
 

 Science Working Group 

Port Vila, Vanuatu: 19‐23 September 2011 

REPORT OF THE 10th SCIENCE WORKING GROUP 
 

 

1. Welcome & Introductions 

The meeting of the Scientific Working Group was opened by the chair of the SWG, Mr Andrew 
Penney (New Zealand), who welcomed all participants.  On behalf of all participants, he thanked 
Vanuatu for hosting the meeting. 

Participants introduced the members of their scientific delegations.  A list of SWG participants is 
attached as Annex SWG‐02. 

2. Adoption of Agenda 

The draft agenda (SWG‐010‐01) was adopted without amendment (Annex SWG‐01). 

3. Administrative Arrangements 

The  Chair  explained  the  proposed  schedule  of  meetings  (SWG‐09‐02)  and  the  Executive 
Secretary, Dr Robin Allen, explained other administrative arrangements. 

3.1. Meeting documents 

The Executive Secretary provided participants with an updated documents list (SWG‐010‐03). 

4. Nomination of Rapporteurs 

The Chair offered to rapporteur the meeting, assisted by the interim Executive Secretary. 

5. SWG Chairmanship 

At the 9th SWG meeting in Viña del Mar, Chile, in October 2010, Andrew Penney (New Zealand) 
was re‐confirmed as Chair of the SWG for the next two year period. 

6. Discussion of National Reports 

National reports were tabled at this meeting by, the European Union, Australia, New Zealand, 
Chile, China, Korea, Peru, Russia, Vanuatu and Chinese Taipei (documents SWG‐10‐04 to SWG‐
10‐12).   Participants made brief presentations of  their national  reports and provided answers 
and explanations in response to questions. 

ANNEX B



7. Inter‐Sessional Work 

7.1. Report from the Interim Secretariat on status of catch & effort data submission 

The report by the Interim Secretariat on catch and effort data submission (DIWG‐09‐INF‐01) was 
tabled and discussed at the meeting of the Data and Information Working Group. 

7.2. Update by the Interim Secretariat on status of the SPRFMO catch and effort database, 
and the SPRFMO GIS database 

An update on the status of the SPRFMO catch and effort database was provided to the Data and 
Information Working Group.   The Executive Secretary gave a brief update on the status of the 
SPRFMO geospatial database The SPRFMO geospatial database contains data on the boundaries, 
bathymetry and seamounts  in the SPRFMO Area.   The Secretariat has prepared a  joint bottom 
fishing  footprint  at  20‐minute  resolution  based  on  individual  bottom  fishing  footprint maps 
submitted by New Zealand, Australia, Korea and Chile (SWG‐INF‐10). 

8. Report‐Back from the Meeting of the Jack Mackerel Sub‐Group 

8.1. Consideration of the report and summary of the Jack Mackerel Sub‐Group meeting 

The Jack Mackerel Sub‐Group met prior to the SWG meeting and the full report of that meeting 
is appended as Annex SWG‐03.  Main issues dealt with by the JMSG Sub‐Group at this meeting 
were: 

 The  JMSG  conducted  stock  assessments  for  jack mackerel  using  the  Joint  Jack Mackerel 
(JJM) statistical catch‐at‐age stock assessment model, using updated data inputs and indices. 

 Results of these assessments were used to develop advice on the status of the Chilean jack 
mackerel resource in 2011.  Projections were conducted under a future recruitment scenario 
based on average recruitment levels over 2002 – 2006, and five alternative future constant 
catch levels, were used to provide advice on probabilities of stock recovery at these various 
constant catch levels. 

 The  JMSG  reviewed  inter‐sessional progress with development of projects under  the  Jack 
Mackerel  Research  Programme  and made  recommendations  on  future work  to  progress 
cooperative research under this programme. 

8.2. SWG Advice on Jack Mackerel Stock Status 

The SWG endorsed the following advice by the Jack Mackerel Sub‐Group on jack mackerel stock 
status in 2011: 

 Jack mackerel  catches  by  all  but  one  of  the  fleets  continued  to  decline  in  2011, with 
overall 2011  catches being 69% of 2010  catches.   Updated  assessment  results  indicate 
that current biomass is now estimated to be 10% ‐ 19% of the total biomass which would 
have existed if there had been no fishing, which is slightly higher than the estimated range 
from the 2010 assessment.  The 2011 assessments results indicate a continuing decrease 
in  fishing mortality  and  a  slight  increase  in  estimated  total  biomass  over  2010,  but  a 
continuing decrease in spawning biomass. 

 There  continue  to  be  indications  of  slightly  improved  recruitment  in  recent  years, 
although  the  updated  assessment  indicates  that  the  apparently  strong  recruitment 
observed by a number of fleets in 2010 was actually lower than the recruitment in 2009, 
and well below  long‐term average  levels.   Significant catches of 2 year old recruits were 



only made by the North Chilean (Fleet 1) fleet in 2011 and the resulting estimate of higher 
recruitment  in  2011  is  highly  uncertain,  and  still well  below  long‐term  average  levels 
(Annex SWG‐JM‐03 Figure 17). 

 Projection  results under  the assumption of average  recruitment at  the  levels estimated 
for  the  recent  five‐year period 2006 – 2010  indicate  that catches should be maintained 
below 520,000 t to maintain spawning biomass at  least at current  levels.   Catches below 
390,000 t  are  projected  to  have  a  high  probability  of  resulting  in  spawning  stock 
rebuilding under most projections. 

9. Report Back from the Meeting of the Deepwater Sub‐Group 

The Deepwater Sub‐Group met prior to the SWG meeting and the full report of that meeting is 
appended  as  Annex  SWG‐04.   Main  issues  dealt  with  by  the  Deepwater  Sub‐Group  at  this 
meeting were: 

The Deepwater  Sub‐Group  adopted  the  revised Bottom  Fishery  Impact Assessment  Standard 
(Attachment  1  to  its  report),  noting  that  it  would  replace  the  interim  Benthic  Assessment 
Framework.  The  sub‐group  recommended  that  this  standard  be  approved  by  the  Science 
Working  Group  and  forwarded  to  the  third  meeting  of  the  Preparatory  Conference  for 
consideration and adoption.  The Science Working Group endorsed the recommendation. 

The Deepwater sub‐group reviewed the Australian bottom fishery impact assessment (SWG‐10‐
DW‐01a) and associated management measures (SWG‐10‐DW‐01b). They noted that the impact 
assessment provided a comprehensive report that generally met, and went beyond, the interim 
Benthic Assessment  Framework,  as  it was based on  the draft BFIAS.  The  sub‐group provided 
comments against the list of questions in Section 8 of the Report of SWG 4 (Noumea, September 
2007).  The  sub‐group  recommended  that  the  comments  and  review  be  forwarded  by  the 
Secretariat to Australia. 

10. Future Scientific Work Programme 

The  SWG  noted  that  Dr  Rafael  Duarte  had  agreed  to  prepare  a  draft  SWG  scientific  work 
programme incorporating the main components of the Jack Mackerel Stock Structure Research 
Programme, the components listed in Annex D to the report of the 2nd Preparatory Conference 
and proposals for collaborative work on acoustic surveys of jack mackerel.  The SWG agreed that 
the future SWG work programme should be discussed further once this draft work programme 
is available. 

11. Species and Habitat Profiles 

11.1. Revisions to existing species or habitat profiles 

No updates to existing species or habitat profiles were discussed. 

12. Other Matters 

No other matters were discussed. 

13. Adoption of SWG Report 



The SWG Plenary Report was adopted after inclusion of edits proposed by participants. 

14. Meeting Closure 

The meeting was closed at 17h45 on 23 September 2010. 
   



ANNEX SWG‐01 

AGENDAS FOR THE SCIENCE WORKING GROUP & SUB‐GROUPS 

 

SCIENCE WORKING GROUP: PLENARY 

AGENDA 

1. Welcome & Introductions 

2. Adoption of Agenda 

3. Administrative Arrangements 

3.1. Meeting documents 

4. Nomination of Rapporteurs 

5. SWG Chairmanship 

6. Discussion of National Reports 

7. Inter‐Sessional Work 

7.1. Report from the Interim Secretariat on status of catch & effort data submission 

7.2. Update  by  the  Interim  Secretariat  on  status  of  the  SPRFMO  catch  and  effort 
database, and the SPRFMO GIS database 

8. Report‐Back from the Meeting of the Jack Mackerel Sub‐Group 

8.1. Consideration  of  the  report  and  summary  of  the  Jack  Mackerel  Sub‐Group 
meeting 

8.2. SWG Advice on Jack Mackerel Stock Status 

9. Report Back from the Meeting of the Deepwater Sub‐Group 

10. Future Scientific Work Programme 

11. Species and Habitat Profiles 

11.1. Revisions to existing species or habitat profiles 

12. Other Matters 

13. Adoption of SWG Report 

14. Meeting Closure 

   



 

SCIENCE WORKING GROUP: JACK MACKEREL SUB‐GROUP 

AGENDA 

1. Opening of the Meeting 

2. Adoption of Agenda 

3. Administrative Arrangements 

3.1. Meeting arrangements 

3.2. Meeting documents 

4. Nomination of Rapporteurs 

5. Chairmanship of the Jack Mackerel Sub‐Group 

6. Report of the Jack Mackerel Otolith Interpretation & Ageing Workshop 

7. Report on Inter‐Sessional Assessment Work by Participants 

8. Jack Mackerel Stock Assessments – Technical Session 

8.1. Updating of data sets for additional stock assessment runs 

8.2. Selection  and  specification  of  the  base‐case  assessment,  and  specification  of 
additional stock assessment sensitivity runs to be conducted 

8.3. Conducting of additional stock assessment runs 

8.4. Synthesis and summary of key results from all stock assessment runs conducted 

9. Advice to the Science Working Group on Jack Mackerel Stock Status 

10. Jack Mackerel Research Programme 

10.1. Inter‐Sessional  Progress  with  the  Jack  Mackerel  Stock  Structure  Research 
Programme 

10.2. Future Jack Mackerel Work Programme 

10.3. Identification of short term research and assessment requirements 

11. Revisions to the Jack Mackerel Species Profile 

12. Other Matters 

13. Adoption of Jack‐Mackerel Sub‐Group Report and Summary 
   



 

 

SCIENCE WORKING GROUP: DEEPWATER SUB‐GROUP 

AGENDA 

 

1. Opening of the Meeting 

2. Adoption of Agenda 

3. Administrative Arrangements 

3.1. Meeting arrangements 

3.2. Meeting documents 

4. Nomination of Rapporteurs 

5. SPRFMO Bottom Fishery Impact Assessment Standard 

6. Review of Bottom Fishery Impact Assessments 

7. Deepwater Species Assessment and Management 

8. Deepwater Research Programme 

8.1. Future Deepwater Work Programme  

8.2. Identification of short term research and assessment requirements 

9. Other Matters 

10. Adoption of Deepwater Sub‐Group Report and Summary 
 

   



Annex SWG‐02 

LIST OF PARTICIPANTS 

CHAIR 
Name: Andrew Penney 
Organisation: New Zealand Ministry of Fisheries 
Address: Bank House, 101 ‐ 103 The Terrace, P O Box 1020, Wellington, New Zealand 
Phone: 64 ‐ 4 ‐ 8194788 
Email: andrew.penney@fish.govt.nz 
 

AUSTRALIA 
Name: Ilona Stobutzki 
Organisation: Australian Bureau of Agricultural and Resource Economics and Sciences, 
Department of Agriculture, Fisheries and Forestry 
Address: GPO Box 858, Canberra ACT Australia 2601 
Phone: 61 ‐ 2 ‐ 6272 3726 
Email: ilona.stobutzki@aberes.gov.au 
 

Name: Rudy Kloser 

Organisation: CSIRO 

Address: PO Box 1538 Hobart Tas. 7001 

Phone: +61362325389 

Email address: rudy.kloser@csiro.au 

 

CHILE 
Name: Italo Campodonico 
Organisation: Undersecretariat for Fisheries 
Address: P.O.Box 100‐V, Valparaiso, Chile 
Phone: 56 ‐ 32 ‐ 2502763 
Email: icampodo@subpesca.cl 
 
Name: Cristian Canales 
Organisation: IFOP 
Address: Blanco #839, Valparaiso, Chile 
Phone: 56 ‐ 32 ‐ 2151424 
Email: cristian.canales@ifop.cl 
 
Name: Andres Couve 

Organisation: ESPES 

Address: L.THAYER 166 of. 902, Santiago 

Phone: 56 2 244 1599 

Email address: andrescouve@entelchile.net 

 



Name: Silvia Hernandez 
Organisation: Undersecretariat for Fisheries 
Address: P.O.Box 100‐V, Valparaiso, Chile 
Phone: 56 ‐ 32 ‐ 2502779 
Email: shernandez@subpesca.cl 
 
Name: Aquiles Sepúlveda 
Organisation: Fishery Research Institute 
Address: Av. Colon #2780, Talcahuano, Chile 
Phone: 56 ‐ 41 ‐ 2920410 
Email: asepulveda@inpesca.cl 
 
Name: Rodolfo Serra 
Organisation: IFOP 
Address: Blanco #839, Valparaiso, Chile 
Phone: 56 ‐ 32 ‐ 2151426 
Email: rodolfo.serra@ifop.cl 
 
Name: Patricio Arana 
Organisation: Pontificia Universidad Católica de Valparaíso 
Address: Casilla 1020 ‐ Valparaíso – Chile 
Phone: 56 ‐ 32 ‐ 227 4247 
Email: parana@ucv.cl 

 

CHINA 
Name: Zou Xiaorong 
Organisation: Shanghai Ocean University 
Address: 999 HuCheng Ring‐Rd, Shanghai, China 
Phone: +86 15692165338, 021‐61900312 
Email: xrzou@shou.edu.cn 
 
Name: Li Gang 
Organisation: Shanghai Ocean University 
Address: 999 HuCheng Ring‐Rd, Shanghai, China 
Phone: +86 21 61900331 
Email: g‐li@shou.edu.com 
 
Name: Yingqi Zhou 
Organisation: Shanghai Ocean University 
Address: 999 HuCheng Ring‐Rd, Shanghai, China 
Phone: 86 21 61900307 
Email: yqzhou@shou.edu.cn 
 



EUROPEAN UNION 
Name: Ad Corten 
Organisation: Corten Marine Research 
Address: De Waterdief 52, 1911 JT Uitgeest, Netherlands 
Phone: 31621974348   
Email: adcorten@yahoo.co.uk 
 
Name: Francois Gerlotto 
Organisation: IRD 
Address: CRH BP 171 34203 Sete Cedex, France 
Phone: 33 499 573 218 
Email: francois.gerlotto@ird.fr 
 
Name: Niels Hintzen   
Organisation: IMARES 
Address: Haringkade 1, 1976 CP Ijmuiden 
Phone: 31317487090 
Email: niels.hintzen@wur.nl 
 
Name: Rafael Duarte 
Organisation: European Commission 
Address: Rue Joseph II 79, 02/217, 1000 Brussels, Belgium 
Phone: 003222990955 
Email: rafael.duarte@ec.europa.eu 
 

Fiji 
Name: Netani Tavaga 

Fiji Government, Department of Fisheries 

Postal address: Level 1, Takayawa Blg, Toorak, Suva, Fiji 

Phone: 3301611 

Email: stone_domain@hotmail.com 

KOREA 
Name: Doo Nam Kim 
Organisation: National Fisheries Research and Development Institute 
Address: 152‐1, Haean‐ro, Gijang‐up Gijang‐gun Busan, 619‐705, Republic of Korea 
Phone: 82‐51‐720‐2324 
Email: dnkim@nfrdi.go.kr 
 

Name: Jason Park  

Organisation: Insung Corporation 

Address: INSUNG BLDG.,113‐2, HANNAM‐DONG, YONGSAN‐GU, SEOUL SOUTH KOREA 140‐210 

Phone: +82‐2‐749‐0291 

Email address: jaypark@insungnet.co.kr 

 



New Zealand 
Name: Barry Weeber 

Organisation: ECONZ 

Address: PO Box 11‐057, Wellington, New Zealand 

Phone: 64‐4‐389‐1696 

Email address: ecowatch@paradise.net.nz 

 

PERU 
Name: Ulises Munaylla 
Organisation: Marine Research Institute of Peru (IMARPE) 
Address: Esq. Gamarra y Gral. Valle s/n Chucuito, PO Box 22, Callao, Perú 
Phone: (511) 4293931 – (511) 6250804 
Email: umunaylla@imarpe.pe 

 
Name: Miguel Ñiquen 
Organisation: Marine Research Institute of Peru (IMARPE) 
Address: Esq. Gamarra y Gral. Valle s/n Chucuito, PO Box 22, Callao, Perú 
Phone: (511) 6250800 
Email: mniquen@imarpe.pe 
 

Name: Mariano Gutierrez  Torero 

Organisation: SOCIEDAD NACIONAL DE PESQUERIA 

Address: Av. Javier Prado Oeste Nº 2442, Lima 27 ‐ Lima, Perú 

Phone: (511) 2612970 

Email address ‐:snpnet@terra.com.pe 

 

RUSSIAN FEDERATION 
Name: Alexander Glubokov 
Organisation: Federal Research Institute for Fisheries and Oceanography 
Address: V. Krasnoselskaya 17, Moscow, Russia 
Phone: 7‐915‐3992728 
Email: glubokov@vniro.ru 
 
Name: Nikolay Timoshenko 
Organisation: AtalantNIRO, Russia 
Address: Dm. Donskoy Str. 5, Kaliningrad, Russia 
Phone: 7‐4012925554 
Email: timoshenko@atlant.balnet.ru  
 
 



USA 
Name: James Ianelli 
Organisation: Alaska Fisheries Science Center 
Address: 7600 Sand Pt Way NE, Seattle WA 98115, USA 
Phone: 206‐5266510 
Email: jim.ianelli@gmail.com   
 

VANUATU 
Name: Gerry Geen 
Organisation: Fisheries Department 
Address: Private Mail Bag 9045, Port Vila, Vanuatu 
Phone: 61408387949 
Email: ggeen@bigpond.net.au 
 
Name: Tony  Taleo 
Organisation: Vanuatu Fisheries 
Address: VMB 9045Port Vila, Vanuatu 
Phone: (678)23119/27244 
Email:  ttaleo@gmail.com 

 
SPRFMO INTERIM SECRETARIAT 
Name: Robin Allen 
Organisation: SPRFMO 
Address: PO Box 3797, Wellington 6140, New Zealand 
Phone: +64 4 4999889 
Email: robin.allen@southpacificrfmo.org 
 
Name: Susie Iball 
Organisation: Interim Secretariat, SPRFMO 
Address: PO Box 3797, Wellington 6140, New Zealand   
Phone: +64 4 499 9894 
Email: susie.iball@southpacificrfmo.org 
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Annex SWG‐10‐03 

Report of the Jack Mackerel Subgroup 

 

1. Opening of the Meeting 

The meeting  of  the  Jack Mackerel  Sub‐group  (JMSG)  of  the  Science Working  Group  (SWG) was 
opened by the chair of the SWG, Andrew Penney (New Zealand), who welcomed all participants.   

2. Adoption of Agenda 

The draft agenda (SWG‐10‐01) was adopted without amendment (Annex SWG‐01). 

3. Administrative Arrangements 

3.1. Meeting documents 

A list of Jack Mackerel Sub‐Group documents was provided in SWG‐10‐03, rev 8. 

4. Nomination of Rapporteurs 

Dr. Cristian Canales  (Chile) and Mr Niels Hintzen  (European Union) offered  to assist  the Chair with 
rapporteuring  the meeting.   Dr  Ianelli offered  to  coordinate  the preparation of  technical annexes 
summarising the stock assessment methods used and the results obtained. 

5. Chairmanship of the Jack Mackerel Sub‐Group 

No inter‐sessional nominations were received for a Chair of the Jack Mackerel Sub‐Group. The Sub‐
Group agreed that this meeting would be Chaired by the Chair of the SWG. 

6. Report of the Jack Mackerel Otolith Interpretation & Ageing Workshop 

The  report of  the  9th  Science Working Group noted  that  differences  between  sensitivity  analyses 
conducted  during  the  2010  jack  mackerel  assessment  process  emphasised  the  importance  of 
obtaining correct ageing and growth  information  for the different  fleets.    It was agreed to hold an 
Otolith  Interpretation  and  Ageing Workshop  during  2011  to  develop  standardised  jack mackerel 
otolith interpretation protocols 

As  coordinator  of  the  Jack  Mackerel  Research  Programme  Task  Team,  Rodolfo  Serra  (Chile) 
coordinated the workshop, which was hosted by  IMARPE  in Lima, Peru from 4 – 13 July 2011.   Mr 
Serra presented key points and conclusions  from  the workshop report  (SWG‐10‐JM‐01).   The main 
conclusions of the workshop were: 

 The  results  of  the  age  reading  exercises  show  particularly  good  agreement  when  ageing 
otoliths of juveniles. 

 In juveniles it is far easier to identify the 1st and 2nd ring, although it is not always possible to 
do so. 

 For fish up to about age 11 there are reasonably high  levels of agreement between readers. 
However,  there  are  still  high  CVs  on  age  readings,  and  statistically  significant  differences 
between readers. 

 In older fish, and particularly using whole otoliths, it  is frequently difficult to identify the first 
one or two rings, and this then affects age readings for subsequent rings. 

 Use of otolith  sections  results  in better  ageing of  larger  fish  (>  40cm  FL)  than using whole 
otoliths. 
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 Cooperative training, exchange of otoliths and joint interpretation of otolith images results in 
substantial improvements in agreement between readers, and better ageing of older fish. 

 Annual  rings  should  be well  defined  and  possible  to  follow  around  the  otolith.  This  is  not 
always possible, particularly near  the edge due  to  the concave shape of  the otolith, and  the 
thickening  of  otoliths  in  older  (larger)  fish.  The  best  approach  for  large  fish  is  to  compare 
readings of whole and cross‐sectioned otoliths. When it is not possible to follow a ring around 
the otolith, then it may be a false ring or split ring. 

 The entire otolith or otolith section should be examined when doing age reading, including the 
caudal zone and the rostrum. This is particularly important when the caudal zone is difficult to 
read, in which case it is necessary to examine the rostrum. Identification of false and split rings 
should also be checked on the rostrum. 

 For  larger  fish  (40  cm FL and  larger), age  readings  should be  confirmed using otolith  cross‐
sections to avoid under‐estimation of age. Ring deposition in larger fish occurs across more by 
thickening of the otolith, and older rings are particularly difficult to read at the otolith edge, 
particularly using whole otoliths. 

The JMSG recommended that the draft Jack Mackerel Otolith Interpretation Protocol developed by 
the workshop (Annex SWG‐JM‐01 to this report) should be adopted by the SWG as the guideline for 
interpretation of jack mackerel otoliths by all participants, and that this protocol should be improved 
over  time  as  necessary.    To  facilitate  this  improvement,  the  JMSG  also  endorsed  the 
recommendations from the workshop for continued collaborative work:  

 Collaborative  discussions  on  otolith  interpretation  should  continue.  Improvements  in 
agreement  between  otolith  readers  will  benefit  from  the  regular  exchange  of  images  of 
otoliths between the research institutes involved in jack mackerel ageing. 

 Inter‐sessional  work  should  continue  to  improve  otolith  interpretation  by  the  workshop 
participants, and to increase the level of experience in reading Chilean jack mackerel otoliths. 
Photographic  images  are  particularly  suitable  for  this  purpose,  eliminating  the  practical 
difficulties with circulating otolith collections between countries. Images can also be examined 
simultaneously by all participants. 

 Otolith images for exchange should be export in a format and resolution that ensure adequate 
quality for image interpretation, while still allowing images to be easily exchanged. There may 
need to be some standardization of image analysis software. 

 Participants  should  continue  to work  inter‐sessionally on  validation of  jack mackerel ageing 
and growth. 

____________________ 
 

In discussion of the results of the ageing workshop, JMSG participants noted that, over the course of 
the workshop,  age  readings  had  converged more  closely  towards  age  readings  by  the  reference 
reader (number 5), who was the most experienced  jack mackerel age reader at the workshop, and 
had  participated  in  otolith  age  readings  used  to  prepare  the  Chilean  age‐length  keys  for  jack 
mackerel. 

7. Report on Inter‐Sessional Assessment Work by Participants 

SWG‐10‐JM‐08:  Estimating FMSY Assuming a Variety of Stock Recruit Relationships 

Niels  Hintzen  (EU)  gave  a  presentation  on  initial work  done  to  investigate  the  determination  of 
biological  reference  points  for  jack  mackerel,  following  the  approach  used  by  Simmonds  et  al. 
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(2011)1  for  Atlantic mackerel.    Based  on  statistical  (log‐likelihood)  selection  of  a  wide  range  of 
alternative fits for the stock‐recruit relationship, plots of fishing mortality (F) against yield indicated 
that optimum F  (FMSY)  for Chilean  jack mackerel  is approximately 0.15, and  that  the corresponding 
optimal spawning biomass (SSBMSY) is approximately 7.4 million tons. 

The JMSG noted that this was preliminary work that could serve as a starting point for further work 
to determine appropriate biological and management reference points for Chilean jack mackerel. 
 

SWG‐10‐JM‐06:   Standardisation of CPUE  for Chilean Jack Mackerel  from the Chinese Trawl Fleet 
on the High Seas in the Southeast Pacific Ocean (2001‐2010) 

Dr Gang Li gave a presentation on  the work done  to standardise CPUE  for  the Chinese  fleet using 
general linear models (GLM) and general additive models (GAM) to correct for the effects of season, 
vessel,  latitude  and  a  range  of  environmental  variables  (Sea  Surface  Temperature  and  El  Niño 
effects).   GLM modelling determined that Month explained the highest proportion of the deviance 
(16.58%),  followed  by  Vessel  (6.01%)  and  Year  (3.33%), while  the  deviance  explained  by  El Niño 
effects and Latitude was less than one percent.  GAM modelling accepted eight variables (in addition 
to  the  year  effect),  including  three  environmental  variables,  and  explained  a  higher  cumulative 
deviance (30.6%) than the GLM model (27.3%). 

The JMSG noted that the three environmental variables were  likely to be highly correlated, so that 
the higher explained deviance by  the GLM model was misleading.   The  JMSG  further noted  that  it 
was the year effects (Figures 3 or 4) that provided standardised abundance indices for input into the 
stock assessment models, and that the inter‐annual trend in these year effects was highly similar for 
the GLM and GAM models.  It was agreed to use the GAM year effects as a standardised CPUE index 
for the Chinese fleet in the updated assessment. 
 

8. Jack Mackerel Stock Assessment 

8.1. Updating of data sets for additional stock assessment runs 

A substantial amount of time was spent updating and revising data inputs for the Joint Jack Mackerel 
(JJM)  stock assessment model.   These updates  include  revisions  to many of  the catch data  series, 
including: revision of historical catches for some countries and updating of preliminary 2011 catches 
for all fleets; preparation of an updated table of aggregated catches for the four fleets used  in the 
JJM model; generation of catch‐at‐age matrices for the four fleets; updating of a number of the CPUE 
and other indices used; and generation of a new standardised CPUE index for the Chinese fleet. 

The four fleets used in the JM assessments are: 

 Fleet 1: Chilean northern area within EEZ purse‐seine fishery.   

 Fleet 2: Chilean southern area within EEZ and high seas purse seine fishery. 

 Fleet  3:  Far  northern  area  fishery,  inside  and  outside  the  Peruvian  EEZ  and  inside  the 
Ecuadorian EEZ. 

 Fleet 4: International fleet high seas trawl fishery off the Chilean EEZ. 
 

                                                            
1 Simmonds, E.J., Campbell, A., Skagen, D., Roel, B.A., Kelly, C., Development of a stock–recruit model for 

simulating stockdynamics for uncertain situations: the exampleof  Northeast Atlantic mackerel (Scomber 

scombrus), ICES Journal of Marine Science 68(5), 848‐859 
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Details of these data revisions and the final table of catches for the four fleets are provided in Annex 
SWG‐JM‐02 and all final data and other inputs to the assessment model are detailed in Annex SWG‐
JM‐03. 

 

Participants expressed concern that the historic time series of catches had been substantially revised 
for a number of countries.  Some participants expressed concern at the possible double‐counting of 
Russian  and  Peruvian  catches  in  2010.    Participants  also  noted  that  much  of  the  above  data 
preparation  work  could  have  been  conducted  by  participants  prior  to  the meeting.    The  JMSG 
recommended  that  the process  for  inter‐sessional data preparation of  finalised data  inputs  to  the 
stock assessment model be  improved to ensure that participants arrive at future stock assessment 
meetings with  all  of  the  data  inputs  to  the models  in  the  formats  required  by  the model.   Data 
preparation tasks should preferably be allocated to particular individuals to ensure that key data sets 
are prepared.  Updated data sets should be circulated prior to the assessment meeting.  Alternately, 
these  tasks  could be accomplished at dedicated data workshops, or by extending  the duration of 
SWG meetings.   
 

8.2. Selection  and  specification  of  the  base‐case  assessment,  and  specification  of  stock 
assessment sensitivity runs to be conducted 

Initially, eight JJM assessment model runs were conducted, with the specifications for Model 1 (the 
base  case)  being  the  same  as  the  final  base  case model  accepted  during  the  2010  assessment.  
Models 2 and 3 were  the  same  sensitivity  runs as  those  conducted  in 2010, with acoustic  indices 
down‐weighted  in Model 2 and CPUE  indices down‐weighted  in Model 3.     Two models  (4 and 5) 
were run to evaluate the effect of setting the stock‐recruit steepness parameter at two alternative 
lower  levels and three models (6, 7 and 8) were run to estimate steepness, Sigma‐r (the variability 
around the stock‐recruit relationship) and natural mortality (M).   The specifications for these  initial 
models are summarised below. 

 

Model   Description 

Initial base case 

  Model 1 

 All indices assumed proportional to biomass  

 Fleet 4 age compositions based on Chilean age‐length keys 

 Include all index data 

 Gili growth parameters to convert length frequencies from the 
far‐north fishery to age compositions 

 Stock‐recruitment steepness set to 0.8 

 Assume M = 0.23 

Initial Sensitivities   

Model 2  Downweight acoustic indices (Double CV)  

Model 3  Downweight CPUE data (Double CV) 

Model 4  Assume stock‐recruit steepness = 0.6 

Model 5  Assume stock‐recruit steepness = 0.4 

Model 6  Estimate M 

Model 7  Estimate steepness 

Model 8  Estimate steepness and Sigma R and natural mortality (M) 

 

Results for these eight assessment model runs were evaluated by participants: 



 

Report of the Science Working Group IX  Page 5 

 

‐ Setting  steepness  to  lower  values  (Models 4 and 5) had  little effect on estimated  trends  in 
biomass and fishing mortality.  The model‐estimated values of steepness generated by Model  
7 was 0.83 , similar to the assumed value of 0.8 in the base case.  Participants agreed that the 
assumed value was appropriate and models 4, 5, and 7 were scrapped. 

‐ The estimate of natural mortality (M) generated by Model 6 and 8 was greater than 0.5, which 
participants considered to be highly unrealistic.  During the 2010 assessment, and alternative 
model run assuming M = 0.33 was rejected as being unrealistic, and so Model 8 was rejected 
for the 2011 assessment. 

Models 1 (the base case) 2 and 3 were retained as the basis for conducting stock assessments and 
providing advice on jack mackerel stock status in 2011.  These are essentially the same base case and 
sensitivity runs as conducted in 2010, bearing in mind that many of the data inputs and abundance 
indices were either updated or revised. 

Following  acceptance  of  these  three models,  one  additional  sensitivity  run  (new Model  4)  was 
conducted to evaluate the effect of iterative re‐weighting of effective sample sizes of the input data 
and indices, to provide improved estimates of variance around the inputs.  Detailed specifications of 
this  additional  model  are  provided  in  Annex  SWG‐JM‐02.    Results  of  this  additional  sensitivity 
indicated  that  use  of  estimated  effective  sample  sizes  produces  values  of  historical  (pre‐1992) 
biomass  larger  than  the  base  case,  but  that,  for  recent  years,  the  differences  are minor.    It was 
suggested that such tuning of input assumptions should be considered further in future assessments. 

Regarding  other  possible  sensitivity  runs,  there  was  brief  discussion  of  options  for  running  an 
assessment or projections varying  the  selectivity or  fishing mortality on young  (age 0 – 4)  fish,  to 
investigate the potential effect of a minimum size limit on biomass and fishing mortality trends.  The 
Chair gave a brief presentation on some preliminary work done by himself and Dr Ianelli after the 9th 
SWG meeting to evaluate the potential effect on yield‐per‐recruit and spawner‐biomass‐per‐recruit 
for  jack mackerel  of  reducing  F  on  small  fish  (SWG‐JM‐07).    In  view  of  the  limited  time  at  this 
meeting,  it was agreed to defer the evaluation of the potential effects of minimum size  limits to a 
future meeting. 
 

8.3. Conducting of final stock assessment runs 

Final assessment runs were conducted using the base case (Model 1) and two remaining sensitivities 
(Models 2 and 3), detailed specifications of which are provided in Annexes SWG‐JM‐02 and SWG‐JM‐
03.  Details of the data inputs to these models are also provided in Annex SWG‐JM‐03. 
 

8.4. Synthesis and summary of key results from all stock assessment runs conducted 

Dr  Ianelli coordinated final JJM model runs using the three agreed models, and prepared technical 
annexes SWG‐JM‐02 and SWG‐JM‐03 containing the main outputs, model fit results and projection 
results  for  the  final  JJM  assessment  model  runs.    Based  on  updated  catch  information  and 
abundance  indices  and  the  results  of  these  assessments  the  JMSG  produced  the  following  jack 
mackerel stock status summary: 

 Over the period 2005 – 2011, the main  jack mackerel (Trachurus murphyi) fishery of  interest to 
SPRFMO  has  been  the  fishery  occurring  off  the  south‐central  coast  of  Chile,  extending  from 
within the Chilean EEZ out onto the high seas.  Jack mackerel catches in this area (Fleets 1, 2 and 
4) contributed 89% of the total jack mackerel catch reported to SPRFMO over 2005 ‐ 2011.  The 
remaining 11% of  jack mackerel catch reported to SPRFMO over that period has been taken by 
Fleet 3 in the far north, primarily within the Peruvian EEZ. 

 There  were  substantial  changes  in  the  relative  proportional  contribution  of  catches  by  the 
various fleets between 2010 and 2011, with the fleets fishing off Chile (Fleets 1, 2 and 4) making 
53% of the 2011 catch, and the Far North (Fleet 3) fishery making 47% of the catch.  Expressed as 
percentages of the 2010 catches, the reported or estimated 2011 catches decreased to 14% for 
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Fleet 1, 66%  for  fleet 2 and 21%  for Fleet 4.   There was a substantial  increase  in  the  reported 
catch by Fleet 3 in 2011 compared to 2010. 

 Jack  mackerel  catches  off  the  south‐central  Chilean  coast  over  this  period  have  shown  a 
continuous  distribution  from  the  coast  out  to  the westwards  extent  of  the  high‐seas  fishery, 
extending westwards past 120°W  in 2009 and  to about 108°W  in 2010.    In 2011  there was  a 
further contraction of the high‐seas fishing area towards the Chilean EEZ, with catches extending 
out as far as about 94°W in 2011.  In 2009 the SWG recommended that jack mackerel should be 
managed as one single management unit for the immediate future. This recommendation is not 
intended to prejudice any of the stock structure hypotheses adopted by the Jack Mackerel Stock 
Structure Workshop. 

 Reported  jack  mackerel  catches  increased  steadily  from  1970  onwards,  reaching  a  peak  of 
4.74 million t  in 1995.   Catches then declined rapidly to 1.37 million t  in 1999.   Over the period 
2000  ‐  2006  there  was  a  slow  increase  in  total  catches  to  2 million t.    Despite  increasing 
participation  and  fishing  effort  in  the  fishery  since  then,  catches  declined  steadily  from  2007 
onwards  to 753,761  t  in 2010, which was at  that  time  the  lowest catch on  record  since 1976.  
Catches continued to decline in 2011, with reported or estimated total catches (as at September 
2011)  of  522,440  t, which  is  now  the  lowest  catch  on  record  since  1976  (Annex  SWG‐JM‐02 
Table 1 and SWG‐JM‐03 Figure 5). 

 Jack mackerel abundance and productivity are strongly driven by annual recruitment.  Results of 
the 2011 JJM assessment base case indicate that high catches in the 1990s resulted from steadily 
increasing  recruitment  (age  2)  from  1970  to  1982,  followed  by  two  exceptionally  strong  year 
classes in 1983 and 1984.  Resulting strong recruitments in 1985 and 1986 (averaging 48.6 billion 
fish per year) were more than two and a half times the  long‐term 1970 – 2010 average annual 
recruitment of 18.0 billion  fish  (Annex SWG‐JM‐03 Figure 17).   These estimates of  recruitment 
are slightly higher than those from the 2010 assessment. 

 Results of  the  2011  JJM  stock  assessment  indicate  that  recruitments  from  1989  –  1996 were 
slightly below the long‐term average, and that increasing catches over 2000 – 2006 resulted from 
above average  recruitment  (around 20.8 billion  fish) over  the years 1997 – 2001.   Since 2002, 
recruitment has remained below the  long‐term average.   Over  the period 2000 – 2010, annual 
recruitment was only 58% (10.4 billion fish) of the  long‐term average.   As a result of weak year 
classes  from 2004 onwards, average  recruitment over  the period 2006 – 2010  (4.4 billion  fish) 
has only been 24% of the long term average, and lower than estimated in the 2010 assessment 
(Annex SWG‐JM‐03 Figure 17). 

 Results of the 2011 JJM stock assessment indicate that fishing mortality (F) increased slowly over 
the period  from 1970 to reach about 0.18  in 1993, and then  increased rapidly to 0.58  in 1997.  
Estimated F declined back down to 1994 levels by 2005 partially as a result of effort reductions in 
the Chilean  fleet, but  increased sharply again to about 0.61  in 2009, the highest  level over the 
history of  the  fishery, before declining  to 0.41  in 2011  (Annex  SWG‐JM‐03  Figure 17).    These 
estimates of F are  slightly  lower  than  those produced by  the 2010 assessment.   However,  the 
updated assessment now indicates that the highest level of F in the fishery occurred in 2009, and 
not in 1997 as indicated by the 2010 assessment. 

 Total biomass (B) and spawning biomass (SSB) are both assessed to have increased steadily over 
the period 1970 to 1987 as a result of the steadily increasing recruitments over that period, and 
particularly  the  strong  1985  and  1986  recruitments,  reaching  a  peak  total  biomass  of  about 
30.1 million t in 1988 (Annex SWG‐JM‐03 Figure 17).   

 As  a  result  of  below  average  recruitment  over  the  following  decade  coupled  with  high  and 
increasing  fishing mortality,  estimated  total  biomass  declined  to  about  7.0 million t  in  1998.  
Increased recruitment resulted  in a slow  increase  in estimated biomass to about 9.7 million t  in 
2001.    Weak  year  classes  from  2004  onwards,  combined  with  escalating  fishing  mortality, 
resulted  in a decline  in estimated  total biomass to about 2.5 million t  in 2010, the  lowest  level 
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over the history of this fishery.  The updated assessment indicates a slight increase in estimated 
total  biomass  to  2.8 million t  in  2011,  but  a  continuing  decrease  in  spawning  biomass  from 
760,000 t in 2010 to 723,000 t in 2011 (Annex SWG‐JM‐03 Figure 17). 

 The  ratio  of  estimated  total  biomass  to  the  biomass  that would  have  existed  had  no  fishing 
occurred has declined  steadily  throughout most of  the history of  this  fishery.   Under  the  JJM 
assessment model base case, the 2011 ratio of total biomass relative to the potential unfished 
biomass  is  estimated  to  be  14%,  ranging  from  10%  (model  3)  to  19%  (model  2)  in  sensitivity 
analyses (Annex SWG‐JM‐03 Figure 21). 

 Projections  of  future  spawning  biomass  (B)  and  fishing mortality  (F)  in  2021 were  conducted 
using  the base case and sensitivity models under a  future  recruitment scenario  that estimated 
recruitment sampled from the distribution around average recruitment over the recent five‐year 
period 2006 ‐ 2010 (24% of the long‐term average).  Four constant catch scenarios were explored 
in projections: 520,000, 390,000, 260,000, 130,000 and 5,000, corresponding approximately  to 
current (2011) catches and 75%, 50%, 25%, and 1% of 2011 catches (Annex SWG‐JM‐03 Figures 
24 and 25). 

 These projections  indicate  that,  for  the base case  (Model 1), under  future constant catches of 
520,000  for  the  5‐year  average  recruitment  scenario,  there  is  a  only  a  21%  probability  of  a 
decrease in spawning biomass, with median predicted biomass in 2021 being 1.23 times current 
spawning biomass (SWG‐JM‐03 Figures 24 and 25).   Under the sensitivity analyses explored, for 
model 3 there is a 100% likelihood that spawning biomass will decline under catches at 520,000, 
whereas under model 2 there is a 0% probability of a decline, with spawning biomass predicted 
to increase to 1.7 times current levels. 

 Projections at catches of 390,000 t show a high probability of an increase in spawning biomass by 
2021 under all model runs, with spawning biomass potentially  increasing from 1.3 times to 2.2 
times current levels (SWG‐JM‐03 Figures 24 and 25). 

 

Table 1.  Summary of probabilities, from the 2011 JJM assessment results of biomass in 2021 being less 
than current biomass (p B2021<B2012) and the predicted ratio of 2021 biomass to current biomass 
(B2021/B2012)  under  a  recent  5‐year  average  future  recruitment  scenarios  and  five  alternative 
future constant catch scenarios levels: 520 kt, 390 kt, 260 kt, 130 kt and 5 kt. 

 

Estimated proportion of simulations where SSB2021< SSB2012 

2021  5 kt 130 kt 260 kt 390 kt 520 kt

Model 1  0% 0% 0% 0% 21%
Model 2  0% 0% 0% 0% 0%
Model 3  0% 0% 0% 23% 100%

 

Median ratio (SSB2021/SSB2012 from simulations 

2021  5 kt 130 kt 260 kt 390 kt 520 kt

Model 1  4.642 3.884 3.057 2.181 1.229
Model 2  3.315 2.947 2.551 2.143 1.720
Model 3  6.425 4.893 3.185 1.298 0.000

 

8.5. Recommendations for Improving Future Assessments 

The  sub‐group  recommended  that  attention  be  given  to  the  following work  in  order  to  improve 
future assessments: 
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 Improve the process for preparation of data  inputs to assessment models, either by means 
of data workshops, extending the duration of the SWG or requiring participants to prepare 
and exchange data sets prior to assessment meetings. 

 Ongoing  cooperative  work  between  participants  to  develop  consistent  otolith  ageing 
protocols  and  to  resolve  apparent  differences  in  growth‐rate  analyses  and  maturity 
schedules for the various regions. 

 Further work  to  investigate  the effect of  spatial and  seasonal patterns  to  improve existing 
acoustic  indices  and  to  evaluate  to  what  extent  they  provide  indices  of  abundance  for 
particular areas or stock components. 

 If  CPUE  data  are  to  be  used  to  provide  indices  of  abundance,  efforts must  be made  to 
develop standardised CPUE indices adjusted for factors such as historical changes in vessels, 
fishing areas, seasonal fishing patterns and environmental factors. 

 Investigate  the  explicit  incorporation  of  length‐composition  data  within  the  assessment 
model, with model estimation of growth parameters. 

 Conduct  projections  of  stock  status  associated  with  the  impact  of  a  range  of  possible 
management measures,  including minimum  size  lengths  for  jack mackerel  and minimum 
fishery specific net mesh sizes. 

 Further  investigation  of  the  tuning  of  input  assumptions  (variances  and  effective  sample 
sizes) to improve model fits to the input data sets and indices. 

 

9. Advice to the Scientific Working Group on Jack Mackerel Stock Status 

In October 2010, based on the Joint Jack Mackerel model and TISVPA stock assessments conducted, 
the 9th meeting of the Scientific Working Group advised, inter alia, that: 

 “Jack mackerel  catches have declined  steadily  since 2006, and  continued  to decline  in 2010, 
with  provisional  (to  September)  2010  catches  being  at  the  lowest  level  since  1976.    … 
Assessment results indicate that total biomass has declined by 79% since 2001 to 2.1 million t, 
the lowest level in the history of the fishery.   Current total biomass levels are estimated to be 
9% ‐ 14% of the biomass which would have existed if there had been no fishing.  

 Estimated  average  recruitment  over  2005  –  2009  has  only  been  30%  of  long‐term  average 
recruitment.  … 

 Under 5‐year average recruitment,  for the base case assessment, there  is a 100% probability 
that biomass will continue to decline at … 2010 catch levels (711,783 t), with projected biomass 
in 2020 of 10% of  current biomass.   At 75% of  current  catches,  there  is a 54%  chance  that 
biomass will continue to decline, with projected biomass in 2020 of 97% of current biomass.  At 
50% of current catches, all models indicate that biomass will increase …” 

(Report of the 9th SWG Meeting, 2010) 

 

Advice on  jack mackerel  stock  status  at  this meeting was based on  stock  assessments  conducted 
using  the  Joint  Jack  Mackerel  (JJM)  statistical  catch‐at‐age  model  developed  collaboratively  by 
participants during 2010, advised and assisted by Dr Ianelli of NOAA: 

 Jack mackerel catches by all but one of  the  fleets continued  to decline  in 2011, with overall 
2011 catches being 69% of 2010 catches.   Updated assessment  results  indicate  that current 
biomass  is now estimated to be 10%  ‐ 19% of the total biomass which would have existed  if 
there had been no  fishing, which  is  slightly higher  than  the estimated  range  from  the 2010 
assessment.  The 2011 assessments results indicate a continuing decrease in fishing mortality 
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and  a  slight  increase  in  estimated  total  biomass  over  2010,  but  a  continuing  decrease  in 
spawning biomass. 

 There continue to be indications of slightly improved recruitment in recent years, although the 
updated assessment  indicates that the apparently strong recruitment observed by a number 
of fleets  in 2010 was actually  lower than the recruitment  in 2009, and well below  long‐term 
average levels.  Significant catches of 2 year old recruits were only made by the North Chilean 
(Fleet  1)  fleet  in  2011  and  the  resulting  estimate  of  higher  recruitment  in  2011  is  highly 
uncertain, and still well below long‐term average levels (Annex SWG‐JM‐03 Figure 17). 

 Projection results under the assumption of average recruitment at the levels estimated for the 
recent  five‐year  period  2006  –  2010  indicate  that  catches  should  be  maintained  below 
520,000 t  to maintain spawning biomass at  least at current  levels.   Catches below 390,000 t 
are projected to have a high probability of resulting  in spawning stock rebuilding under most 
projections. 

 

10. Jack Mackerel Research Programme 

10.1. Inter‐Sessional Progress with the Jack Mackerel Stock Structure Research Programme 

SWG‐10‐JM‐04:  Report  of  2011  SNP Workshops  on  Acoustic  and  Geo‐statistical  Assessment  of 
abundance, distribution changes and size structure of Jack Mackerel (Trachurus murphyi) 

Dr Mariano Gutiérrez presented an overview of acoustic  survey work  conducted  in  jack mackerel 
fishing areas  in Peruvian waters.  Substantial shifts  in distribution and changes in availability of jack 
mackerel between 2010 and 2011 were correlated with shifts  in distribution of water masses, with 
jack mackerel aggregating  in narrow areas of preferred water temperature between coastal waters 
and oceanic or equatorial water.  The thermocline depth in this suitable temperature area increased 
from 30m ‐ 40m in 2010 to 70m in 2011.  These oceanographic changes increased the availability of a 
number of species in this area. 

There was  some  discussion  of  the  substantial  and  rapid  increase  in modal  size  of  jack mackerel 
caught over  the 2011  fishing  season.   This appeared  to  result  from a  combination of growth and 
changes in the distribution / mixing of a number of separate age classes through the season. 

 
SWG‐10‐JM‐02: Acoustic data from fishing vessels 

Dr  Francois  Gerlotto  presented  an  overview  of  the  use  of  commercial  fishing  vessels  to  collect 
standardised  acoustic data during  fishing  trips,  the use  that  could be made of  such data  and  the 
statistical  challenges  associated  with  correcting  for  the  bias  and  high  CVs  that  result  from 
concentration  of  fishing  effort  in  areas  where  fish  density  exceeds  some  “fisher  threshold”  for 
commercially viable fish aggregations. 

Commercial fishing vessels provided over 150,000 acoustic data records in the first quarter of 2011, 
covering almost  the entire extent of  the Peruvian  jack mackerel  fishing area.   Most of  these data 
records were concentrated in the main fishing areas and there are challenges with correcting for the 
bias introduced by this concentration of acoustic data in areas of highest jack mackerel abundance.  
However, commercial vessels can provide large quantities of acoustic data at low cost, compared to 
structured surveys.  Dr Gerlotto concluded by recommending the establishment of a working group 
on fisheries acoustics to develop a common methodology for data collection, extraction, processing 
and analysis of acoustic data from commercial vessels, and to work towards a programme to collect 
standardised acoustic data using a number of vessels from each of the major  jack mackerel fishing 
countries. 
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SWG‐10‐JM‐03: Bio‐acoustics: Minutes of ICES‐FAST meeting held in Rejkavik, Iceland on 12 May 
2011 

Dr Rudy Kloser presented a summary of the outcomes of the 2011 ICES FAST working group meeting, 
at which initial results of acoustic work in the SPRFMO area were presented and discussed.  Much of 
the work of  this acoustics coordinating group has  related  to use of commercial vessels  to conduct 
structured surveys, but there has been a recent trend towards use of acoustic information collected 
during  unstructured  fishing  activities.    Such  information  has  primarily  been  used  for  spatial  and 
ecological  studies, as high CVs presents  challenges  in using  the  information  in  stock assessments.  
The  FAST meeting  proposed  the  development  of  a  work  plan  for  a  pilot  collaborative  acoustic 
programme  in  the  SPRFMO  area,  using  one  vessel  from  each  of  the  active  jack mackerel  fishing 
countries to participate  in unstructured and structured surveys.   Initial requirements would  include 
vessel selection, echo‐sounder calibration, target strength determination and species identification. 

JMSG participants considered that it was premature to establish an acoustics subgroup or to hold a 
dedicated  acoustics  workshop,  but  expressed  interest  in  continuing  discussion  of  collaborative 
acoustics work.   The potential costs of participating  in such an acoustics project remain a concern.  
Dr Kloser (Australia) agreed to act as coordinator of an inter‐sessional process to develop draft terms 
of  reference  for  a  possible  acoustics  group,  and  to  communicate  with  participants  regarding  a 
workshop to discuss the design of a pilot acoustics project.   It was noted that such a workshop could 
be linked to the next ICES FAST working group meeting, to be held in Brest in 2012. 

Francois Gerlotto, Ad Corten  (EU),  Jorge Castillo  and Aquiles  Sepulveda  (Chile) were proposed  as 
initial contact persons for inter‐sessional communication with Dr Kloser.  Peru and Russia undertook 
to  identify suitable contact persons and  the Secretariat was  requested  to write  to  these countries 
after the meeting requesting nomination of contact persons for this work. 

 
SWG‐10‐JM‐05:  Russian population genetics study of jack mackerel in the South Pacific 

Dr  Alexander  Glubokov  presented  a  summary  of  the  results  of  an  initial  study  of  the  genetic 
polymorphism of South Pacific  jack mackerel using selected microsatellite  loci, comparing samples 
taken from 110°W (high‐seas) and from 170°W (New Zealand EEZ) in the South Pacific Ocean.  Of the 
four microsatellite  loci  investigated,  two  showed  no  differences  between  samples  from  the  two 
locations, whereas  the other  two  loci showed significant differences  in allele  frequencies between 
the  two  sampling  locations.    It was noted  that  this  study  is  the  first phase of a genetics  study  to 
compare  samples  from  different  regions,  and  that  future work will  include  the  investigation  of  a 
number of other microsatellite loci and the inclusions of samples from a third sampling area. 

 

10.2. Future Jack Mackerel Work Programme 

Annex  D  to  the  report  of  the  2nd  session  of  the  SPRFMO  Preparatory  Conference  held  in  Cali, 
Colombia,  in  January  2011,  includes  a  request  that  the  SWG  prepare  a  draft  scientific  work 
programme, taking into account the components listed in that Annex.  In view of limited time at this 
meeting, it was agreed that this should be conducted as an inter‐sessional process.  Dr Rafael Duarte 
agreed to prepare a draft SWG scientific work plan combining the key elements of the Jack Mackerel 
Stock  Structure  work  programme,  the  components  listed  in  Annex  D  and  the  proposals  at  this 
meeting regarding collaborative acoustic surveys, and to coordinate an  inter‐sessional exchange of 
correspondence with all SWG participants to finalise a draft work plan for consideration by the SWG 
and Preparatory Conference. 

 

10.3. Identification of short term research and assessment requirements 
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The  following were  identified  as  the most  important  jack mackerel  research  activities  to  conduct 
over the next year: 

 Stock  assessment:  Implement  the  recommended  improvements  to  the  jack mackerel  stock 
assessment process and jack mackerel stock assessments. 

 Jack Mackerel Research Programme:   

 Continued work  to  standardise  interpretation  and  ageing  of  jack mackerel  otoliths 
through  exchange  of  otolith  images  and  improvement  of  the  otolith  interpretation 
protocol. 

 Development of draft  terms of  reference  for a possible  jack mackerel acoustics  task 
team or group, and consideration of options for holding a workshop to discuss design 
of a pilot collaborative acoustics project  (inter‐sessional exchange  to be coordinated 
by Dr Rudy Kloser). 

11. Revisions to the Jack Mackerel Species Profile 

Discussion of the draft revised jack mackerel species profile was again deferred to the next meeting.  
Participants were again requested to send comments and revisions on the revised profile prepared 
by Dr Glubokov. 

12. Other Matters 

No other matters were discussed. 

13. Adoption of Jack‐Mackerel Sub‐Group Report and Summary 

The  report and  summary of  the  jack Mackerel Sub‐Group meeting was adopted after  inclusion of 
agreed final edits. 
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Annex SWG‐JM‐01 

 

Recommended Standardised Otolith Interpretation Protocol for Trachurus murphyi 
 

The criteria and  rules  identified by 2011 SPRFMO Otolith  Interpretation and Ageing Workshop are 
recommended  as  a  starting point  for  a  standardised  jack mackerel otolith  interpretation protocol 
that can be improved later. The main purpose of this protocol is to reduce bias in future age readings 
by participants in the jack mackerel fishery. 
 

Recommended Otolith Interpretation Rules: 

 From previous  investigations of daily growth, the radius of the first annulus may be between 
1.5 and 2.5 mm. This criterion should be used to identify the first annual ring. Large serrations 
in the shape of rings are an indication that they may be false rings. 

 Consistency and a  regular decrease  in  the width of  subsequent  rings  is a  second  important 
criterion  for  identifying annual rings. Split rings were often observed  in the  first three years. 
The steady decrease in spacing between annual rings can be used to recognize split rings. 

 Many  additional  false  rings  (minor  growth  checks) may  be  visible  and make  it  difficult  to 
identify true annual rings  in the central part of otolith when magnification  is more than 20x. 
Higher magnification may  be  needed  to  distinguish  closely  spaced  rings  near  the  edge  of 
otoliths  for  larger  fish,  so  it  is  recommended  that  different magnifications  be  used  for  the 
central and marginal zones of larger otoliths. 

 Annual  rings  should  be well  defined  and  possible  to  follow  around  the  otolith.  This  is  not 
always possible, particularly near  the edge due  to  the concave shape of  the otolith, and  the 
thickening  of  otoliths  in  older  (larger)  fish.  The  best  approach  for  large  fish  is  to  compare 
readings of whole and cross‐sectioned otoliths. When it is not possible to follow a ring around 
the otolith, then it may be a false ring or split ring. 

 The entire otolith or otolith section should be examined when doing age reading, including the 
caudal zone and the rostrum. This is particularly important when the caudal zone is difficult to 
read, in which case it is necessary to examine the rostrum. Identification of false and split rings 
should also be checked on the rostrum. 

 For  larger  fish  (40  cm FL and  larger), age  readings  should be  confirmed using otolith  cross‐
sections to avoid under‐estimation of age. Ring deposition in larger fish occurs across more by 
thickening of the otolith, and older rings are particularly difficult to read at the otolith edge, 
particularly using whole otoliths. 
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Annex SWG‐JM‐02 
Assessment models developed and evaluated during the Jack Mackerel Subgroup  
                  Meeting 

Data 
During the meeting, several new pieces of information were presented.  The meeting agreed on data 

sets going forward for catch (Table 1). The detailed catch‐at‐age and index data are provided in 

Annex SWG‐JM‐03.  The mean weights‐at‐age over time used for all gear types and indices, as 

decided by the ASTT, is shown in Fig. 1 and maturity‐at‐age is shown in Table 2.  The final datasets 

evaluated by the subgroup are available to members upon request.   

Data revisions 

During the beginning of the SWG meeting, the following data were compiled for the assessment 

report: 

 Chile  

o Catches by region 

o Catch age 

 Peru 

o Length composition 

o CPUE 

o Acoustic index 

 EU 

o Length frequency 

o CPUE (with Vanuatu) Added on year to end of time series 

 China 

o CPUE (year effect coefficients) 

o Catch at length (in cm) 

 Russian 

o CPUE data (2008‐2011 (different catchability from USSR but this was not yet 

implemented due to time constraints) 

o 2008, 2009, and 2011 length frequency data 
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For the Chinese analyses, the year‐effect coefficients on CPUE results were compiled from the figure 

in their report: 

Year  Coefficients  Values for index 

2001  0.180  1.197 

2002  0.558  1.748 

2003  0.417  1.517 

2004  0.293  1.340 

2005  0.234  1.263 

2006  ‐0.068  0.934 

2007  0.156  1.169 

2008  ‐0.299  0.741 

2009  ‐0.326  0.722 

2010  ‐0.503  0.605 

 

The Russian time series for jack mackerel covering the years 2008, 2009, and 2011 catch per day was 

10.06, 7.94, and 5.45.  The suggestion is to include these as either a new time series or an extension 

from previous years.  Until standardizations can be completed, this time series was kept together 

and given relatively low weight. 

Correspondence with Cuban colleagues resulted in revised total catch estimates (Fig. 2).  These were 

adopted as the official estimates and incorporated into the estimate.  Additionally, draft estimates of 

2009‐2011 catch levels occurring off Ecuadorian waters (80,000 t in 2011) were obtained from the 

following report: Condiciones Ocenográficas y Pesqueras Frente al Litoral Ecuatoriano.  Comite 

ERFEN Agosto 2011. Instituto Nacional de Pesca del Ecuador (INP_agosto_201_ERFN). 2011.  Other 

re‐aggregations of fleet by members involved catches in the Far North region (Peru) and their 

activities in the more southern offshore international waters.  This involved revising the Peruvian 

catches to reflect statistics submitted by the Peruvian Ministry of Production (1984‐2011). 

Assessment  

Joint jack mackerel model 

A statistical catch‐at‐age model was used to evaluate the jack mackerel stock.  The JJM (“Joint Jack 

Mackerel Model”) considered different types of information, which corresponds to the available data 

of the jack mackerel fishery developed on the South Pacific area since 1970 to 2011. A list of this 

information is listed in Table 3. 

Parameters estimated conditionally are listed in Table 4.  The most numerous of these involve 

estimates of annual and age‐specific components of fishing mortality for each year from 1970‐2011 

and each of the four fisheries identified in the model.  Parameters describing population numbers at 

age 2 in each year (and years prior to 1970 to estimate the initial population numbers at ages 2‐12+) 

were the second most numerous type of parameter.   

The table of equations for the assessment model is given in Tables 5, 6 and 7.   
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The treatment of selectivities and how they are shared among fisheries and indices is given in Table 

8.  The numbers of parameters for different model configurations were around 350. Also depending 

on the model configuration, some growth functions were employed to convert length compositions 

to age compositions (see Table 9). 

Model evaluation 

A set of 9 exploratory models were proposed and run for evaluation purposes.  After preliminary 

evaluations, a subset of 3 models was carried forward for presentation and these are detailed in 

Table 10.  Models 2 and 3 were based on model 1 correspond to sensitivity analysis, which focused 

on evaluating the model response when the variance assumption about the different types of 

abundance indexes is changed (Table 11).  The subgroup evaluated the impact of different 

configurations for sensitivity but selected Model 1 as the “base case” similar to the configuration 

used in 2010.   Likelihood values are shown in Table 12. 

Effective sample size (Model 4) 

An iterative process to estimate the effective sample size for each age composition used in the 

assessment was adopted as a sensitivity run. The estimator proposed by Gavaris and Ianelli (2002) 

was used to estimate the sample size by year and updating input values with the harmonic mean for 

each age composition data set. The sample sizes converged after four iterations (Fig. 3) and were 

adopted as input sample sizes as specified in Table 13. 

The general results indicate that the input sample sizes were appropriate for the Northern Chile 

fishery and DEPM survey.  For other data components, there were indications that the best fit of the 

age compositions occur in the Offshore fleet and that these input sample sizes could be increased.  

Results on the age composition data from Chilean Acoustic and FarNorth Fishery indicated that the 

sample size could be reduced for consistency.  The implications of this analysis is that, for the years 

without abundance indices (before 1992), the estimated sample sizes produces values of biomass 

larger than the basecase, while for the most recent years, the differences are minor (Fig. 4). This 

suggests that model assumptions combined with the magnitude of catches has an important 

influence on assessment results and historical stock estimates.  The subgroup appreciated the extra 

work that went into estimating these terms and as further improvements to the data and modelling 

are made, that such tuning of input assumptions should be considered in the future. 
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Figures 

 
 

Figure 1.  Mean weights‐at‐age (kg) over time used for all data types in the JJM models.  Different 
lines represent ages 2 to 12. 
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Figure 2. Change in catch reported from Cuba.  The updated values were included in the assessment 
model. 
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Figure 3.  Effective sample size estimates by iteration for the main age composition gear types.  
The resulting value was used for Model 4. 
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Figure 4.  Spawning biomass estimates (t) comparing model configurations 1 – 4.  
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Table 1.  Sources and values of catch (t) compiled for the four fleets used for the assessment.  

   Fleet 1 Fleet 2  Fleet 3 (Far north) Fleet 4 Trawler fleet off Chile (outside EEZ)  

Year 
N Chile 

(1) 

Chile CS 

(1) 
Peru(1) 

Ecuador 

(2) 
USSR 

Cuba 

(2) 
Subtotal Belize Peru

Japan 
China EU  Faroe I. Korea

Russia

/USSR 1)
Cuba Vanuatu Subtotal Total 

1970 175208 7938 4711    4711             0 187857 
1971 164838 21934 9189    9189             0 195961 
1972 62634 7100 18782    18782         5500   5500 94016 
1973 71762 8904 42781    42781             0 123447 
1974 163396 12678 129211    129211             0 305285 
1975 186890 34951 37899    37899             0 259740 
1976 237876 65570 54154    54154     35        35 357635 
1977 225907 75585 504992    504992     2273        2273 808757 
1978 367762 150319 386793    386793    1667     49220   50887 955761 
1979 311682 203269 151591  175938 6281 333810    120     356271 12719  369110 1217871 
1980 266697 215528 123380  252078 38841 414299    0     292892 45130  338022 1234546 
1981 435061 440935 37875  371981 35783 445639    29     399649 38444  438122 1759757 
1982 756484 643821 50013  84122 9589 143724    0     651776 74292  726068 2270097 
1983 259128 541696 76825  31769 2096 110690    1694     799884 52779  854357 1765871 
1984 663695 677910 184333  15781 560 200674    3871     942479 33448  979798 2522077 
1985 471599 923042 87466  26089 1067 114622    5229     762903 31191  799323 2308586 
1986 42536 1103200 49863  1100 66 51029    6835     783900 46767  837502 2034267 
1987 280594 1416781 46304   0 46304    8815     818628 35980  863423 2607102 
1988 278701 1703037 118076  120476 5676 244228    6871     817812 38533  863216 3089182 
1989 265861 2031058 140720  137033 3386 281139    701     854020 21100  875821 3453879 
1990 258233 2150956 191139 4144 168636 6904 370823    157     837609 34293  872059 3652071 
1991 282817 2649828 136337 45313 30094 1703 213447         514534 29125  543659 3689751 
1992 285387 2796812 96660 15022  0 111682         32000 3196  35196 3229077 
1993 359947 2745099 130681 2673   133354             0 3238400 
1994 197414 3596904 196771 36575   233346             0 4027664 
1995 211594 3984244 376600 174393   550993             0 4746831 
1996 264631 3017165 438736 56782   495518             0 3777314 
1997 88276 2541981 649751 30302   680053             0 3310310 
1998 19278 1546704 386946 25900   412846             0 1978828 
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   Fleet 1 Fleet 2  Fleet 3 (Far north) Fleet 4 Trawler fleet off Chile (outside EEZ)  

Year 
N Chile 

(1) 

Chile CS 

(1) 
Peru(1) 

Ecuador 

(2) 
USSR 

Cuba 

(2) 
Subtotal Belize Peru

Japan 
China EU  Faroe I. Korea

Russia

/USSR 1)
Cuba Vanuatu Subtotal Total 

1999 44582 1130488 184679 19072   203751     7        7 1378828 
2000 107769 1135082 296579 7122   303701      2318       2318 1548870 
2001 244019 1216754 723733 133969   857702     20090       20090 2338565 
2002 108727 1357185 154219 604   154823     76261       76261 1696996 
2003 142016 1272302 217734        217734      94690   2010 7540  53959 158199 1790251 
2004 158656 1292943 187369        187369      131020   7438 62300  94685 295443 1934411 
2005 168383 1262051 80663      80663 867   143000 6179  9126 7040  77356 243568 1754665 
2006 155256 1224685 277568      277568 481   160000 62137  10474     129535 362627 2020136 
2007 172701 1130083 254426 927   255353 12585   140582 123511 38700 10940     112501 438819 1996956 
2008 167258 728850 169537      169537 15245   143182 106665 22919 12600 4800  100066 405477 1471122 
2009 134022 700905 25912 19834   45746 5681 13326  117963 111921 20213 13759 9113  79942 371918 1252591 
2010 169010 295681 300 5000   5300 2240 40516  63606 67749 13674 8183 41315  46487 283770 753761 
2011 23945 194532 164589 80000     244589   662   27936 2261   9254 8229 3360 7672 59374 522440 
See text for changes in the Peruvian, Cuban, and Equadorian estimates. 
2011 data are preliminary and reflect the best estimates for the year. 
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Table 2.  Jack mackerel sexual maturity by age used in the JMM models (Serra and Canales 2009). 

Age (yr)  2  3  4  5  6  7  8  9  10  11  12 

Proportion mature  0.00  0.04  0.50 0.96 1.00 1.00 1.00 1.00 1.00  1.00  1.00

 

Table 3.  Years and types of information used in the JJM assessment models. 

Fleet  Catch at age 

Catch at 

 length  Landings  CPUE  Acoustic DEPM 

North Chile purse 

seine 
1975‐2011  ‐  1970‐2011  ‐ 

1984‐

1988; 

1991; 

2006‐

2009 

1999‐

2008 

South‐central  

Chile purse seine 
1975‐2011  ‐  1970‐2011  1995‐2002 

1997‐

2009 
‐ 

FarNorth  ‐  1980‐2011  1970‐2011  1996‐2009, 2011 
1983‐

2011 
‐ 

International 

trawl off Chile 
1979‐1991  2007‐2011  1978‐2011 

China (2001‐2010); 

EU & Vanuatu (2003‐

2011); Russian (1987‐

1991, 2008‐09, 2011) 

‐  ‐ 
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Table 4.  Symbols and definitions used for model equations. 

General Definitions  Symbol/Value Use in Catch at Age Model 

Year index: i = {1970, …., 2011}  i
Age index: j = { 2, 3, …, 12+} j
Mean weight in year t by age j  Wt,j

Maximum age beyond which 
selectivity is constant 

Maxage Selectivity parameterization 

Instantaneous Natural Mortality     M Fixed M=0.23, constant over all ages 
Proportion females mature at age j  pj Definition of spawning biomass 
Sample size for proportion in year i  iT Scales multinomial assumption about estimates of 

proportion at age 
Survey catchability coefficient  sq   Prior distribution = lognormal(

s
q ,  2

q ) 

Stock‐recruitment parameters  0R Unfished equilibrium recruitment 
  h Stock‐recruitment steepness 
  2

R Recruitment variance
Unfished biomass     Spawning biomass per recruit when there is not 

fishing 

Estimated parameters   

)(#),(#),(#,,,),(#,,),(# 0
sf

j
s
j

sf
ii qMhR 

Note that the number of selectivity parameters estimated depends on the model configuration. 
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Table 5.  Variables and equations describing implementation of the joint jack mackerel 
assessment model (JJM).   

Eq  Description  Symbol/Constraints Key Equation(s) 

1)  Survey abundance index (s) by year 

(
s represents the fraction of the year 

when the survey occurs)  

s
iI
 





12

2j

Zs
jijij

ss
i

ij
s

eSWNqI
 

2)  Catch biomass by year iC   



12

2

)1(ˆ
j

Z

ij

f
ij

ijij
f

ij
ije

Z

F
WNC

 
3)  Proportion at age j, in year i 

P
ij , 

12

2
1.0ij

j
P




 
ˆ

ˆ

f
ijf

ij
f

ij
j

C
p

C




s
ij

s
ij

Zs
ij js

ij
Zs

ij j
j

N S e
p

N S e







4)  Initial numbers at age j = 2 1970

,1970
  ReN j  

 
5) 

 
2 < j < 11 

1971

1970,
1

R j

j
M

j
j

N e e   



 
 

6)    j =  12+   1

1970,12 1970,11 1 MN N e
 
 

7)  Subsequent years (i >1970)  j = 2
,2

R i
iN e 

8)    2 < j < 11 1, 1

, 1, 1
i jZ

i j i jN N e  
 

 
9)    j =  12+ 1,10 1,11

1,11 1,12,12
i iZ Z

i ii
N N e N e 



 
  

10)  Year effect and individuals at age 2 and
 i = 1958, …, 2011  




2011

1958

0,
i

ii    iReNi
 2,  

11)  Index catchability 
 
  Mean effect 
   
  Age effect 

, fs   
12

,
2

0
j

s s
j j

 





 

ss
iq e  

s
js

js e     m axagej   
maxage
s

s
js e

  m axagej   

12)  Instantaneous fishing mortality  i
f
j

f

eF f
ij

 
 

13)  Mean fishing effect  f
14)  Annual effect of fishing mortality in year i





2011

1970

0,
i

ii   

15)   
age effect of fishing (regularized)  In year 
time variation allowed 
 
In years where selectivity is constant over 
time 

f
ij


, 

12

2
0ij

j







 
 

, 1,
f f

i j i j
  

f
jf

ijs e

,  m axagej   

maxage
f

f
ijs e

  m axagej   
 

c h a n g e  ye a ri   

16)  Natural Mortality   M Set fixed at 0.23 in basecase 
17)  Total mortality   

f

f
ijij MFZ

 
17)  Spawning biomass (note spawning taken to 

occur at mid of November) 
iB   






12

2

12

5,10

j
jij

Z

iji pWeNB
ij
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Eq  Description  Symbol/Constraints Key Equation(s) 

18)  Recruitments (Beverton‐Holt form) at age 2.
 
 

iR
 

 

 

00

0 0

1212
1 12 12

2

,

14
 and   where

5 1 5 1

1

i
i

i

M
M j

j j M
j

B
R

B

B hhR

h h
B R

e W p
e W p

e




 






 








 

 


 




  h=0.8 

 

Table 6.  Specification of objective function that is minimized (i.e., the penalized negative of the 
log‐likelihood). 

  Likelihood 
/penalty 
component 

  Description / notes 

19)   Abundance 
indices 
 

  









s i
s
i

s
is

I

I
L

2

11 ˆ
log

 
 

Survey abundances 

20)  Prior on 
smoothness for 
selectivities 

 2 2

12 2

2 1
2

2
j

l l l l
j j

l j

L    


 


      Smoothness (second differencing),
Note: l={s, or f} for survey and 
fishery selectivity 

21)  Prior on 
recruitment 
regularity 
 





2011

1958

2
33

i
iL   

Influences estimates where data are 
lacking (e.g., if no signal of 
recruitment strength is available, 
then the recruitment estimate will 
converge to median value). 

22)  Catch biomass 
likelihood  
 

 












f i
f

i

f
if

C

C
L

2
2011

1970
44 ˆ

log  

Fit to catch biomass in each year 

23)  Proportion at 
age likelihood  

jil

l
ji

l
ji

l PPTL
,,

,,5 )ˆlog(  
l={s, f} for survey and fishery age 
composition observations 

ijP are the catch‐at‐age proportions 

24)  Fishing mortality 
regularity  

F values constrained between 0 

and 5
 

(relaxed in final phases of 
estimation) 

25)  Recruitment 
curve fit 

2
2010

1977

2,
66 ~log












i i

i

R

N
L 

 

Conditioning on stock‐recruitment 
curve over period 1977‐2011.   

26)  Priors or 
assumptions 

0R  non‐informative 
2
R   fixed at  0.6 

(Explored alternative values of  2
R  

27)  Overall objective 
function to be 
minimized 


k

kLL  
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Table 7.  Lambda values used on log‐likelihood functions in the base model. 

L  s  Abundance index  s  (1)    L  f  Catch biomass likelihood  f (1) 
1  1  Acoustic CS‐ Chile  5.6 4 1 N‐Chile 200

  2  Acoustic N‐Chile 2 2 CS‐ Chile 200

  3  CPUE – Chile  12.5 3 Peru 200

  4  DEPM – Chile  3.1 4 International  200

  5  Acoustic‐Peru  5.6 5 ex USSR 200

  6  CPUE – Peru  12.5

  7  CPUE‐ China  3.1

  8  CPUE‐EU  12.5

  9  CPUE‐ ex USSR 3.1

2  s  Smoothness for selectivities  s  (1)    5  s 

Proportion at age 

likelihood  Ts 

  1  Acoustic CS‐ Chile  100   1  Acoustic CS‐ Chile  30

  2  Acoustic N‐Chile 100 2 DEPM – Chile 20

  3  CPUE – Chile  100

  7  CPUE‐ China  100

  8  CPUE‐EU  100

   9  CPUE ex‐USSR  100

   f  Smoothness for selectivities  f (1)     6  f 

Proportion at age 

likelihood  Tf 

  1  N‐Chile  1   1  N‐Chile  20

  2  CS‐ Chile  25 2 CS‐ Chile 50

  3  Peru  12.5 3 Peru 30

  4  Internacional  12.5 4 Internacional 30

  5  ex – USSR  12.5 5 ex ‐ USSR 30

     

3     Recruitment regularity  s  (1)          S‐Recruitment curve fit    (1) 

     

         1.4 1.4

(1)  corresponds to  2
0.5

 :  
           

    
0.05  200 

0.10  50 

0.20  12.5 

0.30  5.6 

0.40  3.1 

0.50  2.0 

0.60  1.4 
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Table 8.  Description of JJM model components and how selectivity was treated. 
 

Item  Description  Selectivity assumption 

Fisheries   

1)  Chilean northern area fishery  Estimated from age composition data. Two 
time‐blocks were considered 1970‐1987; 
1988‐2011. 

2)  Chilean central and southern area fishery  Estimated from age composition data. Four 
time‐blocks were considered 1970‐1987; 
1988‐1991;1992‐2004;2005‐2011. 

3)  Peruvian fishery  Estimated from transformed length data to 
age.  

4)  Recent offshore trawl fishery and   Estimated from recent age composition 
data (post 1992) 

  Ex‐USSR trawl fishery  Estimated from historical age composition 
data.  

     

Index series   

5)  Acoustic survey in central and southern 
Chile 

Estimated from age composition data.  Two 
time‐blocks were considered 1970‐2005; 
2006‐2011. 

6)  Acoustic survey in northern Chile  Assumed to be the same as 1) 
7)  Central and southern fishery CPUE  Assumed to be the same as 2) 
8)  Egg production survey  Estimated from age composition data 
9)  Acoustic survey in Peru  Assumed to be the same as 3) 
10)  Peruvian fishery CPUE  Assumed to be the same as 3) 
11)  Chinese fleet CPUE (from FAO workshop)  Assumed to be the same as 4) 
12)  Vanuatu & EU fleets CPUE  Assumed to be the same as 4) 
13)  ex‐USSR CPUE  Assumed to be the same as 4) but for 

earlier period 

 

 

Table 9.  Growth parameters employed to convert the length compositions (Peru) to age 
compositions for the Fleet 3 far north fishery.  A conversion factor of 1.0822was used to 
convert total length to fork length (the Peruvian data were measured as total length). 

Parameter
Chile 

(Gili et al, 1995)

   

Loo (cm)  70.8 

   

k (year‐1)  0.094 

   

to (year)  ‐0.896 
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Table 10.  Particular specifications for the different models applied. 

Model   Description 

Initial base case 

  Model 1 

 All indices assumed proportional to biomass  

 Fleet 4 age compositions based on Chilean age‐length keys 

 Include all index data 

 Gili growth parameters to convert length frequencies from the far‐north 
fishery to age compositions 

 Stock‐recruitment steepness set to 0.8 

Sensitivities   

Model 2  Downweight acoustic indices (Double CV)  

Model 3  Downweight CPUE data (Double CV) 

Model 4  Iteratively re‐weight input sample sizes 

 

 

 

Table 11.  Different cases (coefficients of variation) considered on the sensitivity analysis 
 

Index  n * 
Model 1 

Basecase 
Model 2  Model 3  Model 4 

Acoustic Chile CS  13  0.2  0.4  0.2  0.2 

Acoustic Chile N  10  0.5  1.0  0.5  0.5 

CPUE  Chile  8  0.2  0.2  0.4  0.2 

DEPM  Chile  9  0.5  0.5  0.5  0.5 

Acoustic Peru  27  0.2  0.4  0.2  0.2 

CPUE  Peru  14  0.2  0.2  0.4  0.2 

CPUE China  10  0.2  0.2  0.4  0.2 

CPUE  Vanuatu & EU   8  0.25  0.25  0.25  0.25 

CPUE  USSR   5  0.25  0.25  0.5  0.25 

M     0.23  0.23  0.23  0.23 

Notes: 

*  number of observations     
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Table 12.  Values  of components of the objective function for the 3 different JJM models.  Note 
that Models 2 ‐ 4 values use different variance assumptions are not strictly comparable 
(but within categories can be compared). 

    Model 1 Model 2 Model 3 Model 4 

Data   

Indices likelihoods  889.5 377.4  750.5 796.1 

Fishery Age compositions 941.4 898.3  941.1 721.2 

Survey age compositions  130.9 121.2  127.7 85.1 

Catch biomass  9.2 1.6  9.4 5.2 

Priors         

Fishery selectivity  50.0 47.6  50.6 52.4 

Indices selectivity  23.8 21.2  22.6 16.6 

Stock‐recruitment  20.7 17.6  28.4 9.6 

 Total  2065.7 1485.2  1930.4 1686.4 

 

Table 13.   Effective sample sizes estimated for the catch‐at‐age compositions used on the jack 
mackerel assessment. 

Source  Original  Re‐estimated 

Chilean Northern fishery  20  21 

Chilean Southern fishery  50  32 

Far North  fishery  30  8 

Offshore Trawl fishery  30  50 

Chilean (Southern) Acoustic survey  30  13 

Chilean DEPM survey  20  28 
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Annex SWG‐JM‐03 

 

Results from final selected models for the 2011 Jack mackerel stock 

assessment 
This annex contains the main results from the final models specified at the subgroup meeting. 

Assessment model results 

Total catch used for this assessment is shown in Fig. 5 and basecase model fit to these is in Fig. 6.  

Other data in the model is shown in the fit figures below or in Annex SWG‐JM‐02.  For the purposes 

of this section the three models presented represent the base case (Model 1 from Annex SWG‐JM‐

02) and alternatives that seem to bracket model uncertainty (Models 2 and 3 from Annex SWG‐JM‐

02). 

The base case fit (Model 1) to the fishery age composition data is shown in Figures 7, 8, 9, and 10.  

This model fit to the indices is shown in Figure 11 while the fit to the index age compositions are 

shown in Figures 12, and 13.  Selectivity estimates for the fishery and indices is shown over time in 

Figs. 14 and 15 respectively.  Residuals to the indices and age compositions are presented in Fig. 16.  

A summary of the time series stock status (spawning biomass, F, recruitment, total biomass) is 

shown in Fig. 17.  Noticeably, the 2011 recruitment estimates suggest an increase which based on 

the age composition fits, appears to be coming primarily from Fleet number 1 (Northern Chile).    

The immature component of the stock seems increasing in recent years whereas the estimated 

mature component of the stock is near an all‐time low (Fig. 18).  Fishing mortality rates have been 

relatively high since 1992 but has apparently shifted towards older ages (Fig. 19).  The stock 

recruitment relationship appears to be consistent with the fixed value of steepness assumed (0.8; 

Fig. 20).  In alternative runs where steepness was estimated, the estimates tended towards higher 

values.  As with last year, the group requested a presentation of the stock trend as estimated 

compared to an estimate had no historical fishing occurred (Fig. 21). 

Model sensitivities 

As an initial model evaluation, the impact of downweighting different types of indices was selected 

to illustrate potential structural errors in model assumptions and the influence it may have on trends 

and current abundance levels.  For fishing mortality, the comparison of the base case and model 

sensitivities indicate higher levels for Model 3 (which downweighted CPUE data) relative to the base 

case and the model which downweights the acoustic indices (Model 2).  In terms of the effect on 

stock status relative to “unfished”, the differences were relatively minor and in all cases, the 2011 

total biomass is estimated to be between 10 – 19% of the unfished level. 

Projections 

The following recruitment scenarios were proposed for projections during the subgroup meeting it 

was decided to use average recruitment as estimated from 2006‐2010.  For this period, 100 

stochastic simulations (in recruitment) were conducted assuming the same mean and variance 
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without regard to a stock recruitment relationship.  These (low) recruitments are assumed to be 

independent of spawning biomass levels.   

As with last year, the subgroup recommended examining constant catch scenarios with current 

levels (520 kt) and at 75%, 50%, 25%, and 1% (corresponding roughly to 390, 260, 130, and 5 kt.  

Constant catch solutions were obtained by iterating F’s (assuming ratios among the 4 fleets to be 

similar to that observed in 2011) within the Baranov catch equation.  The 3 models and 5 constant 

catch strategies result in 15 unique projection configurations.  Each of these were projected for 10 

years (to 2021) and simulated 100 times. These simulations show that for the for example, base 

case, example future constant catches of 260 kt using the 5‐year average recruitment scenario 

should result in stock increases and lower fishing mortality rates (Fig. 22).  At current catch levels 

(520 kt) the stock is projected to increase but with a 21% chance of declines by 2021 (Fig. 23). 

For the 5‐year average recruitment scenario, examination of mean values from projections indicates 

that, for the stock to show signs of increase, a reduction in catch by about 50% would be required 

regardless of the model (Fig. 24).  The more optimistic recruitment scenario based on the 10‐year 

average recruitment projection indicates that even at the current catch level (520 kt) the stock is 

likely to increase (Fig. 25). 

Estimated proportion of simulations where SSB2016< SSB2012 

2016  5 kt  130 kt 260 kt  390 kt 520 kt 

Model 1  0%  0% 0%  0% 0%
Model 2  0%  0% 0%  0% 0%
Model 3  0%  0% 0%  1% 86%

 

Estimated proportion of simulations where SSB2021< SSB2012 

2021  5 kt  130 kt 260 kt  390 kt 520 kt 

Model 1  0%  0% 0%  0%  21%

Model 2  0%  0% 0%  0%  0%

Model 3  0%  0% 0%  23%  100%

 

Median ratio (SSB2016/SSB2012 from simulations  

2016  5 kt  130 kt 260 kt  390 kt 520 kt 

Model 1  3.279  2.861 2.421  1.976 1.527

Model 2  2.484  2.278 2.062  1.846 1.627

Model 3  4.196  3.366 2.488  1.598 0.691

 

Median ratio (SSB2021/SSB2012 from simulations  

2021  5 kt  130 kt 260 kt  390 kt 520 kt 

Model 1  4.642  3.884 3.057  2.181 1.229

Model 2  3.315  2.947 2.551  2.143 1.720

Model 3  6.425  4.893 3.185  1.298 0.000

 

 



 

Report of the Science Working Group X  Page 32 

 

 

Figures 
 

0

1000

2000

3000

4000

C
at
ch
 b
y 
fl
e
et
 (
kt
)

Th
o
u
sa
n
d
s

Fleet 4

Fleet 3

Fleet 2

Fleet 1

 
Figure 5.  Total catch and catch components used for the joint jack mackerel assessment, 1970‐

2011.  Fleet 1 corresponds to the N Chile purse seine, Fleet 2 the SC Chilean purse seine, 
Fleet 3 the far north fishery, and Fleet 4 the Offshore trawl fishery. 
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Figure 6.  JJM Model fit to the total catches (‘000 tonnes) by fleet for Fleet 1 (N_Chile_PS), Fleet 2 
(SC_Chile_PS ), Fleet 3 (Far_North) and Fleet 4 (Offshore_Trawl). The bars represent the 
observations and the line represents the predicted values. 
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Figure 7.  Base case (model 1) fit to the age compositions for the Chilean northern zone fishery 

(Fleet 1). Bars represent the observed data and dots represent the model fit and color 
codes correspond to cohorts. 
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Figure 8.  Base case (model 1) fit to the age compositions for the South‐Central Chilean purse 

seine fishery (Fleet 2). Bars represent the observed data and dots represent the model 
fit and color codes correspond to cohorts. 
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Figure 9.  Base case (model 1) fit to the age compositions for the far north fishery (Fleet 3).   Bars 

represent the observed data and dots represent the model fit and color codes 
correspond to cohorts. 
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Figure 10.  Base case (model 1) fit to the age compositions for the offshore trawl fishery (Fleet 4).  

Bars represent the observed data and dots represent the model fit and color codes 
correspond to cohorts. 
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Figure 11.  Base case (model 1) fit to different indices.  Vertical bars represent 2 standard deviations 

around the observations.   
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Figure 12.  Base case model fit (x’s) to age composition data (columns) for age samples collected 

during the CS Chilean region acoustic surveys. 
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Figure 13.  Base case (model 4) fit (dots) to age composition data (columns) for age samples 
collected during the daily egg production surveys. 
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Figure 14.  Base case (model 1) estimates of selectivity by fishery over time. 
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 Figure 15.  Base case (model 1) estimates of selectivity for each index over time. 
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Figure 16.  Logged residuals of observed and predicted catch‐at‐age proportions for the different 
fleets (left) and residuals for each of the indices (right) from JJM model 1. 
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Figure 17.  Base case (model 1) summary estimates over time showing total and spawning biomass 

(t; top), recruitment at age 2 (millions; 3rd  from top) total fishing mortality (4th) and 
total catch biomass (t; bottom).  Shaded areas and vertical bars represent the 
approximate 95% confidence bands. 
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Figure 18.  Base case (model 1) results showing mature and immature estimated components of the 
jack mackerel stock, 1970‐2011. 
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Figure 19.  Historical fishing mortality at age for the base casel (Model 1). 



 

Report of the Science Working Group X  Page 47 

 

 
Figure 20.  Stock recruitment curve relative to model estimates of biomass and recruitment for 

Model 1. 
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Figure 21.  Total biomass trajectories for the base case (Model 1) under a hypothetical scenario of 

no fishing relative to the total biomass as estimated in the assessment.  The 2011 ratio 
of estimated total biomass relative to the unfished is 14%.  The values for the 
sensitivities (model 2 and 3) were 19% and 10%, respectively.   
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Figure 22.  Stochastic projections of biomass (kt; top panel) and fishing mortality (average ages 2‐

12; bottom panel) for the base case model (Model 1) under the assumption that future 
recruitment has the same mean and variance as the 5‐year period 2006‐2010 and 
assuming constant catch of 390 kt (75% of 2011 catch). 
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Figure 23.  Projections of spawning biomass for the base case model (Model 1) relative to 2011 

estimated spawning biomass under the assumption that future recruitment has the 
same mean and variance as the 5‐year period 2006‐2010 (which is different for each 
model).  Total biomass is on the left, and future catch is on the right.  The different 
harvest levels are based on 1%, 25%, 50%, 75%, and 100% of the status quo catch. 
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Figure 24.  Projections of median spawning biomass (kt, left panels) and fishing mortality (over ages 

2‐12; right panels) for the base case model (Model 1; top row) and the 2 sensitivities 
(Models 2 and 3) under the assumption that future recruitment has the same mean and 
variance as the 5‐year period 2006‐2010 (which is different for each model).  Total 
biomass is on the left, and future catch is on the right.  The different harvest levels are 
based on 1%, 25%, 50%, 75%, and 100% of the status quo catch. 
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Tables 
Table 14.  Input catch by fleet (combined) for the stock assessment model.  Note that 2011 data 

are preliminary. 

  Fleet 1 Fleet 2 Fleet 3 Fleet 4

1970  175,208 7,938 4,711 0

1971  164,838 21,934 9,189 0

1972  62,634 7,100 18,782 5,500

1973  71,762 8,904 42,781 0

1974  163,396 12,678 129,211 0

1975  186,890 34,951 37,899 0

1976  237,876 65,570 54,154 35

1977  225,907 75,585 504,992 2,273

1978  367,762 150,319 386,793 50,887

1979  311,682 203,269 333,810 369,110

1980  266,697 215,528 414,299 338,022

1981  435,061 440,935 445,639 438,122

1982  756,484 643,821 143,724 726,068

1983  259,128 541,696 110,690 854,357

1984  663,695 677,910 200,674 979,798

1985  471,599 923,042 114,622 799,323

1986  42,536 1,103,200 51,029 837,502

1987  280,594 1,416,781 46,304 863,423

1988  278,701 1,703,037 244,228 863,216

1989  265,861 2,031,058 281,139 875,821

1990  258,233 2,150,956 370,823 872,059

1991  282,817 2,649,828 213,447 543,659

1992  285,387 2,796,812 111,682 35,196

1993  359,947 2,745,099 133,354 0

1994  197,414 3,596,904 233,346 0

1995  211,594 3,984,244 550,993 0

1996  264,631 3,017,165 495,518 0

1997  88,276 2,541,981 680,053 0

1998  19,278 1,546,704 412,846 0

1999  44,582 1,130,488 203,751 7

2000  107,769 1,135,082 303,701 2,318

2001  244,019 1,216,754 857,702 20,090

2002  108,727 1,357,185 154,823 76,261

2003  142,016 1,272,302 217,734 158,199

2004  158,656 1,292,943 187,369 295,443

2005  168,383 1,262,051 80,663 243,568

2006  155,256 1,224,685 277,568 362,627

2007  172,701 1,130,083 255,353 438,819

2008  167,258 728,850 169,537 405,477

2009  134,022 700,905 45,746 371,918

2010  169,010 295,681 5,300 283,770

2011  23,945 194,532 244,589 59,374
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Table 15.  Input catch at age for fleet 1.  Units are relative value (they are normalized to sum to 
one for each year in the model). 

  2  3  4  5  6 7  8  9  10  11 12

1975  4  14  44  61  166 171  81  30  8  5 1

1976  0  2  10  62  191 230  110  17  5  0 0

1977  13  20  48  150  239 184  68  10  0  0 0

1978  6  93  172  150  100 275  227  75  12  0 0

1979  0  40  104  202  247 262  212  72  8  0 0

1980  6  19  40  120  159 189  134  25  1  0 0

1981  0  18  107  227  273 333  167  32  4  0 0

1982  2  29  333  363  485 640  367  127  22  0 0

1983  0  2  50  152  222 206  103  21  1  0 0

1984  4  232  600  285  285 377  319  68  4  0 0

1985  1  53  255  400  427 253  74  12  1  0 0

1986  15  14  8  10  17 27  16  6  1  0 0

1987  70  612  639  150  36 27  9  0  0  0 0

1988  4  130  490  452  106 5  1  0  0  0 0

1989  8  5  44  327  272 56  9  3  0  0 0

1990  77  6  28  237  412 84  8  0  0  0 0

1991  17  218  218  121  181 259  65  5  6  1 1

1992  30  252  143  269  274 150  60  9  1  0 0

1993  66  1486  597  115  99 19  7  2  1  0 0

1994  140  339  102  266  132 23  3  2  0  0 0

1995  171  345  297  146  84 17  1  0  0  0 0

1996  270  533  573  155  31 7  0  0  0  0 0

1997  26  307  205  24  1 0  0  0  0  0 0

1998  3  89  38  19  6 0  0  0  0  0 0

1999  24  320  76  16  5 0  0  0  0  0 0

2000  236  136  237  110  15 0  0  0  0  0 0

2001  257  1326  492  25  2 0  0  0  0  0 0

2002  99  391  177  92  19 4  0  0  0  0 0

2003  158  605  243  54  22 9  2  0  0  0 0

2004  17  103  465  191  7 0  0  0  0  0 0

2005  324  476  193  151  44 5  0  0  0  0 0

2006  38  390  608  68  25 8  1  0  0  0 0

2007  94  347  475  114  27 18  7  1  0  0 0

2008  713  359  118  139  110 13  1  0  0  0 0

2009  59  251  433  35  71 3  0  0  0  0 0

2010  524  58  360  141  36 10  1  1  0  0 0

2011 144 71 8 6 8 0 0 0 0 0 0
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Table 16.  Input catch at age for fleet 2.  Units are relative value (they are normalized to sum to 
one in the model) 

  2  3  4  5  6  7  8  9  10  11  12 

1975  0  0  1  2  7  11  10  6  2  1  0 

1976  1  0  0  2  18  46  39  18  3  0  0 

1977  0  0  5  20  34  62  48  7  1  0  0 

1978  1  4  21  70  116  97  45  12  1  0  0 

1979  0  13  148  206  210  208  180  121  48  4  1 

1980  4  8  129  323  356  312  167  78  18  1  1 

1981  2  9  84  392  697  627  327  99  23  4  1 

1982  4  9  118  618  826  878  627  225  57  10  14 

1983  99  191  315  749  1,085  1,113  548  208  31  4  1 

1984  8  190  358  447  985  1,175  852  292  39  8  0 

1985  1  40  373  622  1,131  1,405  726  182  22  3  2 

1986  33  50  254  720  1,125  1,564  833  141  13  1  1 

1987  240  510  460  312  907  1,930  1,291  258  40  4  1 

1988  24  228  1,416  1,663  666  1,204  1,216  406  51  7  0 

1989  6  35  284  1,634  2,293  1,377  1,071  407  64  1  0 

1990  5  2  32  507  1,599  2,003  1,148  668  128  9  0 

1991  30  134  123  56  420  1,683  1,832  982  505  159  46 

1992  0  71  187  322  367  405  1,258  1,072  953  407  152 

1993  11  232  760  940  855  791  759  894  721  259  42 

1994  22  87  808  1,200  1,266  803  692  1,103  854  285  27 

1995  9  366  1,728  1,351  2,319  1,688  808  563  385  171  32 

1996  49  835  1,042  1,422  1,327  1,173  793  375  171  70  20 

1997  191  1,429  2,628  1,899  906  488  377  303  132  76  42 

1998  243  1,517  1,864  763  345  166  178  173  79  32  13 

1999  190  1,825  1,676  718  267  77  35  59  55  35  29 

2000  46  598  1,633  1,015  413  115  43  47  59  37  31 

2001  33  362  970  1,270  595  184  83  62  57  47  76 

2002  45  395  847  854  522  191  97  80  77  63  99 

2003  17  232  909  1,101  741  303  100  78  62  38  38 

2004  2  129  449  920  918  422  156  99  59  28  30 

2005  16  15  145  461  1,048  518  209  141  67  28  33 

2006  5  12  82  150  390  491  256  191  128  68  60 

2007  0  26  250  293  206  283  280  243  166  92  86 

2008  24  2  7  75  237  216  169  125  104  55  101 

2009  2  44  109  22  222  251  194  121  78  55  48 

2010  2  24  176  123  59  64  39  55  40  12  14 

2011  0  0  16  74  153 129 84 74 46  26  7
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Table 17.  Input catch at age for fleet 3.  Units are relative value (they are normalized to sum to 
one for each year in the model). 

   2  3  4  5  6 7 8 9 10  11  12 

1979  0.0  0.0  1.9  20.7  69.1 132.2 157.5 97.4 40.3  3.8  0.9 

1980  3.8  4.6  38.8  114.1  174.0 187.2 122.4 64.8 17.1  0.7  1.0 

1981  0.2  2.9  18.5  99.1  229.5 297.0 208.3 75.8 19.9  3.2  0.8 

1982  2.8  1.1  9.9  108.4  299.5 472.4 395.2 169.9 46.0  10.1  13.8 

1983  55.4  99.5  73.8  253.7  586.5 753.8 461.2 181.6 28.0  3.8  1.3 

1984  2.4  53.5  168.7  238.2  433.4 594.5 526.6 208.1 26.8  7.2  0.4 

1985  0.5  20.1  194.7  339.6  508.6 556.2 284.2 96.6 16.9  2.7  1.8 

1986  27.5  33.4  143.6  392.1  486.8 515.8 300.1 62.2 6.6  0.7  0.7 

1987  93.1  107.5  73.7  162.8  504.5 709.6 379.6 79.5 18.3  3.0  0.9 

1988  12.9  89.1  315.6  346.0  354.1 518.0 374.6 129.1 23.0  5.2  0.1 

1989  0.3  12.4  100.2  462.4  557.0 434.8 304.7 167.2 35.9  1.3  0.0 

1990  0.5  0.3  10.9  176.6  590.0 501.5 266.0 179.3 56.5  5.5  0.1 

1991  3.2  5.0  9.1  21.2  176.8 431.5 247.6 104.9 57.9  22.6  9.8 

2007  0.0  0.0  137.0  277.0  313.2 142.1 84.8 30.7 11.3  3.4  0.0 

2008  0.0  6.0  38.5  139.5  213.4 160.9 87.7 41.3 18.4  5.7  0.0 

2009  0.0  0.0  0.4  39.2  117.1 157.6 118.3 52.9 16.4  4.2  0.0 

2010  25.2  85.7  33.4  1.5  0.1 4.9 23.9 51.7 41.2  13.8  14.7 

2011  0.0  2.4  927.0  800.4  731.2 26.4 201.7 961.6 526.7  114.2  29.9 
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Table 18.  Input catch at age for fleet 4.  Units are relative value (they are normalized to sum to 
one for each year in the model).   

  2  3  4  5  6 7 8 9 10  11  12 

1979  0.0  0.0  1.9  20.7 69.1 132.2 157.5 97.4 40.3  3.8  0.9

1980  3.8  4.6  38.8  114.1 174.0 187.2 122.4 64.8 17.1  0.7  1.0

1981  0.2  2.9  18.5  99.1 229.5 297.0 208.3 75.8 19.9  3.2  0.8

1982  2.8  1.1  9.9  108.4 299.5 472.4 395.2 169.9 46.0  10.1  13.8

1983  55.4  99.5  73.8  253.7 586.5 753.8 461.2 181.6 28.0  3.8  1.3

1984  2.4  53.5  168.7  238.2 433.4 594.5 526.6 208.1 26.8  7.2  0.4

1985  0.5  20.1  194.7  339.6 508.6 556.2 284.2 96.6 16.9  2.7  1.8

1986  27.5  33.4  143.6  392.1 486.8 515.8 300.1 62.2 6.6  0.7  0.7

1987  93.1  107.5  73.7  162.8 504.5 709.6 379.6 79.5 18.3  3.0  0.9

1988  12.9  89.1  315.6  346.0 354.1 518.0 374.6 129.1 23.0  5.2  0.1

1989  0.3  12.4  100.2  462.4 557.0 434.8 304.7 167.2 35.9  1.3  0.0

1990  0.5  0.3  10.9  176.6 590.0 501.5 266.0 179.3 56.5  5.5  0.1

1991  3.2  5.0  9.1  21.2 176.8 431.5 247.6 104.9 57.9  22.6  9.8

2000  0.1  0.3  0.4  0.3 0.3 0.2 0.1 0.1 0.1  0.0  0.0

2001  0.0  0.3  0.4  0.1 0.0 0.0 0.0 0.0 0.0  0.0  0.0

2002  26.3  21.8  29.4  28.0 20.1 8.2 1.8 0.6 0.3  0.2  0.1

2003  0.0  0.8  0.1  0.0 0.0 0.0 0.0 0.0 0.0  0.0  0.0

2006  0.0  0.0  16.6  36.8 39.8 31.6 17.5 9.2 2.2  1.1  0.9

2007  0.0  0.0  137.0  279.2 319.8 153.4 99.1 42.8 17.6  7.2  2.1

2008  0.0  6.2  41.8  147.0 228.3 177.3 101.0 48.9 23.0  8.4  2.4

2009  0.1  0.2  0.6  40.4 124.1 167.5 131.0 62.7 22.3  7.0  1.4

2010  32.1  90.8  34.8  2.0 1.7 9.1 30.2 56.3 42.7  14.6  15.0

2011  0.0  0.0  0.9  0.8 0.7 0.0 0.2 1.0 0.5  0.1  0.0
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Table 19.  Input mean body mass at age over time assumed for all fleets. 

  2  3  4  5 6 7 8 9 10  11  12

1970  0.093  0.131  0.178  0.262 0.294 0.34 0.396 0.549 0.738  0.984  1.093

1971  0.093  0.131  0.178  0.262 0.294 0.34 0.396 0.549 0.738  0.984  1.093

1972  0.093  0.131  0.178  0.262 0.294 0.34 0.396 0.549 0.738  0.984  1.093

1973  0.093  0.131  0.178  0.262 0.294 0.34 0.396 0.549 0.738  0.984  1.093

1974  0.093  0.131  0.178  0.262 0.294 0.34 0.396 0.549 0.738  0.984  1.093

1975  0.093  0.131  0.178  0.262 0.294 0.34 0.396 0.549 0.738  0.984  1.093

1976  0.078  0.155  0.214  0.275 0.336 0.394 0.472 0.632 0.714  0.898  1.538

1977  0.092  0.109  0.236  0.275 0.314 0.375 0.456 0.521 0.732  0.651  1.137

1978  0.084  0.104  0.147  0.211 0.327 0.394 0.449 0.514 0.583  0.631  1.538

1979  0.108  0.16  0.199  0.241 0.301 0.388 0.466 0.588 0.871  1.265  1.972

1980  0.06  0.132  0.231  0.272 0.35 0.447 0.519 0.716 0.82  1.073  1.854

1981  0.095  0.149  0.242  0.294 0.34 0.407 0.503 0.637 0.765  1.184  1.9

1982  0.085  0.166  0.207  0.269 0.323 0.378 0.472 0.536 0.644  0.987  1.185

1983  0.099  0.122  0.23  0.273 0.32 0.374 0.461 0.596 0.709  1.196  1.769

1984  0.135  0.154  0.185  0.266 0.33 0.383 0.449 0.577 0.685  1.012  1.846

1985  0.148  0.181  0.223  0.27 0.339 0.398 0.473 0.573 0.796  1.376  1.647

1986  0.075  0.172  0.247  0.286 0.346 0.427 0.518 0.64 0.844  1.351  2.11

1987  0.117  0.14  0.191  0.27 0.357 0.434 0.503 0.577 0.689  1.089  1.979

1988  0.124  0.159  0.197  0.233 0.342 0.444 0.512 0.588 0.75  1.012  1.372

1989  0.103  0.22  0.241  0.278 0.339 0.467 0.585 0.702 0.779  0.88  1.538

1990  0.091  0.153  0.264  0.309 0.373 0.461 0.582 0.694 0.835  0.97  1.598

1991  0.106  0.132  0.186  0.271 0.381 0.451 0.542 0.667 0.787  0.901  1.053

1992  0.083  0.118  0.177  0.239 0.275 0.409 0.524 0.594 0.709  0.851  1.046

1993  0.089  0.121  0.181  0.246 0.32 0.408 0.579 0.719 0.853  0.965  1.174

1994  0.084  0.112  0.224  0.27 0.336 0.462 0.643 0.808 0.868  1.058  1.421

1995  0.098  0.145  0.192  0.27 0.34 0.429 0.577 0.807 0.965  1.115  1.367

1996  0.092  0.151  0.191  0.28 0.352 0.524 0.683 0.945 1.216  1.426  1.477

1997  0.106  0.146  0.201  0.26 0.355 0.495 0.683 0.884 1.088  1.467  1.647

1998  0.128  0.138  0.178  0.248 0.34 0.545 0.806 1.035 1.246  1.412  1.655

1999  0.109  0.134  0.174  0.25 0.331 0.465 0.742 1.021 1.258  1.376  1.776

2000  0.064  0.163  0.196  0.255 0.346 0.466 0.756 0.999 1.141  1.228  1.563

2001  0.098  0.122  0.179  0.258 0.325 0.461 0.614 0.828 1.074  1.36  1.671

2002  0.074  0.13  0.2  0.257 0.329 0.445 0.645 0.883 1.102  1.321  1.649

2003  0.086  0.117  0.186  0.245 0.307 0.4 0.564 0.768 1.005  1.209  1.537

2004  0.08  0.158  0.193  0.247 0.307 0.387 0.528 0.7 0.897  1.087  1.541

2005  0.075  0.113  0.196  0.259 0.318 0.399 0.517 0.641 0.767  0.918  1.296

2006  0.076  0.116  0.141  0.261 0.35 0.419 0.516 0.631 0.752  0.924  1.263

2007  0.074  0.121  0.172  0.226 0.331 0.431 0.51 0.621 0.756  0.903  1.177

2008  0.048  0.069  0.186  0.254 0.312 0.416 0.515 0.605 0.719  0.861  1.148

2009  0.045  0.109  0.142  0.253 0.33 0.411 0.532 0.625 0.764  0.886  1.144

2010  0.045  0.109  0.142  0.253 0.33 0.411 0.532 0.625 0.764  0.886  1.144

2011  0.052  0.101  0.175  0.236 0.313 0.415 0.539 0.649 0.787  0.963  1.473
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Table 20.  Index values used as input to the assessment model.  ACS=Acoustics for southern –
central zone in Chile, ACN=Acoustics for northern zone in Chile, C‐U = Chilean fleet 1 
CPUE, DEPM= Daily Egg Production Method, ACP = Acoustics in Fleet 3, Ch‐U = Chinese 
CPUE for fleet 4, EU‐U – CPUE for EU and Vanuatu (combined) in fleet 4, USSR‐U = Catch 
per day (nominal CPUE for Fleet 4. 

  ACS  ACN  C‐U  DEPM ACP P‐U Ch_U EU_U  USSR_U

1970         

1971         

1972         

1973         

1974         

1975         

1976         

1977         

1978         

1979         

1980         

1981         

1982         

1983        8,513  

1984    99    8,511  

1985    324    7,493  

1986    123    4,330  

1987    213    6,472   55.02

1988    134    6,066   58.24

1989        4,303   51.06

1990        5,972   52.57

1991    242    5,915   60.99

1992        6,099  

1993        8,471  

1994        6,415  

1995      467  5,131  

1996      460  3,081 1.77  

1997  3,530    385  3,376 1.14  

1998  3,200    318  201 0.63  

1999  4,100    311  5,724.00 177 0.80  

2000  5,600    270  4,688.00 1,351 0.94  

2001  5,950    311  5,627.00 1,999 1.05 1.20  

2002  3,700    344  1,388.00 837 0.88 1.75  

2003  2,640      3,287.00 850 0.68 1.52 0.72 

2004  2,640      1,043.00 449 0.69 1.34 1.11 

2005  4,110      3,283.00 261 0.21 1.26 0.89 

2006  3,192  112    626.00 1,512 0.69 0.93 1.38 

2007  3,140  275    1,935.00 443 0.76 1.17 1.43 

2008  487  259    207 0.82 0.74 1.21  77.42

2009  328  18    70 0.10 0.72 1.02  59.56

2010        1 0.60 0.79 

2011        363 0.72 0.27  45.21
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Table 21.  Estimated begin‐year numbers at age for Model 1 (base case), 1970‐2011. 

  2  3  4  5  6 7 8 9 10 11  12 

1970  11,548  8,735  4,650  2,304  1,765  1,274  1,113  975  858  751  6,341 

1971  14,107  9,156  6,903  3,644  1,781  1,329  923  818  754  677  5,593 

1972  13,045  11,187  7,237  5,410  2,818  1,343  966  681  633  594  4,937 

1973  13,338  10,356  8,865  5,713  4,248  2,194  1,033  746  535  501  4,374 

1974  13,782  10,586  8,199  6,984  4,473  3,305  1,691  800  586  423  3,851 

1975  16,269  10,922  8,337  6,382  5,362  3,400  2,474  1,275  620  460  3,349 

1976  21,514  12,907  8,638  6,547  4,961  4,105  2,545  1,872  993  488  2,997 

1977  25,458  17,065  10,203  6,776  5,079  3,786  3,057  1,920  1,455  780  2,737 

1978  23,753  20,110  13,254  7,705  4,965  3,713  2,752  2,246  1,452  1,111  2,686 

1979  23,872  18,768  15,654  10,043  5,646  3,556  2,567  1,943  1,669  1,105  2,892 

1980  25,200  18,888  14,691  11,999  7,456  4,031  2,390  1,741  1,397  1,269  3,038 

1981  27,483  19,944  14,790  11,279  8,956  5,412  2,801  1,674  1,272  1,066  3,285 

1982  34,776  21,737  15,588  11,291  8,301  6,302  3,554  1,880  1,191  956  3,268 

1983  29,277  27,504  17,027  11,913  8,211  5,496  3,622  2,131  1,255  876  3,106 

1984  24,143  23,204  21,674  13,217  8,934  5,754  3,470  2,324  1,459  938  2,976 

1985  44,171  19,097  18,173  16,564  9,606  5,909  3,298  2,049  1,525  1,071  2,872 

1986  53,128  34,989  15,026  14,035  12,258  6,536  3,541  2,067  1,383  1,120  2,894 

1987  26,018  42,158  27,674  11,755  10,646  8,722  4,218  2,377  1,437  1,024  2,971 

1988  13,607  20,538  32,751  21,191  8,804  7,597  5,726  2,757  1,605  1,030  2,862 

1989  13,336  10,726  15,863  24,764  15,551  6,138  4,836  3,640  1,809  1,116  2,708 

1990  14,866  10,512  8,281  11,982  18,150  10,840  3,911  3,086  2,390  1,251  2,646 

1991  17,763  11,699  8,070  6,202  8,704  12,610  6,944  2,511  2,035  1,653  2,696 

1992  16,992  13,934  8,885  5,961  4,440  5,926  7,819  4,379  1,614  1,350  2,886 

1993  12,949  13,291  10,313  6,127  3,918  2,811  3,812  4,955  2,789  1,033  2,711 

1994  12,782  10,084  9,691  6,976  3,957  2,443  1,793  2,401  3,137  1,770  2,377 

1995  12,191  10,004  7,394  6,385  4,228  2,264  1,429  1,021  1,371  1,795  2,373 

1996  12,768  9,452  6,969  4,292  3,197  1,956  1,100  663  475  639  1,943 

1997  17,219  9,833  6,431  3,916  2,078  1,439  934  502  304  219  1,189 

1998  21,527  13,291  6,599  3,306  1,599  778  586  354  191  116  535 

1999  22,282  16,807  9,413  3,815  1,596  716  369  262  159  85  291 

2000  23,766  17,500  12,350  6,028  2,168  848  391  194  138  83  198 

2001  19,210  18,624  12,838  8,018  3,530  1,208  488  218  108  77  157 

2002  17,604  14,819  12,863  7,495  4,083  1,769  656  255  114  57  123 

2003  11,714  13,833  10,983  8,570  4,566  2,332  1,024  367  141  64  101 

2004  11,365  9,175  10,147  7,265  5,205  2,616  1,355  575  203  80  93 

2005  8,563  8,903  6,851  7,057  4,647  2,935  1,390  656  271  99  85 

2006  2,786  6,705  6,660  4,823  4,634  2,706  1,613  703  325  138  94 

2007  2,424  2,166  4,864  4,434  2,930  2,510  1,402  760  320  155  112 

2008  3,502  1,866  1,510  3,049  2,499  1,439  1,170  583  300  136  114 

2009  7,428  2,661  1,242  902  1,662  1,195  658  479  224  127  106 

2010  6,044  5,627  1,743  723  471  699  453  214  142  76  80 

2011  12,489  4,555  3,626  1,026  398  216  291  166  71  55  60 

Mean  18,001  14,141  10,784  7,806  5,440  3,623  2,290  1,458  969  677  2,160 
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Table 22.  Estimated total fishing mortality at age for Model 1 (base case), 1970‐2011. 

  2  3  4  5  6 7 8 9 10 11  12

1970  0.0020  0.0054  0.0139  0.0274  0.0537  0.0916  0.0775  0.0264  0.0076  0.0076  0.0076 

1971  0.0020  0.0053  0.0137  0.0269  0.0521  0.0886  0.0737  0.0264  0.0090  0.0090  0.0090 

1972  0.0009  0.0026  0.0064  0.0119  0.0203  0.0326  0.0282  0.0117  0.0045  0.0045  0.0045 

1973  0.0011  0.0036  0.0084  0.0147  0.0211  0.0306  0.0262  0.0113  0.0059  0.0059  0.0059 

1974  0.0025  0.0089  0.0204  0.0343  0.0443  0.0594  0.0521  0.0240  0.0137  0.0137  0.0137 

1975  0.0015  0.0047  0.0116  0.0218  0.0372  0.0596  0.0487  0.0201  0.0096  0.0096  0.0096 

1976  0.0016  0.0051  0.0127  0.0239  0.0405  0.0646  0.0517  0.0225  0.0117  0.0117  0.0117 

1977  0.0058  0.0228  0.0508  0.0810  0.0833  0.0888  0.0786  0.0499  0.0393  0.0393  0.0393 

1978  0.0056  0.0205  0.0474  0.0809  0.1037  0.1390  0.1181  0.0666  0.0426  0.0426  0.0426 

1979  0.0042  0.0149  0.0359  0.0678  0.1069  0.1673  0.1584  0.0997  0.0442  0.0442  0.0442 

1980  0.0039  0.0146  0.0343  0.0625  0.0905  0.1343  0.1264  0.0834  0.0410  0.0410  0.0410 

1981  0.0045  0.0164  0.0399  0.0765  0.1215  0.1906  0.1685  0.1098  0.0562  0.0562  0.0562 

1982  0.0046  0.0142  0.0389  0.0885  0.1824  0.3239  0.2815  0.1744  0.0773  0.0773  0.0773 

1983  0.0025  0.0082  0.0233  0.0578  0.1257  0.2297  0.2135  0.1489  0.0613  0.0613  0.0613 

1984  0.0045  0.0144  0.0389  0.0891  0.1834  0.3266  0.2969  0.1913  0.0795  0.0795  0.0795 

1985  0.0031  0.0097  0.0284  0.0711  0.1550  0.2821  0.2372  0.1629  0.0793  0.0793  0.0793 

1986  0.0013  0.0045  0.0155  0.0464  0.1104  0.2079  0.1685  0.1333  0.0708  0.0708  0.0708 

1987  0.0065  0.0225  0.0369  0.0591  0.1074  0.1907  0.1954  0.1630  0.1033  0.1033  0.1033 

1988  0.0079  0.0283  0.0496  0.0795  0.1307  0.2217  0.2232  0.1914  0.1329  0.1329  0.1329 

1989  0.0080  0.0288  0.0506  0.0807  0.1309  0.2207  0.2193  0.1907  0.1384  0.1384  0.1384 

1990  0.0096  0.0344  0.0590  0.0896  0.1342  0.2154  0.2130  0.1864  0.1384  0.1384  0.1384 

1991  0.0128  0.0451  0.0729  0.1041  0.1544  0.2479  0.2311  0.2123  0.1801  0.1801  0.1801 

1992  0.0157  0.0710  0.1418  0.1897  0.2274  0.2112  0.2261  0.2210  0.2163  0.2163  0.2163 

1993  0.0200  0.0858  0.1608  0.2071  0.2423  0.2196  0.2324  0.2273  0.2245  0.2245  0.2245 

1994  0.0151  0.0803  0.1873  0.2709  0.3284  0.3062  0.3329  0.3300  0.3284  0.3284  0.3284 

1995  0.0244  0.1314  0.3140  0.4618  0.5407  0.4922  0.5388  0.5350  0.5329  0.5329  0.5329 

1996  0.0313  0.1551  0.3465  0.4952  0.5679  0.5088  0.5540  0.5485  0.5454  0.5454  0.5454 

1997  0.0289  0.1688  0.4356  0.6660  0.7525  0.6680  0.7402  0.7381  0.7370  0.7370  0.7370 

1998  0.0175  0.1150  0.3181  0.4980  0.5734  0.5164  0.5742  0.5738  0.5736  0.5736  0.5736 

1999  0.0116  0.0781  0.2157  0.3351  0.4027  0.3738  0.4132  0.4124  0.4119  0.4119  0.4119 

2000  0.0138  0.0798  0.2020  0.3050  0.3548  0.3218  0.3545  0.3529  0.3521  0.3521  0.3521 

2001  0.0295  0.1401  0.3081  0.4447  0.4607  0.3811  0.4208  0.4199  0.4145  0.4145  0.4145 

2002  0.0111  0.0696  0.1760  0.2657  0.3303  0.3168  0.3506  0.3580  0.3458  0.3458  0.3458 

2003  0.0143  0.0798  0.1832  0.2687  0.3270  0.3125  0.3478  0.3630  0.3397  0.3397  0.3397 

2004  0.0142  0.0621  0.1332  0.2169  0.3427  0.4022  0.4951  0.5230  0.4830  0.4830  0.4830 

2005  0.0146  0.0603  0.1212  0.1906  0.3106  0.3688  0.4518  0.4739  0.4400  0.4400  0.4400 

2006  0.0215  0.0909  0.1767  0.2683  0.3829  0.4279  0.5228  0.5581  0.5063  0.5063  0.5063 

2007  0.0317  0.1312  0.2372  0.3435  0.4807  0.5333  0.6478  0.7002  0.6224  0.6224  0.6224 

2008  0.0447  0.1772  0.2852  0.3769  0.5077  0.5533  0.6624  0.7278  0.6265  0.6265  0.6265 

2009  0.0477  0.1927  0.3106  0.4200  0.6353  0.7396  0.8924  0.9838  0.8468  0.8468  0.8468 

2010  0.0528  0.2094  0.2999  0.3659  0.5514  0.6476  0.7720  0.8798  0.7176  0.7176  0.7176 

2011  0.0275  0.1217  0.2665  0.4181  0.4708  0.4469  0.5486  0.5791  0.5375  0.5375  0.5375 
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Annex SWG-10-04 
 

Report of the Deepwater Subgroup 

 
 

 
1. Opening of the Meeting 
The Sub-Group meeting was opened by Mr. Rodolfo Serra, Chair of the DWSG. 
 
2. Adoption of Agenda 
The agenda was adopted without change. 

 
3.   Administrative Arrangements  
 
   3.1  Meeting arrangements.  
The Interim Secretariat provided information on the meeting arrangements. 
 
   3.2  Meeting documents  
The Chair reviewed the meeting documents for the Sub-Group and the Information 
papers.    
 
4. Nomination of Rapporteurs  
Dr Rudy Kloser and Dr Ilona Stobutzki were appointed as rapporteurs.  
 
5. SPRFMO Bottom Fishery Impact Assessment Standard 
Dr Ilona Stobutzki (coordinator of the intersessional task team) presented the revised 
draft Bottom Fishery Impact Assessment Standard (BFIAS; SWG-10-DW-03). 
Participants discussed the role of the BFIAS and reiterated that it should focus on 
providing a minimum standard for assessing the potential impacts of proposed bottom 
fishing activities on VMEs and deep sea fish stocks. Previous drafts had included 
elements on how those risks should be managed, which was not appropriate within 
the BFIAS. This was addressed by removing explicit references to management 
requirements during revision of the draft BFIAS.  
 
Participants then worked through the draft section by section incorporating proposed 
edits. 
 
Mr Andrew Penney presented the paper ‘Mapping of High Seas Bottom Fishing Effort 
Data: Purposes, Problems and Proposals’ (SWG-10-DW-02). The paper discussed the 
different purposes for producing maps of bottom fishing effort distribution, the need 
for careful error checking of the data (such as, removing misreported or data entry 
errors indicated by operations in unfishable depths) and the potential for maps of 
fishing effort distribution at a coarse spatial scale to exaggerate the actual area 
covered by fishing activities. The Participants agreed that the appropriate spatial scale 
was dependent on the purpose of the mapping. For the purposes of scientific mapping 
of bottom fishing effort data Participants recommended using a resolution of 0.1 
degree blocks. 
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The Deepwater Sub-Group then adopted the revised Bottom Fishery Impact 
Assessment Standard (Annex DW-01), noting that it would replace the interim Benthic 
Assessment Framework. They recommended that this standard be approved by the 
Science Working Group and forwarded to the third meeting of the Preparatory 
Conference for consideration and adoption.  
 
6. Review of Bottom Fishery Impact Assessments 
 
Dr Ilona Stobutzki presented the Australian Bottom Fishery Impact Assessment (SWG-
10-01a) and the paper ‘High seas: conservation and management measures to prevent 
significant adverse impacts on vulnerable marine ecosystems’ (SWG-10-01b). The 
Participants considered the documents with respect to the interim Benthic Assessment 
Framework, and the list of questions in Section 8 of the Report of SWG 4 (Noumea, 
September 2007). 
 
Participants noted the value of the approach taken in the Australian submission of two 
separate documents; a scientific bottom fishery impact assessment (SWG-10-DW-01a) 
and a separate document from the management agency on the management response 
to the results of the impact assessment (SWG-10-DW-01b). Participants were 
encouraged to adopt a similar approach in submitting future bottom fishery impact 
assessments. 
 
Participants noted that the Australian Bottom Fishery Impact Assessment represented 
a comprehensive report that generally met and went beyond the guidelines in the 
interim Benthic Assessment Framework, as it was based on the draft BFIAS. They also 
noted that it moves towards providing a quantitative impact assessment, undertook 
analysis of some of the predictors (surrogates) for the likely presence of VMEs and 
used an appropriate spatial scale (0.1 degree grid square) for the mapping and analysis 
of fishing effort distribution. Participants agreed that the conclusions ‘the current 
overall risk of significant adverse impacts (SAI) on vulnerable marine ecosystems 
(VMEs) by Australian vessels fishing with bottom trawls and bottom-set auto-longlines 
is low.....the current overall risk of SAI on VMEs from mid-water trawling and drop-
lining by Australian vessels is negligible’ were justified, primarily by the small spatial 
scale of these fisheries. 
 



3 

 

In the description of fishing activities, Participants commented that more detailed gear 
diagrams and specifications (particularly for mid-water trawl gear) and tables of annual 
catch (all species) should have been included. It was noted that the catch was 
presented in figures and tables of annual catch were available in the Australian 
National Report (SWG-10-05). 
  
In considering the questions in Section 8 of the Report of SWG 4 (Noumea, September 
2007; the numbering of the questions below follows the numbering in the SWG4 
Report), Participants commented: 
 

1. Will the proposed fishing activity be within recent average (2002 – 2006) effort 
levels? 

There was no explicit restriction to limit catch or effort, but it was noted that if the 
average level is reached there will be a management review. Since 2006 neither 
catch nor effort, for the demersal trawl, mid-water trawl or dropline have 
exceeded the average level. In 2008, the auto-longline fishery the effort and catch 
appears to have exceeded the 2002-06 averages.  

 
2. Will the proposed fishing activity be within areas where fishing is ‘currently 

occurring’? 
Yes 

 
6.   Is proposed fishing going to be conducted in areas where VMEs are known or 

likely to occur? If so, will those areas be closed to fishing? If such areas won’t be 
closed, will adequate conservation and management measures be put in place 
to prevent ‘significant adverse impact’ on VMEs, and to ensure the long-term 
sustainability of deep-sea fish stocks? 

 
The assessment indicated that there is a high likely of VMEs occurring in the areas 
to be fished. 
 
The closure of the South Tasman Rise was acknowledged as a significant 
management measure which prevented significant adverse impacts in that area.  
 
Participants agreed with the conclusion that the risk of significant adverse impacts 
on VMEs within fishable areas (within the ecologically important depth-zones 
[bathomes] and on ‘potential VME seamounts) at the scale of the SPRFMO area 
was low.  
 
It was unclear if the management measures in place would prevent significant 
adverse impacts on VMEs within the fished areas. 

 
7. What provisions have been made to detect evidence of fishing on VMEs, and to 

move 5nm away from such areas? How will such evidence be documented and 
reported? 
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The trigger threshold for the move-on rule for auto-longline fishing activities was 
appropriate, assuming that it would use a suitable list of taxa that had been 
modified from the CCAMLR specific taxa list. 
 
The trigger threshold for the move-on rule for trawl fishing was not regarded as 
appropriate, as the weight threshold was too high and there was no incorporation 
of a biodiversity index. New Zealand noted, that activation of the move-on rule in 
New Zealand fishing operations was triggered by low weights of VME taxa (SWG-10-
06).  
 
Australia noted that the weight threshold was developed in the context of the low 
levels of trawl fishing effort (zero active vessels between 20082010), current 
management arrangements and the conclusions of the impact assessment. 
  

9. Will observers be appointed to each vessel, and will observer coverage levels be 
‘appropriate’? 

Yes, it was noted that Australian trawl vessels required 100% observer coverage and 
at least 10% for non-trawl vessels (with mandatory coverage of the first fishing trip 
in a year.  
 
In general for rare events, such as encountering VMEs, observer coverage levels 
should be increased to more than 10%. 

 
10. Have all vessels been equipped with operational VMS? 

 
Yes, as described in SWG-10-DW-01b. 

 
11. Are the proposed fishing activities likely to have significant adverse impacts on 

VMEs? If so, will such activities be managed to prevent such impacts, or not 
authorized to proceed? 

At the scale of bathomes in the SPRFMO area the proposed fishing activities were 
not likely to have significant adverse impacts on VMEs. 
 
Within the fishing footprint the proposed management arrangements will not 
prevent all impacts on VMEs but will probably minimise potential impacts. 
Participants noted the difficulty in defining significant adverse impacts over 
multiple scales and therefore to assess the management arrangements proposed. 

 
The Deepwater sub-group recommended that these comments and review be 
forwarded by the Secretariat to Australia. 
 
7. Deepwater Species Assessment and Management 
No papers were presented. 
 
8. Deepwater Research Program 
8.1 Future Deepwater Work Programme 
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The future work program will be developed as part of the SWG research program. New 
Zealand outlined a current research project being undertaken in collaboration with the 
US, developing a predictive habitat model for the western SPRFMO area. Australia 
noted a current project examining the sustainability of deep sea target species. These 
research results are likely to be presented to the SWG in 2012.   
 
9.  Other Matters 
 
There were no other matters 
 
10. Adoption of Deepwater Sub-Group Report and Summary 
 
The report was adopted and meeting closed at 3.55pm. 
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1. Introduction   
Fishing with gears that make contact with the seabed (bottom fishing) has the 
potential to significantly impact the abundance and diversity of benthic species (Kaiser 
1998, Koslow et al. 2001, Clark and Koslow 2007). The most fragile and vulnerable 
species are those that form complex biogenic structures which other species use as 
habitat, food or shelter from predation (Auster 2005). Deepwater habitat-forming 
species are often rare or endemic to isolated seamounts, creating areas of high 
biodiversity which are vulnerable to disturbance (Koslow et al. 2001, Richer de Forges 
et al. 2000, FAO 2008). These structure-forming organisms are typically slow growing 
and long lived, making them slow to recover and vulnerable to cumulative impacts 
from fishing (Clark et al. 2006). Benthic ecosystems that include organisms with these 
characteristics are referred to as ‘vulnerable marine ecosystems’ (VMEs) (UNGA 2007, 
FAO 2008, Rogers et al. 2008).  
Many deep sea fish stocks have biological characteristics that result in low 
productivity, including: maturing at relatively old age, have slow growth, long life 
expectancies, low natural mortality rates, intermittent recruitment success and may 
not spawn every year. Their low productivity means that they are not able to sustain 
high exploitation rates and if depleted their populations are likely to recover very 
slowly. There are also limited data and information available to support management 
and so they pose a challenge for ensuring their sustainable utilization and exploitation 
(FAO 2008).    
In response to the 2006 United Nationals General Assembly (UNGA) Resolution 
61/105, the participants in the negotiations to establish a South Pacific Regional 
Fisheries Management Organization (SPRFMO) adopted interim management 
measures for bottom fisheries, these require participants to:   
6.  In respect of areas where vulnerable marine ecosystems are known to occur or 
are likely to occur based on the best available scientific information, close such areas 
to bottom fishing unless, based on an assessment undertaken in accordance with 
paragraphs 11 and 12 below, conservation and management measures have been 
established to prevent significant adverse impacts on vulnerable marine ecosystems 
and the long-term sustainability of deep sea fish stocks or it has been determined 
that such bottom fishing will not have significant adverse impacts on vulnerable 
marine ecosystems or the long term sustainability of deep sea fish stocks  (SPRFMO 
2007a)   
In line with this participants are required to prepare impact assessments for bottom 
fishing activities to:  
11. Assess, on the basis of the best available scientific information, whether 
individual bottom fishing activities would have significant adverse impacts on 
vulnerable marine ecosystems, and to ensure that if it is assessed that these 
activities would have significant adverse impacts, they are managed to prevent such 
impacts, or not authorized to proceed. (SPRFMO 2007a)   
The interim measures also require the Science Working Group (SWG) to:  
12. b) “design a preliminary interim standard for reviewing the benthic impact 
assessments and develop a process to ensure comments are provided to the 
submitting Participant and all other Participants” (SPRFMO 2007a).   
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Pending development of a more detailed standard, an interim Benthic Assessment 
Framework was developed by the SWG and adopted by the 6th Meeting of SPRFMO 
Negotiations (September 2007).  
This document provides the interim SPRFMO Bottom Fishery Impact Assessment 
Standard as adopted by the 10th meeting of the Science Working Group (Vanuatu, 
2011). It has been developed using a broad range of currently available information, in 
particular the general principles developed internationally in response to the UNGA 
Resolution 61/105 (2006) and Resolution 64/72 (2009), particularly the FAO 
International Guidelines for the Management of Deep-Sea Fisheries in the High Seas 
(FAO 2008)–referred to as the FAO Guidelines.   
 

2. Purpose of the Standard  
The purpose of the BFIAS is to provide a minimum standard for assessing the potential 
impacts of proposed bottom fishing activities on VMEs and deep sea fish stocks. This 
standard is intended to guide SPRFMO participants in preparing the required bottom 
fishery impact assessments, and to guide the SWG when reviewing these assessments. 
It is intended to constitute the standardised approach to be taken by all participants 
when preparing risk and impact assessments for high seas bottom fishing activities in 
the SPRFMO area.  
The definitions and process in the BFIAS aim to be consistent with international 
principals and contribute to achieving the main objectives articulated in the FAO 
Guidelines: 
 

11.  The main objectives of the management of DSFs are to promote responsible fisheries 
that provide economic opportunities while ensuring the conservation of marine living 
resources and the protection of marine biodiversity, by:   

i. ensuring the long-term conservation and sustainable use of marine living resources in 
the deep seas; and   
ii. preventing significant adverse impacts on VMEs (FAO 2008) 

The BFIAS aims to ensure that areas containing VMEs and low productivity deep sea 
resources are protected from significant adverse impacts due to bottom fishing, by 
ensuring that management decisions are informed by reliable and robust impact 
assessments based on the best data available.  
As SPRFMO management measures for bottom fisheries are revised, and as 
information on distribution of VMEs, abundance of low productivity deep-sea 
resources and the impacts of bottom fishing activities in the SPRFMO Area improves, 
this standard should be updated and amended accordingly.  
 

3. Area of Application  
The BFIAS applies to all bottom fishing operations within the SPRFMO Area as defined 
in the Convention on the Conservation and Management of High Seas Fishery 
Resources in the South Pacific Ocean.  
The BFIAS is intended to apply to all fishable depths within the SPRFMO area. 
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4. Bottom Fishery Impact Assessment Process  
The process for preparing, submitting, evaluating and commenting on impact 
assessments prepared in accordance with this BFIAS was adopted at the 4th meeting of 
SPRFMO Negotiations in September 2007 (SPRFMO 2007c). The process consists of the 
following steps:  

 Participants are required to prepare bottom fishery impact assessments for all proposed 
bottom fishing activities in the SPRFMO Area, irrespective of the proposed scale, area or 
previous history of such fishing activities.  

 Such impact assessments are to be prepared and submitted to the SPRFMO Secretariat 
prior to commencement of any bottom fishing evaluated under the assessment. Fishing 
may then proceed in accordance with the management and mitigation measures 
proposed in the assessment while the assessment is being evaluated.   

 All bottom fishery impact assessments are to be posted on the SPRFMO website for 
public comment for a period of 30 days, and forwarded to the SWG for comment.  

 The SWG is required to evaluate all assessment and provide written comments back to 
flag states through the SPRFMO Secretariat within 60 days of assessments being 
received.  SWG comments on assessments are to be posted on the SPRFMO website.  

 Flag states are required to respond to the written comments provided by the SWG. 

Participants are required to prepare a new bottom fishery impact assessment if a substantial 
change in the fishery has occurred, such that it is likely that the risk or impacts of the fishery 
may have changed. Changes that might trigger a re-assessment would include changes in 
intended fishing areas, management measures or the use of new gear. 

In line with the SPRFMO interim management measures, participants are required to 
prepare assessments, and submit these for review, before opening any new regions of 
the Area to fishing, or expanding fishing effort or catch beyond existing levels: 

3.  Starting in 2010, before opening new regions of the Area or expanding fishing effort or 
catch beyond existing levels, establish conservation and management measures to prevent 
significant adverse impacts on vulnerable marine ecosystems1 and the long-term 
sustainability of deep sea fish stocks from individual bottom fishing activities or determine 
that such activities will not have adverse impacts, based on an assessment undertaken in 
accordance with paragraphs 11 and 12. (SPRFMO 2007a) 
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5. Bottom Fishing Impact Assessment Standard  

5.1. Definitions  
The BFIAS requires clear and specific operational definitions of risk, VMEs and 
significant adverse impacts.    
The FAO Guidelines currently provide the most comprehensive international 
definitions of these terms.  Aspects of these guidelines that are relevant to SPRFMO 
Area fisheries have therefore been directly incorporated into this standard, in the 
definitions below.  

5.1.1. Bottom Fishing  
Bottom fishing is defined as fishing with any gear type likely to come in contact with 
the seafloor or benthic organisms (FAO 2008).   

5.1.2. Risk  
The definition of risk for an assessment needs to be based on clearly stated objectives. 
The risk that is being assessed is then the risk of not achieving those stated objectives.  
The high level objectives implied by the SPRFMO interim measures are:  
1. That there are no significant adverse impacts from bottom fishing on VMEs  

2. That deep sea fish stocks are managed for long-term sustainability.  
These objectives need to be operationalized so that they become measurable and the 
risk can be assessed. This should be clarified in the impact assessment and guidance on 
this is provided in Section 7. The impact assessment must assess the risk of significant 
adverse impacts on VMEs and the risk of over-exploitation of deep sea fish stocks. The 
risk-based approaches used must account for risks arising from limited data availability 
to directly quantify all potential impacts.    

5.1.3. Low Productivity Deep Sea Resources   
The FAO Guidelines (FAO 2008, paragraph 13) recognize that marine living resources 
exploited by deep sea fisheries in the high seas often have low productivity, can only 
sustain low exploitation rates and are slow to recover once depleted. Key biological 
characteristics of these low productivity species include maturation at relatively old 
ages; slow growth; long life expectancies; low natural mortality rates; intermittent 
recruitment of successful year classes; and spawning that may not occur every year 
(FAO 2008). Species with these characteristics within the SPRFMO Area will be 
considered to constitute low productivity resources, and need to be managed in 
accordance with the relevant guidelines and best practices for sustainable 
management of such resources.   

5.1.4. Vulnerable Marine Ecosystems  
The FAO Guidelines define a number of characteristics which should be used as criteria 
in the definition of vulnerable marine ecosystems:  

42. A marine ecosystem should be classified as vulnerable based on the characteristics that 
it possesses. The following list of characteristics should be used as criteria in the 
identification of VMEs.  

i. Uniqueness or rarity – an area or ecosystem that is unique or that contains rare species 
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whose loss could not be compensated for by similar areas or ecosystems. These include:   
• habitats that contain endemic species;   
• habitats of rare, threatened or endangered species that occur only in discrete 

areas; or  
• nurseries or discrete feeding, breeding, or spawning areas.   

ii. Functional significance of the habitat – discrete areas or habitats that are necessary 
for the survival, function, spawning/reproduction or recovery of fish stocks, particular 
life-history stages (e.g. nursery grounds or rearing areas), or of rare, threatened or 
endangered marine species.  

iii. Fragility – an ecosystem that is highly susceptible to degradation by anthropogenic 
activities.  

iv. Life-history traits of component species that make recovery difficult – ecosystems that 
are characterized by populations or assemblages of species with one or more of the 
following characteristics:   

• slow growth rates;   
• late age of maturity;   
• low or unpredictable recruitment; or  
• long-lived.  

v. Structural complexity – an ecosystem that is characterized by complex physical 
structures created by significant concentrations of biotic and abiotic features. In these 
ecosystems, ecological processes are usually highly dependent on these structured 
systems. Further, such ecosystems often have high diversity, which is dependent on the 
structuring organisms.  

(FAO 2008)  

The above characteristics should guide the identification and specific definition of 
VMEs in the SPRFMO Area. However, to provide operational definitions for use during 
fishing operations, it is necessary to use the above characteristics to develop lists of 
specific taxa (orders, families, genera or species) which are considered to contribute to 
VMEs in the SPRFMO Area.  Annex 1 of the FAO Guidelines provides a list of examples 
of potentially vulnerable species groups, communities and habitats, as well as features 
that potentially support them and should be used as the basis for determining what 
constitutes VME taxa in the SPRFMO area:  
 

FAO Guidelines Annex 1. Examples of potentially vulnerable species groups, communities and 
habitats, as well as features that potentially support them.  
  
The following examples of species groups, communities, habitats and features often display 
characteristics consistent with possible VMEs. Merely detecting the presence of an element itself is 
not sufficient to identify a VME. That identification should be made on a case-by-case basis through 
application of relevant provisions of these Guidelines, particularly Sections 3.2 and 5.2.  
  
Examples of species groups, communities and habitat forming species that are documented or 
considered sensitive and potentially vulnerable to DSFs in the high-seas, and which many contribute 
to forming VMEs:  
i. certain coldwater corals and hydroids, e.g. reef builders and coral forest including: stony corals 
(Scleractinia), alcyonaceans and gorgonians (Octocorallia), black corals (Antipatharia) and 
hydrocorals (Stylasteridae);  

ii. some types of sponge dominated communities;  
iii. communities composed of dense emergent fauna where large sessile protozoans 
(xenophyophores) and invertebrates (e.g. hydroids and bryozoans) form an important structural 
component of habitat; and  
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iv. seep and vent communities comprised of invertebrate and microbial species found nowhere 
else (i.e. endemic).  

Examples of topographical, hydrophysical or geological features, including fragile geological 
structures, that potentially support the species groups or communities, referred to above:  

i. submerged edges and slopes (e.g. corals and sponges);  
ii. summits and flanks of seamounts, guyots, banks, knolls, and hills (e.g. corals, sponges, 
xenophyphores);  
iii. canyons and trenches (e.g. burrowed clay outcrops, corals);  
iv. hydrothermal vents (e.g. microbial communities and endemic invertebrates); and  
v. cold seeps (e.g. mud volcanoes for microbes, hard substrates for sessile invertebrates).  

(FAO 2008) 

 
For the purposes of this assessment vulnerable marine ecosystems are defined as: any marine 
ecosystem whose integrity is threatened by significant adverse impacts resulting from physical 
contact with bottom gears in the normal course of fishing operations, including, inter alia, 
reefs, seamounts, hydrothermal vents, cold water corals,. cold water sponge beds and low 
productivity or vulnerable species.  
The definition of VMEs for this assessment will need to be reviewed periodically, in the light of 
improved information on VMEs in the SPRFMO area. 

The unit of analysis for the impact assessment for VMEs is currently suggested to be 
‘VMEs’ as a group rather than individual taxa.  As more information becomes available 
(such as the location of different types of VMEs) it may be more appropriate to 
undertake the impact assessment for different types of VMEs, such as particular 
benthic communities or assemblages. In terms of deep sea fish stocks the unit of 
analysis should be the stock, although data availability may similarly constrain the unit 
of analysis to the species or resource assemblage level. As with VMEs, as more 
information becomes available it may be more appropriate to update assessments to 
the stock level.  

5.1.5. Predictors to Evaluate Likelihood of Occurrence of VMEs  
The FAO Guidelines note (paragraph 45) that, “where site-specific information is 
lacking, other information that is relevant to inferring the likely presence of vulnerable 
populations, communities and habitats should be used”. This is reflected in the 
examples provided in FAO Guidelines Annex 1, shown above.  
For much of the SPRFMO Area, data on seabed biodiversity and benthic community 
composition are not available. Therefore, ancillary information on other factors that 
influence the location of VMEs will need to be used to predict likelihood and suitability 
of areas for supporting VMEs.     

Predictive Habitat Modelling 

Benthic biodiversity data are scarce for the SPRFMO Area and so use should be made 
of predictive habitat models to identify areas where VMEs are likely to occur. This will 
contribute to the quantitative evaluation of the risk of significant adverse impacts and 
the effectiveness of any proposed management and mitigation measures. The recent 
publication of global habitat prediction models for deep sea scleractinian corals and 
other species (Tittensor et al 2009, Davies & Guinotte 2011, Anderson et al. 2011) 
enables the identification of areas where VMEs are predicted to occur.   
While existing global habitat models will be useful for risk assessments, the 
development of regionally-tailored, high resolution, predictive models for the SPRFMO 
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area is seen as a priority. These should be of the highest resolution permitted by 
available bathymetric data, and should be designed to predict occurrence of all of the 
VME species of interest in the SPRFMO Area. Development of regionally tailored 
models will require, where possible, the collection of high resolution data on 
bathymetry and bycatch of VMEs and participants should include provisions for the 
collection of such data into conditions for bottom fisheries in the SPRFMO Area. Where 
possible and appropriate, use should also be made of opportunities presented by 
presence of fishing vessels in the SPRFMO Area to collect seabed imaging information 
(using underwater video or cameras) to validate and improve regional habitat 
prediction models. 

Seabed Depth Range and Topography 

Seabed depth range and topography are good indicators of seabed geology, and 
therefore of substratum suitability for supporting VME species. In the absence of 
benthic biodiversity data and predictive habitat modelling, risk assessments should use 
depth and analysis of topography, particularly depth range, slope, rugosity and specific 
topographic features, as indicators of habitat likely to support VMEs. The FAO 
Guidelines recognizes the following as being features that potentially support species, 
groups or communities which may contribute to forming VMEs:  

 Submerged edges and slopes; summits and flanks of seamounts, guyots, banks, 
knolls, and hills; canyons, trenches and hydrothermal vents  (FAO 2008) 

5.1.6. Significant Adverse Impacts   
The FAO Guidelines provide guidance on what would constitute a significant adverse 
impact on VMEs:  
 

17. Significant adverse impacts are those that compromise ecosystem integrity (i.e. 
ecosystem structure or function) in a manner that: (i) impairs the ability of affected 
populations to replace themselves; (ii) degrades the long-term natural productivity of 
habitats; or (iii) causes, on more than a temporary basis, significant loss of species 
richness, habitat or community types. Impacts should be evaluated individually, in 
combination and cumulatively.  
  

18. When determining the scale and significance of an impact, the following six factors 
should be considered:  

i. the intensity or severity of the impact at the specific site being affected;  
ii. the spatial extent of the impact relative to the availability of the habitat type 
affected;  
iii. the sensitivity/vulnerability of the ecosystem to the impact;   
iv. the ability of an ecosystem to recover from harm, and the rate of such recovery;  
v. the extent to which ecosystem functions may be altered by the impact; and  
vi. the timing and duration of the impact relative to the period in which a species 
needs the habitat during one or more of its life-history stages.  
  

19. Temporary impacts are those that are limited in duration and that allow the particular 
ecosystem to recover over an acceptable time frame. Such time frames should be 
decided on a case-by-case basis and should be in the order of 5-20 years, taking into 
account the specific features of the populations and ecosystems.  
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20. In determining whether an impact is temporary, both the duration and the frequency at 
which an impact is repeated should be considered. If the interval between the expected 
disturbance of a habitat is shorter than the recovery time, the impact should be 
considered more than temporary. In circumstances of limited information, States and 
RFMO/As should apply the precautionary approach in their determinations regarding the 
nature and duration of impacts.  

(FAO 2008) 
 
When evaluating the potential significance of adverse impacts of bottom fishing 
activities in the SPRFMO Area, the above factors should all be considered. Assessments 
should evaluate the impact which each type of fishing gear is likely to have on areas 
likely to contain VMEs, both on a per set basis and cumulatively.  Paragraph 20 of the 
FAO Guidelines states that “In circumstances of limited information, States and 
RFMO/As should apply the precautionary approach in their determinations regarding 
the nature and duration of impacts”. 
Each bottom fishery impact assessment will need to detail how the above factors were 
used to develop a definition of ‘significance’ for the purposes of the assessment. This 
should include at a minimum the criteria:  

 The intensity or severity of the impact at the specific site affected (i.e. are entire 
colonies/habitats destroyed, or just a few branches broken), this will be gear specific 
(and may link be guided by the Hierarchy of Bottom Fishing Impacts (Table 1);  

 The ecological consequence of a given impact (which depends on the distribution, 
density, and recovery potential of the organisms in question), including estimation of 
the likelihood of interaction;  

 The spatial extent of the impact relative to the extent of the VME and whether there 
may be offsite impacts;  

 The frequency of the impact and the cumulative fishing effort.  The rate of impact (on 
a temporal and geographical scale) in relation to rates of recovery of taxa needs to be 
considered.   

Many of these criteria are difficult to measure directly for deepwater fisheries and so 
assumptions must be made based on studies conducted elsewhere or expert input. All 
assumptions must be clearly documented in the impact assessments to ensure 
transparency.  

   

5.1.7. Hierarchy of Bottom Fishing Impacts  
The intent of UNGA Resolutions (61/105 and 64/72) and the SPRFMO interim 
measures is to prevent significant adverse impacts on fragile benthic species in deep 
water. While some benthic ecosystems are more vulnerable to disturbance than 
others, they are also differentially vulnerable to the impacts of different bottom fishing 
gears.  
Gear type and how the gear is to be fished is an important component of the 
evaluation of any fishing plan. Gear impact should be evaluated as a product of the 
typical seabed impact footprint per set or tow of the gear type to be used, the planned 
number of fishing events (to provide an estimate of the overall extent of physical 
impact), the likelihood of encountering vulnerable species in proposed fishing areas 
(including the proportion of planned deployments occurring in new areas) and the 
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expected degree of impact by the gear type concerned, to generate an index of 
potential disturbance. Default rankings of expected level of impact by gear type are 
provided in Table 1. This ranking of gear impacts may be revised as necessary, 
following scientific analyses undertaken in the SPRFMO area. 
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Table 1. Ratings of habitat impact for each gear class on a scale of 1 (very low) to 5 (very high). Source: 
Chuenpagdee et al. (2003)  
  

Gear Class Benthic Habitat 

 Physical Biological 

Gillnet –midwater  1 1 

Hook and line  1 1 

Longline – pelagic  1 1 

Purse seine  1 1 

Trawl – midwater  1 1 

Longline – bottom  2 2 

Gillnet – bottom  3 2 

Pots and traps  3 2 

Trawl – bottom
2
 5 5 

Dredge 5 5 

 

5.1.8. New and Exploratory Fisheries 
The Convention of the South Pacific Regional Fisheries Management Organisation 
(SPRFMO) in Article 22 defines the following concepts and issues related to new or 
exploratory fisheries: 
“A fishery that has not been subject to fishing or has not been subject to fishing with a 
particular gear type or technique for ten years or more shall be opened as a fishery or 
opened to fishing with such gear type or technique only when the Commission has 
adopted cautious  preliminary conservation and management measures in respect of 
that fishery, and, as appropriate, non-target and associated or dependent species, and 
appropriate measures to protect the marine ecosystem in which that fishery occurs 
from adverse impacts of fishing activities. Such preliminary conservation and 
management measures, which may include requirements regarding notification of 
intention to fish, the establishment of a development plan, mitigation measures to 
prevent adverse impacts on marine ecosystems, use of particular fishing gear, the 
presence of observers, the collection of data, and the conduct of research or 
exploratory fishing, shall be consistent with the objective and the conservation and 
management principles and approaches of this Convention. The measures shall ensure 
that the new fishery resource is developed on a precautionary and gradual basis until 
sufficient information is acquired to enable the Commission to adopt appropriately 
detailed conservation and management measures. 
The Commission may, from time to time, adopt standard minimum conservation and 
management measures that are to apply in respect of some or all new fisheries prior to 
the commencement of fishing for such new fisheries.” 
 
Section 8 discusses bottom fishing impact assessments in relation to new or exploratory 
fisheries. 

                                                 
2 ‘Bottom trawl’ is defined for the purposes of this standard as any trawl net fished in such a way that it has 

a likelihood of coming into contact with the seabed at some time during the trawling operation.  
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6. Distribution of Vulnerable Marine Ecosystems  
To implement the SPRFMO interim management measures (2007) details of species or 
higher level taxa known or likely to contribute to VMEs in the South Pacific, and the 
catching of which could indicate evidence of such VMEs, need to be established. The 
relevant SPRFMO interim measures state:  
 Bottom fisheries: In respect of bottom fisheries, Participants resolve to:  
  
6. In respect of areas where vulnerable marine ecosystems are known to occur or are likely to 

occur based on the best available scientific information, close such areas to bottom fishing 
unless, based on an assessment undertaken in accordance with paragraphs 11 and 12 
below, conservation and management measures have been established to prevent 
significant adverse impacts on vulnerable marine ecosystems and the long-term 
sustainability of deep sea fish stocks or it has been determined that such bottom fishing will 
not have significant adverse impacts on vulnerable marine ecosystems or the long term 
sustainability of deep sea fish stocks.  
  

7. Require that vessels flying their flag cease bottom fishing activities within five (5) nautical 
miles of any site in the Area where, in the course of fishing operations, evidence of 
vulnerable marine ecosystems is encountered, and report the encounter, including the 
location, and the type of ecosystem in question, to the interim Secretariat so that 
appropriate measures can be adopted in respect of the relevant site.  Such sites will then be 
treated in accordance with paragraph 6 above. (SPRFMO 2007a) 

Implementation of these measures requires definitions of:  

 Evidence of a VME to trigger the move-on provisions of interim measure 7; and  

 Existence of areas known or likely to contain VMEs, to trigger the management 
requirements of interim measure 6.  

 A protocol to determine ‘evidence of a VME’ is required to enable a rapid assessment 
and immediate management response during actual fishing operations at sea, to limit 
immediate impact on areas which appear to support significant quantities of VME 
species. In contrast, ‘designating a VME’ requires a scientific and deliberative longer-
term analysis to integrate data from individual encounters and assess information on 
occurrence of VMEs across larger spatial scales, in order to identify, map and designate 
areas which are considered to constitute actual VMEs.  Paragraph 119(b) of UNGA 
Resolution 64/72 states that States and RFMOs are to “conduct further marine 
scientific research and use the best scientific and technical information available to 
identify where vulnerable marine ecosystems are known to occur or are likely to 
occur.”  

6.1. Detection of ‘evidence of VMEs’  
UNGA resolution 64/72 in paragraph 119 (c) calls on RFMOs and States to  
establish and implement appropriate protocols for the implementation of paragraph 83 
(d) of its resolution 61/105, including definitions of what constitutes evidence of an 
encounter with a vulnerable marine ecosystem, in particular threshold levels and 
indicator species, based on the best available scientific information and consistent with 
the Guidelines, and taking into account any other conservation and management 
measures to prevent significant adverse impacts on vulnerable marine ecosystems, 
including those based on the results of assessments carried out pursuant to paragraph 
83 (a) of its resolution 61/105 and paragraph 119 (a) of the present resolution. 
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SPRFMO interim management measure 7 is intended to apply in cases of unexpected 
interactions with VMEs during individual fishing operations, in areas where no other 
pre-determined management action has been implemented to prevent significant 
adverse impacts. In developing a protocol to detect evidence of a VME, the 
appropriate scientific analyses should be conducted and the following principles 
should be considered:  
Principles for a Protocol to Identify ‘Evidence of a VME’  

 Evidence of a VME needs to be defined in a way which makes this measure 
implementable at sea. The protocol should be rapid to implement at the end of each tow 
or set, and should not require a high level of taxonomic identification expertise. Relatively 
few, higher order taxonomic groups should be used, rather than individual species or 
genera.  

 The evidence must be defined in terms of benthic bycatch made during individual bottom 
fishing operations (e.g. trawl tows or line sets).  

 Evidence should be derived from species which possess the characteristics considered to 
make them vulnerable to deep sea bottom fisheries, as defined in the FAO Guidelines.  
Emphasis should be placed on taxonomic groups which may contribute to forming VMEs 
(FAO 2008, Annex 1) in the SPRFMO Area.  

 A measure of quantity needs to be incorporated to allow the protocol to distinguish 
between a sporadic capture of a single organism which may not indicate evidence of a 
VME and a quantity of by-catch which is considered to constitute evidence of a VME.  

 The thresholds chosen to indicate evidence of encounter with a VME should be based on 
analysis of bycatch data for the fishery and gear type concerned, or a comparable fishery 
using the same gear type. The thresholds should be also be precautionary. 

 Higher ranks / scores should be accorded to species considered more vulnerable to fishing 
impacts, or which are considered to be strong indicators of VMEs. The protocol should 
also incorporate some measure of biodiversity, to accord higher scores to bycatches of 
many species, as opposed to a single species.  

6.1.1. Designation of Taxa Constituting Evidence of a VME  
The FAO Guidelines (paragraph 42) identify characteristics of species or communities 
that should be considered to be vulnerable to impacts of bottom fishing. Annex 1 of 
the FAO Guidelines provides examples of taxonomic groups of organisms which have 
those characteristics, and which could contribute to forming VMEs (FAO 2008). A 
CCAMLR VME Workshop (CCAMLR 2009) expanded on the FAO guidelines to develop a 
set of criteria that characterise species constituting VMEs: 

 Habitat-forming – One of the main characteristics of the structural species within 
VMEs is the degree to which they create habitat that could be used by other 
organisms. Organisms that are large, with a strong three-dimensional shape, or 
which create a complex surface by clustering in high densities, or changing the 
character of the substratum (e.g. sponge spicule mats), create habitats for other 
organisms.  

 Longevity – Mortality of long-lived organisms can result in long recovery periods to 
regenerate unfished age structure, from decades to centuries.  Vulnerability of 
these species is proportional to longevity. 
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 Slow growth – Organisms which grow slowly will take a longer time to attain a 
large size or reproductive maturity. Slow growth rates of organisms are correlated 
with high longevity, but independent of age, slow growth requires longer times to 
generate maximum size. 

 Fragility – The potential for damage or mortality resulting from physical 
disturbance from bottom fishing gear. 

 Larval dispersal potential – The range of dispersal by larvae and propagules 
influences the ability of a species to recolonise impacted areas. Species which 
brood larvae, or otherwise have limited dispersal abilities, are less resilient to 
fishing disturbance because new recruits may not be available from a nearby 
source, and recruitment, recolonisation and recovery could be delayed. Organisms 
with high dispersal potential have a higher probability of supplying larvae to a 
disturbed area and are therefore more resilient. 

 Lack of adult motility – Motility in itself should not exclude taxa from being 
vulnerable or less resilient to bottom fishing gear, as organisms which can move to 
some degree may still meet all the other criteria of vulnerability. However, the lack 
of motility does add some degree of vulnerability and decreases resilience because 
as adults those organisms cannot redistribute themselves in response to a direct 
disturbance, adjust their position if altered in some way, or move into a disturbed 
area to recolonise. 

 Rare or unique populations – Vulnerable taxa containing species that create 
dense, isolated populations are intrinsically vulnerable because they have a more 
limited potential for recovery.  This criterion also indicates vulnerability to physical 
disturbance and is independent of the habitat-forming characteristics of the taxon.      
(CCAMLR 2009) 

Taxonomic groups which meet the above criteria, and which have been encountered in 
bottom trawl fisheries in the SPRFMO Area, (Parker et al. 2009) are listed in Table 2. 
Taxa such as bryozoans and feathery hydroids have been excluded from this list 
because they are generally not retained by bottom fishing gears. The work provides an 
example of taxonomic groups that could be used to identify evidence of a VME. 
Table 2. Example of a list of taxonomic groups which could be used to identify 
evidence of a VME in the South Pacific Ocean, based on the work of Parker et al. (2009) 
  

Taxonomic Group Common Name 

Phylum: Porifera  sponges  

Phylum: Cnidaria    

   Class Anthozoa:    

      Order: Actiniaria  anemones  

                 Scleractinia   stony corals   

                 Antipatharia   black corals   

                 Alcyonacea   soft corals  

                 Gorgonacea  sea fans    

                 Pennatulacea  sea pens  

   Class: Hydrozoa:    
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      Order: Anthoathecatae    

              Family Stylasteridae  hydrocorals  

      Unidentified corals  corals  

Phylum: Echinodermata    

   Class: Crinoidea  sea lilies  

      Order: Brisingida  armless stars  

 
Parker et al. (2009) describe a ‘VME Evidence Protocol’ for bottom trawl fisheries in 
the SPRFMO Area, combining the taxa (Table 2) with VME vulnerability scores and 
weight thresholds determined from analysis of historical New Zealand bottom trawl 
benthic by-catch data. VME taxonomic lists may need to be developed separately for 
separate regions of the SPRFMO area, and for different gear types. 

6.2. Mapping of Known or Likely VMEs  

Procedures for mapping known or likely VMEs are described in Appendix A. This mapping is 
likely to rely on the use of predictors to evaluate the likelihood of occurrence of VMEs.  
  

7. Bottom Fishery Impact Assessment Sections  
  

The FAO Guidelines (FAO 2008) provide guidelines on the content of impact 
assessments for deep sea fisheries:  
  

47. Flag States and RFMO/As should conduct assessments to establish if deep-sea fishing 
activities are likely to produce significant adverse impacts in a given area. Such an 
impact assessment should address, inter alia:  

i. type(s) of fishing conducted or contemplated, including vessels and gear types, 
fishing areas, target and potential bycatch species, fishing effort levels and duration 
of fishing (harvesting plan);  

ii. best available scientific and technical information on the current state of fishery 
resources and baseline information on the ecosystems, habitats and communities in 
the fishing area, against which future changes are to be compared;  

iii. identification, description and mapping of VMEs known or likely to occur in the 
fishing area;  

iv. data and methods used to identify, describe and assess the impacts of the activity, 
the identification of gaps in knowledge, and an evaluation of uncertainties in the 
information presented in the assessment;  

v. identification, description and evaluation of the occurrence, scale and duration of 
likely impacts, including cumulative impacts of activities covered by the assessment 
on VMEs and low-productivity fishery resources in the fishing area;  

vi. risk assessment of likely impacts by the fishing operations to determine which 
impacts are likely to be significant adverse impacts, particularly impacts on VMEs and 
low-productivity fishery resources; and  

vii. the proposed mitigation and management measures to be used to prevent 
significant adverse impacts on VMEs and ensure long-term conservation and 
sustainable utilization of low-productivity fishery resources, and the measures to be 
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used to monitor effects of the fishing operations.  
  

48. Risk assessments referred to in paragraph 47 (vi) above should take into account, as 
appropriate, differing conditions prevailing in areas where DSFs are well established and 
in areas where DSFs have not taken place or only occur occasionally.   (FAO 2008) 

Following these guidelines, impact assessments for proposed bottom fishing activities 
in the SPRFMO Area should provide information under the following sections:  
 

7.1.1. Description of the Proposed Fishing Activities  
Assessments shall contain a detailed fishing plan, providing a quantified description of 
the planned fishing activities, including:  

 Details of the vessels to be used, providing all vessel data required in terms of the 
SPRFMO Data Standards for vessel data, and confirmation that they appear on the list of 
approved SPRFMO vessels submitted by flag states to the SPRFMO Secretariat.  

 Detailed description of fishing methods (trawls, hook and lines, traps, gillnets, tangle nets) 
to be used, including a description and gear plan,  providing the information needed to 
evaluate potential impacts, such as net or bottom line types, net dimensions or bottom 
line lengths / number of hooks, trawl-door type, size and weight, footrope dimensions 
and type, ground gear (bobbins, rock-hopper gear, etc), range in fishing height off bottom, 
net opening and any factors affecting gear selectivity.  

 Seabed depth range to be fished.  

 Target species, and likely or potential by-catch species.  

 Intended period and duration of fishing.  

 Effort indices:  How many vessels, how many tows (cumulative effects), estimated tow 
durations or distance (ranges).  

 Estimated total catch and discard quantities by target and bycatch species.  

In instances where new or exploratory fisheries are being undertaken, assessments 
shall provide a quantified description of the planned fishing activities, including:  

 Details of the vessels to be used, providing all vessel data required in terms of the 
SPRFMO Data Standards for vessel data, and confirmation that they appear on the list of 
approved SPRFMO vessels submitted by flag states to the SPRFMO Secretariat.  

 Detailed description of fishing methods (trawls, hook and lines, traps, gillnets, tangle nets) 
to be used, including a description and gear plan,  providing the information needed to 
evaluate potential impacts, such as net or bottom line types, net dimensions or bottom 
line lengths / number of hooks, trawl-door type, size and weight, footrope dimensions 
and type, ground gear (bobbins, rock-hopper gear, etc), range in fishing height off bottom, 
net opening and any factors affecting gear selectivity.  

 Seabed depth range to be fished.  

 Target species, and likely or potential by-catch species.  

 Intended period and duration of fishing.  

 Effort indices:  How many vessels, how many tows (cumulative effects), estimated tow 
durations or distance (ranges).  

Given the nature of new or exploratory fisheries, the expected or planned 
characteristics of the fishery in terms of the above information should be provided.  
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Once the new or exploratory fishery has concluded, detailed quantification of the 
above information should be submitted to the Secretariat.  
 

7.1.2. Mapping and Description of Proposed Fishing Areas  
Maps of the proposed fishing areas in relation to available information on VMEs and 
seabed bathymetry should be presented including:  

 Maps of the intended fishing areas, at the appropriate resolution (see Appendix B) in 
relation to the most recent SPRFMO maps of historically fished areas.  

 Mapping of results of predictive habitat models for VME species occurring in the SPRFMO 
Area, or topographic features likely to support such VMEs, including geospatial data 
available from the Secretariat on predicted distribution of VMEs and topographic 
features. 

 Mapping of all known VMEs, or evidence of VMEs, in the proposed fishing areas, in 
particular, all geospatial data available from the Secretariat on distributions of known 
VMEs or evidence of VMEs.  

 Baseline data and description of the proposed fishing areas, presenting any available 
information that might be useful to assessing the potential impacts of fishing – such as 
past history of fishing, seabed type, depth ranges, location / presence of any known 
seabed topographic features and VMEs.  

The SPRFMO Secretariat will make the SPRFMO geospatial maps of VMEs, predicted 
VME habitat, bathymetry and historically fished areas available to facilitate mapping of 
proposed fishing activities in context with this baseline geo-spatial information.  
To facilitate evaluation of the relationship between proposed fishing areas, the joint 
trawl footprint and existing VME maps, Flag States should provide all maps related to 
proposed fishing activities to the Secretariat in a compatible GIS format, for inclusion 
in the SPRFMO geo-spatial database.  

7.1.3. Impact Assessment  

Scoping of Issues of Concern  

The initial step in a risk assessment process should be a scoping.  This includes 
explicitly stating the management objectives against which the risk will be assessed 
and the identification of all of the potential issues of concern (hazards) related to the 
proposed fishing activities. These will be guided by the UNGA Resolutions 61/105 and 
64/72, the SPRFMO interim management measures (2007) and the FAO Guidelines.  
The risk assessments should evaluate the potential impact of the ‘hazards’:   

-  Fishing activity, this will need to be evaluated for each gear type used by a participant’s 
vessels (e.g. trawling, longlining, etc.)  

- Loss of bottom fishing gear, including the risk of ghost fishing and ongoing physical impact 
of lost gear.  

For each activity (hazard) to be evaluated a brief description of the expected impacts 
should be provided, in terms of what may be affected and how.   

Risk Assessment  

The level of risk posed by each activity (hazard) should be assessed in a transparent, 
scientific manner.  Determining the level of risk for each activity should be based on 
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quantifiable criteria where possible.  Where qualitative criteria are used due to data 
gaps, qualitative judgements should be underpinned as far as possible by quantitative 
analyses, and sufficient documentation should be provided to enable the SWG to 
determine if the assigned risk levels are appropriate.  
In determining the level of risk (low, medium, high) posed by an activity, the elements 
that should be specifically evaluated are:   

1. Intensity - The intensity or severity of the impact at the specific site affected.  This 
may be quantified by previous studies or an expert evaluation of the magnitude of 
the impact.  e.g. None (no detectable impact); Low (some physical damage to some 
taxa/colonies); Medium (substantial damage to a small proportion of colonies/taxa, 
or small damage to a large number of taxa at the site, likely to modify biological and 
ecological processes e.g. reproduction) or High (significant damage to a significant 
proportion, where environmental functions and processes are significantly altered 
such that they temporarily or permanently cease).  

2. Duration – how long the effects of the impact are likely to last.  

3. Spatial extent – The spatial impact relative to the extent of the VMEs (e.g. will fishing 
impact 5%, 30% or 80% of the VME distribution) and whether there may be offsite 
impacts (e.g. will reproduction be impacted at a broader spatial scale).    

4. Cumulative impact - The frequency of the impact will influence the risk, with activities  
occurring repeatedly at a site likely to have a greater risk.  This will depend on the 
amount of fishing effort and should be considered in relation to the recovery of the 
VMEs/taxa.  
Overall Risk. The overall risk ranking of an activity is then evaluated from the 
combination of the criteria used.  The method for combining these criteria to assign 
low, medium or high risk to an activity should be detailed in the assessment report.  

- Low: Where the impact will have a negligible influence on the environment and no active 
management or mitigation is required.  This would be allocated to impacts of low 
intensity and duration, but could be allocated to impacts of any intensity, if they occur at 
a local scale and are of temporary duration.  

- Medium: Where the impact could have an influence on the environment, which will 
require active modification of the management approach and / or mitigation.  This would 
be allocated to short to medium-term impacts of moderate intensity, locally to regionally, 
with possibility of cumulative impact.  

- High: Where the impact could have a significant negative impact on the environment, 
such that the activity(ies) causing the impact should not be permitted to proceed without 
active management and mitigation to reduce risks and impacts to acceptable levels.  This 
would be allocated to impacts of high intensity that are local, but last for longer than 5-20 
years, and/or impacts which extend regionally and beyond, with high likelihood of 
cumulative impact.  

The risk assessment should be based on criteria that are independent, such that they 
provide separate measures of risk.  Criteria should also be quantifiable, preferably with 
the method of quantification and ranking categories determined beforehand.  
In terms of deep sea fish stocks if a robust stock assessment is available, with relevant 
reference points.  This would constitute a high standard of risk assessment, where the 
outputs of the stock assessment, relative to the reference points indicates the risk to 
the stocks.  This should be worked towards for key stocks.     
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Where there are data limitations a robust expert based risk assessment should be used 
which considers the criteria above.  
Examples of different risk assessment approaches include: 

 CSIRO Ecological Risk Assessment for Effects of Fishing:  ERAEF is a hierarchical framework 
that moves from a Level 1 qualitative analysis through to a more focussed semi-
quantitative Level 2 to Level 3 which is model based and fully quantitative. This approach 
leads to a rapid identification of high risk activities, and evaluation of how fishing impacts 
on ecological systems (Hobday et al. 2007).  

 ICES:  There have been two main approaches to assessing the sensitivity of habitat to 
fishing: i) ranking sensitivity of habitat units (physical and biological) to disturbance; and 
ii) ranking the impacts of the gear.  ICES conclude that these approaches should be 
combined.  

 NOAA EIS:  Spatial and temporal analysis of the distribution of habitat type, distribution of 
biota, habitat use, habitat sensitivity, dynamics of fishing effort.  

 MarLin:  Approach consists of i) Identify “key / important” species in habitat/biotype; ii) 
Assess biotype sensitivity based on key species; iii) Assess recoverability of key/important 
species (Tyler-Walters et al. 2001).  

 UK Department for Environment, Food & Rural Affairs: (DEFRA) Guidelines for 
Environmental Risk Assessment and Management.  

 CCAMLR An impact assessment framework for bottom fishing methods in the CCAMLR 
convention area (Sharp et al. 2009. CCAMLR Science, 2009)  

Interactions with VMEs  

This section should specifically address the expected and potential interaction and 
impacts of the proposed fishing gear on VMEs:    

 What impacts are likely to result from the fishing gears to be used? All impacts should be 
identified, characterised and quantified or ranked.  All interactions of fishing gear with the 
seabed will have some impact, but the nature and severity will be species / habitat 
dependant.  Information on known or likely species and habitats in the proposed fishing 
area should be used to evaluate potential impacts of the fishing gears to be used.  

 What will the probability, likely extent (% of habitat targeted) and intensity of the 
interaction between the proposed fishing gear / targeting practices on the VMEs in the 
proposed fishing areas be?    

 What are the characteristics of the habitats and benthic communities which may be 
impacted?  Are the fished seabed features likely to support VMEs?  Do these VMEs 
include fragile or biogenic habitat-forming species?  What proportion of the estimated 
distribution range of these VMEs areas will the proposed fishing activities impact?  How 
widespread or rare are the VMEs / species?  How vulnerable are the VMEs to impact by 
the fishing gears to be used?  

 How diverse is the ecosystem in the proposed fishing areas, and will the fishing activity 
reduce this biodiversity?  Do the proposed fishing areas contain rare species which do not 
occur elsewhere? What are the levels of endemism - could fishing lead to localised / 
global extinctions?   

 What is the likely spatial scale and duration of the impacts? Will impacts be cumulative 
with previous impacts in the area? The overall scale of impact will be the product of 
spatial scale, duration and cumulative impact on VMEs and low productivity resources.  
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Loss of substantial areas of habitat forming coral could have a prolonged impact on the 
environment, whereas other faunal groups may be able to recover quickly. To the extent 
possible, rates of recovery, regeneration and re-colonisation should be quantified or 
estimated.  

 Are there any other threats or issues of concern expected from the proposed fishing 
activities, such as gear loss and ghost fishing, incidental bycatch discards, protected or 
endangered species mortalities, effects on ecosystem functioning?  

In instances where new or exploratory fisheries are intended to be undertaken the 
assessment should include:  

 What impacts are likely to result from the fishing gears to be used? All impacts should be 
identified, characterised and ranked.  Information on known or likely species and habitats 
in the proposed fishing area should be used to evaluate potential impacts of the fishing 
gears to be used.  

 What will the probability, likely extent (% of habitat targeted) and magnitude of the 
interaction between the proposed fishing gear / targeting practices on the VMEs in the 
proposed fishing areas be?    

 What are the characteristics of the habitats and benthic communities which may be 
impacted?  Are the fished seabed features likely to support VMEs?    

 How diverse is the ecosystem in the proposed fishing areas, and will the fishing activity 
reduce this biodiversity?  Do the proposed fishing areas contain rare species which do not 
occur elsewhere?   

 What is the likely spatial scale and duration of the impacts? The overall scale of impact 
will be the product of spatial scale, duration and cumulative impact on VMEs and low 
productivity resources.  To the extent possible, rates of recovery, regeneration and re-
colonisation should be quantified or estimated.  

 Are there any other threats or issues of concern expected from the proposed fishing 
activities, such as gear loss and ghost fishing, incidental bycatch discards, protected or 
endangered species mortalities, effects on ecosystem functioning?  

Where quantitative risk assessment approaches are used, evaluations of interactions 
will be directly provided by those assessments 

7.1.4. Information on Status of the Deepwater Stocks to be Fished  
This section should provide information on the estimated state of the deepwater 
stocks of the intended target and by-catch species.  Such information should include:  

 A list of the intended target and likely by-catch species.  

 Tables of historic catches and catch trends of these species in the intended fishing area.  

 Tables, figures of analyses of historic nominal and/or standardised CPUE trends in these 
species.  

 Results of any surveys conducted on the stocks to be fished.  

 Results of the most recent stock assessments that have been conducted for the stocks to 
be fished, if any such stock assessments have been conducted.   

 Any other information relevant to understanding the status and sustainability of target 
and by-catch species. 

In instances where new or exploratory fisheries are being undertaken the assessment 
should include:  
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 A list of the intended target and likely by-catch species.  

 Tables of historic catches and catch trends of these species in the intended fishing area, if 
available.  

 Results of any surveys conducted on the stocks to be fished.  

 Results of the most recent stock assessments that have been conducted for the stocks to 
be fished. 

 Any other information relevant to understanding the status and sustainability of target 
and by-catch species.  

Predictive Stock Assessments 

Representative abundance indices for deepwater fish stocks are generally not available 
for use in quantitative stock assessments. Under such circumstances, predictive 
modelling approaches, could be attempted. Such predictive approaches can use 
indices of abundance of deepwater species from historical fisheries, related to 
topographic and oceanographic predictor variables, particular seamount size, height, 
profile, latitude and longitude, to predict abundance of those species in other areas.  
Clark et al. (2010) provide an example of such an approach for orange roughy fisheries 
on seamounts in the western SPRFMO Area. 

7.1.5. Monitoring, Management and Mitigation Measures  
Monitoring, management and mitigation measures would be expected to address the 
risks identified in the impact assessment. 
This section should detail proposals for how the fishing activities will be planned and 
managed to avoid or minimise significant adverse impacts on VMEs and ensure long 
term sustainability of deep sea fish stocks.  There should be a detailed description of 
specific monitoring, management and mitigation measures that are currently in place 
or planned to be implemented to reduce impacts to acceptable levels.  Proposed 
management measures must be specifically designed to achieve the following results 
for each level of significance.  
Effective monitoring measures should be implemented to ensure the effectiveness of 
the measures and to detect any change in the degree of impact which would prompt 
the need for a re-assessment. In addition to proposed management or mitigation 
measures, the following monitoring measures should be implemented including the 
use of observers, should follow the SPRFMO Data Standards and include:  

1. VMS positional information should be collected in accordance with the SPRFMO 
Data Standards.  Provide details of VMS systems to be operated on vessels, 
including who these will report to, reporting frequency and reporting accuracy.  

2. Details of catch and effort data collection systems to be used, including catch and 
effort reporting systems to the flag states concerned, and additional systems to be 
implemented specifically for the proposed activity.  Report how these data 
collection systems comply with the SPRFMO data standards. These monitoring 
systems should specifically address how retained and discarded by-catches are to 
be monitored and reported. There should also be reporting systems in place to 
record whether a VME has been encountered during fishing.  
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3. Details of any scientific observer coverage planned for the proposed fishing 
activity, including levels of coverage, how deployments will be designed to achieve 
statistically representative coverage of the proposed fishing activities, and what 
information observers will be collecting.  Observer data should be collected in 
accordance with the SPRFMO Observer Data Standard.  

4. Description of the data that will be provided to the SPRFMO Secretariat for the 
fishing activity including, as a minimum, data required in terms of the adopted 
SPRFMO data standards, but also describing other information (e.g. seabed 
bathymetry or mapping, VME identification and characterization) that will be 
provided. Details regarding the reporting of evidence of a VME to the SPRFMO 
Secretariat should be included.  

Where quantitative risk assessment approaches are used, these approaches should 
also be used to evaluate the effectiveness of proposed mitigation measures, by 
quantitatively evaluating the reduction in risk resulting from those mitigation 
measures (see e.g. Penney & Guinotte in prep). 
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8. New and Exploratory Fisheries 
The bottom fishing impact assessment for new and exploratory fisheries would be 
expected to consider all the elements of Section 7, except where differences have 
been identified. The following section describes these differences.  

8.1. Description of the Proposed Fishing Activities 
The estimates of total catch and discard quantities would not be available given the 
nature of the fisheries and so estimates of the other factors, such as fishing duration, 
number of tows and potential catch rates should be provided. Once information is 
available from the new or exploratory fishery the impact assessment would be 
updated using this data.   

8.2. Impact Assessment 
Where little information is available, predictive approaches should be used to evaluate 
the likelihood of interaction with, and potential impact on, VMEs. All assumptions used 
in the impact assessment should be clearly stated. This section should include a trigger 
for when a new assessment should be completed. 

8.3. Information on Status of the Deepwater Stocks to be Fished 
Predictive approaches and information from other fisheries should be used to inform 
the assessment of impact on deepwater stocks to be fished. 

8.4. Monitoring, Management and Mitigation Measures 
In situations where new or exploratory fisheries are being undertaken monitoring and 
precautionary measures are critical. As outlined in the FAO Guidelines:  

65. Precautionary conservation and management measures, including catch and effort 
controls, are essential during the exploratory phase of a DSF, and should be a major 
component of the management of an established DSF. They should include measures to 
manage the impact of the fishery on low-productivity species, non-target species and 
sensitive habitat features. Implementation of a precautionary approach to sustainable 
exploitation of DSFs should include the following measures:  

i. precautionary effort limits, particularly where reliable assessments of sustainable 
exploitation rates of target and main by-catch species are not available;  

ii. precautionary measures, including precautionary spatial catch limits where 
appropriate, to prevent serial depletion of low-productivity stocks;  

iii. regular review of appropriate indices of stock status and revision downwards of the 
limits listed above when significant declines are detected;  

iv. measures to prevent significant adverse impacts on vulnerable marine ecosystems; 
and  

v. comprehensive monitoring of all fishing effort, capture of all species and interactions 
with VMEs  (FAO 2008) 

Therefore, assessments for new or exploratory fisheries must include a description of 
the monitoring, mitigation and precautionary management measures that will be in 
place, as outlined above. Details regarding the reporting of evidence of a VME to the 
SPRFMO Secretariat should be included.  
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10. Appendix A  
  

10.1. Mapping of Bottom Fishing Effort and VMEs  
Mapping of known or likely vulnerable marine ecosystems is an important pre-
requisite for risk assessment and development of management and mitigation 
measures to prevent significant adverse impacts in such areas.  Scientific analyses are 
required to designate areas known or likely to support VMEs, to allow these areas to 
be characterised and mapped.  Such analyses should use all potential sources of 
information, including:  

 Data on repetitive encounters of fishing vessels with vulnerable species in a particular 
area (e.g. Rogers et al. 2008, Parker et al. 2010).  

 Distribution of predicted habitat suitability derived from predictive habitat models for 
vulnerable marine taxa (Tittensor et al. 2009, Davies & Guinotte 2011, Anderson et al. 
2011), or from other physical data/surrogates, used to inform habitat-suitability analyses 
(Hirzel et al. 2002, Clark et al. 2006, Davies et al. 2008). 

 Data from scientific seabed biodiversity surveys which may be integrated into, or used to 
inform, habitat suitability analyses (Williams et al. 2009, Anderson et al. 2011).  

The SWG will coordinate analyses of data from these sources to develop habitat 
suitability indices, and to predict and map locations of seabed areas with a high 
likelihood of supporting VMEs in the SPRFMO Area. The results of these analyses 
should be considered by participants in their impact assessments.   

10.2. Designation of Areas as VMEs  
The FAO deep-sea guidelines recognise that ‘Merely detecting the presence of an 
element itself is not sufficient to identify a VME’. (FAO 2008, Annex 1).  Single 
encounters with evidence of a VME indicate the presence of a vulnerable species at 
some point in the area fished during the tow or set, but may not indicate the presence 
of a vulnerable ecosystem.  Further analyses are required to designate areas known to 
support VMEs based on repetitive encounters with vulnerable species in a particular 
area, prediction of areas likely to support VMEs based on information on habitat 
suitability for vulnerable deepwater benthic species, or seabed biodiversity surveys.  
Repetitive Encounters with Vulnerable Taxa  
While an encounter with evidence of a VME at a single site may not indicate presence 
of an actual VME, multiple or repetitive encounters with such evidence in an area 
indicate an increasing likelihood that the area does support a benthic VME.  Data on 
evidence of VMEs gathered during fishing operations, and reported to the SPRFMO 
Secretariat, should be regularly analysed to identify, map and characterise areas in 
which multiple or repetitive encounters with VME species are found.  Guidelines on 
what constitutes repetitive encounters with vulnerable taxa indicating presence of a 
VME are provided by Rogers et al. (2008): 

 Two or more consecutive hauls containing > 2kgs each of live corals, or > 5kg sponges or 
other habitat-forming epifauna, on the same trawl track or setting area, or where 
consecutive trawling tracks or sets intersect.  

 > 4 encounters of > 2kg of corals, or > 10 encounters of > 2kg of sponges or other habitat-
forming epifauna, within an area (1km2) within one year.  



34 

 

 > 4 corals per 1000 hooks in a long line fishery within one year within an area (10km2).  

 > 15% of hauls of any gear within an area (10 - 100km2) containing corals, sponges or 
other habitat forming epifaunal taxa.  

Prediction of Habitat Suitability and Likelihood of VMEs  
Data on seabed biodiversity are lacking for most deep sea benthic areas, except for a 
few specifically surveyed seamount systems, and seabed biodiversity surveys are likely 
to remain unaffordable for all but a few areas of particular interest.  In the absence of 
such data, biologically important physical factors (Clark 2008, Williams et al. 2009) can 
be used to indicate suitability of specific areas for vulnerable benthic species, and to 
stratify measures such as spatial closures to protect such areas.   Seabed geo-
morphological classification derived from seismic surveys can be used to identify areas 
of particular substratum types that can be correlated with particular benthic 
communities (Anderson et al. 2011). 
Physical seabed factors can be combined with physical / chemical factors such as 
temperature, salinity, depth, chlorophyll, oxygen, currents, productivity and water 
chemistry using habitat suitability models (Tittensor et al. 2009, Davies & Guinotte 
2011) to predict suitability of particular areas or features as habitats for VME species.  
Various analyses of this type have been conducted for the South Pacific region. Clark et 
al. (2006) classified the original Kitchingman and Lai (2004) seamounts in terms of 
suitability as habitats for coldwater corals, and Allain et al. (2008), classified South 
Pacific seamounts in terms of depth suitability for various deepwater fish species.  
Tittensor et al. (2009) and Davies & Guinotte (2011) developed global predictive 
habitat suitability models for coldwater scleractinian corals.  Global seamount 
databases have been updated using the high-resolution (30 arc-second) GEBCO 
bathymetric data (Yesson et al. 2011) and habitat suitability of these seamounts has 
been classified using the habitat suitability results of Davies & Guinotte (2011). 
Taxonomic distinctness indices (Warwick and Clark 1998, Clark and Warwick 1998, 
2001) can be used to evaluate comparative uniqueness, and therefore vulnerability, of 
communities on different features.  
In addition to data on interactions with evidence of a VME, SPRFMO participants 
should collect and contribute data that are potentially useful to habitat suitability 
analyses.  These data could include high-resolution or multi-beam bathymetry, VME 
by-catch data or seabed imagery, and should be used in periodic analyses coordinated 
by the SWG to develop habitat suitability indices, predict and map locations of seabed 
areas with a high likelihood of supporting VMEs in the SPRFMO Area.  
Seabed Biodiversity Surveys  
The most reliable data on seabed biodiversity and presence of VMEs will be provided 
by scientific seabed biodiversity surveys, either using seabed sampling equipment 
designed to quantitatively sample the fauna concerned (such as benthic sampling 
sleds), or using photographic or video imagery (Constable and Holt 2007, CCAMLR 
2007) along planned survey transects.  Where feasible, efforts should be made to 
conduct such sampling in areas of particular interest or concern, such as those 
predicted from habitat suitability analyses to be highly likely to support VMEs.  
Particular efforts should be made to survey areas proposed for long-term and large-
scale spatial closures, to ensure that such areas do contain substantial and biodiverse 
VME communities, and that they are representative (in terms of actual or predicted 
biodiversity and VME abundance) of areas to be left open to possible fishing.  Such 
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surveys could be conducted as internationally collaborative surveys between SPRFMO 
participants.  
Where scientific surveys are not considered to be cost effective, industry fishing 
vessels may be suitable platforms for conducting opportunistic seabed imaging using 
drop cameras or net-mounted video systems.  Simultaneous collection of seabed 
images and benthic bycatch recording by scientific observers would provide a 
particularly useful data set for improving understanding of the relationship between 
seabed biodiversity and benthic bycatches by various fishing gears.  
Designation of VME Areas  
Information and data on interactions with VME species, predictive analyses of habitat 
suitability and results of seabed biodiversity surveys should form the basis for mapping 
and designation of areas known or likely to support VMEs within the SPRFMO Area.  
The SWG should develop recommendations for measures to protect such areas from 
significant adverse impacts of bottom fishing.     

10.3. Mapping of Bottom Fishing Effort  
Participants are to provide bottom fishing effort distribution maps, of areas that will be 
fished, and areas that have been fished throughout the history of the fishery.  These 
maps will be prepared at 0.1 degree (6 minute) grid  resolution, noting SPRFMO 
confidentiality provisions.  Bottom fishing effort distribution maps are to be prepared 
using all available individual tow-by-tow data.  These data should also be submitted to 
the Secretariat in accordance with the SPRFMO Data Standards (SPRFMO 2007b).  
Areas below fishable depth (currently about 1500m depth for bottom trawl fishing in 
the SPRFMO Area) should be excluded in maps of fishing effort distribution.  Estimates 
of actual seabed swept area for bottom trawl fisheries should be based on actual trawl 
tracks, geospatially buffered with appropriate estimates of trawl swept width.  
Accurate estimates of seabed swept area are required for quantitative risk assessment 
of seabed impact areas, risk of interaction with VMEs and discounting of biodiversity in 
previously fished areas (Penney & Guinotte in prep). The SPRFMO Secretariat, in 
cooperation with the SWG, will develop and maintain electronic geospatial maps of 
joint bottom fishing effort for all Participants in bottom fisheries in the SPRFMO area 
at the agreed resolution, and will make these maps available to participants through 
the SPRFMO geospatial database    
Different bottom fishing methods have different levels of expected impact 
(Chuenpagdee et al. 2003), with mobile gears such as bottom trawling (benthic or 
bentho-pelagic trawling) or dredging ranked as having the highest impact, and 
stationary gears (such as bottom lining) having lower impact.  Bottom fishing effort 
distribution maps should therefore be prepared separately for each of the main 
bottom fishing methods: trawling, dredging, lining, stationery netting, potting and trap 
fishing.   Maps of the fishing effort distribution should also be prepared for different 
periods of years, so that the SWG can evaluate both the cumulative duration of fishing 
impacts in various areas, and also the recovery time for areas fished in the past. 

10.4. Mapping of Vulnerable Marine Ecosystems  
Mapping of available data on the known or likely distribution of VMEs in the SPRFMO 
area is critical to informing the bottom fishery impact assessments participants will 
conduct. There a number of steps towards mapping VMEs in the SPRFMO area:  
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 Mapping of predicted distribution of VMEs based on the results of predictive habitat 
suitability models for VME taxa. 

 Mapping of known or predicted underwater topographic features, particularly seamounts, 
which may support vulnerable benthic species and ecosystems.    

 Mapping of fishing positions observed to contain ‘evidence of VMEs’, as defined in the 
rapid VME evidence assessment protocol in the BFIAS, and of scientific observer data on 
benthic bycatches.  

 Mapping of seabed biodiversity data from research surveys, underwater visual images or 
scientific sampling programmes.  

 Analysis of the above information to identify, designate and map areas which are known 
or likely to contain VMEs, and which require protection from fishing impacts.   

10.5. Mapping of Underwater Topographic Features  
UNGA Resolutions 61/105, 64/72 and the SPRFMO interim measure both identify 
seamounts as areas of particular concern regarding potential impact of fishing on 
VMEs which may occur on such features.  The FAO deep-sea guidelines extend this to 
list a number of underwater topographic features or habitats which may contain 
VMEs, including summits and flanks of seamounts, submerged edges and slopes, 
guyots, banks, knolls, hills, canyons, trenches, hydrothermal vents and cold seeps (FAO 
2008, Annex 1).  
The SPRFMO SWG has requested the Secretariat to include data on such features in 
the SPRFMO Geospatial Database.  Primary sources of such data include:  

 The global database of predicted seamount features produced by Kitchingman & Lai 
(2004).  

 The database of validated and cross-checked seamount features occurring in the SPRFMO 
Area produced by Allain et al. (2008).  

 The updated global database of seamount based on GEBCO 30 arc-second bathymetry 
produced by Yesson et al (2011). 

 Global predicted coral habitat suitability maps from habitat suitability analyses by 
Tittensor et al. (2009) and Davies & Guinotte (2011), and classifications of the above 
seamounts database using these model results. 

 Available bathymetric grid data for the South Pacific region from the General Bathymetric 
Chart of the Oceans (GEBCO), and for the Tasman Sea area from GeoScience Australia.  

 Additional high resolution bathymetric data which may be collected during surveys, or by 
the fishing industry during fishing operations in the SPRFMO Area.  

The bathymetric data sets should be used in geostatistical analyses coordinated by the 
SWG to detect and delineate seabed features with particular profile, slope, depth and 
elevation which characterise features which are likely to support VMEs.  Such features 
should then be added into the SPRFMO geospatial database of underwater 
topographic features which may support VMEs.  

10.6. Mapping of Sites with Evidence of VMEs  
The SPRFMO bottom fishing interim measures require participants to monitor bottom 
fishing operations for ‘evidence of VMEs’ and report all such encounters, including 
details of the evidence obtained, to the SPRFMO Secretariat (bottom fishing IM 7, 
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SPRFMO 2007a) so that such sites can be managed to prevent significant impacts of 
bottom fishing.    
Mapping of all sites found to contain evidence of VMEs is an essential first step 
towards subsequent analysis of repetitive encounters with vulnerable species in a 
particular area, which may lead to that area then being designated as a VME (see 
Section 1.0 - Designation of Areas as VMEs).  Data on encounters with evidence of 
VMEs should be reported to the SPRFMO Secretariat immediately after the completion 
of each trip on which evidence of VMEs was encountered.  Data should be reported 
separately for each fishing event and should include:  

 Date of the fishing event.  

 Fishing gear type.  

 Exact location of the encounter (position of start of haul of the fishing gear in Lat / Lon to 
the nearest 1/10th degree).  

 Depth of fishing event (start of haul).  

 Details of the VME evidence encountered, listing each taxonomic group recorded under 
the VME evidence protocol, with quantitative estimates (weight or volume) of bycatch of 
each taxon.  

All detailed scientific observer data on benthic by-catch observed while monitoring 
bottom fishing operations should also be reported to the Secretariat in a similar format 
to the above evidence data, but with benthic species identified to the lowest taxon 
possible, and by-catches of each taxon quantified by weight or volume.  

10.7. Identification of Areas Known or Likely to Contain VMEs  
Section 9.6 details a process for analysing data on sites with repetitive encounters with 
evidence of VMEs, or analyses of the distribution of habitats predicted to be likely to 
support VMEs.  Results of such analyses should be included in the SPRFMO geospatial 
database to contribute to the scientific basis for recommended management measures 
to protect adequate and representative areas known or likely to support VMEs in the 
SPRFMO Area.  
In the absence of benthic biodiversity survey data, scientific classification of the 
likelihood that particular areas or features will contain VMEs will have to rely on 
predictive habitat suitability modelling.  The latest developments in this field relate to 
development and improvement of global coral habitat suitability models, particularly 
recent global maximum entropy (Maxent) models published by Tittensor et al, (2009) 
and Davies & Guinotte (2011).  Of these, the Davies & Guinotte predictive model has 
been developed at higher resolution (30 arc-second, about 1 km2).  Figure 3 shows a 
map of the predicted habitat suitability for Solenosmilia variabilis, the most dominant 
habitat forming coral in the region around New Zealand and Australia. 
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Figure 3.  Map of the western part of the SPRFMO Area around New Zealand and Australia showing 
the predicted habitat suitability for the framework-forming scleractinian coral Solenosmilia 
variabilis, from the global scleractinian habitat suitability model of Davies & Guinotte (2011) 

The predicted coral habitat suitability model results of Davies & Guinotte have been 
used to classify the summits of the updated global seamounts data developed by 
Yesson et al. (2011), and figure 4 shows a map of the distribution of these seamounts 
in the SPRFMO Area, classified by predicted coral habitat suitability. 

 

Figure 4.  Map of the updated global seamounts database of Yesson et al. (2011) in the SPRFMO 
Area, showing seamount summits classified by coral habitat suitability indices from Davies & 
Guinotte (2011) 

The above geospatial information and maps will be made available to Participants for 
preparation of Bottom Fishery Impact Assessments.  In preparing assessments, 
Participants should ensure that:  
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 Bottom fishery impact assessments specifically take account of all the above information 
on distribution of VMEs, evidence of VMEs and features likely to support VMEs in the 
intended fishing areas.   

 Risk assessments evaluate the risk of interactions and significant adverse impacts on 
these known or likely VMEs and proposed management and mitigation measures should 
be designed to prevent significant adverse impacts on such areas.  

 Monitoring arrangements are designed to collect relevant information which may be 
useful to improving the above geospatial databases and maps, including data on sites with 
evidence of VMEs, scientific observer data on benthic by-catch composition, visual images 
or sampling data which might be collected in fishing areas and high resolution 
bathymetric data.   

10.8. Provision of Geospatial Data  
Any significant geospatial datasets used to map VMEs should be submitted to the 
Secretariat for future use. 

 




