, what are the consequences?
(Consequences. Denoted by X))

Likelihood can be expressed as a frequency
(how often does scenario i occur?), a probability
(for single events) or a probability of frequency
(how often might scenario 7 occur given uncertainty
over its precise value?) (Kaplan, 1997). Similarly,
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Figure 2: Generic risk-management framework (adapted from Standards Australia, 2004) and

relationship with CCAMLR actions with respect to bottom fishing.

the consequences of a scenario can be a vector, a
time-dependent response or uncertain, in which
latter case it should be expressed as a probability
curve (Kaplan, 1997). The general formulation for
total risk is therefore the triplet of scenario, likeli-
hood and consequence across the complete set of
scenarios ¢, i.e.

R= {Si/pi ((Pi>/pi (Xl )}C (1) (Kaplan, 1997)
where p;(¢;) represents likelihood and p{(X;) repre-
sents consequences for each scenario S;.

It should be noted that likelihood is a con-
ditional probability of a particular consequence

occurring not the likelihood of the activity occur-
ring (Fletcher et al., 2002).

It has been argued that ‘exposure-effects’ mod-
els, also known as ‘dose-response” models, where
the experimenter wishes to quantify the magni-
tude of adverse consequences given a particular
level of exposure, represent a different definition
of risk (e.g. Suter, 2006). However, Kaplan (1997)
has demonstrated that these types of models can
also be accommodated within the general defini-
tion provided in equation (1).

Generic risk-management framework

The approach proposed in this paper is based
on a generic risk-management process for fisheries

as described in Fletcher (2005). This approach
has also been used in CCAMLR for assessing the
impacts of longline fishing on seabird mortality as
described in Waugh et al. (2008) and implemented
each year since 1997 by the ad hoc Working Group
on Incidental Mortality Associated with Fishing
(WG-IMAF). In the WG-IMAF assessments, how-
ever, likelihood and consequence are not explicitly
enumerated, rather a single risk score is produced.
Similar risk-management frameworks are used
by Antarctic Treaty Parties and the Committee for
Environmental Protection when dealing with pro-
tected areas, environmental monitoring or desig-
nations of Antarctic Specially Protected Species. It
is also used extensively in fisheries management
(e.g. Campbell and Gallagher, 2007; Smith et al.,
2007). The risk-management framework is shown
in Figure 2.

Specific risk-management framework

The goal and specific risk in dealing with
interactions of fishing gear with VMEs within
CCAMLR have been identified in Conservation
Measure 22-06, paragraph 7, i.e. ‘to ensure that all
bottom fishing activities are assessed and managed
to prevent significant adverse impacts on VMEs or
are not authorised to proceed’. The remaining four
steps in the process can be summarised as follows:

181



Martin-Smith

(i) Risk analysis of:

(a) current and proposed fishing activities in
specified area including method and foot-
print (spatial and temporal extent, fre-

quency);

(b) evidence of potential VMEs in an area
of fishing activity with associated uncer-
tainty;

(c) magnitude of interactions between fish-
ing activities and VMEs with associated
uncertainty;

(d) impact of interactions on VMEs with asso-
ciated uncertainty;

(e) recovery potential of VMEs.

(i) Risk evaluation — Combine information on
likelihood and consequences of interactions of
bottom fishing gear with VMEs and associated
uncertainties from risk analysis to produce
risk metrics.

(iii) Risk elimination or mitigation — Unacceptable
levels of risk from bottom fishing activities
to VMEs must be eliminated or reduced to
acceptable levels through the use of manage-
ment measures including, inter alia, closed
areas around identified VMEs, open and
closed management areas, by-catch limits for
VME-forming organisms, gear modification or
spatial distribution of fishing effort.

(iv) Review — All of the above steps should be
reviewed regularly to ensure that all relevant
or new information has been included, appro-
priate scientific research and data collection
plans are in place and that risk mitigation
measures are successful in their implementa-
tion. Annual review of the risk-management
approach is appropriate in the first instance, in
line with many other CCAMLR processes.

As mentioned above, both likelihood and con-
sequence will each have associated levels of uncer-
tainty (Beer, 2006). Such uncertainty can be associ-
ated with natural randomness in system processes
or imperfect information. In situations where
uncertainty is largely due to imperfect information,
qualitative categories of likelihood and conse-
quence must be used based on expert opinion
(Fletcher et al., 2002; Fletcher, 2005; Waugh et al.,
2008). WG-IMAF uses this method when assessing
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the risk of interactions between seabirds and fish-
eries in the CCAMLR area (WG-IMAF, 2007). A
standard scale for likelihood is given in Table 1.

Similarly, qualitative and quantitative conse-
quence levels have been developed for the impacts
of activities, including fisheries (e.g. Fletcher et
al., 2002). Table 2 provides both qualitative and
semi-quantitative criteria for a six-level scale of
the impacts of bottom fishing on VMEs. The com-
bination of likelihood and consequence provides
a semi-quantitative estimate of risk (Table 3) that
can be used to initiate different classes of manage-
ment action, reporting etc. (Fletcher et al., 2002).
WG-IMAF provides advice to the Scientific Com-
mittee by statistical area with different provisions,
e.g. length of fishing season based on its assess-
ment of risk (WG-IMAF, 2007).

Consideration of scale

Temporal and spatial scales are extremely
important when considering the ecological impacts
of bottom fishing on VMEs (see White and Pickett,
1985; Wiens, 1989 for consideration of ecologi-
cal effects of scale). In order to operationalise the
risk-management framework, appropriate scales
will need to be chosen that reflect the process of
interaction of VMEs with bottom fishing activi-
ties. For temporal scale, the reciprocal of the aver-
age frequency of interactions with bottom fishing
activities needs to be smaller than the recovery
time of the VME in order to ensure that cumulative
impacts are avoided. Although the recovery time
of VMEs in the Southern Ocean is not known pre-
cisely, available evidence would suggest that com-
munities may take many decades or even centuries
to recover from disturbance effects (Teixid6 et al.,
2007; Barnes and Conlan, 2007). The appropriate
spatial scale for consideration should be related
to the size distribution of the VMEs (CCAMLR,
2008a, paragraphs 5.12 and 5.13). However, if this
information is not known, as is the case for VMEs
in the Southern Ocean, an appropriate spatial scale
for management activities can be derived from the
bottom fishing gear used. An area of 0.5° latitude by
1.0° longitude has been endorsed by the Scientific
Committee as appropriate for risk characterisation
(SC-CAMLR, 2008) although smaller spatial scales
may be needed.

Evidence of VMEs

In assessing the likelihood of interactions of
bottom fishing gear with VMEs in the Southern
Ocean, the greatest uncertainties are associated
with the location and extent of these ecosystems, as
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Table 1:  Qualitative likelihood of significant adverse impacts on VMEs conditional
on bottom fishing activities (adapted from Standards Australia, 2004).

Level Verbal expression Description
1 Remote Theoretically possible but never observed
2 Rare May occur in exceptional circumstances
3 Unlikely Could occur at some time
4 Possible Might occur at some time
5 Likely Will probably occur in most circumstances
6 Almost certain Is expected to occur in most circumstances

Table2:  Qualitative and semi-quantitative consequence scale for impacts of bottom fishing on VMEs,
adapted from Fletcher et al. (2002).

Level Descriptor Description Spatial extent (% Time scale for
of VME affected) recovery
0 Negligible Effects are undetectable relative to natural <1
variability of ecosystem.
1 Minor No effect on overall ecosystem structure 1-5 Weeks-months

or function. Small changes in abundance
of some species.
2 Moderate Small effect on ecosystem structure or 5-25 Months—-one year
function. Small changes in abundance of
many species or large changes in some
species.
3 Major Measurable effects on ecosystem structure 25-50 One—few years
or function. Large changes in abundance
of many species and/or some extirpations.

4 Severe Substantial loss to structure or function of 50-90 Years—decades
ecosystem. Many species extirpated.

5 Catastrophic Complete loss of ecosystem. All species >90 Centuries—never
extirpated.

Table 3:  Risk analysis matrix based on likelihood and consequence scales presented above. Different
shading refers to different subjective levels of risk (modified from Fletcher et al., 2002). Scores in
table are multiplicative, i.e. consequence x likelihood. Correspondence with WG-IMAF risk
categories: 0 = low, 1-6 = average-to-low, 8-12 = average, 15-18 = average-to-high, >18 = high.

Consequence
Negligible Minor Moderate Major Severe Catastrophic
0) @) 2) ®) ) ©)
Remote (1) 0 1 2 3 4 5
3 Rare (2) 0 2 4 6 8 10
£ Unlikely (3) 0 3 6 9 12 15
'S Possible (4) 0 4 8 12 6 20
S Likely (5) 0 5 10 15
Almost certain (6) 0 6 12 18

—_ I‘
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opposed to the fishing footprint which is well quan-
tified. In the absence of other information, the pre-
cautionary approach of CCAMLR (see Constable
et al., 2000 for review) will result in the likelihood
of significant adverse encounters with VMEs being
considered as Likely. Taxa that may indicate VMEs
have been caught in all bottom fishing activities
(CCAMLR, 2008b). However, as further informa-
tion is collected, it is possible to revise these likeli-
hoods in an adaptive manner (Moyle, 2005), as is
currently done for toothfish stock assessments in
new and exploratory fisheries through data collec-
tion and research plans (CCAMLR, 2007a).

Evidence of VMEs can be obtained from a
number of different types of information, which
have different levels of uncertainty associated with
each:

(i) directly measured
(ii) inferred from indirect measurements, or
(iii) predicted from various models.

A summary of these types of information and
examples from the Antarctic and Southern Ocean,
where possible, are given in Table 4.

Direct evidence of VMEs from publicly acces-
sible databases (such as SCAR-MarBIN www.scar-
marbin.be or Seamounts Online http:/ /seamounts.
sdsc.edu) are concentrated in areas that have been
the subject of greater research effort, in particular
the continental shelf near national research stations,
the Ross Sea and around the Antarctic Peninsula.
Syntheses of other data are publicly available,
e.g. distribution of hexactinellid sponges in the
Weddell Sea (Barthel and Gutt, 2002; Janussen and
Tendal, 2007). Further data are available in national
research programs or from fisheries observer
records of by-catch collected by CCAMLR.

Similarly, indirect evidence of VMEs is availa-
ble through public databases, primary literature or
national research programs, as are modelling stud-
ies (e.g. Clark et al., 2006).

At present in longline fisheries, the major bot-
tom fishing method in use in the Convention Area,
feasible methods of gathering evidence of potential
VMEs are through observation of by-catch or acous-
tic signatures of habitat features. Longline-mounted
cameras have been developed and deployed to a
limited extent on commercial vessels providing for
direct visual observation of a small section of line
(Constable et al., 2007). Evidence that can be gath-
ered through these methods can be used as indica-
tors of different types of VME (Table 5).
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Effects of bottom fishing gear on VMEs

The consequences of the interactions of bottom
fishing gear with VMEs in the Southern Ocean are
also associated with a high degree of uncertainty.
However, there is information on the interactions
of bottom fishing gear on VMEs formed by simi-
lar organisms elsewhere in the world which can be
used to predict the impacts in the Southern Ocean.
In the absence of other information, a default con-
sequence of major disturbance is consistent with
the precautionary approach used by CCAMLR in
new and exploratory fisheries. Again, as new data
are collected, e.g. by using video cameras deployed
on trawls and longlines (Constable et al., 2007), the
consequences of interactions of gear with VMEs
can be revised.

Bottom fishing gear that has been used histori-
cally within the CCAMLR area includes benthic
or demersal trawls, pots/traps and bottom-set
longlines (CCAMLR, 2008b). Currently bottom
trawling is restricted to a small-volume fishery in
CCAMLR Division 58.5.2 while bottom-set long-
lines are used throughout the CCAMLR area,
although they are not permitted in depths shal-
lower than 550 m (CCAMLR, 2008c). Of these gear
types, considerably more research has been under-
taken on the effects of towed fishing gear, trawls
and dredges, than on either pots or longlines, for
which very little information exists (Eno et al,,
2001; Johnson, 2002; Troffe et al., 2005) (Table 6).
Furthermore, much of the information which exists
can only be used in a qualitative manner, as the
frequency and spatial extent of fishing disturbance
was not quantified in many studies. For example,
damage to Lophelia pertusa reefs off Norway was
estimated to be 30-50%, but the fishing effort that
had caused this impact could not be quantified
(Fossa et al., 2002).

A recent meta-analysis of experimental studies
has demonstrated that the direct effects of towed
fishing gear were strongly habitat-specific with the
most severe impacts occurring in biogenic habitats,
i.e. habitats formed by biota (Kaiser et al., 2006).
Decreases in abundance of benthic organisms of
64-96% were observed following trawling in bio-
genic habitats and significant decreases in abun-
dance were also found with other combinations
of gear and habitat, e.g. beam trawling on sand.
Sponges and soft corals were identified as taking
the longest time to recover from disturbance (Kaiser
et al., 2006). However, none of the experimental
studies used in the analysis were undertaken in
the deep ocean nor in the Southern Ocean. Many
of the life-history characteristics of Southern Ocean
organisms, including slow growth rates, high lon-
gevity, dispersal and reproductive modes, would
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indicate that benthic communities will take much
longer to recovery from fishing disturbance —in the
order of many decades to centuries — than similar
communities elsewhere in the world (Clarke, 1983;
Gutt and Starmans, 2001; Barnes and Conlan, 2007;
Teixido et al., 2007).

Risk evaluation

Once the evidence of VMEs has been assessed
along with its associated uncertainty, a likelihood
score is assigned as per the categories in Table 1
with a default uncertainty (and hence likelihood)
of 5 (Likely) when no information is available.
Similarly, a consequence score for the impacts
of bottom fishing on VMEs is assigned from
Table 3 with a default uncertainty (consequence)
of 3 (Major) when no information is available. The
overall risk of bottom fishing activities on VMEs
is then calculated from the risk-analysis matrix
in Table 3, which can be categorised into the five
classes used by WG-IMAF, if desired. As with the
annual WG-IMAF assessments, advice will be pro-
vided to the Scientific Committee on the basis of
the assessed overall risk.

Risk mitigation

CCAMLR has used a range of management
options to mitigate different forms of risk, in par-
ticular spatial management (open and closed areas,
depth restrictions), temporal management (closed
seasons), gear management and catch controls
(by-catch limits, control of IUU fishing) (CCAMLR,
2007a). Some of these approaches can be adapted
to lower the risk of significant adverse impacts of
bottom fishing gear on VMEs, for example:

(i) Spatial management —

(a) Closures around known VMEs with
appropriate buffers — In the absence of
information on the impacts of bottom
fishing gear, closing areas around known
VMEs will reduce the risk to zero from
vessels authorised by CCAMLR. Buffer
zones should be large enough to account
for uncertainty in the extent of the VME or
position of fishing gear.

(b) Uncertainty-based special management
arrangements — Spatial closures around
particular features with which VMEs
are normally associated (e.g. canyons,
seamounts, plate boundaries or other indi-
cators) with appropriate buffers should
be used to appropriately limit operations
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to avoid significant adverse impacts on
VMEs while information is collected to
determine how fishing might proceed.
For example, areas around such features
may be closed while strategic, highly con-
trolled research fishing is undertaken to
ascertain risks in one or a few target areas
with those features present.

(¢) Open and closed areas — Appropriate
spatial distribution of open and closed
areas would provide a means by which
the effects of fishing gear on potentially
vulnerable marine ecosystems could be
assessed in the long term and, as such,
whether the strategy for avoiding signifi-
cant adverse impacts on VMEs is work-
ing.

(d) Spatial distribution of fishing effort within
existing fishing footprint — Cumulative
adverse impacts of fishing gear can be
avoided by distributing fishing effort over
a wide area. This measure is implemented
by separating shots by a minimum dis-
tance for each vessel, limiting effort in
particular areas and/or general mecha-
nisms to spread fishing effort across the
area. This strategy will only be effective if
it reduces the average frequency of inter-
actions below the recovery period of the
VME.

(i) Gear management — Changes to the configu-
ration, materials or deployment of gear can
be used to reduce the consequences of inter-
actions with bottom fishing gear. Associated
research on effects of bottom fishing gear on
VMEs and recovery trajectories of the organ-
isms involved will be needed to demonstrate
the effects of gear modification.

(iii) Catch controls —

(a) By-catch limits for VME-indicator organ-
isms with move-on provisions if these
limits are exceeded - Appearance of
VME-indicator organisms in the catch of
bottom fishing gear would be monitored
and trigger levels established. If these
trigger levels are reached, then a move-on
provision would operate, as with current
by-catch measures. Note that these will
only be applicable when there is a reason-
able chance that indicator biota will be
caught by the fishing gear.
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(b) Reduction of IUU fishing — While the miti-
gation measures 1 to 6 will be effective in
reducing risk from vessels authorised by
CCAMLR, there will still be residual risk
from IUU fishing which can only be mini-
mised through enforcement and compli-
ance measures.

Conclusions

The protection of VMEs in the Convention Area
requires a risk-management approach to encom-
pass the requirements of the Commission, noting
both the framework for scientific and data collec-
tion activities (CCAMLR, 2007b, paragraph 5.12)
and the necessity to develop an approach for
identifying VMEs, assessing benthic interactions
of bottom fishing, and managing fishing to avoid
and mitigate significant adverse impacts on VMEs
(CCAMLR, 2007b, paragraph 5.13).

The approach outlined here provides an
approach that will help CCAMLR meet its obliga-
tions under UNGA Resolution 61/105. Specifically,
the steps are: (i) Risk analysis, (ii) Risk evaluation,
(iii) Risk mitigation and (iv) Review. There is an
imperative to implement precautionary manage-
ment of interactions of bottom fishing gear with
VMEs which cannot wait for complete information.
Risk management provides a practical adaptive
solution to ensure adequate protection of VMEs.
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Risk-management framework for avoiding adverse impacts on VMEs
KauecTBeHHBIH W TONYKOJIMYECTBEHHBIH MaciuTald TOCIENCTBUH B Clydae BO3JCHUCTBHSI JIOHHOTO
npombiciia Ha YMD, anantuposano u3 Fletcher et al. (2002).
Marpuna aHainM3a pHUCKa, OCHOBAaHHAs Ha IIPEJCTABICHHBIX BBINIE MaclITadax MOCIEACTBUA M
BEPOSITHOCTH. PazinyHasi MHTEHCHBHOCTh I[BETA IOKA3bIBAET Pa3HbIe CyOBEKTHBHBIC YPOBHH PHUCKA
(momudunmpoBano u3 Fletcher et al., 2002). Ouenku B Tabmuie — pe3yinbTaT YMHOXEHHS, T. €.
MoCIeCTBIE X BeposiTHOCTh. CooTBercTBHE Kareropusm pucka WG-IMAF: 0 = Huskoe, 1-6 = ot
cpenHero 10 Hu3Koro, 8—12 = cpeanee, 15—-18 = oT cpeanero 10 BbICOKOro, >18 = BbICOKOE.

Tumner I/IH(l)OpMaHI/II/I, KOTOpast MOXKET HUCIIOJIL30BATHCH, YTOOKI cJi€jarb BBIBOJ O HAJIMYHUHU YMD.

Bo3MOXHBII TIPUIIOB U aKyCTHUCCKUEC HAONIONCHUS TPU SPYCHBIX MPOMBICIIAX, U COOTBETCTBYIOIINC
MOTEeHIHaAIbHEIE YMD.

XapakTepHoe BO3ACHCTBIE IPOMBICIIA HA PAa3IUYHbIe THIBI YMD.
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JIOHHBIM IIPOMBICIIOM B LIEJISIX M30€KaHMsI CYIIECTBEHHBIX HETaTHBHBIX BO3JCHCTBHI Ha YMD.

Tunuynas cucremMa ynpasiieHus: puckamu (agantuposana u3 Standards Australia, 2004) 1 B3aMOCBSI3b
¢ mepamu AHTKOM B oTHOIIEHHH JOHHOTO POMBICIIA.
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