Cooper ative Research (CRAFT)

PROMOTING HIGHER ADDED VALUE TO A
FINFISH SPECIESREJECTED TO SEA

Contract number Q5CR-2002-71709

Final Report

(Period 01/01/2003 - 31/12/2004)



CONTENTS

PROJECT PARTICIPANTS. Industrial Partners..........cccceceveeiesieeseeseseeseesee e 3
PROJECT PARTICIPANTS. RTD PerfOormers......ccccoveviecieciie e 4
PARTICIPANTSDETAILS ...ttt et e e e eara e e e e enr e e e e e ennneee s 5
Project ProgreSS SUMMIAIY .......cc.eeieeieieeiieeeesieesieeeesseessesaesseesseessesseessessesssssssensessssssesnses 7
OBJECTIVES AND EXPECTED ACHIEVEMENTS ... 11
PROJECT WORKPLAN ...ttt ettt e e s e stree e e e saae e e s searaeeesenreeesesnnneeesennens 11
FNEFOQUCTION.....eeeeeeee ettt bbb bbbt 1
Project structure, planning and tiMEtAIE ... st 12
Deliverables list for the Whol@ PEMIOU ... s ssssssesssssessens 13
IMTTESEONES [ISL.....eeeeeeiee ettt ettt es s bbb bbbttt 16

WP 1. CO-ORDINATION AND DISSEMINATION OF RESULTS.........cccoveeeeieenen. 18
Final report CO-OrTiNaLiON.........c.ovcueeeeeereereie et 23

Final Report FISheries CO-OrdiNation .........cccceeieicniensesesess st sss s ssssessssssssesnns 29

Final Report Characterisation CO-0rdiNaliON ...........cccveeerreeerrereenernenerreneee e sese s s senns 32

Final Report Suitability CO-OrdiNAtiON ......c.cccceeieiriccesiseeseseee et s s as s 4
DiSCUSSION-CONCIUSION......oeieiiiseicie st reresee et ss s eas e s e a s se e s s s s s b e s e s sesessennantesens 36

WP 2: FISHERIES, BIOLOGY, DISTRIBUTION AND ASSESSMENT...........cceeuue.. 44
TasK 2.1. DALA CONBCIION .....cueuiererierenireecireee ettt bbbt a7
Task 2.2. FiSheri€S AESCIIPLION .......ccccuieiectciriic ettt bbb ae bbbttt ae b e bnas 51
L= 55 Q2 T 2 1T ] o 2T 65
FIShEITES BIOIOgY .. oucvevieicieiriccteiri sttt bbbt ae bbbt a s ee st bbb s s s st s st b s e s 65
Processing and reading of Patagonotothen spp. OtOlithS..........cccevcrrneicensece e 7
REPIOAUCEIVE DIOIOGY .....cuvveecicicsece ettt as bbb bbbt bbb s et b s s s 0
1Yo 0] 4= (ot T 1= TS 113

DIEL SEUAIES......ceeeeet ettt s bbb bbb bbbt 123

LI TS Q2 € ST 142
SUb Task 2.4.1 FiShery FOrECASLING .......ccocrurieereeeeteeise ettt sss e st s st s st es s sssssssessssens 155

Task 2.5. ASSesSMENt. LEAAEr ICON ..ot esessssesesessss e sess s ssesssssesesssssessesssssessssssssssessnsns 224
WP 3. CHARACTERISATION OF THE RAW FISH ASFOOQOD........cccoccvrnieeiiiinnnne 251
Task 3.1. SENSOrial EVAIUBLION. ...ttt bbb 253
Task 3.2. MicrobiologiCal EVAIUBLTON. ...t es e sssseens 255
Task 3.3. Composition and NULFItioNal VAIUE............ccviieeerirrsrsessee st sssssssssssssssnens 255
Task 3.4. BiOChemMiCal EVAIUALION..........ocoiueiirieeeirireeisireseeee et sas et bbbt 255
WP 4: TECHNOLOGICAL SUITABILITY ettt 281
Task 4.1. PhySiCal SUILADITTTY ...c.cevererereceerseseesiseesse e ssesssss s sss s ssssssssesesssssessesssssesssnssnsnsssnssnses 281
Task 4.2 Development of the technical modifications on board commercial vessels.........ccocovvevcenenennnes 281
TASK 4.3, FIOZEN SLOTAQE ....uceeueenireseireee st s et bbb 292
Task 4.4. Development of processed products from frozen rockCod...........ccoevveeevenecisvesesesesese s 298
ROLE OF PARTICIPANTS. ..ottt et e et e e e e e e e s e eaneeeeeenns 309
PROJECT MANAGEMENT AND COORDINATION .....occciiieiienieesiee e 330
EXPLOITATION AND DISSEMINATION ACTIVITIES......cooo e, 331



PROJECT PARTICIPANTS. INDUSTRIAL PARTNERS

ANAMER (L eader)
ﬁfﬁ Vigo
SPAIN

ANAMER

h OPTIMAR FODEMA SA
optimar 2 Vigo
SPAIN

ARMADORA PEREIRA SA
Vigo
SPAIN

. ARGOSLTD
Stanley
FALKLAND ISLANDS

NECTARBECK LTD CROWN SEAFOODS
Grimshy
UK

MG OTERO
Vigo
SPAIN

NSFO
Grimsby

UK

HORTH SEA FISHERMEN'S
ORGANISATION LIMITED

- T PEZ AUSTRAL SA
i Vigo
e £ E% \! -

Pez Austral, S5.A. Span

José Ramoén Fuertes
Manud Liria
Edelmiro Ulloa

José Antonio Cordeiro

Marcos Riera
Fernando Morgado
Bjorn Bjorkavaag

Alberto Pérez-Bouzada
Alfonso Magéan
Leopoldo Boado
Olga Alcantara

[.M. Thomson
Bob Todd

Tony Hogg

Montserrat G. Otero
Vicente Tato
Jos£ R. Cancela

Andy Read

Ro Vilda
Almudena Pena



PROJECT PARTICIPANTS. RTD PERFORMERS

MDRE,
o "

S pans G 1S

[IM (CSIC)
Vigo
SPAIN

FIFD
Stanley
FALKLAND ISLANDS

ICON

Imperia College of Science
Technology and Medicine
UK

IEO
C. O.deVigo
SPAIN

Béveda

UNIABDN
Department of Zoology
UK

Isabel Medina

Jost Manud Gallardo
Carmen Pifieiro

Cruz Nufiez

M2 Jestis Gonzalez

Alexander Arkhipkin
Paul Brickle

David Agnew
Simeon Hill
Adam Payne

Julio Portela

Mar Sacau

Xo0sé A. Cardoso

M2 Soledad Alvarez

Guadaupe Ramilo
MaEuldia

Graham J. Pierce
Begofia Santos
Janjun Wang



PARTICIPANTSDETAILS

Partners

Al.-
(ANAMER)
Puerto Pesquero
P.O. Box 1078,

36200, Vigo. Span

José Ramoén Fuertes Gamundi
Manuel Liria Franch
Edelmiro Ulloa Alonso

Associated company:

Sulivan Shipping Services Ltd.

P.O. Box 159, Stanley. Fi
José Antonio Cordeiro

Subcontractor:

MG Otero Consultores SL
Puerto Pesquero, Of. 8
P.O. Box 1132,

36200, Vigo. Span
Montserrat Garcia Otero
Vicente Tato Fontaifia

OPTIMAR FODEMA SA

Rua Parrocha,32
P.O. Box 1977
36200, Vigo. Span
Marcos Riera
Fernando Morgado

A2.-

A3.- Armadora Pereira SA

Jacinto Benavente, 29
36202, Vigo. Span
Alberto Pérez-Bouzada
Alfonso Magan
Leopoldo Boado

Argos Limited

Argos House, H Jones Road
Stanley, Fakland Idands
|.M. Thomson

Bob Todd

A4.-

Ab5.-
Auckland Road
DN 31 3RP Grimsby (UK)
Tony Hogg

Sponsor
Pez Austral SA
Muelle de Bouzas s/n
36208 Vigo Spain
Roi Vilda
Almudena Pena

Nectarbeck Ltd Crown Seafoods

td:
fax:

e-mall
e-mail
e-mall

tel:
fax:

e-mail:

td:
fax:

e-mail:

e-mall

td:
fax:

e-mail:
e-mall:

td:
fax:

e-mail:
e-mail:
e-mall:

td:
fax:

e-mail:
e-mall:

td:

e-mall:

td:
fax:

e-mall:

e-mall

Asociacion Nacional de Armadores de Bugues Congeladores de Pesca de Merluza

34 986 433844
34 986 439218

: direccion@arvi.org
-mliria@iies.es
: edelmiro@arvi.org

(500) 22626
(500) 22625
antonio@horizon.co.fk

34 986 492059
34 986 227837

986492059@telefonica.net
: 986492059@tel efonica.net

34 986 483000
34 986 493094

marcos.riera@optimarfodema.es
fernando.morgado@optimarfodema.es

34986 29 40 48

34986 20 76 09
pereira@armpereira.es
adfonso@armpereira.es
|leopoldo@armpereira.es

44 1635 31525

44 1635 31520
ian.thomson@argonaut.co.uk
bob.todd@argonaut.co.uk

44 1472 250244
44 1472 211923
hoggwash@ic24.net

34 986 213555
34 986 208959
rvild a@idamar.com
: apena@idamar.com




RTD Performers

B1l.- Instituto de Investigacions Marifias (CSIC-11M)
Eduardo Cabello,6 tel:
36208 Vigo Span fax:
Isabel Medina e-mal:
Jose Manuel Gallardo e-mall:
Carmen Pifieiro e-mal:
Cruz Nufiez e-mall:
M2 Jestis Gonzélez e-mall:
B2.- Falkland Islands Fisheries Department (FIFD)
PO Box: 598 tel:
Fipass. Stanley, Falkland Idands fax:
Alexander Arkhipkin e-mall:
Paul Brickle e-mal:
B3.- Imperial College | CON
47 Prince's Gate, Exhibition Road tel:
SW7 2QA London (UK) fax:
David Agnew e-mall:
Adam Payne e-mall:
B4.- Instituto Espafiol de Oceanografia (1EO)
Centro Oceanogréafico de Vigo tel:
Cabo Estay — Canido fax:
P.O. Box 1552
36200, Vigo. Span
Julio M. Portela e-mal:
Mar Sacau e-mal:
Xose A. Cardoso e-mall:
Guaddupe Ramilo Riveiro e-mall
Carmen Béveda Gonzaez e-mall:
B5.-  Aberdeen University (UNIABDN)
Department of Zool ogy tel:
Tillydrone Avenue, AB24 3TZ fax:
Aberdeen, Scotland, UK
Graham J. Pierce e-mall:
Janjun Wang e-mal:
Begofia Santos V dzquez
Subcontractor :
North Sea Fishermen’s Organization (NSFO)
8 Abbey Walk tel:
DN31 INB fax:
Grimshy (UK)
Andy Read e-mall:

34986 231930

34 986 292762
medina@iim.csic.es
galardo@iim.csic.es
cpingro@iim.csic.es
cruz@iim.csic.es
mjgp@iim.csic.es

500-27260

500-27265
aarkhipkin@fisheries.qgov.fk
pbrickle@fisheries.gov.fk

44 207 594 6565

44 207 594 6570
d.agnew@ic.ac.uk
apayne@imperial.ac.uk

34 986 492111
34 986 492351

julio.portela@vi.ieo.es
mar.sacau@vi.ieo.es
jose.cardoso@vi.ieo.es

: lupe.ramilo@vi.ieo.es

lali.boveda@vi.ieo.es

44 (0) 1224 272459
44 (0) 1224 27239

0.j.pierce@abdn.ac.uk
j.wang@abdn.ac.uk

e-mal: m.b.santos@abdn.ac.uk

01472 241007
01472 355134

Andy.Read@daff.gov.im




PROJECT PROGRESS SUMMARY

Section 1: PROJECT IDENTIFICATION

Information to be provided for project identification

NOT CONFIDENTIAL

Title of the project: PROMOTING HIGHER ADDED VALUE TO A FINFISH SPECIES

REJECTED TO SEA

Acronym of the project: ROCKCOD

Type of contract

Co-operative Research (CRAFT)

Total project cost (in euro)
880.199 €

Contract number

Duration (in months)

EU contribution (n euro)

Q5CR-2002-71709 24 Months 439.654 €

Commencement date Period covered by the progress report

1 January 2003 1 January 2003— 31 December 2004
PROJECT COORDINATOR

Name: José Ramoén Fuertes | Title: Mr Address: Puerto Pesquero

Gamundi

P.O. Box 1078 E-36200
Vigo, Spain

Telephone: +34 986 433844

Telefax: +34 986 439218

E-mail address:
direccion@arvi.org

Key words (5 maximum - Please include specific keywords that best describe the project.).

Fisheries, Discards, SW Atlantic, Ecosystem, Seafood industry

World wide web address (the project’s www address ) http://www.arvi.org/I+D+1/principallrockcod.asp




List of participants provide all partners’ details including their legal status in the contract i.e., contractor, assistant contractor (to
which contractor?).

Industrial partners
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Research partners

INSTITUTO DE INVESTIGACIONS MARINAS CSIC-1IM (RTD Performer). SPAIN
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ABERDEEN UNIVERSITY UNIABDN (RTD Performer). UK

NORTH SEA FISHERMEN’S ORGANIZATION (NSFO) (UNIABDN Subcontractor). UK

Section 2: Project Progress Report NOT CONFIDENTIAL

(2 pages maximum.. Use short sentences. Be factual. Avoid technical terms as much as possible )

Objectives:

This project aimed to the development of the research and the technology necessary to promote
higher added value to fishing activity. This is to be achieved by obtaining profit from a finfish species
(“Rockcod”, Patagonotothen spp.) not known to consumers and currently discarded by the EU
fishing fleet operating in the South West Atlantic, in order to supply the EU seafood industry with a
good quality raw material for human food manufacturing. Use of this species, caught as a by-catch
in the existing fisheries targeting hakes and cephalopods, should also increase the profitability of the
fleet, contribute to maintaining employment and help to counterbalance the negative effects of
fishing activity and discards in the ecosystem. The main scientific-technological objectives and
expected achievements were the following:

- Description of the fisheries

- Improved knowledge of the biology of the species

- Biomass assessment

- Estimation of catches and discards

- Analysis of the spatial and temporal distribution of the resource. Fishery forecasting and testing
- Sensorial, Microbiological, Nutritional and Biochemical Evaluation of Rock cod

- Development of the technical modifications on board commercial vessels

- Development of new processed products from frozen Rock cod




Results and Milestones:

WP 1 Co-ordination.
i)  setting up of the Steering Committee

ii) kick-off meeting (Feb 2003), as well as first and second annual co-ordination meetings (Dec 2003 and Sept 2004,
respectively)

iii) several meetings held between different partners concerning co-ordination of Fisheries, Characterisation and
Suitability activities, including design of the observers’ sampling protocol, collection, shipment , traceability and
delivery of samples, and freezing and machinery trials.

WP 2 Fisheries, biology, distribution and assessment.
i) first and second progress report Fisheries Co-ordination

ii) selection, training and deployment of observers and monitoring of their activities. Collection, shipment, traceability
and delivery of samples to Stanley, Vigo and Aberdeen. Creation of database structure, data processing and collation,
data analysis and obtention of results.

iii) preliminary description of the European fisheries in the SW Atlantic and description of the rockcod fisheries around
the Falkland islands and on the High Seas.

iv) length at sexual maturity for P. ramsayi was found to be 27.56 and 24.85 cm LT for male and female fish respectively.
This would suggest that they mature at the ages of 5 to 7 years respectively. The diet of rockcod is composed mainly
of crustaceans, polychaetes, isopods, amphipods, and seaweeds. Diet composition shows significant differences by
size, sex and area.

v) analysis of the spatial and temporal variability distribution of the resource. Fishery forecasting: Although the predictive
models developed have high residual deviance, the give average fitted values compared with the original CPUE
values. This may indicate that the models are feasible for predicting average fish abundance levels.

vi) preliminary analysis of stock status of Rockcod within Falklands Island waters. Projections from the ASPMs, for what
they are worth, suggest that average catches of between 700 and 3000 tonnes annually would be sustainable in the
long term.

WP 3 Characterisation of the raw fish as food.
i) first and second progress report Characterisation Co-ordination

ii) P.ramsayi showed a low fat content and high protein content. This species showed low levels of cholesterol, high
levels of vitamin E in comparison to other fish species, and low levels of carbohydrates. The fatty acids profile showed
a high content of PUFA, specially EPA and DHA. This study also demonstrated that there is not risk associated to the
accumulation of toxic metals

iii) in relation to mineral content, values agreed with those reported for other species and demonstrated that this species
is a good source of minerals. Levels of amino acids were in agreement with data reported in literature for other fish
species

iv) from the point of view of its nutritional composition and organoleptic characteristic, Patagonotothen ramsayi shows
high quality. Its consumption is out of risk as for the contamination of heavy metals and parasites. This species has a
shelf life of 69 month frozen at —18°C. From a public health point of view no nematodes (Anisakis and
Pseudoterranova) that are able to infect humans were found in the flesh of P. ramsayi although they were found in
other organs

WP 4 Technological suitability.

i) first and second progress report Suitability Co-ordination

ii) the overall quality and nutritional valued of whole P. ramsayi was maintained stable during 6 months at -20°C. The
quality was low after 9 months at —20°C mainly due to the development of rancidity.

iii) the size of the fish is the main problem for the European market. The only solution is landing larger fish (>33cm).

Milestone M1: First Co-ordination Meeting (Einished). The kick-off meeting was held on the 6" February 2003.
Milestone M2: Gathering and sending of fish samples (Finished). Shipment of samples to Port Stanley, Vigo and
Aberdeen for biological and sensorial, microbiological and biochemical trials.

Milestone M3: Fisheries Data collection (Finished). Collection and collation of historical fishery data available at IEO and
FIFD, as well as compilation of new data was completed at the end third quarter 2004.

Milestone M4: Midterm Review (Einished). The first consolidated report was accepted in March 2004.

Milestone M5: Determination of shelf-life under frozen conditions (Finished). Trials showed good sensory quality after
frozen storage.

Milestone M6: Fisheries description and assessment (Finished). Preliminary description of European fisheries in the
Patagonian Shelf. Description of Rockcod fisheries mainly focussing in variations on the spatio-temporal distribution and
regarding oceanographic features. Assessment of Rock cod stocks and economic potential.

Milestone M7: Overall characterisation, evaluation of consumer’s acceptance and overall feasibility (Finished). Review of

overall results concerning characterisation, consumer’s acceptance and overall feasibility was made within the frame of
WP4




Benefits and Beneficiaries:

The project would contribute to increase the profitability of the fleets and of the food fishing industry,
maintenance of employment and conservation of marine ecosystems.

The main industrial needs related to the above mentioned problems are:
The EU fishing fleet needs to find new species to increase its profitability.

The EU food fishing industry needs to be furnished of adequate amounts of row material to
produce goods to supply the markets.

This makes necessary to deep in the knowledge of the biology of the species, relationships between
its distribution and environmental issues, biomass assessment, characterisation of the new product
to be used for human consumption and development of new technologies for its processing and
marketing.

Future Actions (if applicable):

Updating of the project’s website with final results will be finished after approval of final report
(http://www.arvi.org/|+D+l/principallrockcod.asp).

An important result related with this project thay will require future actions is the contract signed in
2004 between the Fondo de Regulacion y Organizacion del Mercado de los Productos de la Pesca
y Cultivos Marinos (FROM), belonging to the Spanish General Directorate for Fisheries and the
Spanish National Association of Fish Can Producers (ANFACO). This contract aims to provide
technical assistance for the establishment of a quality and safety plan for marketing of fish can
products. Among other targets, comprises the use of new fish species in the fish canning industry
and will include the rockcod (Patagonotothen spp.) in the study. Several canning companies are
participating in this pilot plan and will be the final users of the results.

Another actions to be undertaken in the future refer to dissemination activities of the results
achieved during this project for awareness of fishing industry and consumers to make better use of
marine living resources.

Application for fundings for a campaing aiming to promote the comsuption of discarded species
among European consumers will be considered.
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1. OBJECTIVES AND EXPECTED ACHIEVEMENTS (AS IN THE TECHNICAL
ANNEX)

This project aims to develop the research and the technology necessary to promote
higher added value to fishing activity. Thisis to be achieved by obtaining profit from a
finfish species (Rockcod, Patagonotothen spp.) not known to consumers and currently
discarded by the EU fishing fleet operating in the South West Atlantic, in order to supply
the EU seafood industry with a good quality raw material for human food
manufacturing. Use of this species, caught as a by-catch in the existing fisheries
targeting hakes and cephalopods, should also increase the profitability of the fleet,
contribute to maintaining employment and help to counter balance the negative effects of
fishing activity and discards in the ecosystem.

The main scientific-technological objectives and expected achievements are the following:

Description of the fisheries

Improved knowledge of the biology of the species
Biomass assessment

Estimation of catches and discards

Analysis of the spatial and temporal distribution of the resource. Fishery
forecasting and testing

Sensorial, Microbiological, Nutritional and Biochemical Evaluation of Rock cod
Development of the technical modifications on board commercial vessels

Development of new processed products from frozen Rock cod

2. PROJECT WORKPLAN (ASIN THE TECHNICAL ANNEX)
Introduction

This proposal will assess abundance trends and suitability for exploitation of a discarded
species to be exploited by the EU fishing fleet and its potential to supply the seafood
industry with a new marketabl e product. The project will provide advice on the likely long-
term biological and socio-economic consequences of different levels of exploitation. The
project encompasses certain areas of interest to the European fishing fleet operating in the
SW Atlantic (i.e. FICZ/FOCZ and International Waters outside the Argentinean EEZ). The
partner ship includes representation from Spain, Norway and UK.

The project is divided onto 4 work packages including co-ordination and will last 24
months. The scientific and technical work packages will run sequentially. Each work
package will be co-ordinated by one of the partnersin the project.

The subject species of the project (Rock cod, Patagonotothen spp.) can be included in the
category Unquantifiable Discarded Species for which a lack of data creates an unknown
level of biological and ecological impact. Hall (1996) showed the lack of data for most
discarded species around the world. Hence, one of the most important objectives of the
scientific work should be the creation of a database to allow the assessment of this
environmental impact with already existing and new data acquired during the project.
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Project structure, planning and timetable (asin the technical annex)

WPL Workpackage list
Work- . Raspops ble & Person | Start End Ddliverable
package | Workpackagetitle Participants months | month 5 6
Nol NO2 3 4 month No
1,2,5,6,7,8,13,
. Co-ordination and A1,A2, A5, 13 1 24 21,23,24,25,
dissemination B1, B4 26,27,28
Fisheries, biology, B4,A1,A3, 485 |2 c 14,16,17,18,19
2 distribution and A4, B2, B3,
assessment B5
Characterisation of the
1 11,12
3 raw fish asfood Bl 6 6 6 3911,
Technological suitability 9 5 23 4,10,15,20,
4 of Rockcod for an B1 A2 A5 22
industrial processing line P
TOTAL 76,5

1 Workpackage number: 1—n.

2 Number of the contractor lead ng the work in this workpackage.

3 The total number of person-months allocated to each workpackage.

4 Relative start date of the work in the specific workpackage, month 0 marking the start of the project, and al other
start dates being relative to this start date.

S Relative end date, month O marki ng the start of the project, and all end dates being relative to this start date.

6 Ddliverable number: Number for the deliverabl g(9)/result(s) mentioned in the workpackage: D1 - Dn.
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Déeliverableslist for the whole period

Deliver Ddliverabletitle Ddivery | Natur| Dissemi Status Dissemination
able date’ e nation tar get
No’ level
1 First Co-ordination meeting report 2 R CO Finished. Included in the First Project Partners
Progress Report
2 Consortium Agreement 6 o} coO Finished. Sent to the Project Partners
Commission in 2004
3 Organol eptic characteristics of Rockcod with especial focusin off- 9 0] CcO Finished Seafood Industry
flavours
4 Rockcod suitability for physical processing (fillet, gut, etc.) 10 (@) CcO Finished Fishery Industry
5 First progress report Fisheries Co-ordination 11 R CcO Finished. Included in the First Project Partners
Progress Report
6 First progress report Characterisation Co-ordination 11 R CcO Finished. Included in the First Project Partners
Progress Report
7 First progress report Suitability Co-ordination 1 R co Finished. Included in the First Project Partners
Progress Report

7 Deliverable numbersin order of delivery dates: 1 -n
8 Month in which the deliverableswill be available. Month 0 marking the start of the project, and all delivery dates being relative to this start date.
9 Please indicate the nature of the deliverable using one of the following codes:
R = Report
P = Prototype
D = Demonstrator
O = Other
10 please indicate the dissemination level using one of the following codes:
PU = Public
RE = Restricted to a group specified by the consortium (including the Commission Services).
CO = Confidential, only for members of the consortium (including the Commission Services).




8 First consolidated annual periodic report 12 CcO Finished. Included in the Second Project Partners
Progress Report
9 Safety and possible toxicological risks associated to Rockcod 13 CO Finished Seafood Industry
consumption report
10 M odifications needed for machinery on board 15 CcO Finished Fishery Industry
11 Nutritional characteristic of the fish species as food report 16 CO Finished Seafood Industry
12 Spoilage characteristics of the fish during conservation and processing | 16 CO Finished Seafood Industry
report
13 Final report Characterisation Co-ordination 16 PU Finished. Included in the Second| Project Partners, Seafood Industry
Progress Report
14 Implementation of an actual Database 18 CcO Finished Project Partners, Fishery
managers
15 Shelf-life of whole Rockcod and Rockcod fillets under frozen 19 CcO Finished Seafood Industry
conditions report
16 General review of assessment and management practices of the 20 CcO Finished Project Partners, Fishery
Fisheries managers
17 Fishery forecasting 21 CcO Finished Project Partners, Fishery
managers
18 Analysis of the spatial and temporal distribution of the resource 21 CO Finished Project Partners, Fishery
managers
19 Estimate of Fishery long-term sustainableyield 22 CcO Finished Project Partners, Fishery
managers
20 High quality and healthy processed products from Rockcod results 2 CO Finished Seafood Industry
21 Final report Fisheries Co-ordination 22 PU Finished. Included in the Second Project Partners, Fishery

Progress Report

managers
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22 Consumer’ s acceptance degree results 23 0] PU Finished Seafood Industry, Consumers

23 Final report Suitability Co-ordination 23 R PU Finished. Included in the Second Project Partners, Fishery
Progress Report managers

24 Final Report 24 R PU Finished Project Partners, Fishery

managers

25 Brochures for dissemination about project 6, 22 R PU Finished Fishery & seafood industries

26 Meeting minutes 6121824 | R CO Finished Project Partners

27 Annual cost statements 12,24 R CO Finished EC Services

28 Technica Implementation Plan (T1P) 24 R PU Finished Project Partners, Fishery

managers
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Milestones list

Milestone Milestonetitle Timing Type Status Criteria
No

M1 First Co-ordination meeting 2 Meeting Finished

M2 Gathering and sending of fish samples 4 Timeline Finished

M3 Fisheries Data collection Completed 18 Data Finished Date of reports delivery

M4 Midterm Review 15-16 Meeting Finished Review overall progress and measure against goalsin

Tech. Annex

M5 Determination of shelf-life of whole Rockcod under 19 Data Finished Expected shelf-life of at |east 12 months
frozen conditions.

M6 Fisheries description and assessment of Rock cod 22 Meeting and Finished General review of assessment and management
stocks and economic potential datareviews practices of the Fisheries and Fishery forecasting

M7 Overall characterisation of Rockcod asfood and 23-24 Meeting and Finished Final meeting review of overall results and
evaluation of consumer’ s acceptance and overall datareviews exploitation potential assessment
feasibility
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WORKPACKAGE 1

CO-ORDINATION AND DISSEMINATION
OF RESULTS



Description of the workpackages
WORKPACKAGE NUMBER 1. CO-ORDINATION AND DISSEMINATION OF RESULTS

Phase: find report

Start date: 1

Completion date: 24

Current gatus: finished

Co-ordinated by ANAMER (A1) Person Months (4+1) with assistance of MG Otero
Other Partners (Person/Months): A2 (1), A5 (1), B1 (1) and B4 (5).
DeliverablesN°: 1,2,5,6,7,8,13,21,23,24,25,26,27,28.

Milestones N°: 1, 4.

Objectives (asin thetechnical annex)

This workpackage encompasses the tasks required for scientific and technical co-
ordination: monitoring and management of scientific and technical progress and general
day-to-day communication within the project. Periodic meetings with partners will be
organised to discuss and clarify any problems that might arise. Mid-termand final reports
will be issued for different aspects of the research, monitoring of deliverables and other
project results. This workpackage will ensure harmonisation of data collection, analysis
and reporting. Partnerswill need to work closely together to produce compatible data and
joint analyses.

The general co-ordination of the project will be carried out by ANAMER assisted by its
subcontractor MG Otero Consultores SL. Sncethe project will involve close collaboration
with scientific and technical research, the scientific research will be carried out in close
collaboration with 1EO.

A steering committee consisting of the WP co-ordinatorswith the additional participation of
the main co-ordinator, ANAMER, helped by MG Otero Consultores S, will be created.
Continuousinformation exchange will be favoured and meetingswill be held throughout the
project period. The methodology will be found in section 4 (Project Management and Co-
ordination).

A Consortium Agreement covering the intellectual property of project results will be
redacted during the kick off meeting and subsequently signed by partners.

DISSEEMINATION OF RESULTS (Leader ANAMER (Al), Person/Month (1), with
assistance of MG Otero and NSFO)

- Brochures about project will be disseminated among associated members of ship-
owners companies.

- Articles describing project objectives, tasks and results will be published in
specialised magazines, at national and international level.

- Posters describing the project objectives, tasks and results will be prepared and
distributed among associated members of ship-owners companies.

- Talks on the project objectives, tasks, activities and results will be given to
representatives of the ship-owners companies.
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- Notes about the project will be published in all the partners websites.
- A'Web page will be established for dissemination of some of the results of the project.

Methodology and study materials (asin the technical annex)

1. Management capability of the co-ordinator

The general co-ordinator of the project - ANAMER- will be responsible for the co-
ordination between all the partners and the European Union, and will carry out the
management of the project (Workpackage 1) assisted in thistasks by its subcontractor MG
Otero, who have experience in elaboration of proposals and in participation in former EU
funded projects related to fisheries. More specifically, during years 2000 and 2001 MG
Otero has participated subcontracted by ANAMER in a project funded by the DG
FISHERIES to study hake stocks in the SW Atlantic (Falkland islands and International
Waters). During this mentioned project, among other tasks, MG Otero carried out co-
ordination between fishing companies and Research Institutes (IEO, UNIABDN, FIFD and
ICON) participating in the project.

Besides its participation in co-ordination activities, MG Otero will supply and contract
scientific observers for on board data, and sample collection and forecast testing. MG
Otero will provide a Bachelor in Biology with experience in these fisheries for co-
ordination activities, to give training courses to observers about their work on board the
vessels, and for data analysis.

The management approach foresees a further work programme definition during the kick-
off meeting, including planning the periodical meetings. Informal communication between
the partners will be encouraged (specially by email). Progress reports from each leader
will be required at predefined intervals, identifying variance against work programme
objectives and giving detail of corrective action and deliverables. Formal reports will be
sent to the EC, to meet the 6 monthly patterns expected by the Commission together with
financial statements.

A specific project management wor kpackage is included in the work programme to allow
the management procedures. This workpackage covers all the manpower needed for the
overall co-ordination of the project, including measures needed to ensure the exploitation
and dissemination of results. Preparation of the detailed planning for the tasks and the
prepar ation of thetask reportsisincluded in the manpower for the respectivetechnical task.
This workpackage will also consider updating of the exploitation plan and organising the
actions necessary to protect the intellectual property. Thiswill be reviewed at each formal
meeting.

The co-ordination wor kpackage encompasses the tasksrequired for scientific and technical
co-ordination: monitoring and management of scientific and technical progressand general
day-to-day communication within the project. Also under this heading are workshops for
different aspects of the work, annual co-ordination meetings and co-ordination of the
production of deliverables and other project results. This workpackage will ensure
har moni sation of work and reporting and will devel op the fishery and biological database.
Partnerswill need to work closely together to produce compatible data and joint analyses.
Sncethe project will involve close collaboration with scientific and technical research, the
scientific research will be carried out in close collaboration with 1EO.
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2. Structure, administration and competence

To accomplish the main scientific objective of the ROCKCOD project a multidisciplinary
consortium is needed. For this purpose, the project counts with the participation of 10
partnersrepresenting SVIEs and RTD Performers such asindustrial fishing and processing
companies, national research institutions and universities, besides a governmental body
from the Falkland/Malvinas Islands. All of them will contribute to new machinery design
and format presentations of the new product, assembly and analyses of historical and new
data on fishing activity, biology of the species, environmental and socio-economic
parameters, and to depict their possible interactions.

3. Project Co-ordinator

Overall co-ordination of the project will be the responsibility of ANAMER who will also be
the main interface between the Consortium and the European Commission, with strong
collaboration of MG Otero, as project manager reporting to the project co-ordinator. He
will consolidate the project planning, progress reports, milestone assessments, cost
statements and budgetary overviews etc, using the inputs from the other partners and will
co-ordinate the communication between partners.

4. Steering Committee

In order to facilitate the management of the project, a Steering Committee composed of
Work Package co-ordinators is proposed. ANAMER/MG Otero for WP 1, IEO for WP 2,
and CSC/IIM for Work Packages 3 and 4 will constitute the member ship of the Steering
Committee. ANAMER and MG Otero will be in charge of keeping all the partners fully
informed about the project status, the planning and all other issueswhich areimportant for
the partners in order to avoid any confusion and maintain the vitality of the mutual co-
operation. I nter active management meetings and technical meetings have animportant role
in the communication strategy. All infor mation such as meeting’ s minute, visit reports, task
reports, relevant publications, etc, will be addressed to the project consortia. Continuous
information exchange will be favoured and meetings among partnerswill be held for major
project organisation.

5. Milestone reviews

Overall progress in all workpackages will be reviewed at the project co-ordination
meetings. During these meetings, the progress of the project and the outlook for exploitation
of the results will be critically reviewed and compared to the planning and criteria
described in the work-programme. Depending on the progress and the results achieved, a
change in the work-programme may be proposed. Alternatively, in case of insufficient
technical results or poor outlooks for future exploitation of the results, it can be decided to
discontinuethe project. For the mid-termand final assessment a special review meeting will
be organised with the steering committee.

6. Communication strateqy

The communication strategy aimsto keep all the partners fully informed about the project
status, the planning and all other issues which are important to the partnersin order to
obtain maximum transparency for all involved and to increase the synergy of the co-
oper ation. I nter active management meetings and technical meetingstake animportantrole
in the communication strategy. All information (like minutes of meetings, visit reports, task
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reports, relevant publications etc) will be communicated to the Wor kpackage Co-or dinator
and to the Project Co-ordinator, who will decide whether to channel thisinformation to the
other partnersor not, when appropriate.

All Partners are principal contractors and will have access to all reports and results.

Changesin the working programme and other information concerning the consortiumand
the project will be communicated to all partners. Each partner will designate a contact
person responsible for communication. All Partners are equipped with computers, Inter net
access and e-mail accounts. Sandard communication will be done by e-mail. The exchange
of documents and news will be done by a uniform system, Microsoft Office Windows. The
official language within the consortiumwill be English as all documents and protocols will

be written in this language.

7. Methods for monitoring and reporting progress

Each partner will report every 6 months to the corresponding Wor kpackage Co-ordinator
about the progress of the work on the basis of aregularly updated detailed planning. These
progress reportswill contain a review of:

compliance with the work programme
percentage of completion, estimated time of completion
technical progress and results achieved (deliverables)

work planned for the following period

In addition, once a year they will submit the individual cost statements derived from the
project execution. The Workpackage Co-ordinators and representatives from Research
Institutions will then summarise the overall project status and planning and send it to the
Project Co-ordinator, who will finally prepare the corresponding annual management,
progress and cost statement reports, taking care of their distribution to the Commissionin
time. A final project report will review the scientific and technical achievements of the
project and main deliverables.

8. Mestings

Meetings will be held every year (3) in total, including the kick-off meeting at different
placeseasily accessibleto all partners. Their organisation will be assigned to either Project
Co-ordinator or Workpackage Co-ordinators. A preliminary chronogram with possible
locations will be generated in the kick off meeting. Meeting organisers will be responsible
for its organisation and the elaboration of the minutes. They will consider technical

revisions, including changes in the program, interpretation of obtained results, further

investigations and reporting to the EU. There will be a balanced weighting of all Partners.
Decisions will be made by majority. If fundamental problems occur, the co-ordinator will
have to decide in consultation with the Commission. These periodical meetingswill ensure
the proceeding of the work. If a partner fails to perform or report his results, he will be
required by the co-ordinator to make up for it.

The meetings will be organised in a way that travel and subsistence costs are kept at a

minimum. A mid-term and final project meeting should be held with participation of all
contractors and the Commission.
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The European Commission will be informed about the meetings at least eight weeks in
advance.

9. Project management tasks

A specific project management Workpackage is included in the work programme to
implement to management procedures described above. This task describes all the
requirements and demands on the wor kfor ce for the overall project co-ordination, including
the measures required to assure the exploitation and dissemination of results.



Final report Co-ordination

This Find Report of the CRAFT Project Q5CR-2002-71709 “Promoting higher added
value to a finfish species rejected to sea” refers to activities developed during the whole
project life from 1 January 2003 to 31% December 2004, under the workpackages included
in the proposd.

The man objective of the project was to develop the research and the technology
necessary to promote higher added vaue to fishing activity by obtaning profit from a
finfish species (Rockcod, Patagonotothen spp.) not known to consumers and currently

discarded by the EU fishing fleet operaing in the South West Atlantic, in order to supply
the EU seafood industry with agood quality raw materia for human food manufacturing.

Generd activities carried out: the Steering Committee, composed by the WP co-ordinators
with assgance of MG Otero, was in charge of monitoring and definition of the main co-
ordination actions carried out during the whole project’slife.

1 Seering Committee

As the ROCKCOD project acceptance was confirmed at the end of December 2002 and the
dat of the fird annuad fishing season was in January 2003 (February indde the Fakland
Idands Interim and Outer Conservation Zones, FICZ and FOCZ respectively), an interim
Steering Committee (SC) was set up by email in the first days of January 2003. The interim
SC was composed by the WP co-ordinators (i.e. Jos2 Ramon Fuertes, ANAMER; Julio
Portela, IEO; Isabel Medina, 11M) with assistance of MG Otero and worked for monitoring
of project activities, exchange of information, relations between partners, etc.

Due to the imminence of fishing activities in the Patagonian Shelf and the urgent need of
deployment of observers, it was agreed after consultation with dl partners to fix the kick-
off medting to the 6th of February 2003 in Vigo on the 6 of February 2003, at
ANAMER fadilities.

2 Mestings

2.1 Kick-off meeting

As stated in point 1 (Steering Committee), the kick-off meeting was held on the 6 of
February 2003 a ANAMER facilities in Vigo, Spain, with attendance of representatives
from dl patners with exception of representative from NECTARBECK LTD-Crown
Seafoods, who apologized for not being able to attend to the meeting and sent a note to the
Coordinator with his needs about fish samples to cary out its share of the project.
Previoudy, a draft agenda for the meeting was circulated to dl partners for discusson. The
agreed agenda was used during the meseting to address debates and presentations made by
some of the participants.

Significant issues related to the project activities such as dates and logigtics for deployment
of observers, sample collection and sampling protocols, hitorical catch and effort data,
adminidrative detalls, etc, were discussed during the meeting. The compostion of the
interim Steering Committee formed by partners from Vigo was agreed by al the presents.

The agenda and minutes of the meeting as well as presentations in PowerPoint format made
by participants, were included in ANNEX | of the First Progress Report.
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2.2 First co-ordination meeting

The First annua co-ordination meeting took place on the 2" of December 2003 at
ANAMER fadilities in Vigo, Spain, with atendance of representatives from dl partners.
Previoudy, a draft agenda for the meeting was circulated to al partners for discusson. The
agreed agenda was used during the meeting to address debates and presentations made by
some of the participants. The Commisson scientific officer respongble for the project was
invited to participate in the mesting.

The agenda and minutes of the meeting, as well as presentations in PowerPoint format made
by participants wereincluded in ANNEX | of the First Progress Report.

2.3 Second co-ordination meeting

The second co-ordination meeting took place in Vigo & ANAMER facilities on September
21% with atendance of representatives from al partners, coinciding with the ICES Annua
Science Conference held in the same city from 22-25 September.

Previoudy, a draft agenda for the meeting was circulated to dl partners for discusson. The
agreed agenda was used during the meeting to address debates and presentations made by
some of the participants.

Significant issues related to project activities carried out during the second year project such
as co-ordination matters, data and sample collection, fisheries description, biology, GIS,
asessment, characterisation of the raw fish, technica auitability, adminidtrative details, etc,
were discussed during the mesting.

The agenda and minutes of the meeting as well as presentations in PowerPoint formeat
made by participants, were included in ANNEX 1 of the Second Progress Report.

2.4 Fisheries co-ordination meetings

Severa short meetings for co-ordination of observers deployment and samples logistics
were conducted during 2003 and 2004 by MG Otero and IEO at &cilities of ANAMER
and Armadora Pereira, as well as by emall with saff from Argos Ltd, FIFD and Sulivan
Shipping Services Ltd, ANAMER' subsdiary company in Port Stanley. Two short
meetings were held the 4" of June and the 39 of December in Vigo between staff from MG
Otero, IEO, Argos Ltd and Armadora Pereira to discuss about progress of the activities.

Another activity held in 2003 comprised contacts between FIFD and IEO for eaboration
of the sampling protocol included in WP 2, which was didributed among FIFD, IEO and
ANAMER observersto standardise their activities.

During 2003 one observer from ANAMER and another one from IEO were sent to the
fishing grounds at the end of February. Observers from FIFD began their activities a the
dart of the first annua fishing season in February 2003. Two more IEO observers were sent
in ealy August a the dat of the second fishing season and finished work in early
November. FIFD observers dso continued their activities during the second season until the
end of October.

In 2004 one observer from IEO was sent to the fishing grounds in January 2004. Observers
from FIFD began ther activities a the sart of the first annud fishing season in February
2004. One ANAMER observer and three more from IEO were sent in mid July and early
Augus a the gtart of the second fishing season and finished work in early December. FIFD
observers dso continued their activities during the second season until the end of October.
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First and Second progress report Fisheries Co-ordination are included in this report (Fina
Report Fisheries Co-ordination)

2.5 Fish characterisation co-ordination meetings

The 4" of June 2003 a meeting was held among personned from [IM, OPTIMAR
FODEMA, IEO and MG Otero, to examine the samples brought by “Argos Pereird’ for
characterisation and technological trids. Severa short meetings were held between same
partners during second hdf of 2003 to discuss about sample collection, tracking and
deliverance.

Short meetings for co-ordination of activities related with WP3 and contacts by e mail with
partners participating in tasks included in this workpackage were made adong the second
year project. Staff from [IM, OPTIMAR FODEMA, IEO and MG Otero, participated in
discussions related to sample collection and shipment, tracking and deliverance.

First and Second progress report Fisheries Co-ordinaion are included in this report (Find
Report Characterisation Co-ordingtion)

2.6 Fish suitability co-ordination meetings

A vigt to one of Argos vessdls participating in the project (Argos Pereira), was made on the
5th of June 2003 with atendance of personnd from Argos Ltd, OPTIMAR FODEMA, IEO
and MG Otero. During this vidt a consultation was made by the Argos Ltd representative to
OPTIMAR FODEMA engineers about the possbility of an automatic grading system for
Laligo.

Ancther vigt to “Argos Pereird’ was made on the 10th of June 2003 by OPTIMAR
FODEMA engineers, ANAMER observer and Pereira and MG Otero staff to discuss about
freezing and machinery tests made by the observer during his trip. Severa short meetings
for co-ordination of activities related with WP4 and contacts by email between personnel
from 1IM, Argos Ltd, OPTIMAR FODEMA, IEO and MG Otero took place during 2004 to
discuss about freezing and machinery tests made by the observer during histrip.

First and Second progress report Fisheries Co-ordinaion are included in this report (Find
Report Suitability Co-ordination)

2.7 Non-professional test panel

Previous to the First annua co-ordination meeting and coinciding with the second annua
co-ordination meeting two hedonigtic tests were prepared to taste Rockcod dishes at Spanish
syle, with atendance of dl participants in the meetings. A third non-professond test took
place after the talk about project results given on the 15" December 2004 to shipowners and
media. Staff from the Spanish Directorate for Fisheries adso participated in the test pand.
This kind of test is used in oppodtion to the Professona test pane results to obtain
information expected to be smilar to that of the average consumer. The test must get the
consumer preference about the preparations. The am of the test is to obtain the following
informetion:

1. Doyou like/didike thisfish?

2. Doyou like any preparaion in particular?

3. Indicate any problem that as a consumer the fish presentsto you.
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Both tests took place a the Restaurant of Vigo Don Pepe, Ctra. De Camposancos 347. Tel
986 46 09 13. Fax 986 46 20 65. www.cateringdonpepe.com. e-mdl:
info@cateringdonpepe.com.

Five different preparations were presented to the participants, two fried, two cooked and one
baked. For fried preparations fillets and muscle bars were used and for the other ones the
whole fish headed, gutted and scaled was utilized.

The fish taste was wdl accepted and over dl the muscle texture in mouth was very
appreciated. The fish presented a consstent structure in dl the dishes what evidenced its
capacity for withstand different cooking trestments.

On the other hand, when the whole fish was used a problem arose; the fish presents tiny
bones in the abdomen. Although these bones disappeared in a preparation with a dightly
marinade treatment this represent a problem to solve maybe with an specid cut to the fillets
thet diminate this part of the fish.

3 Modd X
The Modd X was sent to the Commission after signature by dl partners.

4  Consortium Agreement
The Consortium Agreement signed by dl partners was sent to the Commission in 2004

5 Dissamination of Results

During the whole project life a series of articles were published in locd, regiond and
international newspapers and specidized magazines, as well as interviews and reports were
broadcasted by locd, regiona and national TVs and radio sations:

« An aticle entitted “Estudio pionero del aprovechamiento de los descartes’ was
published during the Exploratory Award phase of the project by the specidized magazine
Pesca Internaciond edited by the Vigo Shipowners Co-operdive, in its issue of July
2002.

« An aticde entitted “EU could help rock cod research: possible new South Atlantic
fishery” was published by the specidized magazine Fishing News Internationd edited by
Heighway, Agra Europe, initsissue of November 2002.

« An aticle entitted “Galicia investiga la explotacion del «marujito» para consumo
humano” was published by the regionad newspaper La Voz de Gdida in its issue of 7"
February 2003.

« An aticle entitled “Investigador es vigueses estudian una nueva especie para la flota que
faena en Malvinas’ was published by the regionad newspaper Faro de Vigo in its issue of
7" February 2003.

= During the kick-off meeting severd interviews with project participants were broadcasted
by local TV and radio gations.

« An inteview with the scientific co-ordinator of the project was broadcasted by the
regiond TV (TVG) the 28" June on its main weekend news programme.

« An atice entitted “ANAMER lidera un proyecto cofinanciado por la UE para €
aprovechamiento de un descarte en Malvinas’ was published by the specidized
megazine Pesca Internaciona edited by the Vigo Shipowners Co-operative, in its issue of
December 2003.
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« An aticle entitted ‘Proyecto ROCKCOD: s € fletdn tuvo éxito, esta especie podria
tener ain mas " will be published by the specidized magazine Europa Azul in its issue
of January 2004.

= An interview with ANAMER representative and the scientific co-ordinator of the project
was broadcasted by the nationa TV sation (TELE-5) in two different news magazines
on the 15" of December.

« A brochure about project objectives and activities during the sixth first nmonths edited by
ANAMER for dissamination among the fishing indudtry is in press A draft of the
brochure wasincluded in ANNEX |1 of thefirst year progress report.

« An atide entitted “Los armadores vigueses comenzaran a comercializar pronto €
marujito” by the local newspaper Atlantico Diario in itsissue of 11" December 2004.

« An atide entitted “Los armadores potenciaran comercialmente e marujito” was

published by the regiond newspaper La Voz de Gdida in its issue of 11" December
2004.

« Two aticles entitled “Los armadores comercializaran un nuevo pescado del Atlantico
sur” and “Vigo aspira a colocar en € mercado una especie que captura en Malvinas’
were published by the local newspaper Faro de Vigo, in itsissue of 16" December 2004.

« Two atides entitled “Los cientificos apuestan por e Rockcod” and “Puesta en
sociedad de don Marujito” were published by the specidized magazine Pesca
Internaciond edited by the Vigo Shipowners Co-operative, initsissue of January 2005.

« During the second co-ordination meeting severa interviews with project participants
were broadcasted by locd TV and radio stations.

« A brochure about project results and activities during the second year project edited by
ANAMER for disssmingion among the fishing indudry is in press. A draft of the
brochure was included in ANNEX 11 of the second year progress report.

A tak on the main results achieved during the project was given a& ANAMER’ facilities on
the 15" of December 2004 with attendance of associated companies staff and media (TV,
radio and press). The talk was given by IEO and [IM researchers participating in the project,
covering aspects such as spatio-tempord digtribution and potentiad  of the resource,
nutritiona vaue, biology, processing, etc.

Information about project objectives, tasks, results and participants is downloadable from
the project’ s website (http://www.arvi.org/l+D+I1/princi pal Irockcod.asp).

Task 1.1 (General co-ordination)

The Steering Committee, composed by the WP co-ordinators with assstance of MG
Otero, was in charge of monitoring and definition of the man co-ordination actions
carried out during the whole project’ slife.

The Steering Committee, set up in January 2003, worked by email for monitoring of
project activities during the whole project's life. Its first resolution after consultations
with dl partners was to hold the kick-off meeting in Vigo on the 6th of February 2003,
a ANAMER facilities. The firg annuad and second co-ordination meetings were aso
held &8 ANAMER on the 2" December 2003 and on the 21% September 2004. Minutes
corresponding to these meetings were included in the first and second progress reports;

A tak on the main results achieved during the project was given & ANAMER' fadilities
on the 15th of December 2004 with attendance of associated companies saff and media
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(TV, radio and press). The talk was given by IEO and IIM researchers participating in
the project, covering aspects such as spatio-tempord didribution and potentid of the
resource, nutritiona value, biology, processng, €tc.

Other dissamination activities included aticles published in locd, regiond and
international newspapers and specidized magazines, as well as interviews and reports
were broadcasted by locd, regiond and nationd TVs and radio stations.

Task 1.2 (Fisheries co-ordination)

This task included severd meetings and contects by e-mail between ANAMER, MG
Otero, IEO, FIFD, Armadora Pereira and Argos Ltd. for logistics of observers, and
shipment and tracking of samples. Other activities comprised contacts between
ANAMER, MG Otero, IEO, FIFD, Armadora Pereira and Argos Ltd for monitoring of
observers activities, data collection and collation, updating of the database, anadyses
and reporting. Final report Fisheries Co-ordination isincluded in this report.

Task 1.3 (Characterisation co-ordination)

A number of meetings and contacts by email between ANAMER, MG Otero, IIM and
IEO were made for monitoring of tasks included in WP 3 and for tracegbility and
delivery of the samples. Find report Characterisation Co-ordination is incdluded in this
report.

Task 1.4 (Suitability co-ordination)
Activities included in this task comprised some meetings with OPTIMAR FODEMA,
ANAMER, MG Otero, Armadora Pereira, Argos Ltd, and IIM for discussons on

freezing and machinery trids incduded in WP 4. Find report Suitability Co-ordination
isincluded in this report.
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Final Report Fisheries Co-ordination (Ddiverable # 21)

WP 2 Fisheries, biology, distribution and assessment (Lead by IEO)

Objective: Thelack of good data on the popul ation dynamics of the species, whichis
the target of the project, will be taken into consideration. This work-package will
thereforetry to improvetheseitems by producing a description of thefisheriesin the
area and of the main biological features, distribution and stock assessment of the
species that is the objective of the project.

Task 2.1 (Data collection)

This task was the bads of the project and has provided dl the fishery, biologica
(samples included) and environmental data required for tasks integrated in WP 2, 3
and 4. We would like to gress the importance of the participation of fishing partners
in this task induding ANAMER and its associated company in Stanley, Suliven
Shipping Services Ltd, as wdl as its subcontracted company MG Otero which
contribution for logistics of observers and shipment of samples was of crucid
importance for the project. The sdfless collaboration of FIFD and IEO was aso of
great importance for the success of this task. The report for the whole project is
included in section WP2, Task 2.1.

Main activities rdated to thistask during the whole project’slife referred to:

1. Desgn of the observer sampling protocol for WP 2 by FIFD;

2. Sdection, traning and deployment of observers to fishing vessds. Logigtics of
the observers programmes carried out by FIFD and IEO with additiond
participation of ANAMER, Sulivan Shipping Services Ltd and MG Otero;

3. Cadllection of samples and fishery, biological and oceanographic deta

4. Shipment of samples to Stanley, Vigo and Aberdeen for subsequent tasks to be
developed by IEO, FIFD, UNIABDN, IIM, OPTIMAR FODEMA and Crown
Seafoods. For the achievemnt of this task it was of great importance the
collaboration of the Petrol Ship from FIFD and the ANAMER' representative in
Port Stanley;

5. Monitoring of observers activities and tracegbility of samples with participation
of FIFD, IEO, ANAMER, Sulivan Shipping Services Ltd and MG Otero;

6. Database dructure was discussed and necessary changes were agreed among
research partners participating in this WP, usng as darting point the database
created during the CEC DG Fisheries Sudy Project 99/016.

7. Once the dructure of the database was finished, it was circulated between
patners. During the first annud meeting (2" December 2003) t was agreed
that higtorical and new fishery data, aggregated on a weekly bads, should be
provided by 1EO and FIFD by February 2004, in order to start assessment task
(ICON). Implementation of the database. Data processing and collation;

8. Daaandydsand reaults.
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Task 2.2 (Fisheries description)

A preliminary description of the European fisheries in the studied area was made by
IEO and FIFD during the project’s figt year usng information collected during the
aforementioned Study Project. During the second year and after andysis by IEO and
FIFD of fishery, biologicd and environmenta data collected during the project's
lifetime, a description of the Rockcod fisheries in the southwest Atlantic was made,
mainly bcussng on the sudy of the variations on the spatio-tempord distribution of
Patagonotothen spp. using GIS and GAM techniques (Task 2.4). The report for the
whole project isincluded in section WP2, Task 2.2.

Task 2.3 (Biology)

A summary of the data collected by FIFD and IEO and main results reached during
the whole project induding CPUE andyses length frequencies, length weight
relationships, reproductive studies, etc, was mede. A description of Fisheries Biology
of Patagonotothen spp. on the Patagonian shelf was made by FIFD and IEO. Reports
on Processing and reading of Peatagonotothen spp. otoliths and Reproductive biology
of Patagonotothen species were made by FIFD. Morphometric studies based on
multivarite andyss of three independent character sets, namdy externd
morphometrics, fin ray counts and skull bone morphometrics initisted in September
2003, under co-ordination of Aberdeen Universty (UNIABDN) and participation of
IEO were finished during the second year. Digt dudies, aso co-ordinated by
UNIABDN, were made in 2004. The report for the whole project is included in
section WP2, Task 2.3.

Task 2.4 (GIS)

Collection and integration into a GIS platform of remotdy sensed sea surface
temperature (SST) data was made in close collaboration between UNIABDN (task
responsible) and IEO. Fishery and environmental data provided by FIFD and IEO,
as well as SST data derived from the NOAA Advanced Very High Resolution
Radiometer (AVHRR) were andysed. Andyss of the spatio-tempord digtribution
of the resource in reaion to physcd (depth, laitude and longitude) and
oceanographic features (Sea Surface Temperature, SST), as wdll as fishery forecasts
were made. The report for the whole project is included in section WP2, Task 2.4
and Subtask 2.4.1.

Task 2.5 (Assessment)

Activities included in this task were initiated by ICON in February 2004 including
andyses of caich a age, GLM dandardisation of CPUE data, biomass estimates,
ASPM — Age-dructured production modd, yield-per-recruit and stock-recruitment
relationship. The report for the whole project isincluded in section WP2, Task 2.5.

The main results achieved in the frame of WP 2 during the whole project were:

- Sdection, training, deployment and monitoring of observers activities
- Assambling of commercid, biologica and environmental data

- Devdopment of the database dructure. Integration of historicd and newly
acquired data on the database
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Collection of samplesfor biologica studiesat FIFD, UNIABDN and IEO

Collection of samples for sensorid, microbiologicd, nutritiond and
biochemical anadysesat CSIC-1IM and processing trids by Nectarbeck

First and second progress report Fisheries Co-ordination
Prdiminary description of the fisheries in the Patagonian Shelf
Description of the rockcod fisheriesin the Patagonian Shelf

Communicetion to the ICES ASC 2004 entitted “Prdiminay study of the
vaiations on the spatio-tempora digribution of a potentialy exploitable pecies
(Patagonotothen spp.) in the southwest Atlantic, using GIS techniques’

Age and growth, reproductive biology, morphometric and diet studies
Length/weight relationships

Examingtion of Patagonotothen gonads histologicaly for a description of ther
maturity stages

Study of the reproductive biology of Patagonotothen species in the Fakland
Idands Conservation Zones and on the high seas to the North of the FOCZ.

GIS anayses and fishery forecasts

Assessment: catch a age, edimates of biomass, yield-per-recruit and stock-
recruitment relationship
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Final Report Characterisation Co-ordination (Ddiver able # 13)

WP 3 Characterisation of the raw fish asfood (Lead by 1IM)

Objective: characterisation of the nutritional and sensorial properties together with the
biochemical characterisation that will allow the global quality evaluation of rock cod as a
new fish product. The microbiological control of the raw fish will assure the possible risk
associated to its consumption.

Activities comprised the study of the sensorid, chemica and biochemica characterigtics
of different individuds of Patagonotothen ramsayi to study ther qudity and future
goplicationsin fish technology.

Frozen samples collected by ANAMER, IEO and FIFD observers during their stay on
board commercid vessds, arived a IIM during the project and were used for different
andyses aming to edablish sensorid, microbiologica, biochemicd evduaion and
composition and nutritional value of the target Species.

Task 3.1 (sensorial evaluation)

Organoleptic evauation of fresh fish was carried out on board by the observer
according to the Officid DOCE (1989). As regards to frozen samples andysed in
[IM during the project, dl individuads showed good sensory qudity after frozen
storage. P. ramsayi showed good muscle properties with high water retention and
firm texture. The report for second the whole project is included in section WP3,
Task 3.1.

Task 3.2 (microbiological evaluation)

Microbiologica data corresponding to fresh samples of P. ramsayi were negetive.
Data of coliforms, E. coli and Salmonella were negative. Tota microbia content
of frozen samples were low: 785 UFC and andyses of coliform colonies were
negative. The report for the whole project isincluded in section WP3, Task 3.2.

Task 3.3 (composition and nutritional value)

P. ramsayi showed a low fat content and high protein content. This Species
showed low levels of cholesteral, high levels of vitamin E in comparison to other
fish soecies, and low levels of carbohydrates. The fatty acids profile showed a
high content of PUFA, specidly EPA and DHA. In reation to minera content,
values agreed with those reported for other species and demonstrated that this
gpecies is a good source of minerads. Levels of amino acids were in agreement
with data reported in literature for other fish species. The report for the whole
project isincluded in section WP3, Task 3.3.

Task 3.4 (biochemical evaluation)

For identification purposes, in addition to morphologicd andyss the
sarcoplasmic protein profiles of fishes were sudied. On the basis of these results,
a characterigtic pattern of sarcoplasmic proteins for each species was determined
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and used for identifying samples. The muscle compostion of the three species. P.
guntheri and P. ramsayi showed smilar protein content. The most important
feature was the high content of polyunsaturated fatty acids (PUFA) present in the
three species. The most important festure was the high content of polyunsaturated
faty acids (PUFA) present in the three species. Fatty acids ederified to
triacylglyerols are known to be more saturated than those of phospholipids.

The content of Hg, Cd, Pb and Cu in P. ramsayi was determined. The study
demonstrated that there was no accumulation of these metals, therefore no
risk associated to the consumption due to toxic metals. All samples showed
levels of heavy metds condderably low and under the legidated permitted limits:
The report for the whole project isincluded in section WP3, Task 3.4.

The main results achieved in the frame of WP 3 during the whole project were:

- Sensorid and biochemical analyses of Patagonotothen spp.
- Organoleptic evauation of Patagonotothen spp

- Microbiologica analyses of fresh and frozen samples

- Qudity Andyds

- Sensorid Andysis

- Electrophoretic analyses of sarcoplasmic proteins

- Contentof C,Hand N

- Lipid and phospholipid content

- Sarcoplasmic eectrophoretic profiles

- Comparison among species by sex

- Fatty acid andysis

- Saturated, monounsaturated and polyunsaturated content



Final Report Suitability co-ordination (Deliverable # 23)

WP 4 Technological suitability (Lead by 11M)

Objective to study the suitability of Rock cod for two different industrial processing lines
and to produce adequate seafood to supply the European market under different formats.

Task 4.1 (Physical Suitability)

The average yield of manuad processing of rockcod species was manudly established
cdculating the flesh which can be used after beheaded and gutted. The yields of P.
guntheri and P. ramsayi were 35.6 +1.7 and 33.5 + 0.6, respectively. The yield was
not very high, but because of the sze, P. ramsayi (the most abundant species in the
aeqd) can be dmog totdly used for filleting. However, P. guntheri is too smdl for
filleting, and the flesh could be anly usad for minced muscle. The report for the whole
project isincluded in section WP4, Task 4.1.

Task 4.2 (Development of technical modifications)

On board two Argos vessals (“ARGOS PEREIRA” and “ARGOS VIGQO’), Argos
personne and the ANAMER observer carried out severd processing runs with the
target species.

After arivd of "ARGOS PEREIRA" in June 2003 to Vigo, the generd manager of
OPTIMAR FODEMA and one engineer went to examine the processng machine lay
out of the vessdl. A meeting with MG Otero, IEO and owner vessdl representative was
carried out. Another meseting related to this task took place in June 2003 at CSIC-1IM
headquarters to examine the Rockcod samples recelved, and to discuss the progress
of the invedtigations in reference to the fish.

Fish freezing:

Usng the information collected during the Rockcod Exploratory Award, EXAW
1642, Contract n° QLK5-2001-41642, one of two sample batches gathered showed
ydlowish taints spread dl over the fish body, after saverd months under freezing
conditions, o0 specid attention was paid by the observer during his trip to get a good
isolation of the gathered samples using pladtic film, prior to the freezing process. Care
was aso taken in getting a good frozen product in the minimum time. Two different
freezing systems were avalable on board: an Ultrafreezing Tunnd and Contact Trays.
The tunnd is the dower system, the product needs 6 hours to get the suitable freezing
date. The trays are a quicker method spending 23 hours to freeze the product. So the
quicker method was used during trids.

Machinery checks:

To process the fish headed, gutted and talless had no problems. Three commercia
Szes could be envisaged:

Length between 24-28 cms.  Weight: >150g.
Length between 29-34 cms.  Weight: 150-200 gr.
Length bigger than35cms. Weight: higher than 200 gr.

Fillets: The fish has hard scde skin tha was easly diminated by the skin machines.

The problem arose with the automatic filleting machine. The report for the whole
project isincluded in section WP4, Task 4.2.

A



Task 4.3 (Frozen Storage)

This part of the work was amed to evauate the aptitude of P. ramsayi to be frozen
dored. Different individuds corresponding to three different trias, August, October
and December 2003, were stored at —20°C, and andysed during a year. They were
sudied a 4, 6, 9 and 12 months. A sampling experiment for getting data
corresponding to zero point on board was planned. The observer took fresh samples
and prepared three types of samples smal pieces of muscle, muscle trested with
dichloromethane and muscle treated with perchloric acid depending on the scope of
the later andlyses e |IM.

Off- flavours were determined with the content of TMA, TVB and '-TBA. Rancidity
was determined by sensory andysis and the determination of PV and '-TBA. Water
retention and texture were dudied with the determination of protein  solubility.
Proteolitic activity was dso dudied for illustrating the possble degradation of
texture.

Moreover, nutritiond qudity was evauated within the vitamin E degradation and the
vaiation in the fatty acid compostion. Skin-on and skin-off fillets were prepared on
board and arrived a IIM after 4 months of frozen storage. All andyses were duplicate
and/or triplicate. More than 6500 analyses were carried out.

Task 4.4 (Development of processed products from frozen rockcod)

Sub-Task 4.4.1.

The Rockcod passed dl routine qudity controls needed to fulfil the Good

Manufacturing Practises. Microbiological data corresponding to fresh samples of P.

ransayi were negative. Daa of coliforms, E. coliand Sdmonela were negdive.

Totd microbid content of frozen samples were low: 785 UFC and anadyses of

coliform colonies were negative. Al processed batches underwent sensoriad tests

carried out by skinned testers. None of the tested batches presented off-flavours.
Sub-Tasks 4.4.2. and 4.4.3

Hand made fillets with skin were battered/breaded using an industrid machine. The
battered portions were pre-fried in aoil, usng a combination time/temperaiure of 15
seconds at 180°C. The pre-fried portions were deep frozen usng a Frigoscandia
frozen tunnd, being the combination timeftemperature of between 20 to 40 minutes at
-45°C. An Ishida automdic filling-weighing machine was used to put the frozen
portions into bags. These bags were maintained a below — 18° C in frozen dorage till
their preparation as dishes to be tested.

Sub-Task 4.4.4.

The sze of the fish is the man problem for the European market. Whole fish of 24 cm,
will give askinlessfillet 8-14cm and thisis not practicd or viable. The only solution is:
Only land the larger fish 33cm + if they are there to be caught.

The main results achieved in the frame of WP 4 during the whole project were:

- Cdculdion of the average yield

- Processing runs on board commercid vessels

- Maedingsfor deveopment of technica modifications

- Examination of the processng machinelay out of the vessds
- Anayssof fish processng and freezing systems on board

- Machinery checks



Discussion-Conclusion

Workpackage 1: CO-ORDINATION
Conclusions

The following tasks were caried out during the project: setting up of the Steering
Committee, kick-off medting, firg and second annuad coordination meetings, monitoring of
project activities, as well as severa short meetings and contacts by email for co-ordination
of observers deployment, fisheries co-ordination, fish characterisation co-ordination, fish
Quitability co-ordination, Modd X sgnature, Consortium Agreement and dissemination of
results.

Deliverable # 1 First Co-ordination meeting report: finished. The fird annud co-
ordination meeting was held & ANAMER on the 2'¢ of December. The agenda and minutes
of the meeting were included in ANNEX | of the First Progress Report.

Deliverable # 2 Consortium Agreement: finished. Sgned by al partners and sent to the
Commission in 2004.

Deliverable # 5 First progress report Fisheries Co-ordination: finished. Incdluded in the
First Year Progress Report.

Deliverable # 6 First progress report Characterisation Co-ordination: finished. Included
inthe Firgt Y ear Progress Report.

Deliverable # 7 First progress report Suitability Co-ordination: finished. Incuded in the
First Y ear Progress Report.

Deliverable # 8 First consolidated annual periodic report: finished. Accepted in March
2004.

Deliverable # 13 Final report Characterisation Co-ordination: finished. Included in this
Report.

Deliverable # 21 Final report Fisheries Co-ordination: finished. Included in this Report.
Deliverable # 23 Final report Suitability Co-ordination: finished. Included in this Report.
Deliverable # 24 Final Report: finished. The present report

Deliverable # 25 Brochures for dissemination about project: the first one was incuded in
the First Year Progress Report. The draft of the second one was included in the Second
Year Progress Report. The find verson of second brochure will be included in the
definitive verson of the Find Report.

Deliverable # 26 Meeting minutes of the second co-ordination meeting: finished. Included
in ANNEX | of the second progress report.

Deliverable # 27 Annual cost statements finished. Cost statements corresponding to the
first year were sent to the Commission with the first progress report in January 2004. Cost
statements corresponding to the second year and to the whole project were sent to the
Commission with the second progress report in March 2005.

Deliver able # 28 Technical Implementation Plan (TIP): finished.

Milestone # 1 (First Co-ordination meeting) was achieved. The First Co-ordinaion
meseting (Kick-off meeting) was held on the 6" of February 2003 &t ANAMER fagilities in

Vigo, Spain.



Milestone # 4 (Midterm Review) was achieved. The Firs annua co-ordination meeting
took place on the 2" of December 2003 & ANAMER fadilities in Vigo, Spain, with
attendance of representatives from dl partners.
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Workpackage 2: FISHERIES, BIOLOGY, DISTRIBUTION AND ASSESSMENT
Conclusions

Tasks 2.1, 2.2 and 2.3 (data collection, fisheries description and biology) were carried out
as scheduled in the proposal. Concerning tasks 2.1 and 2.2, observers from ANAMER, IEO
and FIFD were deployed to fishing grounds for collection of fishery and biologica
information, as well as of biologicad samples.

In the frame of Task 2.2 (isheries description), aprdiminary description of the european
fisheries in the studied area was made by IEO and FIFD during the project’s first year.
During the second year a depiction of the rockcod fisheries in the SW Atlantic was made
by IEO and FIFD manly focussng on the vaidions on its spatio-tempora and
bathymetric digribution A communication entitted “Prdiminary dudy of the variaions on
the spatio-tempora distribution of a potentially exploitable species (Patagonotothen spp.) in
the southwest Atlantic, usng GIS techniques’ was submitted to the ICES Annua Science
Conference held in Vigo in September 2004. Personnd beonging to IEO, FIFD and
UNIABDN was involved in al these activities.

Results from Task 2.3 piology) included age and growth studies based on otolith reading
(FIFD), reproductive biology of Patagonotothen species comprisng fecundity, state of
maturity and sex ratio of individuds (FIFD), morphometric studies usng multivariae
andyss of morphometric and meristic characters (IEO, UNIABDN), and diet research
describing the trophic role of rockcod in the hake fishery aess of West
FaklandsMdvinas and in the High Seas (UNIABDN). Samples collected by observers
provided the basc materid for these andyses. All this documents are induded in this
report.

Task 24 (GIS) was regponshility of UNIABDN with participation of IEO. Spatidly
referenced commercid fishery data, as wel as bathymetric and environmentd data were
examined usng Geographic Information System (GIS) techniques in order to map and
represent  information about the didribution and the abundance of catches of
Patagonotothen spp. A document on activities related to this task by both research
organisms is presented in this report (GIS). Sub Task 2.4.1 (fishery forecasting) was lead by
UNIABDN with paticipaion of IEO and comprised data scaning and datistica
modding usng Generalised Additive Models (GAMS).

Task 2.5 (assessment) was responghbility of ICON and comprised review of stock
assessment methods fundamental to the provison of sound management advice to
determine the likely sze of the stock, and the catch leves that can be sustained by the
stock without overexplaiting it. Activities related to task 2.5 included andyses of catch a
age, GLM gandardisation of CPUE data, biomass edtimates, ASPM — Age-structured
production model, yield- per-recruit and stock- recruitment relationship.

Deliver able # 14 (Implementation of an actual Database) finished. Included in Task 2.1.

Deliverable # 16 (General review of assessment and management practices of the
fisheries) finished. Included in task 2.5.

Deliverable # 17 (Fishery forecasting) finished. Included in the present report (subtask
2.4.1).

Deliverable # 18 @nalysis of the spatial and temporal distribution of the resource)
finished. Included in the present report (task 2.4).

Deliverable # 19 (Estimate of Fishery long-term sustainable yield) finished. Included in
the present report (task 2.5).
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Milestone # 2 (Gathering and sending of fish samples) was achieved. Activities
concerning this milestone were carried out during first and second year project.

Milestone # 3 (Fisheries Data collection Completed) was achieved. Activities concerning
this milestone were carried out during first and second year project.

Milestone # 6 (Fisheries description and assessment of Rock cod stocks and economic
potential) was achieved. A prdiminary description of the European fisheries in the
Patagonian Shdf was made during the first year and included in the first periodic report.
The description of the rockcod fisheries and assessment of rockcod stocks and economic
potentia was made during the second year and included in the second periodic report.
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Workpackage 3: CHARACTERISATION OF THE RAW FISH ASFOOD

Conclusions

Analyses peformed at CSIC-IIM under tasks 3.1, 3.2, 3.3, and 3.4 lead to the following
conclusons

1.

Sensorid andysis and quality vaues regarding to the formation of volatile bases and
amines derived from microbid and enzymatic degradation were low. Parameters
related to rancidity were dso low and did not reved off-flavours associated to lipid
deterioration.

Texture of P. guntheri and P. ramsayi was dadtic and firm with high water retention.
However, texture of P. magellanica species was rapidly deteriorated at 4°C, probably
due to ahigh protedlitic activity.

Microbiologicad andyses did not show dgnificant contamination in dl fish and
unfrozen samples.

The lipid content of the species ranged among 1-3%. P. guntheri was the fattest
gpecies. The three species showed a high content of polyunsaturated faity acids, with
high contents of EPA and DHA. Lipids of P. guntheri were more saturated than the
other species.

The seasond variation was sudied in P. ramsayi. The lipid content increased aong
the year and the highest content was detected in samples corresponding to November
and December.

Females corresponding to May were in maturation sex sage. Femaes contained
dignt higher lipid amount than mdes. They were richer in triacylglycerals than
males, therefore they showed a more saturated fatty acid composition than males.

P. guntheri and P. ramsayi showed smilar protein content. P. magellanica had less
protein content and higher water content. Sarcoplasmic dectrophoretic profiles of
fishes were dudied. Profiles of P. guntheri and P. ramsayi were rather smilar. P.
magel lani ca sarcoplasmic profile was sgnificantly different.

A document on activities reated to this task is presented in this report.

Deliverables # 3 (Organoleptic characteristics of Rockcod with especial focus in off-
flavours), # 9 (Safety and possible toxicological risks associated to Rockcod consumption
report) and #11 (Nutritional characteristics of the fish species as food report) were finished
and areincluded in WP3.

Deliverable # 12 (Spoilage characteristics of the fish during conservation and processing
report) was finished and isincluded in WPA4.

Milestone # 7 (Overall characterisation of Rockcod as food and evaluation of
consumer’s acceptance and overall feasibility) was achieved. Activities concerning this
milestone were carried out during first and second year project.



Workpackage 4: TECHNOLOGICAL SUITABILITY OF ROCKCOD FOR AN
INDUSTRIAL PROCESSING LINE

Conclusions
Task 4.1. (Physical Suitability)
The yield was not very high, but because of the dze, P. ramsayi (the most abundant
species in the areq) can be dmog totadly used for filleting. However, P. guntheri is too
amdl for filleting, and the flesh could be only used for minced muscle.
Task 4.2 (Development of the technical modifications on board commercial vessels)
Two different freezing systems were avalable on board: an Ultrafreezing Tunnd and
Contact Trays. The tunnel is the dower system, the product needs 6 hours to get the
duiteble freezing state. The trays are a quicker method spending 2-3 hours to freeze the
product.
To process the fish headed, gutted and tailless had no problems. Three commercid sze
could be envisaged:

24-28 cm. Weight: >150gr.

29-34 cm. Weight: 150-200 gr.
>35 cm. Weight: 200 gr, or higher.

Fillets: The fish has hard scde skin that was easily diminated by the skin machines.
Task 4.3 (Frozen Storage):

- Off- flavours were determined with the content of TMA, TVB and '-TBA.

- Rancidity were determined by sensory andysis and the determination of PV and -
TBA.

- Water retention and texture were sudied with the determination of protein solubility.
Proteolitic activity was dso dudied for illusrating the possble degradation of
texture.

- Moreover, nutritiond quality was evaluated within the vitamin E degradation and the
vaidion in the fatty acid compodtion.
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Task 4.4 (Development of processed products from frozen rockcod)

The fish was good tasting, with no odours or off flavours when cooked, smilar to the
Patagonian Silver Hake (Merluccius hubbsi) caught in south-western Atlantic. The Rock
Cod has a clean taste that you would expect from colder water fish, the flesh could
become softer & mushy if the species were caught in the warmer waters of the mid
Atlantic, again like Hake.

The only process open, unless the fish come in larger form, is to put the Headed &
Gutted whole fish through a 3 mil mincing machine, to separate the bone and &in. The
fish can gointo a 7.5 kilo, waxed liner, industrid block, for further processing.

We are finding the product is needing more raw materia in the core weight to maintan
the minimum fish content in the finished product. (Some 5% more than cod or haddock)
This could be due to dightly more oil content in the rock cod and is being absorbed into
the coatings.

The sze of the Fish is the main problem for the European market. Whole fish of 24 cm,
will give askinlessfillet 8-14cm and thisis not practicd or viable. The only solutionis:
Only land the larger fish 33cm + if they are there to be caught.

The fish could be filleted in the Far Eag, if the logidtics of the transportation can be
overcome. Bearing in mind the yidd will be only 50% of the H&G fish landed. This
could set this up if required, to produce skinless bondess blocks of white fish fillets,
usng the rock cod The current market price would be £2-20 per kilo (3.70 Euro)
delivered into the UK.

Deliverables # 4 (Rockcod suitability for physical processing (fillet, gut, etc.), # 10
(Modifications needed for machinery on board), # 12 (Spoilage characteristics of the fish
during conservation and processing report), # 15 (Shef-life of whole Rockcod and
Rockeod fillets under frozen conditions report), # 20 (High quality and healthy processed
products from Rockcod results) and # 22 (Consumer’s acceptance degree results) were
finished and are included in WP4 of this report.

Milestone # 5 (Determination of shelf-life of whole Rockcod under frozen conditions) was
achieved. Activities concerning this milestone were carried out during firg and second
year project.

Milestone # 7 (Overall characterisation of Rockcod as food and evaluation of
consumer’s acceptance and overall feasibility) was achieved. Activities concerning this
milestone were carried out during first and second year project.
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WORKPACKAGE 2

FISHERIES, BIOLOGY, DISTRIBUTION
AND ASSESSM ENT



WORKPACKAGE NUMBER 2. FISHERIES BIOLOGY, DISTRIBUTION AND
ASSESSMENT

Phase: find report

Start date: 2

Completion date: 22

Current gatus: finished

Co-ordinated by |EO (B4) Person/Month (11.8)

Other Partners (Person/Months): Al (1.5), A3(4.5), A4 (4.6) B2(13), B3 (5.5), B5
(7.6)

Deliverables N°: 14,16,17,18,19.
Milestones N°: 2, 3, 6.

Objectives (asin the technical annex)

The lack of good data on the population dynamics of the species, which isthe target of the
project, will be taken into consideration. This work-package will thereforetry to improve
these items by producing a description of the fisheries in the area and of the main

biological features, distribution and stock assessment of the speciesthat isthe objective of
the project. The participation of the FIFD, providing historical time series as well as
scientific cruises, will be essential. Additionally, logistic assistance from commercial

vessels for observer deployment will also be needed.

Methodology and study materials (asin the technical annex)

This workpackage is composed of the following tasks:

Task 2.1. Data collection: (Stock-specific data collection on fishing activity and biology.
Leader IEO).

Data on fishing activity (catches, effort and discards) provided by different partnerswill be
collated. Several sources of information will be used: historical and new data collected on
board commercial vessels during the project by scientific observers from FIFD, |IEO and
ANAMER (200 observer days in charge of the project provided by ANAMER's
subcontractor MG Otero). Commercial data (catches, landings, effort and discards) from
ANAMER, Armadora Pereira and Argos. Biological information on rockcod will be
collected during research cruises from FIFD and by observers on board commercial

vessels from ANAMER, Armadora Pereira and Argos. These will include length
distributions, maturity, etc. Otoliths and stomachswill be collected for subsequent studies
of age, growth and feeding of rockcod in different areas and seasons.

Task 2.2. Fisheriesdescription (Description of fishing activities, gears, vessels, etc. Leader
FIFD).

Thistask will be undertaken in the first 6 months of the second year of the project. Review
of historical data about fishing activities in recent years provided by FIFD, IEO,
ANAMER, Armadora Pereira and Argoswill result in a description of the fisheriesin the



area with special emphasisin rock cod fisheries. Fishing areas and seasons, fishing gears,
characteristics of the vessels, etc, will be included in the description. ICON will produce a
general review of assessment and management practices.

Task 2.3. Biology (Sudy of Biological issues. Leader FIFD).

The analysis and description of main biological parameters of the species such as
fecundity, spawning, growth, diet, etc, falls under this heading task.

Task 2.4. GIS (Analysis of the spatial and temporal distribution of the resource. Leader
UA).

A geographical information system for integration of environmental and fishery data
(including effort, landings and discards) will be developed based in GIS methods and
models for visualisation.

Sub Task 2.4.1 Fishery Forecasting

The GISwill produce analysis and prediction of meso-scale and local dynamics of oceanic
environment, itsrelation to the dynamics of fishery resour ces, etc. Fishery forecastswill be
tested by using commercial vessels from ANAMER, Armadora Pereira and Argos.

Task 2.5. Assessment (Assessment of rock cod stocks. Leader ICON).

Historical catch and effort data collected by FIFD and IEO observers will be combined
with new data collected during this project to derive estimates of Catch Per Unit Effort
(CPUE). Sandardised CPUE will be determined for use in assessments. Two
assessment models will be examined: production models using trends in CPUE and
age-based models. Stochastic yield per recruit analyses will be performed to determine
sustainable exploitation rates. If the assessment models are sufficiently successful (this
is not guaranteed with a new species) the current status of the stock with respect to
sustainable exploitation rates will be examined. If the assessment is successful, and if
the surveys provide a sufficiently robust estimate of stock size, an estimate of long-term
sustainable yield will be made.
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Task 2.1. Data collection (Leader IEO)

The mogt reiable and admog the unique way to collect fishery and hbiologica
information on such a digant fishing grounds as those of the Patagonian Shelf (Fakland
Shdf and the High Sess), is through scientific observers deployed on board commercia
vesels. Two of the partners participating in this project (FIFD and IEO) have been
running observers programmes in these waters since 1987 and 1988 respectively.

The processing of the catches on board (head and guts off, filets skinless or not, fish
paste, fish sausage, etc) makes not possible to obtain biologica data such as length
frequency digributions, length weight relaionships, etc, as wel as biologicd samples
for reproductive, morphometric or diet studies when the vessals land their catches.

At the same time data an fishing activity (catch, effort, pogtion, depth, course, etc) on a
haul by haul bads together with other environmenta information (SST, SBT, daylight,
clouds, moon phase, ec), is useful for ganing an indght into the spatio-tempora
digribution patterns of fish species that are not likely to be provided by skippers or
captains of fishing vesls.

The use of scientific observers on board commercia vessels makes it possble to obtan
such akind of information as described above.

During the second year of the project scientific observers were deployed on board
commercid vessds in the sudy area (continuing the work caried out during the 1st
year). The observers gathered the fishery and biologicad information and aso collected
the biologicad samples required to accomplish the project objectives.

The gpatio-temporal coverage of the observer programme in the second year of the
project was improved (as in year 1) with 100 hundred observer days caried out by
ANAMER observers provided by its subcontractor MG Otero.

The logigtics and monitoring of FIFD observers is raively smple since they are based
in Port Stanley and count with the support of the Fishery Patrol Vessd for ther
deployment and transhipment of biologicd samples and other materid. Fishing vesss
operating insde FICZ and FOCZ are required by the FIFD to accept observers onboard.
Observers spend some 15- 20 days a sea and then return to Stanley, where their work is
supervised and possible mistakes can be corrected for future trips.

In the case of Spanish obsarvers the logidtics for ther deployment to fishing vesss is
quite different:

- the acceptance of observers onboard is absolutely voluntary and dependent on
captain and shipowner decison, so sometimes to find a vessd nay take severa
days or weeks,

- the best way to go onboard of a fishing vessd is meanwhile she is a port ether
for afishing licence, repairing or for transhipment of the fish;

- the process for embarkation gets much more complicated if the target ship is
dready in the fishing grounds, as it requires the location of another boat with
accommodeation for the observer, going to same areg;
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- dl this complicated process was smplified by the close collaboration of
Armadora Pereira (A3) and Argos (A4) vessdls coordinated by MG Otero and
Sulivan Shipping Ltd.

Five Spanish observers (one contracted by ANAMER and the other three by IEO) were
sdlected and deployed to fishing boats beonging to ANAMER and Argos operding in
the SW Atlantic after training courses a |IEO. A total of 555 observer days were spent
by these observers from the start of their activities on the 15" January until the 26 of
November.

Monitoring of FIFD observers was made after ther trips when they arived back in
Stanley Also during a trip FIFD observers are required to make two radio schedules per
week with the observer co-ordinator to brief him on their progress and to pass biologica
summay datigics. Spanish observers reported fortnightly to IEO about ther activities,
indicating number of observed trawls, sampling, etc.

The database dructure designed during the first year project after discussons among
IEO, FIFD and UNIABDN and implemented by IEO was used to introduce the
information collected during this reporting period.

Samples such as whole specimens for morphometric studies and characterization of the
raw fish, otoliths, somachs and gonads for age and growth, diet and fecundity studies
were collected by observers during ther trips following the sampling protocol. The
samples collected were sent to Stanley and Vigo. Once al the samples arrived to 1EO,
they were dlocated among partners (IM, UNIABDN, OPTIMAR FODEMA and Crown
Seafoods) to carry out different studies.

The collaboration of the Petrol Ship from FIFD and the ANAMER’ representetive in Port
Stanley Jost A. Cordeiro have played an important role in this phase of the project.

As in the firgt year, an important photographic work was made by the ANAMER observer
taking pictures of dl species caught during his trip, maturity sages, sex characterigtics, etc.
This materid, included in éectronic format in ANNEX |1l of this report, will be used to
produce the second edition of the faund guide of the Patagonian Shelf and Fakland
Idands waters, edited by IEO in the frame of the CEC DG Fisheries Sudy Project
99/016.



Déliverable # 14 Implementation of an actual Database

As agreed during the kick-off meeting, the database Sructure designed during the
former EU funded project CEC DG Fisheries Study Project 99/016 was used as a starting
point for the present project database. The final structure was decided after discussons
among |EO, FIFD and UNIABDN and implemented by IEO (Figure 1).
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Figure 1. Database structure. CP: Clave Primaria (Primary Key); CE: Clave Externa (Foreign Key)
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Task 2.2. Fisheries description. Leader FIFD (Milestone # 6)

A priminary description of the European fisheries in the studied area was made during
the firda year udng information collected throughout the former EU funded project:
CEC DG Fisheries Study Project 99/016. The Steering Committee considered that an
important amount of relevant information concerning the target species of the present
project Patagonotothen spp.) would be collected during its lifetime, so it was decided
that for a better fulfilment of the project objectives this task should be finished during
the second project year, once more data on Rockcod fishery were available for the
sudy. As a result of this, a description of the rockcod fisheries in the SW Atlantic was
made by scientific staff from IEO, FIFD and UNIABDN in 2004.

Preiminary description of the European fisheries on the Patagonian Shef (1%
progressreport, 2003).

Introduction

The fishing grounds of the Patagonian Shef support some of the most important
fisheries in the world. The greatest abundance of marine resources are found between
the 35° and 54° pardlds South and, is associated with the Subtropical Convergence
formed by the Brazil and Fakland/Mavinas currents. The mixing of the flow of La
Plata River and the western branch of the Fakland/Mavinas Current generates aress of
high plankton production on the shelf.

Hakes (Merluccius hubbs and Merluccius australis) and cephaopods (Illex argentinus
and Loligo gahi) have been found to be the main commercid species, with important
amounts of accompanying <species in the caiches such as Patagonian toothfish
(Dissostichus  eleginoides), Kingdlip (Genypterus blacodes), Hoki (Macruronus
magellanicus), Red cod (Salilota australis), Southern blue whiting (Micromesistius
australis australis), etc.

These fisheries are currently among the most important to the European bottom trawler
freezing fleet. At present, the European fleet operaing in this area is represented by
goproximately 40 Spanish fishing vessdls and another 20 that operae in joint ventures
saling under Fdkland flag. Only very few vesss from another EU countries ae
fishing in this area It is edimated that the Spanish fleet generates approximately 2,000
direct offshore jobs, and more than 10,000 indirect onshore jobs. The vaue at fird sde
of their catchesis estimated a around 411 M€ per year.

General description of the area

The fishing grounds off the Patagonian Shdf are actualy one of the few areas around
the world with important fishery resources but in which there is no effective regulaion
under any Regiond Fisheries Organization. Locad assessment and management is made
indde the Fakland Idands Interim and Outer Conservation Zones (FICZ/FOCZ) and
ingde Argentineen EEZ. There is now some hilaterd work going on through work-
shops in the SAFC and joint research cruises on both Illex and southern blue whiting.
These are the SBW bioacoustic survey and the Illex pre-recruit surveys. Fishery
resources on the Patagonian Shelf occur and are exploited ingde Argentinean EEZ,
aound the FdklandMadvinas idands and in the adjacent internationa waters,
representing in many cases atypica example of what are known as straddling stocks.
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Commercid fishing by Spanish boats in the Patagonian Shelf darted sporadicdly in
ealy 1960s and continued irregularly until 1983 after which its presence was regular in
the area dthough dternating their activity with the fishing grounds in the South East
Atlantic. The crigs in the Namibian fisheries a the end of the 1980s was the reason for
the increase of the operations in the SW Atlantic, reaching a maximum activity in 1990.
After that, the development of new fisheries by the Spanish fishing fleet in the North
Atlantic represented a decline in the totd effort on the Patagonian Shelf.

A fisheries regime for the management of the resources around the Fakland/Malvinas
idands was implemented on the first of February 1987, which followed the introduction
of the Fakland Idands Interim Conservation and Management Zone (FICZ) in October
1986. The Fakland Idands Outer Zone (FOCZ) was introduced on 26th December
1990, extending the FICZ to the north, east and south of the Falkland/Malvinas idands
to 200 miles, meassured from coastd basdines. The South Atlantic Fisheries
Commisson (SAFC), composed of ddegations from Britan and Argentina with
participation of observers from the Falkland Idands as part of he British delegation was
st up in 1991. Joint surveys with Dorada and Oca Bada on Southern Blue Whiting and
ajoint survey on lllex pre-recruits have been made under SAFC agreements.

The agentine EEZ lies to the west of the Fakland Idands conservation zones. A
number of important species have a trans-boundary digtribution and of those the mogt
important ae the squid (lllex argentinus) and the Southern blue  whiting
(Micromesistius australis australis). Stocks of both species are shared between the
Falkland Idands and Argentina, together with the high seas beyond 200 miles in the
caseof Illex (Anon., 1997).

Physical and oceanographic features in the Patagonian Shelf

The Patagonian Shdlf is the widest in the Southern Hemisphere and one of the few areas
in the world where the continental shelf extends beyond the 200 nauticd mile limit; the
continental shelf until 200 m depth has an area of 300,300 nautical square miles even in
its mgority is less than 100 m depth; the continenta dope (200-1000 m) has an
approximate surface of 58,000 nautical square miles (FAO, 1983).

The northern part of the platform is narrow incressing its width further to the south,
reaching the maximum breadth (869 km) around pardld 51° S. In the northern part, the
dope until 50 fathoms is smooth (0.5 m/km) being steeper between 50 and 100 fathoms;
in the south, the dope is higher from 0 to 50 fathoms (1m/km) and smoother between 50
and 100 fathoms (0.3 m/km) at the latitude of Puerto Deseado (47° 45 S—65° 55 W).

The Patagonian Shdlf is greetly influenced by the Subtropica Convergence formed by
the Brazil and Fakland/Mavinas currents. The Fakland/Mavinas current is actudly an
offshoot of the Antarctic Circumpolar Current, a branch that veers northward aong the
South American continental shelf (Garzoli & Bianchi, 1987). The boundary between the
cold Fakland/Mavinas Current water and warmer inshore water paralels the coast until
about the ldtitude of Buenos Aires, where the Fakland/Mavinas encounters the Brazil
Current (Deacon, 1937; Gordon, 1981; Legekis & Gordon. 1982). This interaction
creetes a very complicated fluid dynamics problem: the flow of the Fakland/Mavinas
Current is turned into the South Atlantic Ocean, while the warm Brazil Current waters
are pushed toward the coast. The exact location of this boundary varies with the seasons
(Figure 2), as seen in sea surface temperature imagery (Goddard DAAC, 1999).
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Figure 2: SST Distribution in summer (January) and winter (July). Note the Brazilian current and the
Falklands current and the different position of the Convergence Zone.

All these species are highly influenced by the oceanogrgphic conditions of the area
induding its inter- and intracannud varigbility. Shortfin squid (Illex argentinus) perform
yearly large migratory movements from the South of Brazil to Faklands, maybe rdated
toitslifecyde.

There are severd relevant publications available, e g. Agnew, D. J. (2002):

1. The oceanography and topography of the southern Patagonian shelf, with the strong
Fakland current deriving from the Antarctic Circumpolar current  moving
northwards both west and cast of the Fakland Idands, crestes an area of very high
zooplankton productivity immediately to the north of theidands.

2. Information on the didribution, spawning times and larvd didribution of the most
important fish and squid species is reviewed in this paper. High dendties of
macroplanktonic euphausd and hyperiid amphipods, especidly in the summer,
atract and sustain squid stocks (the pelagic Illex argentinus and bentho-pelagic
Loligo gahi) and pelagic fish (Micromesistius australis and Sprattus fuegensis).

3. There is an important spawning ground for three fish species having peagic eggs
and larvae (Micromesistius australis, Salilota australis and Sprattus fuegensis) on
the shef bresk immediady to the south and southwest of the Idands. The shef
surrounding the idands, and west and south towards the Argentine coadt, forms a
nursery areafor the larvae of these and a number of other fish and squid species.

4. Pollution emanating from the oil exploraion tranches to the north of the idands or
oil-based activities on the north shores of the Idands, dthough coincident with the
area of high plankton productivity, would be unlikely to dfect, in any mgor way the
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pelagic ecosystem around the Falkland Idands unless it became entrained in the area
of dack water to the north of East Falkland. However, water flows from the Specia
Co-operation Area over criticd spawning areas for a number of fished species (red
cod, southern blue whiting and L. gahi) has the potentid to affect not only these but
the Fakland shdf waters which act as a nursery area for many marine Species.
Copyright (C) 2002 John Wiley Sons, Ltd.

Wauda, C. M., P. G. Rodhouse, et d. (2001), Wduda, C. M., P. N. Trathan, et 4.
(1999):

The fishery for lllex argentinus in the Southwest Atlantic is subject to large inter-annud
varigbility in recruitment drength. In this paper we atempt to build a predictive modd
usng sea surface temperature (SST) to examine links between recruitment to the
Fakland Idands fishery and environmentd varigbility during the juvenile and adult life
hisory stages. SST data from the Nationd Center for Atmospheric Research (NCAR)
were found to be comparable with near-surface data derived from in Stu expendable
bathy- thermograph (XBT) profiles in the southern Patagonian shelf. Variation in SST
during the early life dages gopears to be important in determining recruitment of |.
agentinus. SST in the hatching grounds of the northern Peatagonian shef during the
period of hatching (particularly June and July) was negetively corrdated with caiches in
the fishery in the following season. SST anomay data from podtions in the Pacific and
Southwest Atlantic were used to examine teleconnections between these aress. Links
were seen a a lag of 2 yr between the Pacific and southern Patagonian shelf, and at
about 5 yr between the Pacific and northern Patagonian shelf. This is consstent with
SST anomdies associated with El Nino in the Pacific propagating around the globe via
the Antarctic Circumpolar Wave (ACW). Predicting cold events via teleconnections
between SST anomdlies in the Pacific and Atlantic would gppear to have the potentid to
predict the recruitment strength of 1. argentinus in the Southwest Atlantic.

Common squid (Loligo gahi) is more confined to a rdative smal area within Fakland
waters, named Loligo-box, but with great explosions of abundance in Autumn (March
to May). Finfish use to take advantage of the current dynamics, moving southward in
summer together with the Brazilian current and northward in winter meking use of the
subantarctic (Falkland/Malvinas) current.

Soanish Fisheriesin the SW Atlantic

These fisheries comprise target and by-catch species with different proportions of
discards. Target species may be discarded due to severad reasons such as dze, poor
condition of the fish, etc; by-catch species experienced a reduction in discards since
early 90s due to their introduction as marketable species to consumers.

The fishing grounds in the Paagonian Shdf in which vessds flying Spanish flag are
operating can be divided in two man fishing zones, one of them aound the
Fakland/Mavinas idands in what are known as Fakland Idands Interim and Outer
Consarvation Zones (FICZ and FOCZ respectively) and the second one in the High
Seas, outside the Argentinean EEZ.

The activity of the Spanish vessals in the High Sess is reduced to those portions of the
continental shelf and dope gicking out of the Argentineen EEZ, i.e a smdl pach
around 42° S and a bigger area comprised between paralels 43° 30 and 48° S, namely
“Area 42 and 46" respectively. The fishing grounds around the ides have been divided



in three sub areas Mavinas North (MN), Mavinas West (MW) and Mavinas South
(MS) (Figure 3).
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Figure 3: Main fishing areas in the Patagonian Self for the Spanish fishing fleet

- Target fisheries:

Three main fisheries could be defined in the Patagonian Shelf for the Spanish fleet. The
fird target fishery and dso the mogt important is that of hake, comprisng Merluccius
hubbsi and Merluccius audtralis. Although M. audtralis is more appreciated in the
market, it is much more scarce and redtricted to southern areas. The second fishery is
that directed to Illex squid (Illex argentinus) and the third one is the Loligo fishery
(Loligo gahi).

The fishing pettern is thought to be directed by a number of fishing market criteria to
target one or another species. There is dso a seasond effect of aundance and fishing
ams to take advantage of the seasond abundance of each group. Depth is a factor
clearly affecting distribution and abundance of dl fished species.

- By-catchfisheries:

The most important by-caich species ae patagonian toothfish  (Dissostichus
eleginoides), kingclip Genypterus blacodes), hoki (Macruronus magellanicus), red cod
(Slilota australis) and southern blue whiting (Micromesistius australis australis). All
these fisheries comprise both retained catch and discard for al species. Target species
may be also discarded due to severa reasons. In recent years discard percentages have
decreased below 15%, except for Patagonotothen spp. (100% discarded). This should



be andysed in further work in order to undersand possible changes in fishing patterns
aswdl asto evauate possible emerging target species and their fishery potentid.

Catch and effort

The fishing grounds in the SW Atlantic support some of the mogt important fisheries
worldwide, with hakes and cephalopods being the man commercid species and
accounting a mean of 500,000 and 700,000 tons per year respectively in recent times,
important quantities of by-caich gpecies ae dso caught and used for human
consumption. These fisheries are very important to the EU fshing flet, snce more than
160 big EU freezing trawlers have been operating in this region from 1983 onwards (60
of them around the Falkland/Mavinas waters and in the High Seas, and a further 100
vessels owned by EU companies are operating in joint vertures insde the Argentinean
EEZ) to provide the EU sedfood industry with important amounts of finfish and
cephal opods.
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Description of therockcod fisheriesin the SW Atlantic (2" progress report, 2004).

During the second year and after anadyss of rdevant information concerning the target
species Patagonotothen spp.) collected during the project lifetime, a description of the
rockcod fisheries around the Fakland idands and on the High Seas was made, mainly
focussng on the variations on its spatio-tempord and bathymetric distribution.

This study was presented as a communication to the ICES Annuad Science Conference
held in Vigo in September 2004, entitted ‘Preliminary studies of the variations on the
gpatio-temporal distribution of a potentially exploitable species (Patagonotothen spp.)
in the southwest Atlantic, using GIS techniques’. In this progress report a resume of this
work is presented. The whole document isincluded as Annex II1.

Introduction

Fsh genus Patagonotothen are the most common nototheniids on the Patagonian Shelf
and dope and is part of the by-caich species in the bottom trawl fisheries. The genus
contains 14 species in the waters off southern South America of which P. ramsayi is the
most abundant (Ekau, 1982; Norman, 1937; Hart, 1946). The rock cod P. ramsayi
Regan, 1913 (Nototheniidee) is the most common  notothenioid fish inhabiting the
Argentine Patagonia south of 35° S and is found a a depth range of about 50 ~ 500 m
(Nakamura et d.1986). It is common on the outer shelf and dope (mainly 150 — 400 m)
around the Falkland Idands. Its south-eastern geographicd range on the Fakland shelf
is found in the man fishing ground for the squid, Loligo gahi (Laptikhovsky and
Arkhipkin, 2003).

Throughout its range off the Patagonian shelf, it occurs a depths from 50 to 960 m.
Patagonotothen ramsayi is a secondary catch target in the southwestern Atlantic area.
Observations made from Polish fishing ships indicated that the grestest concentretions,
and thus the best fishing results, were obtained in the southern area of the Burdwood
Bank. Despite its low biomass in comparison with other fish and squid caught in this
area, P. ramsayi occur in concentraions on the Patagonian Shelf which can be of
interest to fisheries and this species could be a target fishery (Sosnski and Janusz,
2003).

The maine environment around austrd South America is rich in coastd fronts, with
different forcing, and tempord and spatia scaes. Marine frontd patterns maybe seen as
pat of the structurd complexity of the peagic redm at the seascape scae. The open
ocean circulation is dominated by the opposte flow of the Brazil (subtropica) and the
Fakland/Mdvinas (subantarctic) currents. Both currents meet, on average, a 36° S. In
this area, referred to as the Brazil/Mavinas Corfluence, the two flows turn offshore in a
series of large amplitude meanders. The shdf-bresk front is a permanent feature that
characterizes the border of the shelf. The inner boundary lies between the 90 and 100 m
isobath. The geographical location of the front may vary according to the dynamics of
the Fakland (Mavinas) Current, for which cyclicd varigions—induding semi-annud,
annua and biannua periods—have been reported (Olson et al., 1988; Fedulov et al.,
1990; Achaet al., 2004).

Since ealy 1980s, an important fishery targeting hakes (Merluccius hubbs and M.

australis) and cephalopods (llex argentinus and Loligo gahi) have been developed by
Spanish bottom trawlers off the Patagonian Shelf, dso catching important quantities of
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other bycatch species such as kingclip (Genypterus blacodes), hoki (Macruronus
magellanicus), red cod &lilota australis), etc, which have been gradualy introduced
into the market with good acceptance by the consumers. Even rockcod was exploited in
the past by Polish vessdls, this speciesis amogt totdly discarded by the Spanish fleet.

The fishing grounds in the Paagonian Shdf in which vesds flying Spanish flag
operate (Figure 3) can be divided in two main fishing zones, one of them around the
FaklandMavinas Idands in what are known as Fakland Idands Interim and Outer
Consarvation Zones (FICZ and FOCZ respectively) and the second one on the High
Seas, outsde the Argentinean EEZ. The activity of Spanish vessdls on the High Sess is
reduced to those portions of the continental shelf and dope dicking out of the
Argentinean EEZ, i.e. a amdl patch around 42° S and a bigger area comprised between
pardlels 43° 30 and 48° S, namely “Area 42 and 46" respectively. The fishing grounds
around the ides have been divided in three sub aress Mavinas North (MN), Malvinas
West (MW) and Mavinas South (MS).

DATA AND METHODS
Data used intothe GIS

Spatidly referenced commercid fishery daa, as wdl as bahymelric data were
examined usng Geogrgphic Information System (GIS) techniques in order to map and
represent information about the digtribution and the abundance of Patagonotothen spp.
catches recorded by IEO and FIFD scientific observers in the Fakland Idands and in
the High Seas from 1988 to 2003.

Fishery, bathymetric and SST data were integrated within the GIS (ArcGIS verson 8.2).
This process dlows a visud andyss and aso the extraction of more information about
the parameters that have an influence in the catches didtribution.

1- Environmental data- SST

Sea surface temperature (SST) data collected by scientific observers on  board
commercia vessals were geo-referenced to a base map of the Southwest Atlantic and
incorporated into the GIS as grids. SST information was used to andyse the relationship
between Patagonotothen spp. abundance and oceanic circulation.

2- Bathymetry data

Bathymetric contours of the Patagonian shelf were extracted from GEBCO (Generd
Bathymetric Chart of the Oceans) Digitd Atlas. This bathymetry data were entered into
the GIS. Bathymetric contours represented here are 0 m, 200 m, 500 m and 1000 m.

3- Fishery data- FIFD and Spanish data

Dally fishery data for the present study were collected by observers working for the IEO
(Ingtituto  Espafiol de Oceanografia, Vigo, Spain) and FIGFD (Fakland Idands
Government Fisheries Department, Stanley) on board commercia vessels over the 17-
year period 1988-2003. All of the data were integrated into a MS Access database and
used in andyss and moddling. Fishery data were imported and integrated into the GIS



as monthly time-series grids at spatial resolution of 0.5 degrees. CPUE (catches per unit
effort, kg/hr) was used as an index of abundance in the fishery. This index reflects fish
abundance and accounts for changes in flegt activity over the 17-year period. Maps were
visudly analysed in order to find relations between bathymetry, SST and fisheries daa
for the same month.

Geographical Information System methods
Gl S maps

Patagonotothen spp. raster data sets were created with the GIS on a monthly bass.
Each cdl in the map is a square that represents a specific portion of an area with a
gpatid resolution of 0.5 degree longitude and 0.5 degree latitude square. The sze of the
cdl was sdected in order to accomplish a detalled andyss of the tempord evolution of
the features represented in the maps (CPUE |, ratio of catches to the total catches and
modd length).

Density surface maps

Patagonotothen spp. densty surfaces were created in the GIS as monthly raster layers.
Each cdl in every layer is asigned a dengty vaue based on the number of features
(hauls with CPUE > 0 kg/h) within a radius cdl of 1.5 degrees. To creste a dengdty
surface we used the Kernd method that uses a mathematicd function to give more
importance to features closer to the center of the cell. With this method maps, with
patterns that are easier to interpret, were obtained. The GIS defines a neighbourhood
(based on the search radius specified, in this case 1.5 degrees) around each cdll centre. It
then totals the number of festures that fal within that neighbourhood and divides that
number by the area of the neighbourhood. This value is assgned to the cel. The GIS
moves on to the next cel and repeats the same procedure, resulting in the creation of a
snoothed surface. Mapping dendty shows where the highest concentrations of
Patagonotothen spp. are found on a monthly basis.

Beddes the visud andyss of the maps, a rank corrdation was carried out between
Patagonotothen spp. abundance and other variables (month, latitude, longitude, average
depth, SST, lunar cycle and sky pattern) in order to quantify the corrdations between
them.

Statistical analysis and modelling
Generalized additive models (GAMS)

Gengrdized Additive Models (GAMs) ae aile to ded with nonlinear rdaionships
between an independent vaidble and multiple predictors and ae paticulaly
appropriate to our study.

In order to mode the variations of Patagonotothen spp. abundance we used GAMSs.
GAMs were first proposed by Hadgtie & Tibshirani (1990) and some of the first
gpplications to fisheries data were by Swartzman et al. (1992, 1994, 1995). A GAM is a
non-parametric regresson method with less drict assumptions about normality and
linearity then linear regresson. This method is an extenson of the generdized linear
models (GLMs, McCullagh & Nelder, 1989). The principad drength of additive modes
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is their ability to fit complex smooth functions (smooths) to the predictor rather than
being condrained by the linearity implicit in GLMs. A GAM, the generdized verson of
an additive modd, is expressed as.

g(E[y) =b, +& S (%)

The right-hand side of the equation is the additive predictor. 3 is an intercept term and
S is a one-dimensond smoothing function for the k™ spatial covariate, X«. The degree
of smoothing is determined by the degrees of freedom (df.) associated with the
smoothing function. The larger the degrees of freedom, less smoothing is performed and
the function obtained is more flexible.

GAMs were fitted usng the “gam” command in S-Plus and usng cubic smoacthing
gplines to smooth covariates. Spline smoothers are popular because they have a
theoreticd judtification that can be used to determine the appropriate smoothness for the
fit. Smoothing splines are localy cubic splines that minimize a pendized resdud sum
of squares, drawing a smoothed curve through the data points.

In our modd, the expected vaue of Patagonotothen spp. abundance is expressed as a
sum of smooth functions of the covariates (month, latitude, longitude, SST and average
depth). All data were imported into S-Plus from excd files and configured as data
objects. Data were screened to revea characteristics of data sets and scatter plots were
made for each par of variables The eror didribution used was the Gaussan
digribution, which is normdly appropriate for describing spaia heterogeneity and
abundance data (Maravdlias, 1997; Swatzman et al., 1994).

To measure the goodness of fit of the modd, a pseudo-coefficient of resdud
determination, PCf, is estimated (Swartzman et al., 1992):

pcf =1- B2
ND

where RD is the resdud deviance, i.e. the deviance of the full modd, smilar to the
resdud sum of squares in a linear modd, and ND the null deviance, i.e. the deviance of
the modd with only the intercept term. PCf values obtained arelisted in Table 1.

Table 1. Summary of GAM results for weighted and unweighted
models

Unweighted model

ND RD PCf
1651276711 (12831df) 1611545572 (12811 d.f)  (,024060861

Weighted model

ND RD PCf
6281336497 (12831 d.f) 6137622872 (12811df)  (0,022879466




In this work, the fishing effort variable was used as a weighting factor. The amount of
fishing effort can be consdered as an index of the qudity of the sampling, and more
effort probably implies more reiadility in the data Therefore, in the weighted modd,
less importance is assgned to data with low fishing effort and more importance to data
with high fishing effort. An unweighted mode was a o fitted for comparison.

Analysis of biological data

Data on length were collected by observers by measuring tota length (TL) of at leest
100 individuals in each sample when possble. A scale of four maturity stages was used
in order to study the distribution of Patagonotothen spp. maturity stages during the yesr.

Data on modd lengths in each haul were mapped usng GIS. Length weight
relationships were caculated.

RESULTS AND DISCUSSION (for a more detailed information see Task 2.4 and
Annex IlI)

Spatial distribution of catches of Patagonotothen spp.

CPUE (catch per unit effort, kg/hr) was used as an index of abundance in the fishery.
The annud location of hauls and CPUE vaues (Kg/hr) for Patagonotothen spp. as well
as the annual CPUE values (Kg/hr) by 0.5° x 0.5° rectangles over the period 1988-2002
were obtained. Rockcod catches in 14 years does not describe a clear spatio-tempord
pattern. In generd terms we conclude that higher CPUE vaues were recorded between
1996 and 1999. Over the rest of the period, the CPUE vaues fluctuate.

Monthly CPUE vadues demondrated that fish abundance was higher in the audrd
summer than in the winter. February, March and April were the months in which higher
CPUE vadues were recorded. From February to May there is an expanson in the
distribution of the catches from the western area towards the eastern area.

The didribution of Patagonotothen spp. per depth drata gives us an idea about the
habitat of the species. Peak CPUES were recorded in 100-200 m and 200-300 strata.
Poor catches were recorded in 3100, 300-400, 400-500 and at depths bigger than 500
m. Catches in the 0100 m strata were nainly located in divisons 46, 49 and MS. In the
300-400 m drata catches were located mainly in divisons 42, 46 and MS. Strata 400-
500 m and higher than 500 m show few catches a divison 42 and MS. Catches located
between 100-200 m were found al around the idands and dso in the High Seas.

Density maps

Densty surface maps show the abundance digtribution of this species through the year.
Maximum dengty vaues were recorded within March, July and August. These vaues
are located in dl cases in division 46. April was characterized by the presence of high-
dengty vaues in divison 46 and 49. From August to December there is a clear fdl in
dengity vaues, reaching the minimum in December.
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Scatter plots

Scatter plots suggested the following relaionships

1. CPUE shows two peaks located in March and October. Minimum vaues
were found during January, July and December.

2. The rdatonship of awundance (in teems of CPUE) with the geographic
postion (latitude and longitude) bascdly indicates the location of the
vesds fishing. Patagonotothen spp. was fished al around the Fakland
Idands and ds0 in the High Seas, being the maximum abundance found at
latitude 46° S and longitude 5%° W.

3. Patagonotothen spp. abundance seems to be postively related to 100-200 m
depth range.

4. Highest Patagonotothen spp. CPUE vadues were associated with SST
between 6.3° C and 12°C

Generalized additive modds

Generdlized additive modds (GAMs) were used to modd the spatio-tempord
digribution of Patagonotothen spp. The variables included in the GAM were Sea
Surface Temperature (SST), month, latitude, longitude and month average depth .

Results show that:

1. There is a generd decrease in a@undances tha reaches the minimum vaue in
Jduly. From July, GAM plot depicts a dight increasing trend that reaches a peak
in October, when the curve undergoes a decrease.

2. Resallts from the GAM plots rdated to latitude show an increasing trend from
54° S to 4° S, where the maximum abundance of Patagonotothen spp. was
found. From latitude 49° S northwards there is a dight decreasing trend that
reaches aminimum &t latitudes around 46° Sand 44° S.

3. Longitude GAM plots show two pesks. one located around 61° W, the other
placed at 58° W.

4. In terms of depth, there is a clearly defined maximum value located between 100
and 200 m.

5. The GAM demondrates that the reationship between CPUE and SST is non
linear. Highest CPUE were founded at temperatures around 6.3° C and 12° C.
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Task 2.3. Biology. Leader FIFD

Fisheries Biology of Patagonotothen spp. on the Patagonian shelf (1% progress
report, 2003).

Introduction

With the initiation of the “Rockcod Project” in January 2003 and after its kick-off
mesting in February a sampling program was st in place to examine various aspects of
the population dynamics reproductive biology and age and growth of the
Patagonotothen species inhabiting the waters of the Falkland Shelf. Further samples for
the examination of feeding ecology, morphometric and charecterization dudies have
been collected for another RTD partners within the project (UNIABDN and CSIC-IIM
respectively).

The genus Patagonotothen contains 14 species in the waters off southern South
America of which P. ramsayi is the most abundant (Ekau, 1982; Norman, 1937; Hart,
1946). Little is known about the biology and ecology of these species and with the onset
of the ‘Craft Project’ it became necessary to examine various aspects of the species
biology with a particular emphasis on parameters that can be used in stock assessment
sudies.

The am of this report is to summarise the data collected by the Fakland Idands
Fisheries Department (FIFD) and Ingtituto Espafiol de Oceanografia (IEO) to date.

Patagonotothen species encountered

From the dat of the project FIFD observers have encountered five species of
Patagonotothen on various trawlers in the conservaion zones. Theses incude P.
ramsayi, P. tessellata, P. guntheri, P. squamiceps, and P. elegans (Figure 4). The latter
are liged in order of aundance. Now that there are a number of species available for
study the FIFD plans to make an improved key for rockcod identification at sea.




d

Figure 4: 8) Patagonotothen ramsayi b) P.

tessellata c) P. guntheri d) P. squamicepse) P.
elegans.

Observed catch per unit effort (CPUE)

The FIFD have observed 631 trawls (postive for rockcod) from I February to the end
of October 2003 on both commercid and research vessds. Figure 5 illustrates the

monthly digtribution of the observed CPUE (kg/hr) since the sart of the project for
Patagonotothen ramsayi.




Figure 5: Distribution of observed CPUE by month for P. ramsayi since February 2003 (FIFD data)

Four Spanish observers (one contracted by ANAMER and the other three by IEO), were
deployed to the study area and collected information from 2" March to 11" July 2003
during the first fishing season and from 8" August to ® of November 2003 during the
second fishing season. These observers have recorded information from a tota of 852
trawls onboard commercial vessels from ANAMER and Agos Ltd, of which 627 were
postive for some of the rockcod species. After their arrival to Vigo dl the processed
information was checked a IEO in order to find posshble erors or mistakes during
processng (checking is ongoing with the information collected by the two observers
arrived in November).

Observers were provided with lagptops for processng the information onboard of the
fishing vessdls usang ad hoc software desgned during the CEC DG Fisheries Sudy
Project 99/016. Smal adaptations were made to this software during the firg two
months of the project based on suggestions made by 1EO observersin 2002.

Fgure 6 illugrates dengty of Patagonotothen spp. estimated from CPUE (kg/hour) data
recorded by Spanish observers during the firs fishing season. The densty was
esdimated by usng the POINTDENSITY tool included in ArcGis software for the
quadratic KERNEL function (Silverman, B. W., 1986). Pointdendty caculates the
dengty of point features around each output grid cel. A neghbourhood is defined
aound esch grid cdl center, and the number of points that fal within the
neighbourhood is totalled and divided by the area of the neighbourhood. With the
KERNEL option, a smoothly curved surface isfitted over each point.

Dengty of Patagonotothen spp. was calculated using the KERNEL function in order to
obtain a smoothly tapered surface to each point. Kernd function was chosen due to the
fact that, given the smdl amount of Patagonotothen spp. data for the period of study, it
represents the redlity with more precison than the SSMPLE function. Figures from 7 to
9 were made using the ArcGis software.
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Figure 6. Patagonotothen spp. density estimated from CPUE (kg/hour) data recorded by Spanish
observers during the first fishing season.
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trawls positive for Patagonotothen guntheri
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Length frequency Distributions

Since the onsat of the firgt annud fishing season in February to the end of October 2003
the FIFD have collected a tota of 17,280 length frequency records for P. ramsayi.
Figure 10 illugtrates the monthly length frequency distributions for this species.
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Patagonotothen ramsayi
October 2003
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Figure 10: Monthly length frequencies of Patagonotothen ramsayi (FIFD data)
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Throughout the observation period covered by ANAMER and |IEO observers during the
firsg fishing season (2@ March to 11" July 2003) a tota of 2,874 length frequency
records for P. ramsayi. Figure 11 illustrates the monthly length frequency didributions
for this gpecies during the first hdf of the year.
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Patagonothoten ramsayi
July 2003
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Figure 11: Monthly length frequency distributions for P. ramsayi recorded by Spanish observers during
the first fishing season.

During the second fishing season, Spanish obsarvers collected a total of 2,516 length
frequency records of Patagonotothen ramsayi in the period comprised between the &"
of Augugt to the 1% of November. Figure 12 illusrates the monthly length frequency
digtributions for the second fishing season.
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Length weight relationships

1,200 land based length weight records have been collected and these data include
eviscerated and gonad weight.
Otoliths

Since the beginning of February 2003 total of 587 pairs of sagitta otoliths have been
collected by FIFD observers from P. ramsayi, 79 from P. guntheri and 24 from P.
tessellata for age determination.

Since 2nd March to 11th July 2003 481 pairs of sagittd otoliths of P. ramsayi were

collected by Spanish observers and sent to Stanley for studies of age and growth by the
FIFD.
Reproductive Sudies

100 gonads from both sexes and arange of different maturity stage have been collected
for histology from the start of the project these will be used to describe the gonad
maturities microscopicaly.

Morphometric studies

A totd of 480 adult specimens have been collected for morphometric studies by the
University of Aberdeen between February and May 2003 by FIFD observers. Another
400 adult specimens were collected by Spanish observers.

The man am is to identify evidence for morphometric heterogeneity in rockcod, eg.
are there different stocks in the Faklands and the high sees. It will dso be possible to
identify messurements which best discriminate between rockcod and other species in
the genus Patagonotothen. As in the preceding hake Study Project, the methodology is
based on multivariate andyds of three independent character sets, namey externd
morphometrics, fin ray counts and skull bone morphometrics. Idedlly al samples should
be of one sex and, where possble, taken during the breeding season, when spétid
segregation of sympatric stocks is most likely to be seen. The firgt batch d fish (60) was
measured in Vigo in September 2003. The fish were collected by an IEO observer in
April 2003. A totd of 18 morphometric measurements including total length and 3
counts of fin rays were taken from these samples. The mgority of this work will be
completed in 2004.

Diet studies

The ams ae to quantify the diet of rockcod, evduate ontogenetic, seasond, regiond
and interannua variation, and examine the role of rockcod as prey for other fish. The
processing of rockcod stomach contents will commence in 2004. Samples collected by
the observers are stored in the IEO center in Vigo and are been sent to UNIABDN for
andyss. The information on rockcod as prey will derive manly from the previous
study project on hake.

Just over 240 stomachs have been collected for diet sudies by the Universty of

Aberdeen during the second 6 months of the project. Another 366 stomachs were
collected by Spanish observers.

Diet: The processng of rockcod stomach contents will commence in 2004 once the
samples arrived at UNIABDN.
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Morphometrics: The mgority of thiswork will be completed in 2004.
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Processing and reading of Patagonotothen spp. otoliths for age and growth studies
(2"9 progressreport, 2004).

Introduction

A badc knowledge of how fish grow and the reative numbers of juveniles and mature
fish in a population is required to answer questions on how fishing affects a population.
It is dso useful to know the Sze and age of a particular species when it reaches sexud
maturity. Knowing the average Sze and dze vaiaion a age over severd yeas is
important for comparative studies. These changes may be normd or result due to a
change in their environment.

Severa kinds of hard parts of fish can be used to determine age. Otoliths and scales are
the most common. Otoliths are composed of cacium carbonate crystals embedded in an
organic matrix. The organic materia conssts of layers of concentric shells. There is
evidence that variation in the amount and thickness of the shdls is respongble for ring
formation. With some exceptions, opague zones are lad down during the summer, and
tranducent zones (hydine) are formed during winter (Casslman, 1983). Just to confuse
matters zones viewed by reflected light sppear the reverse of those seen through
trangmitted light.

As far as we are aware this is the third study to employ otoliths to examine the age and
growth of Patagotothen ramsayi. Ekau (1982) found that age determinaion using
otoliths proved to be the easest and most reliable method. He dso found that the
comparisons of readings between otoliths and scales showed good agreement. Otoliths
and scales from southern dations (> 46° S) were found to have wel defined growth
zones, which were more digtinct than those from northern dations (<42 ° S). Ekau
(1982) dso found that otoliths from the northern areas had a hydine centre in every
case. He adso found a maximum age of 11 years on the Burdwood Bank. Polish studies
in the South Atlantic reveded that ages of P. ramsayi ranged from 1 to 14 years
(Sosinski and Janusz, 2003).

The only other work o examine the age and growth of a Patagonotothen species was on
lavd P. tessellata where Rae et al. (1999) vaidated their daly growth rings and
examined thar growth.

The ams of this sudy were to ascertain whether otoliths could be used to edtimate age
and growth of this fish, and to determine P. ramsayi longevity and growth rates. It was
aso necessary to vdidate the annual depostion of growth rings and to compare the
readings taken from scaes with those taken from otoliths.



Materials and Methods
Sample collection

Since the onset of the current CRAFT project in February 2003 for Patagonotothen
ramsayi, a regula sampling regime was st in place to invedigae the populaion
dynamics and other aspects of the biology of this species (see sample protocols in
“Promoting a higher added vaue to a finfish species rgected to sed’, Q5CR-2002-
71709, Frg Midterm Review). On board commercid vessds scientific observers
processed samples for length frequency analyss and sub-samples were brought back to
the Fakland Idands Government Fisheries Department (FIFD) laboratory for further
andyss. On commercid trawlers and the research vessd RV Dorada the length
frequency of the caich was andysed by measuring the totd length (Lt) (nearest cm
bedow) with every individua assessed for its sex and dage of maturity
(macroscopicaly) using the FIFD maturity scae (See Table 2).

Table 2: FIFD eight stage maturity scale

Maturity Stage

Female

Male

| = Immature

Il = Resting

11 = Early Developing

IV = Late Developing

V = Ripe
VI = Running
VII = Spent

VIl = Recovering Spent

Transparent, colourless or grey
straight ribbon

Colour, length & presence of
capillaries asfor testis. No eggs
visible

A few eggsvisible

Orange-red. Eggs clearly
discernible

Eggs completely round. Some
aready translucent and ripe

Roe runs freely when slight
pressureisapplied

Purple/red, not completely
empty. No opaque eggs left in
the ovary

Red and empty. A few eggsin
state of resorption

Transparent, colourless or grey
straight ribbon

Translucent, grey-red. Gonads
approximately 1/2 length of
ventral cavity. Outer edge
starting to become pleated/frilly.
Oneor two capillaries present
Heavily frilled, no milt present

Reddish-white. No milt
produced under pressure,
although visible (may be
necessary to cut open to
ascertain presence)
Extremely pleated. White and
full with drops of milt produced
under pressure

Milt runsfreely when slight
pressureis applied
Purple/red, not completely
empty

Red and empty

The eght-dage maurity scde used here was modified from Nikolsky (1963) where
dage 3 is divided into an early and late developing stage. In the laboratory the totd
length, wet mass (Mt, nearest g below) and eviscerated weight were ascertained. Sex
and maturity were assessed and the gonads were removed and weighed (Mg). On board
vessels and back in the FIFD laboratory otoliths and scales were removed. Later on in
the project scientific observers were asked to remove otoliths and scdes from large and
gamal animds and these were then introduced to the study non-randomly.
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Otolith and scale processing

On board or in the laboratory otoliths and scdes, were removed, rinsed in water to
remove any tissue, blood or mucous and stored dry, in pars, in paper envelopes.
Initidly otoliths were stored in a vid of water for a leest 24 hours. They were then
examined under a zoom microscope on a dark back-ground. It became clear early on
that some otoliths from larger animas were difficult to read because they were too thick
and opaque. This was dso evident in a smdler number of smdler fish. In this case
different gpproach was necessary. The most effective method was to grind the otoliths
into what was effectively a transverse section of about 200~300 pm. This was achieved
by laying a microscope dide onto a hot plate with a few crystas of a thermo-plagtic
cement caled Crystd Bond™ (Aremco Products, Inc) until the plastic melted. The
otolith was then placed into the melted plastic and positioned with its dista surface face
down on the microscope dide. Once in the plagtic the otolith was then moved o that its
nucleus was in postion a the edge of the dide and alowed to set. Once st the otolith
was the ground down to the edge of the dide usng a Buehler Metasarve 2000
Grider/polisher. The dide was then heated again and once the plastic had mdted the
otolith was turned round and postioned with its ground surface on the dide. The otalith
was placed on the grinder agan and was ground down to the nucleus effectively
producing a transverse section firgtly using 600 then 1000 grit sand paper (Figure 13).

Scdes were removed from a collection randomly and were washed in freshwater to
clean there surfaces of skin and mucous. Once cleaned, they were rinsed in 70%
ethanol, dried and mounted on dides with cover dips. Scales were read using
trangmitted light.

Figure 13: @) Crystal bond heating on the hot plate b) Grinding a Patagonotothen ramsayi otolith

Once the otolith was ground to the required thickness the section was then covered with
adrop of immersion il and viewed with dark-field trangmitted light.

Comparisons of reading between otoliths and scales

Reading taken from otoliths and their corresponding scdes were compared using the
index of average percent error (IAPE, Beamish and Fournier, 1981):

Ne1 & [Xij- X [u
IAPE=L3 & é—| - X |
N =1 é i=1 XJ é



where N is the number of fish aged, R the number of times each is aged, X the ith age
determination of the jth fish and X]j the average age cdculated for the jth fish. Readings
were also compared usng smple regresson and apaired t test.

Validation of annual growth bands

Margind increment andyss was employed to vaidate the annud periodicity of growth
ring depogtion in the otoliths. Otoliths that were determined to be between 3 and 5
years were chosen because ther tranducent zones were aufficiently far apat to note
whether they had occurred on the margin of the otolith. With this the assumption is that
margins in fish older than five and younger than three years lay their margins down at
the same time of year. Idedly al ages should be vdidated but in this case the
tranducent zones were too close together to be able to accurately assess when they were
forming on the edge of the otolith. Twenty of these otoliths were pooled into the nonths
that they were collected. Unfortunately, samples were not collected in January or
December for 2003 and 2004 due to lack of scientific observation on commercia
vessas. The periodicity of band depostion was then assessed by the monthly prevaence
of tranducent zones at the edge of the otaliths.

Growth

Length a age data were fitted with a nonlinear leest squares regresson to the von
Bertdanffy growth modd:

L= Lg(1—exp[-K(t —to)])
Results
Sample collection
From the onsat of the study in February 2003 scientific observers collected a total of

3145 otoliths of which 1277 were read. Figure 14 illustrates sample locations of P.
ramsayi that were used in this particular study.
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Figure 14: Sample locations of P. ramsayi caught between caught between February 2004 and December
2003 that were used for this particular age and growth study.

Otolith readability and processing

The clarity of the pattern of zonation in the otoliths a varied a great ded, however zone
counts were determined from 97% (n = 1239) of the otoliths examined. The remaining
three percent were consdered to be impossible to read due to irregular calcium deposits
and problems interpreting zones. Of the otoliths that were readable 81% were read
whole while 19% were conddered to be too thick and had to be ground down to a
transverse section. Figure 15 illudrates the banding on whole otoliths and Figure 3
illustrates the banding on otoliths that had been ground.
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c d
Figure 15: Patagotothen ramsayi otoliths (whole) showing banding @) 1yr b) 2yrsc) 3yrsd) 4 yrs

Figure 16: Section otoliths of Patagonotothen
ramsayi a) 7 yrsb) 8 yrsc) longitudinal section 14
yrs. Arrow indicates the 1% ring.

Validation

Determining whether an otolith margin was opague or tranducent was difficult when
examining whole otoliths. The andyss was made easer by examining otoliths, between
3 and 5 years, that had been sectioned using the grinding method. The proportions of
otoliths with tranducent margins in each month’'s sample are illudtrated in Figure 17.
Although there was no sample for December and January 2003 and 2004, the data
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indicate that the opague margins are lad down from September through to May (Figure
43). The tranducent zones were sometimes seen in October but the mgority are formed
between May and August (Figure 4b). Figure 18 illugrates the monthly prevaences of
tranducent zones on the edge of the otolith. This would suggest that one opague and
one tranducent zone are deposited per year in P. ramsayi.

Figure 17: a) Transverse section of a Patagonotothen ramsayi otolith with atranslucent margin b) with
an opague margin.
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Figure 18: Marginal increment analysis for Patagonotothen ramsayi for individuals of between 3 -5
years.

Scales

Scaes were initidly quite difficult to read until the correct transmitted light conditions
were found. Once edablished the scdes reveded srong growth rings that were
relatively easy to count (Figure 19). Comparisons of readings from otoliths and scales
from the corresponding fish showed good agreement with an IPAE of 4.36 (n = 141).
Figure 20a shows a histogram of the difference between reading taken from otoliths and
scdes and illustrates that there was a 78% agreement. Scales seemed to overestimate
age by one year in 13.5% of the sample and could be atributed to the difference in
interpretation between the two. There was no datidicdly sgnificant difference between
the two readings (P>0.05, t = 1.27, df. = 140). Figure 20b illustrates a correlaion



andyss between readings from otoliths and scales and dso illustraies a regression line
between the two.

Figure 19: Scalesfrom Patagonotothen ramsayi of different agesa) 2yrsb) 3yrsc) 5yrsand d) 8 yrs.
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Figure 20: a) Histogram illustrating the difference in ages determined from scales and otoliths of
Patagonotothen ramsayi (n = 141) b) correlation analysis between ages determined from otoliths and
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Growth

Cdculated von Betdanffy growth parameters are presented in Table 3. This illugtrates
that P. ramsayi is a reatively dow growing species that atains about 5~6 cm in its firgt
year after which it grows about 3 cm per year until age 4. After this growth rapidly
dowsto 2 cm per year until age 7 and then down to approximately 1 cm per year.

Table 3: Observed age length for Patagonotothen ramsayi examined during this study and studies
conducted by Sosinski and Janusz (2003), and Ekau (1982).

Study Sample No. Lsg K to
Thisstudy
Combined 1239 33.77 0.25 -1.07
Males 44 37.00 0.16 -2.28
Femaes 591 35.02 021 -1.68
Sosinski and Janusz
Combined Falkland 749 3825 021 -0.68
Combined Burdwood 290 44.60 0.15 -0.68
Ekau
Males 284 35.56 0.35 -0.23
Females 346 44.35 0.22 -0.06

It would seem that males had a dower growth rate than females but attain a larger sze
in our dudy. Because juvenile animds were difficult to sex we were unable to
determine the sex of 0 — group fish. Therefore the minimum age determined for both
mae and femae fish was 1 year and could be the reason why we have rddively high
negative vaues for to. The combined sample included maes, femdes and juvenile fish.
Table 4 presents an observed age length key for the combined sample examined during
this gudy and Figure 21 illudrates the caculated von Bertdanffy for our combined



sample, for Sosnski and Janusz’'s (2003) study for the Burdwood Bank and the
Faklands Shdlf, and for Shilbanov (1989) study on P. guntheri shagensis.

Table 4: Observed age length key of Patagonotothen ramsayi collected during this study.

Aage (vrs)

TL (cm) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total % Frequency
4 3 3 0.24
5 14 14 1.13
6 5 5 0.40
7 2 2 0.16
8 1 1 0.08
9 1 1 0.08

10 2 2 0.16
11 4 4 0.32
12 9 9 0.73
13 20 1 21 1.69
14 29 9 38 3.07
15 30 32 62 5.00
16 34 37 71 5.73
17 6 55 1 62 5.00
18 1 60 6 67 5.41
19 65 7 72 5.81
20 47 41 88 7.10
21 35 87 2 124 10.01
22 9 86 2 97 7.83
23 7 51 13 71 5.73
24 3 20 39 6 68 5.49
25 8 25 24 1 58 4.68
26 1 11 27 17 56 4.52
27 1 4 13 18 7 1 44 3.55
28 4 9 13 3 1 30 2.42
29 2 6 8 11 6 1 34 2.74
30 1 2 9 7 12 2 33 2.66
31 3 3 13 12 1 32 2.58
32 1 5 2 6 7 8 29 2.34
33 4 1 3 1 8 17 1.37
34 1 1 6 1 4 13 1.05
35 2 2 4 0.32
36 1 4 5 0.40
37 2 2 0.16
Total 24 137 360 309 96 77 57 45 41 39 15 9 16 2 12 1239 100

Mean 5.25 14.4 18.2 21.7 24.4 259 27.4 29.1 30.2 30.6 31.8 32.1 336 35 35.3
SD 0.79 172 213 145 1.17 121 155 156 148 123 132 033 0.72 141 1.16
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Figure 21: von Bertanalanffy derived growth curves for Patagonothen ramsayi examined in the present
study and those derived from Sosinski and Janusz (2003) for the Burdwood Bank and the Falkland Islands
Shelf. The growth curve for Patagonotothen guntheri shagensis was after Shlibanov (1989).
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Discussion

Patagonotothen ramsayi lays down one tranducent zone every year and counts of these
zones are likdy to be a vadid method for ageing. There are severd reasons why
“margind increment anadyss’ may provide mideading results and in many ways is one
of the most difficult validation methods to carry out properly. This is due to technicd
difficulties associsted with viewing partiad increments affected by varidble refraction
through the edge of the otolith, which thins as the margin is gpproached, and this is
made worse by light reflection off the curved surface (Campana, 2001). To reduce this
effect we used transversdy sectioned otoliths examined with tranamitted light and we
only used otoliths that were determined to be between 3 and 5 years. This the
assumption was that margins in fish older than five and younger than three years are
layed down at te same time of year. Idedly dl ages should be vdidated but in this case
the tranducent zones were too close together to be able to accurately assess when they
were forming on the edge of the otolith in older fish. Mark-recgpture of chemicaly
marked wild fish is one of the bet methods of vdidating the periodicity of growth
increment formation. The method is based on the rapid incorporation of cadcium —
binding chemicds such as oxytetracycline, dizarin, cacein or drontium, goplied a the
time of tagging, into bones, scaes, spines and otoliths (Campana, 1999). The result is a
permanent mark, visble under fluorescent light in the growth increment being formed at
the time of tagging. The number of growth increments formed digd to the chemicd
mark is then compared to the time at liberty after tagging. Unfortunately, P. ramsayi do
not seem to survive well after capture and the numbers required for tagging to ensure a
least some returns would have been too large. Also due to the duration of the project (~2
years) the likelihood of recapture after one year would have been low and therefore this
method was not thought be practicable.

The vdidaion of the firg or innermost growth increment is one of the most important
components of any age and growth sudy. Without correctly identifying the first
increment age determinations will be conggently wrong by a congant amount.
Unfortunately we were unable to complete this for this report and these data will be
presented later in a publication. Although the firgt increment was not vaidated we are
sure that we have correctly identified it.

Scales and otoliths showed good agreement with an IPAE of 4.36, which would suggest
that they could be successfully employed for ageing P. ramsayi. Ekau (1982) aso found
that scales and otoliths showed good agreement. However, the laiter study and the
present one agree that otoliths were more reliable and easier to process.

This species is reasonably dow growing with a maximum observed age of 14 years
This contrasts with the growth and longevity ancther notothenioid occurring of the
Fakland Idands shdf. Eleginops maclovinus is a large notothenioid that has a high
growth rate a an average of 10 cm/year for the firgt Sx years of its life with a maximum
observed age of 11 years (Brickle et al., in press). There have only been two other
sudies on the age and growth of P. ramsayi however no attempt was made to validate
the increments in ether study. Sosinski and Janusz (2003) examined the age and growth
of P. ramsayi on the Fakland Idands Shelf and on Burdwood Bank (Figure 21). They
found that P. ramsayi caught from the Burdwood Bank had lower growth rates and a
greater longevity than those caught from the Fakland Idands Shelf and the lower
temperatures on the Bark could explain this Comparisons the growth rates for P.
ramsayi caught on the shef during this study and those of Sosinski and Janusz (2003)



showed smilar growth rates, however Lg in the latter was higher, 38.25 cm as opposed
to 33.77 cm for combined animas (juveniles of undetermined sex, mae and femaes).
Although studies on age and growth are a times difficult to compare because of the
difference in individud interpretetion, especidly when the dructures are difficult to
read, it would appear that Sosinski and Janusz (2003) study produced smilar results.
However, they used whole otoliths soaked in water for ten minutes before reading
wheress the present study sectioned otoliths that were thought to be too thick to read
whole. This dtuation was paticularity evident on older fish and therefore their study
may have underestimated age in older fish. Ekau (1982) examined age and growth of P.
ramsayi from samples taken al over the Patagonian Shelf with exception of Burwood
Bank. His von Bertdanffy growth parameters are presented in Table 3. However, close
examination of his age length key would suggest that he dso underestimated age but to
a higher degree. If he pooled samples collected south of 46°S and north of 42°S or just
used samples from the latter then the large Sze & such young ages might explain this (5
yrs a 325 cm) (no geographicad data is supplied). One would expect increased growth
raes with higher ambient temperatures. Ekau (1982) examined whole otoliths in
glycerine with reflected light againgt a dark background.

Growth rates for maes and femdes are different. In our study maes seemed to have a
lower growth rate but attained a greater maximum Sze, which is the opposte to Ekau
(1982). It was suggested that mae P. ramsayi is a nest builder and is responsible for
parental care and they are sexudly dimorphic during the breading season (Ekau, 1982
Sosinski and Janusz, 2003) (Reproductive Biology of Patagonotothen ramsayi (Regan,
1913) around the Fakland Idands, Southwest Atlantic) so it is possble that a larger
mae size will lead to better breeding success through mate choice this could therefore
explan the difference in growth. Another species, P. guntheri shagensis, from Shag
Rocks in South Georgia has a much lower growth rate and adso a lower maximum sze
of 23 cm (Shilbanov, 1989). In interesting study would involve the comparison of age
and growth P. guntheri in the Fakland Idands with P. guntheri shagensis a South
Georgia.

Further gudies will include the vdidation of the first increment by examining the dally
rings within the microgtructure of the otalith.



Reproductive biology of Patagonotothen species in the Falkland Idands
Conservation Zones and on the high seas to the North of the FOCZ (2" progress
report, 2004).

Introduction

The study of how fish reproduce forms a basic and important part of fish biology,
especidly for those that support important fisheries. Knowledge of the dtate of maturity
and sex raio of individuds in a population is useful, and estimates of fecundity are
important in gsudies of population dynamics, productivity, or populations estimates
(Scott, 1979; Wootton, 1979).

Data on the reproductive biology of P. ramsayi was amost nonrexisent until 1982.
Ekau (1982) found that from July to September most specimens caught north of 42°S
were in maturity stage Il (after Mainer, 1908) and their otoliths exhibited a hydine
nucleus. In contrast to this a larger proportion of fish on the Burdwood Bank were
dready a dages IV and V and ther otoliths exhibited opaque nuclei. Ekau (1982)
suggested that this might indicate a difference in the time of spawning from audrd
autumn in the north to audra soring in the south. He dso noted that specimens at
maturity dages IV and V exhibited diginct sexud dimorphisn where the and fins
ventrd fins and the throat of the maes turn deep black.

Sosnski and Janusz (2003) summarised Polish ichthyological studies conducted on P.
ramsayi from 1979 — 1993 and aso reported fish in the north matured in the autumn and
fish in more southerly areas maured in spring and therefore spawn in these months.
They dso provided data on length a maturity and suggested that length a maturity in
the northern areas (<42°S) occur two months earlier.

Other than the above there is no data on the reproductive habits and fecundity of P.
ramsayi avalable in the literature. Rae and Cavo (1995) examined the fecundity and
reproductive habits of Patagonotothen tessellata (Richardson, 1845) from the Beagle
Channd, Argentina and reported that females spawn twice per year and fecundity was
postivey corrdaed to fish length and fish weight with a mean fecundity of 25,932
egos (range 7,634-62,033). From observations in the fidd and experiments conducted in
aquaria they reported that P. tessellata males build nests in rock depressons where the
eggs ae spawned and fertilized. They found that the nesting activity coincides with
massve spawning periods. Indde a nest either a sngle mature mae, or a mature mae
together with severd ripe femaes, or a mae with severd eggs masses were found. They
dso found that whilst the devdopment of embryos within a sngle mass was well
synchronised there were condderable differences between different egg masses. Only
maes that had prepared nests were able to mate successfully. Rae and Cavo (1995)
found that a sngle mde could fertilize egg masses spawned by severd ripe femdes
within the same reproductive period. Once the femades had spawned they would then
leave the nest. Maes on the other hand were found to be responsible for parental care
and were observed aerating the eggs with their pectord fins and opercula during
development. Once the eggs had hatched the maes left the nests, and according to Rae
and Cavo (1995) they did not feed during incubation.

The ams of this sudy was therefore to gain an ingght into the reproductive biology of

P. ramsayi on the Patagonian Shelf between 45°S and 52°S paying particular attention
to thelir reproductive cyde, length a sexua maturity and their fecundity.
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Materials and Methods
Sample collection

Since the onset of the current CRAFT project in February 2003 for Patagonotothen
ramsayi, a regular sampling regime was st in place to invesigate the populaion
dynamics and other aspects of the biology of this species (see sample protocols in
“Promoting a higher added vaue to a finfish species rgected to sed’, Q5CR-2002-
71709, First Midterm Review). On board commercid vessds scientific observers
processed samples for length frequency analyss and sub-samples were brought back to
the Fakland Idands Government Fisheries Department (FIFD) laboratory for further
andyss. On commercid trawlers and the research vessd RV Dorada the length
frequency of the caich was andysed by measuring the totd length (Lt) (nearest cm
bdow) with every individua assessed for its sex and dage of maturity
(macroscopicaly) using the FIFD maturity scae (See Table 1).

Table 1: FIFD eight stage maturity scale
Female

Maturity Stage Male

| = Immature Transparent, colourlessor grey  Transparent, colourless or grey
straight ribbon straight ribbon
|l = Resting Colour, length & presence of Translucent, grey-red. Gonads

capillaries asfor testis. No eggs
visible

approximately 1/2 length of
ventral cavity. Outer edge
starting to become pleated/frilly.
Oneor two capillaries present
[l = Early Developing A few eggsvisible Heavily frilled, no milt present
Reddish-white. No milt
produced under pressure,
although visible (may be
necessary to cut open to
ascertain presence)

Orange-red. Eggs clearly
discernible

IV = Late Developing

V =Ripe Eggs completely round. Some Extremely pleated. White and
already translucent and ripe full with drops of milt produced
under pressure
VI = Running Roe runs freely when slight Milt runs freely when slight
pressureisapplied pressureisapplied
VIl = Spent Purple/red, not completely Purple/red, not completely

VIII = Recovering Spent

empty. No opaque eggs left in
the ovary

Red and empty. A few eggsin
state of resorption

empty

Red and empty

The eght stage maturity scale used here was modified from Nikolsky (1963) where
dage 3 is divided into an early and late developing sage. In the laboratory the tota
length, wet mass (Mt, nearest g below) and eviscerated weight were ascertained. Sex
and maturity were assessed and the gonads were removed and weighed (Mg). The
gonadosometic index (Ig) was caculated as

ls= (Mg/Mr) X 100
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Sex ratio and length frequency analysis

The sex ratios and length frequency dynamics of P. ramsayi were andysed on a
monthly (pooled over two years, 2003 and 2004) basis to ascertain whether sex or
length related migration were masking the true sex ratio of the Ly of the population. The
sex ratios of mature individuas (>= 25 cm Ly, maturity stages 1V, V, and VI) between
May and August (pooled for 2003 and 2004) were adso examined as an indicator of nest
preparation and nest guarding in maes. In al cases there were no data for December for
both 2003 and 2004 due to lack of scientific observation on vessels.

Length at maturity

Patagonotothen ramsayi were consdered to be sexuadly mature a stage 111, To estimate
the length a 50% maturity (Lmso) a three-parameter logistic modd wasfitted to the data

_a
y= b
®ex 0

1+ 86X 2

X @

where y is the percentage of mature animals, X is Lt (cm), % is the Ly at 50% maturity,
athe asymptotic value and b is the shape parameter.

Fecundity estimation

A tota of 37 P. ramsayi ovaries collected between 2003 and 2004 were examined for
the purposes of this particular sudy, including those from three maturing femaes a
gage 111, 30 mature femaes a stage IV and from four spawning individuds & stage V.
To edimate the totd number of eggs in the ovary, three samples of 150 — 250 mg
(depending on the egg Sze) were taken randomly from different parts of the gonad. This
number of sub-samples from the ovary was conddered to be sufficient for a good
edimation: even one sample gave a reasonable estimation of the total oocyte number in
the ovary, as the initid edimation of fecundity was within the 95% confidence limits of
the final estimation when the sample number had risen to Six (Figure 22).
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Figure 22: Changes in the precision of fecundity estimation in afemale at stage IV (Lt = 23 cm) with
increasing sample numbers.
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In each sample, oocytes were separated from a network of blood vessals and counted
using a Bogorov camera. The egg diameters of 30-35 eggs per sample (tota ~ 100 per
ovay) were measured across ther mgor axis. Resorpting oocytes were counted
separately but were not taken into account when estimating fecundity.

Gonad histology

A totd of 126 gonads collected over the study period where fixed in 10% buffered
formdine sdine (10% BFS, mdes) and Bouin's solution (femdes) for later histologica
andyss The sex of each specimen was determined both macroscopicaly and
microscopicaly. Whole gonads were weighed and then cut into 2 to 5 pieces depending
on ther sze to obtain sections from different locations in the ovary, and later embedded
in paraffin wax. Sections of 5 — 7 um thick were cut on a microtome and mounted on
dides. They were dtaned with routine Mayer's haematoxylin and eosn dans. The
sections were then mounted with either DPX or Canada Balsam.

Results
Sample collection
A total of 38,667 P. ramsayi were sampled on board commercia trawlers and research

cruises by scientists and scientific observers between February 2003 and November
2004. Figure 23 illudtrates the sampling locations on the Patagonian Shdlf.
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Figure 23: Sample locations for Patagonotothen ramsayi between February 2003 and November 2004



Length frequency analysis and sex ratio

The s=x raio of P. ramsayi with increesng length for dl animds sampled over the
study period was gpproximately 50% males and 50% females (Figure 24).
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Figure 24: Sex ratio of pooled Patagonotothen ramsayi versus total length

Pooled monthly length frequency andyss illudtrated that the sex ratios are about equal
with a smdl mae bias between January and June. From July onwards there is a femde
bias and this is most evident in animas of greater than 20 cm Ly. Then in November
this dtuation changes whereby there is a pronounced mae bias in the sample population
especidly in animals over 27 cm Ly (Figure 25). This may indicate that larger maes re-
enter the sample population before the smdler individuas.
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Figure 25: Pooled monthly length frequencies for Patagonotothen ramsayi sampled between February
2003 and November 2004

The sex ratios of mature individuds (>= 25 cm Ly, maturity stages IV, V and VI) were
examined monthly. The sex ratio in May, June and July showed an extreme femae bias.
After July the percentage of femdes in the sample population decreased down to just
over 50% in September (Figure 26). This indicates that only a smal number of maes
ae in the sample population between June ~ August after which ther proportion
increases in September. There were no data for the other months of the year because
meature animals were not found in these months.
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Figure 26: Monthly sex ratio of Patagonotothen ramsayi for mature animals greater than 25 cm Lt

Length at maturity

Mde and femde P. ramsayi were consdered sexudly mature (grester or equd to
maturity stage 111) at 27.56 cm Ly and 24.85 cm Ly respectively. The length & maturity
for combined sexes (maes and femaes) was caculated to be 26.05 cm Ly (Figure 27).
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Fecundity
Formation of total fecundity during maturation

Resorpting oocytes were found in dl three femades a maiurity stage Il that were
examined (100%), in 21 of 30 femdes a stage IV (70%), and in two of four femaes
(50%) at stage V. Usudly the resorpting oocytes did not exceed 3% of the total number
of yolk oocytes but in some animas, during early maturation, this figure was as high as
10% of the oocyte stock. There was a dgnificant negative corrdation (P<0.001,
Spearman r = -0.573) between mean egg Sze and the percentage of resorpting oocytes
indicating that the intengty of atreson decreases with maturation (Figure 28)
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Figure 28: Changes in the occurrence of resorpting oocytes with increasing egg size in Patagonotothen
ramsayi

Oocyte maturation

The oocyte length didribution in the ovary was found to be unimoda during al sages
of maturity (Figure 29) indicating thet P. ramsayi is a total spawner as opposed to a
batch spawner. Upon reaching 0.95 — 1.15 mm, the oocytes are ready to ovulate. The
sze of hydrated oocytes is 1.0 — 145 mm. Egg Sze was found to increase with
increasng fish length & maturity stage V (Figure 30). When examining the eggs under a
microscope it was found that their periviteline space was rather smal suggesting that
the egg masses of P. ramsayi are benthic (see Figure 214).

Fecundity

Counting the number of hydrated oocytes in femdes with a maturity stage V, as well as
the total number of yolk oocytes in femaes at stage IV (70%), where oocyte modd Size
exceeded 1 mm and resorption was no longer observed in the ovary was the method
used to estimated fecundity.

The totd fecundity in fish ranging 20 — 31 cm Lt vaied between 24,300 and 76,700
eggs and this vaue increased with increesng femde sze. The tota number of oocytes
in less advanced femdes a maturity stage 1V was much higher (Figure 31) because of
continuing oocyte areson and reached as much as 160,000 in fish of 30 — 31 cm Ly.
This therefore suggests that oocyte atreson during maturation reduced the fecundity by
at least 50%.
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Figure 31: Total fecundity of Patagonotothen ramsayi at different maturity stages
The timing of spawning
Four spawning females a dage V with hydrated eggs were caught at night between
22:00 and 08:00, between August and September, at depths ranging 250 — 392 m. This
might suggest that spawning takes place during darkness for P. ramsayi
Annual reproductive cycle

Mades and femdes sat to mature from May onwards, and the main spawning period
seems to occur between June and August when the mgority of femde and mae
maturity stages V and VI are encountered in the sample population. In October and
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November large numbers of post spawning (Stages VII and VIII) animds are found in
the sample population after which there is a greater proportion of resting animas.
Monthly changes in the frequency of occurrence of various maturity Stages are
illustrated in Figure 32.

The mean (x SE) GSI cdculated for maes and femaes greater than or equd to 25 cm
Lt is illusrated in Figure 33. In each case there is a pesk in mean GS in June of
10.27% My and 0.35% M+t for maes and femdes respectively after which there is a
deady decline untii 0.05% My in mdes. The dedine in GS for femdes is less
pronounced until September (7.34% M) after which it declined drasticaly to 0.74%
Mr.
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Mapping the areas of occurrence of different maturity stages around the Fakland
Idands would suggest P. ramsayi spawn (maturity stages V and V1) on the shelf bresks.
Pogt spawning animads tend to move over a larger area to forage and recover. While
immature, resting and maturing animas are found al over the shef on ther feeding
grounds (Figure 34). Juveniles of less than or equa to 5 cm Ly were found in depths of
less than 120 m with over 92% (n = 129) found a 52m or less. Larvae are found in near
bottom pelagic waters (our data), which would suggest that they could be caried
inshore by off shoots of the Falkland current (see Arkhipkin, 2003 for a description of

the hydrography in the areq).

103



Latitude

Latitude

Latitude

Southwest Atlantic

48°H

Patagonian Shelf

50°S+

52°57

54°5

Latitude

46°S—

48°S+

50°S—

54°57

Southwest Atlantic

Patagonian Shelf

<
—
Burdwood Bank =2
\_“).1
— = F 9

T T T T
62°W 60°W 56°W 54°W

T
52°W

T T T
62°W 60°W 56°W

64°W 58°W 64°W 58°W 54°W 52°W
Longitude Longitude
Spawning females (Mat V and V) Spawning males (Mat V and VI)
46 Southwest Atlantic I 467 Southwest Atlantic
48°5 I 48°5—

Patagonian Shelf

Patagonian Shelf

a %
50°S - £ 50°S
£
S
52°5] L 5205
a0 M L 5405 M L
64° 62!’W GOI"W 58°W 56!’W 54‘!W 52‘!W 64°W 62!’W SOLW 58°W 56I°W 54°IW 52°IW
Longitude Longitude
Post Spawning females (Mat VIl and VIII) Post Spawning males (Mat VIl and VIII)
) L L 1 1 L ) L 1 1 L
g s e kS
467 : Southwest Atlantic r 467 v, Southwest Atlantic
28°s- L ag°s-
Patagonian Shelf Patagonian Shelf
Lt g Lt
50°S - + Z 50°SH - .
3 Tty

[ a4

52°57

54°5

54°57

T T L T T T T T L T T T
64 62°W 60°W 58°W 56°W 54°W 52°W 64°W 62°W 60°W 58°W 56°W 54°W 52°W
Longitude Longitude

Immature and maturing females (Mat I,11,111,1V)

104

Immature and maturing males (Mat 1,11,111,1V)



Southwest Atlantic

Patagonian Shelf

Figure 34: Chartsillustrating the areas of occurrence
of the different maturity stages of Patagonotothen
ramsayi.

54°5

T T T T T
64°W 62°W 60°W 58°W 56°W 54°W 52°W
Longitude

Juvenileindividuals<=5cm Lt

Gonad histology

The ovaries and testis were divided into sSx caegories based on their higtologica
characterigtics.

Testes

Immature stage (Stage 1) (Figure 35a and b). Typicd immature testes were thread
like and pink in colour. Higologicdly the densdy packed tubules contaned layers
gpermatogonia and amost no lumen.

Figure 35: a) Histological section of animmature testis of Patagonotothen ramsayi b) Macroscopic photograph
of an immature testis

Developing stage (Stage |11 and V) (Figure 36a and b). Macroscopicdly testes are
usudly larger than in the previous category and in this case they were more rounded in
shgpe and pinkishwhite. Higtologicdly this stage contained abundant spermatogonia,
numerous spermatocyte cysts and some spermatozoa were atached to the walls lobule.
Some spermatozoa were aso found free within the lobule lumen.
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Figure 36: a) Histological section of adeveloping testis of Patagonotothen ramsayi b) Macroscopic photograph
of adeveloping testis

Mature/spawning stage (Stage V and VI) (Figure 37a and b). Macroscopicaly these
are much larger than in the previous category and in this case the testes were more
rounded in shape and white in colour. Sperm oozes out of the testis when under
pressure. Higtologicdly this stage has damilar dages of spermatogenesis except these
gonads are characterised by having their lumens packed with spermatozoa

Figure 37: @) Histological section of amature testis of Patagonotothen ramsayi b) Macroscopic photograph of a
mature testis

Spent stage (Stage VII and VII) (Figure 38). These testes tend to be purple/red and
quite flaccid. Higtologicaly this dage contained abundant Spermatogonia, nuMerous
spermatocyte cysts but will large empty lobule lumens.
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Figure 38: Histological section of aspent testis of Patagonotothen ramsayi

Resting stage (Stage I1) (Figure 39a and b). These ae generdly larger than the
immaiure stage and ae pink to white in colouraion. Hidologicdly they are
characterised by large numbers of spermatogonia and spermatocyte cysts. However
there are few spermatids and no or very few spermatozoain the lobules.

Figure 39: @) Histological section of aresting testis of Patagonotothen ramsayi b) Macroscopic photograph of a
resting testis

Ovaries
Immature stage (stage 1) (Figure 40a and b). The ovaries at this stage are transparent

and colourless. Higtologicdly they are characterised by having only previtdlogenic and
protoplasmic oocytes.
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Figure 40: a) Histological section of an immature ovary of Patagonotothen ramsayi b) Macroscopic photograph
of animmature ovary

Developing stage (stage |11 and 1V) (Figure 41a and b). In this Sage the ovaries are
pink and contain numerous capillaries on the surface. Histologicaly the oocytes are in
early stages of yolk accumulation with vitelline droplets forming in the cytoplasm.

b
Figure 41: @) Histological section of adeveloping ovary of Patagonotothen ramsayi b) Macroscopic photograph
of adeveloping ovary.

Mature/spawning stage (stage V and VI) (Figure 42a and b). The ovaies in this
dage were orange in colour consderably larger than in the previous stage. This stage
was impossible to process higologically as most of the oocytes were fully hydrated and
ovulated and thus contained no dructure to hold the eggs in place whilst sectioning
samples on the microtome. However, photomicrographs of fixed (10% Buffered formol
saine) eggs reveded that most oocytes were hydrated and ovulated. The oocytes were
dso found to contan a vey smdl perivitdline (see arow in Figure 21a) space
suggesting they were benthic as opposed to pelagic.
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a b

Figure 42: a) Hydrated oocytes of Patagonotothen ramsayi with the arrow illustrating the preivitelline space b)
Macroscopic photograph of a mature ovary

Spent stage (Stage VII and VIII) (Figure 43). In this stage the ovaries are pink/purple

in colouration and flaccid. Higologicadly they contan oocytes in areda, many
postovulatory follicles and previtellogenic oocytes.

Figure 43: Histol gcial section of asp Patagonotthen ramsayi ovary.
Resting stage (stage I1) (Figure 44a and b). Tranducent to pink in colouration with
only a few cepillaies on the surface of the ovary. Hidologicdly they contan a few
oocytesin late atresa and a combination of previtellogenic and protoplasmic oocytes.

Figure 44: @) Histological section of aresting Patagonotothen ramsayi ovary b) Macroscopic photograph of a
resting ovary
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Discussion

Pooled monthly length-frequency andyss and particularly the sex ratios of mature fish
(stages 1V, V and VI) suggest that an absence of maes in the population during May,
June and July could be an indication of nest preparation and nest guarding in mae P.
ramsayi. The hypothess is that while mae P. ramsayi are preparing nests and nests
guarding their catchablilty decreases because they do not tend to be in the water
column. The length-frequency data (Figure 4) for September and October however
show tha femaes predominate over most sSize classes with the exception of animas
over 33 cm Ly in October. In November males in the larger Sze classes (>27 cm Ly)
predominate. This might indicate that the larger males are more successful a competing
for mates than the smdler males and therefore start to reproduce earlier and leave their
nests earlier after the eggs have incubated then hatched. Smdler maes become more
prevdent in the population during January to February. The eggs of P. ramsayi contain
a gndl perivitdlogenic space suggesting that they are benthic. This is in contragt to
another abundant locd notothenioid, Eleginops maclovinus, which have pdagic eggs
and these are characterised by containing a large perivitellogenic space (Brickle et d, In
press). Nesting behaviour has been found in other species of Patagonotothen namdy P.
tessellata, P. sma and P. cornucola (Rae, 1989, 1993; Rae and Calvo, 1995). Rae and
Cavo (1995) dated that parenta behaviour in P. tessellata is usudly associated with
territoria behaviour and sexua dimorphism. Sexud dimorphism has dso been reported
for P. sima and P. corucola a times when femades are markedly extended with eggs in
July to September indicating that the dimorphism occurs during the spawning period
(Gosztonyi and Lopez-Arbarello, 2000). Large specimens of sexualy mature P. ramsayi
adso seem to be sexudly dimorphic during the spawning season where their and and
ventrd fins and the throat of the mdes turn a degp black colour which may suggest
territorid  behaviour and competition for mates (Ekau, 1982, Sosnski and Janussz;
FIFD unpublished data)

Length a sexud maturity for P. ramsayi was found to be 27.56 and 24.85 cm Ly for
made and femae fish repectively. This would suggest that they mature at the ages of 5
to 7 years respectively. Sosinski and Janusz (2003) concluded that length at maturity
was between 17 and 18 cm but they consdered fish to be mature at stage Il on an eight-
dage maturity scde. In our study we consdered fish to be sexudly mature at greater or
equa to stage 111 between July and November. Sosinski and Janusz (2003) included fish
that were virgins in ther resing stage (dage I1). Our data suggedts that P. ramsayi are
dow developerstaking 5 to 7 yearsto reach their lengths at sexud maturity.

Oocyte resorption occurs in P. ramsayi as it occurs in other tdeost fish including the
nototheloids (Ivankov, 1985; Cavo et al, 1999; Murua, et al, 2003). It is most intense
during the early stages of maturation and sharply decreases before spawning. This type
of oocyte atreson has adso been observed in other polycyclic tota spawners such as the
whitespotted char, saffron cod (lvankov, 1985) and Norwegian spring-gpawning herring
(Kurita et al, 2003). A reduction in fecundity a maturation varies among tdeost fish
from 8% to 85%, and 50% to 65% decrease in the number in of yolk oocytes found in
P. ramsayi is dmilar to many other polycydic spawners (see Ivankov, 1985; Kurita et
al, 2003).

Fecundity and egg sSze in P. ramsayi ae smilar to those of other Patagonotothen

oecies, but the paucity of the data prevents any detalled comparisons. There are
gpproximately fourteen species of Patagonotothen and they are very common in the
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shdlow waters around southern South America (Froese and Pauly, 2004), but the
reproductive  biology of this genus is surprisngly undersudied. Patagonotothen
guntheri is the only other commercid species and it is smdler than P. ramsayi ataning
23 cm Ly (De Witt et al, 1990). Because of its smdler Sze it has a lower total fecundity
of 6,000 — 28,000 eggs but has a smilar rdative fecundity of 200 — 280 eggsg. Egg sze
in this species is dso gmilar to tha of P. ramsayi, 1.0 — 1.4 mm (Lisovenko, 1987;
CCAMLR, 2000).

Another relatively abundant rockcod species around the Fakland Idands, P. tessellata,
adso smdler than P. ramsayi dataning a maximum sze of 25 cm Ly (FIFD data), has a
lower fecundity: 7,634 — 62,033, with a mean egg number of 25932 in fish ranging
between 15 — 24 cm Ly (Rae and Calvo, 1995). The reative fecundity (RF) of this
species is described by the regression equation RF = 271 + 20241* Ly (Rae and Calvo,
1995). This would suggest that the relative fecundity (no primary data presented in Rae
and Cavo, 1995) in this species is about 300 — 320 eggdg, which is dightly higher than
both P. ramsayi and P. guntheri.

In tota spawners, as opposed to batch spawners, the whole reserve of oocytes is
spawned in a unique event over a short period of time as pat over a sngle episode
(Murua, et al, 2003). If P. ramsayi does possess parental behaviour and nest guarding,
as is indicated, it is likdy that femaes are able to dispatch their fecundity in the nests of
severa maes during avery short individua spawning period.

Smilar szed notothenioid fish (mature femdes 13 — 38 cm Ly) from the Antarctic
seasonal  pack-ice zone with dightly larger eggs (1.2 — 1.6 mm) (eg. Notothenia
cyanobrancha, N. anguistifrons, Gobionotothen acuta and Lepidonotothen kempi) have
total fecundities of between 5,600 — 86,000 eggs and relative fecundities of 100 — 350
egodg (Kock and Kelerman, 1991). These are very smilar to those reported from
Patagonotothen species and suggests that both smdl high Antarctic and sub-Antarctic
notothenioids follow the same reproductive strategies displaying both r and k drategies
with high rdaive fecundities, smdl egg Sze and parentd care.

It is concluded that maes and femdes sart to mature from May onwards, and the man
gpawning period seems to occur between June ad August when fish migrate from thar
feeding grounds over a wide area of the shelf to the shelf breeks, it is here that the maes
build nests. Large numbers of post spawning animals then start to soread back to thelr
feeding grounds to forage and recover.
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M or phometric studies (2" progress report, 2004).

Introduction

Multivariate analyss of morphometric and meridic characters is a widely accepted tool
for defining population units which, dthough superseded by molecular genetics
techniques as the tool of choice, remains useful, eg. in the absence of adequate
resources to devdop and agoply genetic makers. Andyds of merigics and
morphometrics has been used to identify or differentiate between genera, species, sub
gpecies, groups within species and individuds (eg. Boetius, 1980, Fridriksson, 1958,
Pierce et al, 1994, Tudea, 1999, Bolles and Begg, 2000). Merigtic characters are
enumerable morphological features such as fin rays, gill rakers and vertebrae, wheress
morphometric characters are those obtained by measurements of body parts.

Morphometric and merigic differences arise when populaions are redively discrete,
e.g. because they occur in different areas or use different breeding grounds, so that there
is reatively little gene flow. Under such circumstances, natural sdection or genetic drift
can lead the two populaions to differ genotypicdly and phenotypicdly. However,
phenotypic differences can dso arise due to differing environmental conditions in each
geographic area (Mamuris et al, 1998) and it is thus desrrable to have data from more
than one independent character set to confirm that the observed differences have a
genetic basis.

This dudy discusses the results of a morphomeric and meigic sudy of
Patagonotothen ramsayi. from around the Fakland idands, with the am of determining
the stock gdtructure of this species. There have been no previous studies of population
structure of this pecies.
Materials and Methods

Sampling and sampling measurements:

Whole Patagonotothen ramsayi. were collected from fishing vessds operaing around
the Falkland idands during April and September 2003 (see Table 5).

Table 5. Summary of fish sampled: area, species, mean length (mm), number sampled.

. Length mean Number

Sample Area Species (mm) sampled
1 Fakland South  Patagonotothen spp 278,25 60
2 Fakland North  Patagonotothen spp 194,36 149
209

Samples were frozen and stored until anadysed. Analysis took place a the Indituto
Espaiol de Oceanografia in Vigo (Spain). Measurements were teken dways by the
same person and al specimens were randomly selected for the person and measured
once. Sdlection of external morphometric and meristic characters was based on previous
work on southwest Atlantic gadoids (eg. Sardella, 1984; Perrota and Sanchez, 1992
Murta, 2000). The following data sets were collected for each fish (see Tables 6 and 7):
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1- 18 externa morphometric measurements including total length.
2- 3 countsof finrays.

Table 6. Morphometric measurements taken from Rockcod in the Southwest Atlantic.

Number Code M easur ement (mm)
EXTERNAL
MEASUREMENTS
1 AM Totd length
2 AK Pre-cauda length
3 AE Head length
4 NO Pre-orbitd length
5 CD Eye diameter (pupil)
6 OP Orbital diameter
7 PQ Post-orbitd length
8 AF Pre-dorsd length
9 NS Pre-and length
10 NQ Pre-pectord length
11 QR Pectord fin length
12 FG Length of 1« dord fin
13 HI Length of 2nd dorsdl fin
14 ST Length of and fin
15 AB Length of mouth
16 XX Body height
17 yv4 Body width
18 YY Heght of caudd peduncle

Table 7. Meristic countstaken from Rockcod in the Southwest Atlantic

Number Code Count
EXTERNAL
COUNTS

1 ERA Number of 1« dorsd fin

rays
5 FRB Number of 2nd dorsd fin

rays
3 FRC Number of and fin rays

Data analysis

When al samples for dl populaions have been taken from the same age class there is
no need to diminate the sSze effect in the data set. Otherwise, an important stage in the
data preparation for morphometric anadyses is to diminate any Sze effect in the data set
when comparing fish of different Szes Vaiation should be atributable to body shepe
differences, and not related to the relative sze of the fish. Therefore, trandformation of
absolute measurements to  Sze-independent  shgpe variables is the fird step of the
anayses.
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Table Standardistion of the fish externd morphometrics was caried out usng a
gened liner modd to find the dope for each particular measurement (Table 8). The
standardised measurement Y* for each of the variablesis then:

Ye=Y-b(X - X)
Where:
Y = origind observation
b = regresson dope between fish length and each morphometric variable
X =totd length.

X = overdl mean totd length

Principle component andyss (PCA) of the morphometric measurements was then
caried out usng STATISTICA software. Plots of second axis versus first scores were
examined for evidence of segregation of fish from different aress.

A previous andlyss of each morphometric variable usng box plots showed the outliers
that were removed from the following andysis. The box plots in Figure 45 include the
removed outliers.

Principdl component andyss of dandardissd morphometric  characterigics  of
Patagonotothen spp. and summary datistics of standardised morphometric data are
shown in table 9 and 10.
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Table 8. Slope coefficient for each morphometric measurement.

Slope
Number M easur ement Congant
EXTERNAL
MEASUREMENTS

1 Totd length -
2 Pre-caudd length 0.8725
3 Heed length 0.2102
4 Pre-orbitd length 0.0593
5 Eye diameter (pupil) 0.0235
6 Orbita diameter 0.0047
7 Post-orbitd length 0.1305
8 Pre-dorsdl length 0.1976
9 Pre-and length 0.3771
10 Pre-pectord length 0.2243
11 Pectord fin length 0.1618
12 Distance to 1st dord fin 0.0753
13 Diganceto 2nd dorsd fin 0.4832
14 Length to and fin 0.4243
15 Length of mouth 0.0825
16 Body height 0.2404
17 Body width 0.1001
18 Height of caudd peduncle 0.0188

Results
External morphometrics

A totd of 18 morphometric measurements were recorded for each fish. All samples
were used in andyss of extend morphometric characters. Principa  component
andyss was initidly gpplied to untrandormed extend morphometric data, i.e
measurements not sandardised for fish length. PCA results showed that the first
principle component explaned 90.26% of the vaiability. The fird axis was as
expected, dominated by the effect of body size.

Usdng dandardised data, we ensured that the dSze-corrected variables were not
themsdves corrdated with body sze. Figures 46 and 47 show the results of principa
component analyss of untrandformed and transformed morphometric data. It can be
seen that, even when correct for sze differences, the two samples appear didtinct,
providing tentative support for the existence of more than one stock.
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Table 9. Principal component analysis of standardised morphometric characteristics of Patagonotothen
spp. in Falkland North (n=149) and Falkland South (n=60). The first ten components accounted for 81.58
% of the variance. Values in the body of the table are component loadings. Values considered significant
(Jr | > 0.6) are marked in bold.

Variable PC1 | PC2 PC3 PC 4 PC5 PC6 | PC7 PC 8 PC9 |PC10
AK -0421 | 0.621 | 0171 | 0072 | 0045 | 0110 | -0.203 | -0.049 | 0.116 | 0.008

AE -0252 | 0050 | 0199 | -0.633 | -0089 | 0382 | 0061 | 0392 | 0126 | -0.306

NO -0.682 | -0.164 | 0114 | 0109 | 0300 | -0.116 | 0020 | -0.020 | 0.128 | -0.070

CD -0.276 | -0225 | -0.015 | -0144 | 0305 | 0623 | 0384 | -0.391 | -0173 | 0.144
OoP -0.721 | -0.303 | -0.364 | -0.078 | -0.430 | 0.002 | 0010 | -0.132 | -0.008 | 0.004

PQ -0.176 | 0474 | 0017 | -0460 | -0021 | -0343 | 0326 | 0054 | 0229 | 0317

AF -0.626 | 0309 | 0070 | 0134 | 0241 | -0.283 | -0.087 | -0.289 | -0.058 | -0.115

NS -0530 | 0195 | -0.088 | -0.135 | 0239 | 0025 | -0211 | 0314 | -0409 | 0463

NQ -0478 | 0443 | -0192 | -0.162 | 0317 | -0.050 | -0.020 | -0.057 | 0.094 | -0.353

QR -0.108 | 0448 | -0.083 | 0.396 | -0.146 | -0.108 | 0596 | 0228 | -0.350 | -0.200

FG -0271 | 0269 | -0229 | 0573 | -0050 | 0358 | 0036 | 0273 | 0408 | 0.153

HI -0195 | 0383 | 0499 | 0120 | -0.330 | 0249 | -0.253 | 0.013 | -0.272 | -0.037

ST -0019 | 0369 | 0574 | 0030 | -0.360 | 0068 | 0082 | -0.309 | 0111 | 0.073

AB -0.407 | -0550 | 0278 | 0267 | 0142 | 0049 | 0063 | 0099 | 0210 | 0.091

XX’ -0.397 | -0567 | 0274 | 0.093 | 0.033 | -0.110 | -0.042 | 0155 | -0.165 | -0.221
27’ -0.161 | -0.318 | 0.684 | -0.025 | 0012 | -0230 | 0202 | 0113 | 0057 | 0.135
YY’ -0.660 | -0.266 | -0.319 | -0.100 | -0564 | -0.095 | -0.010 | -0.069 | 0.003 | 0.050
Eigenvalue | 3143 | 2461 | 1623 | 1308 | 1195 | 1043 | 0824 | 0788 | 0.758 | 0.720
% of 1849 | 1448 9.55 7.69 7.03 6.14 4.85 464 446 4.24

variance
Cumulative

% variance 1849 | 3296 | 4252 | 5022 | 5725 | 6339 | 6824 | 7288 | 77.34 | 8158

In the principd component andyss. the scores of the first three components accounted
for 18.49%, 14.48%, and 9.55% of the total variance respectively or 42.52 % atogether.
Examination of the relaive magnitudes of the vaiable coefficients for each principd
component alowed the identification of the relative contribution of each variable to the
corresponding component. The variables that contributed mogt to the loading on the first
axis were pre-orbita length (NO), orbita diameter (OP), pre-dorsd length (AF) and
height of caudd peduncle (YY). The vaiable that loaded most heavily on the second
axis was pre-caudd length (AK). The variagble that contributed most to the separaion
aong the third axis was the body width (22").

Screeplot of explained variance (%) by the first 10 principa components are represented
in figure 48 and plot of scores on principal component axes 1 and 2 using meridic data
taken from Fakland North samples (n=149) and Fakland South samples (n=60) are
shown in figure 49.
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Figure 48. Screeplot of explained variance (%) by the first 10 principal components.

Table 10. Summary statistics of standardised morphometric data.

Variable M ean Std. Dev.
AK 195.7933 5.162298
AE 53.2111 7.570228
NO 12.6904 1.166130
CD 5.8283 0.727380
OP 13.0803 2.558426
PQ 30.0049 3.125502
AF 50.9035 2.473603
NS 85.7524 4.833979
NQ 56.7985 2.881476
QR 38.3249 2.163800
FG 17.3261 2.237556
HI 100.4645 9.109886
ST 90.8504 4.030361
AB 15.3060 1.757492
XX 34.4505 4,027057
7 14.7637 1.153279
YY 26.9340 9.481957

Fin ray counts
The firda PCA axis explaned 50.69 % of vaiation in the three extend meridic

variables. PCA plots indicated that these variables do not provide a reliable way of
digtinguishing between the two samples.
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Figure 49. Plot of scores on principal component axes 1 and 2, using meristic data taken from Falkland
North samples (n=149) and Falkland South samples (n=60).

Discussion

Multivariate andyds of externd morphometrics and fin ray counts has been used
successfully on other fish species as a tool for separating groups from digtinct
geographical regions and aso for differentiating between stocks.

In the present sudy, andyds of externd morphometric variations in Patagonotothen
ramsayi from the Fakland Waters indicated the possible presence of two stocks. one
located on Fakland North and the other one located on Fakland South. The study aso
indicated several physca characteridtics that can be used to digtinguish Patagonotothen
ramsayi from the two putative stocks. It will be necessry to examine additiond
samples and to obtain independent evidence from additional character sets before the
existence of more than one stock can be confirmed.
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Diet studies (2" progress report, 2004).
Introduction

The Southwest Atlantic supports important fisheries for finfish and squid (FAO 1997)
and is now one of the 10 mogt important fishery aress in the world (FAOSTAT 2004).
The main target species are squid (notably Illex arentinus and Loligo gahi) and finfish
such as southern blue whiting (Micromesistius a. australis), hakes Merluccius spp.),
kingdip (Genypterus blacodes), red cod (Salilota australis), hoki (Macruronus
magellanicus) and Petagonian toothfish (Dissostichus eleginoides) (Fakland Idands
Government 2003, 2004). The bottom-trawl fisheries for squid (mainly Loligo gahi) and
hakes generate a bycatch of various notothenid fish species (Laptikhovsky 2004).
Patagonotothen ramsayi (Notothenidae) is one of the mgor species in the discard
fisheriesin this area, especialy around the Falkland 1dands (Lucas 1997).

The suborder Notothenioidel includes 122 species in 43 genera and eight families, the
mgority occurring in the Antarctic (Eastman 2000, Eastman & Eakin 2000). The genus
Patagonotothen is widdy didributed over the Atlantic shdf of South America, with
only one species (P. guntheri) occuring in the Antarctic (Eastman 2000, Eastman &
Eakin 2000). Patagonotothen ramsayi (Regan, 1919) is found on the Patagonian shelf,
in the Magdlanic Province (Eastman 1993), and is locdly abundant on the outer shelf
and dope around the Fakland idands (Arkhipkin et al. 2001). P.ramsayi is a demersal-
peagic fish and its didribution is thought to be affected by the Subantartic Current
(Cousseau & Perrota 2000), and the Antarctic Polar Front (Stankovic et al. 2002).

P. ramsayi feeds on a wide range of planktonic and benthonic organisms. Previous
sudies have found crusteceans to be the most important prey (Laptikhovsky &
Arkhipkin 2003). Mianzan et al. (1996) found ctenophores and hydromedusae to be
important prey in rockcod caught dong the Argentine coadtline. Discards from fisheries
were dso found to beimportant in their diet (Laptikhovsky 2004).

The am of this sudy is to describe the trophic role of rockcod in the hake fishery areas
of West FaklandsMavinas and in the High Seas around 46° South and 49° South. Its
diet was andysed and dietary varidion in relaion to Sze, sex and area evauated. The
occurrence of rockcod in the somach contents of other fish species was aso examined.

Methods
Diet of rockcod

Observers on Spanish commercid fishing vessds operating in the Southwest Atlantic,
collected stomachs of severd different demersd fish species during May-September in
2001 and 2003. Biometric data (length, weight, sex and maturity) were collected for the
mgority of the sampled fish. The samples were frozen on board ¢30°C - -40°C) and
shipped to Aberdeen (UK) for further andyss.

Samples included 171 stomachs of P.ramsayi. Stomachs were thawed. Full stomach

weight (FSW), empty stomach weight (ESW), and contents weight (CW) were noted.
The stomach contents were washed and separated using asieve (355 um meshSze).

123



Prey species were identified to the lowest possble taxonomic level usng a reference
collection and published catalogues (e.g. Boltovskoy 1999, Boschi et al. 1992, Clarke
1986, Cusseau & Perrota 2000, leno 2000, Roper et al. 1984). Intact invertebrates that
could not be identified immediately were sored in 70% ethanol for later identification.
If the stomach contents were well-digested, prey were identified from hard remans
(otoliths, vertebrae and skull bones of fish, exoskdetons of crustaceans, mandibles
[“besks’] of cephalopods, etc.). Some prey could be identified only to broad groups,
e.g. fish, crustaceans, isopods.

Each intact prey item was counted and weighed (0.1 g). When possible, totd length
(TL) of fish and dorsal mantle length (DML) of squid were measured. For digested
prey, fish otolith length (OL) and cephadopod lower beak rodra length (LRL) were
measured using a binocular microscope fitted with an eyepiece graticule.

If a prey item was completey intact, i.e. the skin was ill in perfect conditions and
showed no dgns of digestion, it was classfied as representing “net feeding”. We dso
disinguished “discard feeding”, i.e. when the fish had taken materia thrown overboard
during processng operations, such as remains of filleted fish, or kitchen refuse. Data on
net feeding and discard feeding were not included in the main andyses due to the low
frequency of occurrence (1.24%FO and 3.73%FO respectively).

The sze of prey was then esimated by applying published regressons. For the squid
Loligo gahi and rockcod P.ramsayi, regressons are taken from Nyegaard et al. (2004);
al messurementsin mm:
L. gahi: DML =7.198" LRL - 0.368
P.ramsayi: TL =4.273" OLo- 4.916

Diet was summarised overdl and by () sex, (b) fishing area and (c) length class E20
cm, 21-25, 26-30, 31-35). For each category, we caculated the coefficient of emptiness
(V) = Ne / Ns, where N is the number of empty stomachs, and N; is the number of
stomachs andysed;

For individud prey categories dietary importance was summarised usng severd
commonly applied indices (see Hydop 1980, Amundsen et al. 1996, Pierce & Boyle
1991, Cortés 1997, La Mesa et al. 1997, Koen Alonso et al. 2000, Arkhipkin et al.
2001, Nyegaard et al. 2004):

%Frequency of Occurrence (%F) = 100 © N; / N, where N is the number of somachs
containing prey typei and Nt is the number of non-empty stomachs (or Ns-Ne);

Percentage a@undance by number (%N), which is the totd number of individuds of
prey type i in the sample of stomeachs, divided by the totd number of individuds of al

prey types, expressed as a percentage;

Percentage abundance by weight (%W), which is the total estimated biomass of prey
type i in the sample of somachs, divided by the total estimated biomass of al prey
types, expressed as a percentage;

The dietary coefficient “Q", which is the product of the percentage by weight and the
percentage of the total number for each prey type;
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The Index of Relative Importance (IRI) = (YoN+%W)* %FO

For andyds of dietary variation by length, sex and area, some prey taxa were grouped
into higher categories i) species were grouped by genus, ii) animds attached to the
substrate were grouped as “sessile forms’; iii) dl squids were grouped together, as were
dl gammarids, dl euphausids and dl fish; iv) crustacean taxa with a IRl vadue less than
1 were grouped with unidentified crustaceans. Isopods were not grouped due to ther
high frequency of occurrence.

Satistical andyss was caried out usng MINITAB Reease 1223, for Windows
(1999). Andyss of varidion in dietary importance for the main prey categories used
Mann-Whitney (sex) and Kruska-wallis (length and areq) tests.

Rockcod as prey

To quantify the importance of rockcod as prey of other demersd fish species,
paticularly those targeted by fisheries , additiond data collected during 1999-2000
were aso used. The species dudied were: Argentinean hake Merluccius hubbsi
(N=1037), hoki Macruronus magellanicus (N=91) Patagonian toothfish Dissostichus
eleginoides (N=94), kingclip Genypterus blacodes (N=269), red cod Salilota australis
(N=81) and southern blue whiting Micromesistius a. australis).

Results
Diet of P. ramsayi

In tota 2621 prey items were found, belonging to 56 digtinct prey taxa. No empty
stomachs were found (V=0.00%). Net feeding (FO%=1.21%, n=2) and discard feeding

were both infrequent (FO=5.42%, n=9).

The percentage of frequency of occurrence (%FO) of unidentified classes of prey (eg.
unidentified crustaceans, worms, fish, and miscdlaneows) of prey was 32.12%, within
18.87% was not possble to identified due to advanced digestion of items, and was
grouped as miscdlaneous in the generd diet (Table 11).

The diet of Patagonotothen ramsayi included a wide range of prey types. However, the
main bulk of the recognizesble somach contents comprised crustaceans. the
zooplanktonic species Themisto gaudichaudii and the benthic Serolis sp.. Although we
did not find any gdatinous plankton in the somach contents, Mianzan et al. (1996) and
Laptikhovsky and Arkhipkin (2003) recorded them as a dietary component of rockcod
on the Argentinian coast and south east of the Falkland 1dands respectively.

Crustaceans were the most important class of prey (overdl FO=83.13%), and FO of
crustaceans was above 80% for dl size classes of rockcod and both sexes. However,
when data were grouped by area, it was seen that in the most northerly area (46°S,
n=11), crustaceans were less frequent (FO=36.36%) and fish more important
(FO=81.82%) (Fig. 50). T. gaudichaudii was the dominant prey category (IRI=1836)
followed by isopod Serolis spp. (IRI=898.4) (Table 11).
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Ontogenetic (size-related) dietary variation

Crustaceans were the most important prey of al sizes classes of rockcod, with FO? 80%.
Differences in relaion to group Sze were found in relation to secondary food items. In
large rockcod (31-35cm, n=8) fish were important in the diet (FO=50%), while smal
fih (=20cm, n=15) frequently fed on echinoderms (FO=40%) (Fig. 51). Rockcods
between 21-25cm (n=87) had often eaten worms (FO=49.43%) while the 26-30cm class
(n=55) frequently took worms (FO=36.36%) and echinoderms (>25%).

Looking into crustacean items, T.gaudichaudii and Serolis spp. were the dominant prey
in medium szed fish (Table 12). On the other hand, smdl P.ramsayi (=20cm) fed
mainly in isopod vavifers (IRI=2806, FO=53.33%). Large rockcod (31-35cm) were
mainly piscivorous (IRI=4215, FO=50%), dthough it was not possble to identify the
species that they consumed.

Discard feeding occurred in few gpecimens, but contributed ggnificantly to the prey
biomass in the 26-30cm length class of P.ramsayi of length (W=43.88%; IRI = 417.37;
Table 12)

Diet of male and female fish

Differences by sex (FO%) were not found in most of prey items and only echinoderms
occurrence was higher in femaes (32.22%FO) than in maes (17.14%FO) (Fig. 51).
Only Echinoderms showed differences between sexes.

Within crustaceans it was found that femdes fed mainly on amphipods and Serolis spp.
(isopods). However, isopods valvifers were found in higher ratio in maes (IRI=433.99)
than in femades

Piscivorous diet occurred with higher rétios in femaes of P.ramsayi than in mdes
(IR1=284.36, 36.01%W), and also predation in brittle stars (IRI=254.91, 24.44%FO).
Worms were found important with smilar ratios between sexes (27.14%FO, mades,
26.67%FO, females).

Geographic variation in diet

Prey digribution by areas showed differences between 46°S area and souethern areas
(Fig. 51). Fish was found as the most important prey in this area (81.82%FO), mostly
Patagonotothen spp. (IRI=4396.53). However, the sample size for thi area is smal.
Within other areas it was in very low occurrence (49°=7.69%, MN=0%, MW=10.81%).
Other items were found with lower but Smilar ratio (Fig. 51).

Ophiurids were found especially important in areas 46°S (IRI=1462.04, FO=36.36%)
and MN (IRI=4224.5, FO=50%), where the sample size was small.

In both, 49°S and MW areas T.gaudichaudii was the mainly prey with an IRI of 2317.22
and 2070.15 respectively (Table 14).

In these two areas were found a variation in the second mainly prey: while a 49°S fish

fed preferably on isopods valvifers (IRI=1416.54), fish from MW preferred the isopod
Serolis sp. (IRI=11990.11). In relaionship with this two isopods were found that the IRI
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value decreased from the north to the south in isopod vavifers and increased in serolids,
athough frequency of occurrence did not change highly between MN and MW area for
vavifers, and 49° and MN for serolids.

Gasteropoda were found more important in areas 46°S and MN. Worm forms occurred
in more than 25% in most of the areas (Table 14).

Patagonotothen ramsayi as prey of other fishes

Taget fish species from the South West Atlantic (Common hake, Hoki,Toothfish,
Kingclip, Red cod, and Southern blue whiting) were studied in the way to know the
trophic ecology of fish in thisarea (Bidop et al., unpublish) (Table 15).

Southern blue whiting only fed on fish in 4% of FO, while the rest of species were fed
on fish widdy. In Common hake and Hoki FO were 26% and 25% respectively, but the
percentage of weight found was high (46% in Hake and 88% in Hoki).

Patagonotothen species were widely consumed by Common hake (45%FO, 44%W),
Toothfish (57%FO, 61%W), Kingclip (59%FO, 55%W), and Red cod (32%FO,
90%W). Hoki had 22% in FO, but the importance of notothenids in %W were 43%.
None notothenids were found in Southern blue whiting.

Reaults about Patagonotothen ramsayi as prey of these piscivorous fishes showed thet it
was important in ther diet (Table 15). This gpecie was found with a low frequency
ovedl prey (<15%), %W were hight in some species. Toothfish fed on Rock cod in
27%W, and Red cod in 86%. Otherwise, in both species P.ramsayi were found as the
mainly specie of notothenid in weight (57% and 90% respectively). In Toothfish were
not Patagonotothen ramsayi.

Stomachs of 42 Micromesistius australis australis were andised but none notothens
were found.

Discussion

Patagonotothen genus was consdered a subantarctic subendemic (Stakovic et al. 2002)
benthic notothenid (Eastman 1993). However, Eastman consdered P.ramsayi as a
bentho pelagic fish due to in the absence of competition were able o fill diffents niches
(Eastman 2000).

Different sudies were carried on south east of Faklands, wheresbout diet of
Patagonotothen ramsayi showed an opportunistic feed behaviour. This species fed
mainly on plankton species, and benthic species as a secondary item (Koen Alonso et
al. 2002, Laptikhovsky 2004). In the Patagonian shdf, Mianzan et al. (1996) found a
high occurrence of Ctenophores and Hydromedusae in stomachs of rockcods catched in
two coadtd areas. 34°S-39°S and 41°S-48°S. Laptikhovsky and Arkhipkin (2003) found
high occurrence of medusaes from February to July . Although other authors found
gelatinous plankton (>10%; Mianzan et al. 1996, Laptikhovsky 2004, Laptikhovsky and
Arkhipkin 2003) we did not found any in the west of Fakland Idands (MW) and High
Seas.
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Our results confirm that this species is an opportunisic specie feeding on different
zooplanktonic and benthonic  organisms (L aptikhovsky 2004, Laptikhovsky &
Arkhipkin 2003). The importance of benthos found in Rock cod diet may be the
samples were collected from May to September (austral winter), somehow that
Laptikhovsky & Arkhipkin (2003) observed in this specie in winter.

Differences in diet between rock cods in MW and High Seas (49°S), and south east
Fdkland Idands (SM) were found. In the SM they fed mainly amphipods (22.9%FO)
with T.gaudichuadii <10%FO and followed by fishery discard (22.8%FO)
(Laptikhovsky 2004). Laptikhovsky and Arkhipkin (2003) found ophiurids (>30%FO)
as a man prey. But the most important prey in MW and High Seas was T.gaudichaudii
(>30%FO, >2000 IRI), and isopods (>55%FO, 76 IRI) as a secondary item. Ophiurids
were dso an important prey (19.38%FO, 156.78 IRI), as wdl as isopods valvifers
(19.38%FO, 181.01 IRI), worm forms (41.25%FO, 9702 IRI), and fish (15%FO, 2820
IRI) (Table 11).

However, Laptikhovsky and Arkhipkin (2003) found Ophiuroids as main prey of their
diet during audrd winter, and admog excusvey gdatinous plankton during austra
summer.,

Isopods vavifers are found important in the diet of rock cod in the area of study. This
difference from other studies may be the area of the study due to is affected by the
Subantartic Current and the Antarctic Polar Front.

Polychaetes occurred in high percentage (>25%FO), but either Laptikhovsky &
Arkhipkin (2003) and Laptikhovsky (2004) found this item scarce in the diet of
P.ramsayi. Moreover, fish items were found important (15%FO) and in other studies the
frequency of occurrenceis lower (<10%FO).

P.ramsayi occurred in the diet of different target fishery speciess Merluccius hubbs
(Marini, 1933), Macruronus magellanicus (Lonnberg, 1907), Salilota australis
(Gunther, 1878), Genypterus blacodes (Schneider, 1801), Dissostichus eleginoides
(Smitt, 1898), and Micromesistius australis australis (Norman, 1937).

M.hubbs (Common hake) is an opportunistic piscivorous predator being notothenids
one of its prey (FAO 1990, Laptikhovgy & Fetisov 1999, Cousseau & Perrotta 2000).
Also, data andlised of 992 common hake in the NM and High Seas showed a 45% OF
of Patagonotothen species in its diet. Adult M.magellanicus (Hoki) were found feeding
on notothenids (Cousseau & Perrota 2000) and our unpublish result showed 229%FO of
fish were Patagonotothen species. Cousseau & Perrotta (2000) and Neygaard et al.
(2004) found notothenids as a predominant fish prey (40-60%FO, Nyegaard et al. 2004)
of G.blacodes (Kingcip) and we found smilar results 59%FO of fish prey was
Patagonotothen species where 11%FO was P.ramsayi. Toothfish (D.eleginoides)
showed a predominant diet on Patagonotothen species (57%FO of fish prey) and
Arkhipkin et al. (2003), Cousseau & Perrota (2000) and Garcia dela Rosa et al. (1997)
found smilar results However, Koen Alonso e al. (2001) found P.ramsayi
(35.80%F0) predominant following to M.hubbsi (40.86%FO) in latitudes above 47° at
Argentine coast. Patagonotothen species where found in Saustralis stomachs by
Arkhipkin et al. (2001) with differences between sizes (higher frequency of occurrence
in lage fishes >50%F0O). Our results showed high frequency of occurrence
wheregbout dl Patagonotothen species found were rock cod.
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M.a.australis (Southern blue whiting) fed manly on crustaceans (Laptkihovsky &
Fetisov 1999, Cousseal & Perrota 2000, Subsecretaria de Pesca 2004) and the
occurrence of fish is low without notothens as a component of its diet. Non references
of notothens as prey were found in our andyss (8%FO in fish).

Looking throught different studies in other fish gpecies we found P.ramsayi and other
Patagonotothen species as prey of different fish soecies. Brickle et al. (2003) found that
rgids fed on rock cod when they are larger than 40cm and with high percentage of
occurrence in some species (>50%FO Bathyraja brachyurops). Koen Alonso et al.
(2002) and Laptikhovsky et al.(2001) found P.ramsayi in the diet of the spiny dogfish
(Squalus acanthias). In latitudes above 46°S (Koen Alonso et al. 2002) rock cod was
preyed on by spiny dogfish being the second fish item and the fourth important item in
its diet. Laptikhovsky et al. (2001) and Jackson et al. (2000) showed the rock cod as an
opportunistic prey item for the narrowmouth catshark Schroederichthys bivius) and the
southern opah (Lampris immaculatus) on the Patagonian shelf.

Other vertebrates feed on Patagonotothen ramsayi as gento penguins (Pygoscelis
papua) (Clausen & Pitz 2003, Pitz et al. 2001), magelanic penguin (Spheniscus
magellanicus), and rockhopper penguin Eudyptes chrysocome) (Pitz et a, 2001). On
gento penguins rock cod condituted more than 25% of recondituted mass of ther diet
(Clausen & Ptz 2003).

129



General diet of Rockcod by groups
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Figure 50. Frequency of occurrence, by group, of prey itemsinPatagontothen ramsayi stomach contents
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Figure 51. Frequency of occurrence by size, sex, and area of Patagontothen ramsayi.
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Prey taxon FO% W% N% Q IRI
Seaweed 0.63 003 004 0.0012 0.0441
Sponge 0.63 031 004 0.0124 0.2205
Anemones 1.25 079 0.08 0.0632 1.0875
Cord 3.75 031 023 0.0713 2.0250
Worm forms 5.00 067 031 0.2077 4.9000
Incrugtant Anndlids 4.38 021 043 0.0903 2.8032
Polycheeta:
Burrow-dwelling Polychaetes 26.88 6.37 1.86 118482 221.2224
Capdlids 0.63 0.03 0.08 0.0024 0.0693
Errant Polychaetes 13.13 104 159 16536 34.5319
Nereids 3.75 021 035 0.0735 2.1000
Gasteropods 3.75 363 031 11253 14.7750
Squids 1.88 207 012 0.2484 41172
Loligo gahi 1.25 006 012 0.0072 0.2250
Unidentified Crustaceans 16.25 247 201 49647 72.8000
Naupli 5.63 027 294 0.7938 18.0723
Unidentified Isopods 9.38 183 336 6.1488 48.6822
Vavifers 19.38 396 538 21.3048 181.0092
Cirolanids 11.88 348 101 35148 533412
Serolis spp. 40.00 1326 920 121.992 898.4000
S bonarensis 0.63 003 004 0.0012 0.0441
Unidentified Amphipods 20.00 110 333 36630 88.6000
Gammarids 8.75 052 159 0.8268 18.4625
Eudridee 0.63 003 004 0.0012 0.0441
Eusirella elegans 0.63 018 0.6 0.0288 0.2142
Lysanasidae 8.75 027 244 0.6588 23.7125
Paracaliop. 0.63 003 004 0.0012 0.0441
Halice secunda 0.63 003 004 0.0012 0.0441
Orchomenella spp. 11.25 055 487 26785 60.9750
O.distintus 1.25 079 0.08 0.0632 1.0875
Ensirus spp. 0.63 003 012 0.0036 0.0945

Table 11. General variation in diet of Patagonotothen ramsayi from South West Atlantic.
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Prey taxon

Hyperiids
Themisto gaudichaudii
Unidentified Euphausiids
Euphausia spp.
Nematoscelis spp.
Thysanopoda spp.
Unidentified Mysids
Conchostracods
Ostracods
Copepods
Munida spp.
M.gregaria
Hermit crab
Seaurchin
Ophiuroids
Bryozoa
Sdps
Unidentified fish
Fish eggs
Patagonotothen spp.
P.ramsayi
Merluccius spp.
Unidentified (miscellaneous)
Sediment
Net feeding
Discard feeding
Tota

FO%

30.00
7.50
2.50
0.63
1.25
0.63
0.63
1.88
1.25
4.38
2.50
0.63
6.88

19.38
0.63
1.25
6.88
2.50
2.50
3.13
0.63
6.25
6.88
1.24
3.73

111

W%

15.50
0.40
0.15
0.03
0.06
0.03
0.03
0.09
0.06
0.67
2.01
0.06
244
4.18
0.03
0.06
12.9
1.10
2.74
241
8.45
1.68
0.34
3.99

15.26

328

N%

45.70
1.32
251
0.04
0.08
0.04
0.04
0.12
0.35
0.62
0.85
0.04
0.43
391
0.04
0.12
0.50
0.16
0.16
0.19
0.04
0.43
0.43
0.12
0.23

2125

Q

IRI

708.35 1836.0000

0.5280
0.3765
0.0012
0.0048
0.0012
0.0012
0.0108
0.0210
0.4154
1.7085
0.0024
1.0492
16.3438
0.0012
0.0072
6.4500
0.1760
0.4384
0.4579
0.3380
0.7224
0.1462
0.4788
3.5098

12.9000
6.6500
0.0441
0.1750
0.0441
0.0441
0.3948
0.5125
5.6502
7.1500
0.0630

19.7456

156.7842
0.0441
0.2250

92.1920
3.1500
7.2500
8.1380
5.3487

13.1875
5.2976
5.0964

S1.T7777

Table 11 (continued). General variation in diet of Patagonotothen ramsayi from the South West Atlantic.
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<21lcm (TL) 21-25cm (TL) 26-30cm (TL) 31-35cm (TL)

FO% W% N% IRI FO% W% N% IRI FO% W% N% IRl FO% W% N% IRI
Sessileforms 0 0 0 0 723 329 075 2021 638 209 023 14.80 0 0 0 0
Worm forms 0 0 0 0 602 151 047 1192 638 096 023 7.59 0 0 0 0
Incrustant Ann. 0 0 0 0 482 038 056 453 638 048 038 549 0 0 0 0
Burrow-dwelling P. 667 132 066 1321 3012 903 272 35391 3192 1685 144 58382 2500 107 357 11600
Errant P. 1333 263 132 5265 2289 292 375 15268 1064 112 053 1756 1250 013 179 24.00
Gageropods 0 0 0 0 241 119 019 333 6.38 819 061 5614 1250 881 179 13250
Squids 0 0 0 0 482 649 047 3355 213 016 008 0.51 0 0 0 0
Crustaceans 2667 1316 921 59661 2530 433 375 20404 1277 241 083 4138 2500 254 357 15275
Naupli 0 0 0 0 723 056 5.06 4063 6.38 048 167 1372 0 0 0 0
| sopods 0 0 0 0 1325 376 590 12800 851 321 18 42.81 0 0 0 0
Valvifers 5333 2105 3158 28068 1807 282 375 11872 1702 1348 387 295.30 0 0 0 0
Cirolanids 0 0 0 0 1325 724 169 11832 12.77 546 053 7649 2500 040 357 99.25
Serolis gp. 3333 1447 658 70160 4819 2324 1556 1869.7/ 3404 1798 326 72301 3750 88l 3750 1736.63
Amphipods 2667 526 1184 45606 21.69 169 309 10192 19.15 209 258 8943 1250 013 179 24
Gammarids 40 790 2040 11320 27.71 263 956 33779 2340 674 720 32620 2500 053 3393 86150
T.gaudichaudii 20 658 329 19740 2530 1515 2830 109929 5106 5506 6634 619868 0 0 0 0
Euphausids 1333 263 329 7891 1084 235 769 10883 1064 080 099 1905 2500 027 357 96.00
Munida spp. 6.67 1579 658 14921 6.02 075 047 734 1064 1092 174 13470 0 0 0 0
Sea urchin 0 0 0 0 602 047 047 566 1064 1188 038 13045 1250 013 179 24.00
Ophiuroids 4000 790 461 50040 1807 489 328 14763 2128 1268 447 36495 0 0 0
Fish 0 0 0 0 362 405 047 1636 1064 1268 038 13896 5000 7717 714 421550
Fish eggs 0 0 0 0 0 0 0 0 851 578 030 51.74 0 0 0 0
Patagonotothen op. 0 0 0 0 964 1364 075 13872 213 385 0.08 8.37 0 0 0 0
Miscellaneous 667 132 066 1321 1807 160 159 5764 1277 803 053 10931 0 0 0 0
Net feeding 0 0 0 0 117 616 019 743 189 695 008 1329 0 0 0 0
Discard feeding 0 0 0 0 117 533 009 634 943 4388 038 41737 0 0 0 0
Total 15 76 152 83 1063 1067 47 623 1319 8 749 56
(no net/discard f.) (85) (120.1) (2070) (53) (126.7) (1325)

Table 12. Variation by length in diet of Patagonotothen ramsayi from South West Atlantic.
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Male Female

FO% W% N% IRI FO% W% N% IRI
Sessileforms 857 371 0.87 39.25 333 118 0.18 453
Worm forms 571 137 043 10.28 444 0.67 0.24 404
Incrustant Ann. 0 0 0 0 7.78 0.39 0.66 8.17
Burrow-dwelling P. 2714 9.62 250 32894 26.67 7.85 162 25257
Errant polychaetes 14.29 2.06 1.63 52.73 18.89 146 210 67.25
Gaster gpods 4.29 7.01 0.33 31.49 333 381 0.48 14.29
Squids 429 9.34 0.43 41.93 222 011 0.12 051
Crustaceans 20.00 385 412 159.40 21.11 348 174 110.19
Naupli 2.86 0.28 184 6.06 7.78 0.39 355 30.65
I sopads 14.29 6.04 6.40 177.77 5.56 0.90 1.68 14.35
Valvifers 1857 14.15 9.22 433.99 20.00 151 325 95.20
Cirolanids 12.86 11.81 174 174.25 11.11 157 0.60 2411
Serolis p. 34.29 2253 10.41 112951 4444 15.26 859 1059.89
Amphipods 1857 1.79 3.36 95.64 2111 129 331 97.11
Gammarids 2714 398 1052 39353 25.56 2.86 871 295.73
T.gaudichaudii 2857 19.09 3254 1475.07 3111 20.75 5301 229467
Euphausids 10.00 3.02 759 106.10 12.22 0.67 192 31.65
Munida spp. 857 343 174 4431 5.56 353 132 26.97
Sea urchin 429 041 0.33 318 8.89 432 0.48 42,67
Ophiuroids 12.86 5.63 184 96.06 24.44 5.38 5.05 25491
Fish 7.14 797 054 60.76 7.78 36.01 054 284.36
Fish eggs 2.86 343 0.22 10.44 222 0.62 0.12 164
Patagonotothen sop. 571 11.40 0.43 67.55 5.56 4.82 0.30 2847
Miscelaneous 15.71 151 141 45.87 12.22 3.20 0.72 47.90
Net feeding 141 7.88 011 11.27 111 340 0.12 391
Discard feeding 423 26.95 0.32 115.35 333 14.66 0.18 4942
Total 70 728 926 0 1783 1664
(no net/discard) (7)) (1117 (922 (217.6) (1669)

Table 13. Variation by sex in diet of Patagonotothen ramsayi from South West Atlantic.
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46°S 49°S MN MW

FO% W% N% IRl FO% W% N% IRl FO% W% N% IRl FO% W% N% IRI
Sessileforms 0 0 0 0 1154 1680 092 20441 0 0 0 0 541 104 038 7.68
Worm forms 909 057 213 2454 0 0 0 0 0 0 0 0 631 077 033 6.94
Incrustant Ann. 0 0 0 0 0 0 0 0 0 0 0 0 631 027 052 4.99
Burrow-dwelling P. 2727 600 638 33760 1154 400 123 6035 2500 1771 319 5250 3063 644 188 25484
Errant P. 0 0 0 0 1539 30 18 7772 2500 313 319 15800 1802 131 193 5839
Gasteropods 909 1400 213 14662 0 0 0 0 0 0 0 0 451 266 047 1412
Squids 0 0 0 0 0 0 0 0 0 0 0 0 451 270 028 1344
Crustaceans 909 029 426 4136 1539 480 431 14020 3333 1979 426 80159 2162 231 221 9772
Naupli 0 0 0 0 0 0 0 0 0 0 0 0O 811 03 358 3187
Isopods 0 0 0 38 08 031 427 833 104 213 2641 1171 224 395 7249
Valvifers 909 029 213 2200 4231 1440 1908 141654 1667 208 532 12336 1532 397 334 11199
Cirolanids 9.09 14 1490 26270 1154 080 092 1985 3333 1042 426 48928 991 112 057 1675
Serolis 9p. 909 029 213 2200 3077 480 400 27078 3333 938 851 59627 4595 1570 1020 1190.11
Amphipods 909 029 213 2200 3462 480 769 43240 1667 208 213 7018 1802 093 273 659
Gammarids 0 0 0 0 2692 640 1077 46222 833 104 319 3524 3063 274 960 37797
T.gaudichaudii 909 029 026 500 3846 2240 3785 231722 1667 208 319 8785 3153 1612 4960 207215
Euphausiids 0 0 0 0 1154 160 185 3981 833 104 213 2641 1261 116 442 7036
Munida spp. 0 0 0 0 769 0 339 2607 0 0 0 0 81 282 127 3317
Seaurchin 0 0 0 0 0 0 0 0 0 0 0 0 991 309 05 3578
Ophiuroids 3636 829 3192 146204 4231 1120 492 68204 5000 2917 5532 42245 901 251 085 3027
Fish 1818 1143 426 28524 769 320 062 2938 0 0 213 0 721 2530 050 18602
Fish eggs 0 0 0 0 0 0 0 0 0 0 0 0 360 139 019 5.69
Patagonotothen spp. 7273 4343 17.02 43953 0 0 0 0 0 0 0 0O 09 066 005 0.64
Miscelaneous 2727 086 638 19744 38 080 031 427 833 104 106 1749 1532 243 122 5
Net feeding 909 1745 408 19571 0 0 0 0 0 0 0 0 090 311 005 2.84
Discard feeding 0 0 0 0 1111 7892 092 887.02 0 0 0 0 270 537 014 1488
Total 11 3B 47 26 1250 325 12 96 H 111 2593 2125

(424) (49 (27) (59.3) (328) (2833) (2129)

Table 14. Variation by fishery areasin diet of Patagonotothen ramsayi from South West Atlantic.
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FO% fish FO% Pat- FO% P.r.- FO% P.r.- FO% P.r .-

fish Pat fish total
Common Hake (n=992) 25.71 471 38.60 17.25 4.44
Hoki (n=91) 25.28 21.74 0 0 5.50 (Pat/fish)

Toothfish (n=71) 42.25 56.67 47.06 26.67 1127

Kingclip (n=264) 53.03 59.29 36.15 2143 11.36

Red cod (n=80) 42.05 0 32.36 0 1375
W% fish W% Pat- WO% P.r.- W% P.r.fish W% P.r.-

fish Pat total

Common Hake (w=20976.5) 46.02 44.43 24.78 16.61 764

Hoki (w=642.7) 88.16 42.66 0 0 3761
(Pat/fish)

Toothfish (w=5259.8) 79.42 60.87 56.52 34.39 2731

Kingclip (w=5110.73) 90.06 55.15 28.06 1547 1393

Red cod (w=1344.4) 7748 0 89.79 0 65.57

Table 15. FO% and W% of Patagonotothen ramsayi by other fish species.
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Task 2.4. GIS (Analysis of the spatial and temporal distribution of the resource.
Leader UA).

Deliverable # 18 Analysis of the spatial and temporal distribution of the resource
GIS(IEO, 1% progressreport)

The Fisheries GIS is based on an integrated database from which data is retrieved and
used to present the monthly and seasond geographica change in the didtribution of
CPUE, SST and dendties cdculated from CPUE corresponding to historical data of
Patagonotothen spp. The fird task in the development of the GIS was the definition
of database tables necessxy for the sysem. After defining the dructure of our
database and methodology for necessary caculaions, next step was the integration of
our datainto the GIS platform.

Layers of the GIS developed at the IEO were:

1. Continent Layer

Continent

2. Bathymetry of the Patagonian Shelf obtained from GEBCO software. This
bathymetry was entered into the GIS in order to obtain the bathymetric lines. Contour
lines consdered were O m, 200 m, 500 m and 1000 m.

e

Bathym.etry .

3. Monthly mean SST with spatia resolution of 1° latitude by 1° longitude. These
data were integrated in the ACCESS database as tables, and in the GIS as grids. SST
layer was edimated by usng the KRIGING method. This interpolation method
assumes that the distance or direction between points reflects a spatid correlation that
can be used to explan vaiations in the surface. Kriging fits a mathematical function
to a specific number of points, or dl points within a specified radius, to determine the
output vaue for each location.

SST (°C)
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4. Thermal gradient obtaned usng the ArcGis Sope function. This function
identifies the dope, in this case, the maximum rate of change in sea surface
temperature from each cdl to its neghbours. From the SST gradient layer the
temperature contours were aso cadculated where each line represents al contiguous
locations with the same vaue.

P - = —
e

= =

|

\
Y

A I

.- =

SST gradient and contours

5. Rockcod monthly densities. For this task, historica catch and effort data (from
1989 to 2002) collected by FIFD and IEO observers were used. From these data
monthly average Caich Per Unit Effort (CPUE) was estimated and used to obtain
monthly dengties of the species Dendty is a spatid andys function that digtributes
the quantity or magnitude of point/line observations over a unit aea to creste a
continuous raster. Dengties were cadculated by usng the POINTDENSITY function
included into the ArcGis software. POINTDENSITY is a good tool to show higher
abundances of the species by usng CPUE vdues . Dendties were made by using
ample cdculaions. Usng this tool, dendty is cdculated usng the number of points
that fal within the neighbourhood of each output grid cell, divided by the area of the
neighbourhood. After the dendty cadculation Patagonotothen spp. data were
categorized by the ArcMap function of manud bregks to dislay CPUE densty by
seven groupings. By this function we have grouped ranges of values into classes that
dlows to spot petterns in the data more eesly. The definition of a class range
determines which features fdl into that class and which affects the gppearance of the
map. Each class range is depicted in a different colour on the resulting map. Manua
assgnment of dasses is an useful technique for isolating and highlighting ranges of
data

CPUE densities

It is important to mention that Patagonotothen genus contains 14 species in the waters
off southern South America being the most abundant Patagonotothen Ramsayi. This
genusis a by-catch fishery and nowadays the discard percentage is 100%.

From the dat of the project the observers have encountered 5 species of
Patagonotothen within the sudy area: ramsayi, tesellata, guntheri, sguamiceps and
elegans. IEO obsarvers have had difficulties with the identification of the gpecies,
being that the reason why the GIS does not make differentiation between species and
isonly consdering the genus.
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The GIS provides the means to integrate remotely sensed SST data and fisheries data
over very broad temporal and spatial scalesThe results serve to demondrate the
potentid of GIS as a tool for the invedigation of habitat associations for
Patagonotothen spp. in Falkland region (figures 1 and 2).

The time series satdlite-derived SST observations obtained from the Advanced Very
High Resolution Radiometer (AVHRR) clearly depicted the Oceanic Front produced
by the mixing of the two man currents affecting the sudy area (Fakland and Brazil
current). In the Confluence region both currents separate from the continenta dope
and flow offshore creating an area of strong contrasts and complex dynamics. The
Confluence Zone is located approximately a 38° S migrating northward during the
Southern Hemisphere winter and southwards in summer. This is a wide aea
characterized by intense horizontd and vertical mixing. It is placed a the gpproximate
latitude of 39 degrees south but is displaced to the north during winter. Due to this
mixing the Patagonian Shelf is consdered one of the highest productive ecosystems.

Density
5001 - 30000

SST (°C)

25 °@-

Figure 1: The four maps represent Patagonotothen spp. density estimated from CPUE (kg/hour) data
(collected from 1989 to 2002) and seasonal averages for SST corresponding to January (top left), May
(top right), August (bottom left) and October (bottom right)
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Figure 2: Thermal gradients calculated using the slope function from SST data January (top left), May
(top right), August (bottom left) and October (bottom right).
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GIS(IEO, 2" progress report)

Data sources: fishery data
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Figure 3. Haul locations positive for Patagonotothen spp. from1988-2003.

Spatidly referenced commercid fishery daa, as wdl as bathymetric data were
examined usng Geogragphic Information System (GIS) techniques in order to map and
represent  information about the didribution and the abundance of catches of
Patagonotothen spp. recorded by scientific observers in the Fakland Idands and in
the High Seas from 1988 to 2003 (figure 3). The use of data from the observer
programs provides condgderably wider spatid and tempora coverage than is normaly
the case with scientific survey data. However the inference of didribution patterns
from commercid data requires some caution due to the fact that location of
commercid trawls is influenced by a variety of condderations such as license
conditions, vessel capabilities, commercid prioritties and the knowledge and
experience of the crew.

Bathymetry contours of the Patagonian shelf were extracted from the GEBCO
(Generd Bathymetric Chat of the Oceans) Digitd Atlas. Bathymetric contours
represented here are 0 m, 200 m, 500 m and 1000 m.

Dally fishery data for the present study were collected by observers working for the
IEO (Indtituto Espafiol de Oceanografia, Vigo, Spain) and FIGFD (Fakland Idands
Government Fisheries Department, Stanley) on board commercid vessds for the 17-
year period 1988 - 2003. All fishery and environmenta data were integrated into a
database (MS Access) and GIS (ArcGIS verson 82) for use in amdyds and
moddling.

CPUE (catches per unit effort, kg/hr) was used as an index of abundance in the fishery
(Waluda et al., 1999). This index reflects abundance and accounts for changes in fleet
activity over the 17-year period. Observers collected adso supplementary data, i.e.
man characterisics of every haul, environmenta and physcad data This comprised
fishing location, depth, tow time, SST, SBT, sea state, lunar cycle, sky peattern, etc.
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Although the catching power of individud boats is varidble this is not eedly
quantifiable and it was consdered to be impracticd to attempt to apply correction
factors Therefore hours fishing is used as the index of effort. Although this will
introduce additiona noise into the data it should not be a source of bias.

Maps were visudly andysed in order to find variations in the spaid didribution of
CPUE of Patagonotothen spp. on amonthly basis.

Grid maps

Patagonotothen spp.  raster data sets were created with the GIS in a monthly bass.
Each cdl in the map, is a square that represents a specific portion of an area with a
gpatiad resolution of 0.5 degree longitude and 0.5 degree latitude square. The sze of
the cdl was sdected in order to accomplish a detaled andyss of the tempord
evolution of te features represented in the maps (CPUE |, ratio of catches to the totd
catches and modal length).

Density surface

Patagonotothen spp.  dendty surfaces were created in the GIS as monthly raster
layers. Each cdl in every layer gets a dendty vadue based on the number of features
(hauls with CPUE > 0 kg/h) within a radius cdl of 0.125 degrees. To create a densty
surface we have used the Kernd method that uses a mathematicad function to give
more importance to features closer to the center of the cdl. With this method, maps
with patterns that ae esser to interpret were obtained. The GIS defines a
neighbourhood (based on the search radius specified, in this case 1.5 degrees) around
eech cdl centre It then totads the number of features that fal within thet
neighbourhood and divides that number by the area of the neighbourhood. That vaue
is asdgned to the cdl. The GIS moves on to the next cdl and repests the same
procedure, resulting in the creation of a smoothed surface. Mapping dengity shows
where the highest concentration of Patagonotothen spp. isfound on a monthly basis.

Yearly distribution of Patagonotothen spp. CPUE and averaged CPUE maps

Figures 4 and 5 illudrates the annua distribution of observed CPUE (kg/hr) from
1988 to 2003 for Patagonotothen spp. Rockcod catches in 14 years does not describe
a cleaxr gpatio-tempora pettern. In generd terms we conclude that higher
concentrations of high annual vaues of CPUE were seen between 1996 and 1999.
From 1989 to 1995, the CPUE vaues fluctuae from low to high beng the CPUE
lowest valuesin 1989 and the highest in 1997.

Monthly distribution of Patagonotothen spp. CPUE and averaged CPUE maps

Figures 6 and 7 show the monthly distribution of rockcod CPUE. Fish abundance was
higher in the austrd summer than in the winter. February, March and April were the
months that registered higher concentration of high CPUE vaues. From February to
May there is an expanson in the digribution catches from the western area towards
the eastern area. Catches of Patagonotothen spp. were recorded dl around the Idands
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from August to October and redricted to the western area in June, July and
November.

Patagonotothen spp. density maps

Dendty surface maps (Figure 8) show the abundance didribution of this species
through the year. Dendty maps show a Smilar temporad pattern than figures 4 and 5.
Maximum dendty values were recorded within March, July and August. These vaues
are located in dl cases in divison 46. April was characterized by the presence of high
dengty vaues in divison 46 and 49. From August to December there is a clear fdl in
densty vaues, reaching the minimum in December.

Patagonotothen spp. CPUE distribution per strata

The digribution of Patagonotothen spp. per strata (Figure 9) give us an idea about the
habitat of the species Maximum concentration of Patagonotothen spp. CPUE were
recorded in 100-200 m and 200-300 strata. Few catches were recorded in 0-100, 300-
400, 400-500 and higher than 500 m drata.  Catches in the 0-100 m drata were
mainly located in the divison 46, 49 and MS. In the 300-400 m dtrata catches were
located mainly in divison 42, 46 and MS. Strata 400-500 m and higher than 500 m
show few catches at divison 42 and MS. Catches located between 100-200 m were
found all around the Idands and also in Internationd Waters.
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Sub Task 2.4.1 Fishery Forecasting

(UNIABDN, 1% progressreport, 2003)
1. Dataassembly, processing and integration
Fishery data

FIFD data

The data available comprised atotal of 5749 hauls records from 1988 to 2001. Only
61 hauls include records of Patagonotothen spp. (code 1010) catches. Only two
recorded catches were more than 100 kg (500 kg and 200 kg). The minimum recorded
catch was 0.04 kg. All catches were discarded. Therefore FIFD data are not used in
the present anaysis.

Spanish data

The data were provided by IEO (Vigo) and refer to al hauls monitored by observers
(i.e. a sample of totd fishing effort) during 1989 to 2002. Observer effort varied from
year to year. During this period, there were 10203 recorded hauls with
Patagonotothen spp catches. The species was thus recorded in 55% of the tota
recorded 18559 hauls. Spanish fishery data from 1989 to 2002 were integrated into a
MS Access database and used in andyss and moddling. The data are recorded haul
by haul, and include catches and discards by species, start and end time, start and end
position, gear type, and environmenta data (as mentioned below).

Environmental data
Sea surface temperature data

Weekly averaged multi-channd sea-surface temperature data derived from the NOAA
Advanced Very High Resolution Radiometer (AVHRR) from both the ascending pass
(daytime) and descending pass (night-time) ae avalable from the Physcd
Oceanography Didtributed Active Archive Center, Jet Propulson laboratory, USA.
The data are obtained a the equa angle grid with spatid resolution of 2048/360
degree per pixd, i.e, the Sze of a pixe a the equator is 19.55 km. Data from January
1982 to December 2000 were downloaded from the Physicdl Oceanography
Didributed Active Archive Center, Jet Propulsion laboratory, USA. Consdering the
diuma waming effects, which affect the edimated SST from AVHRR daa
(Cornillon and Stramma, 1985; Stramma, et al., 1986), only night-time data were
downloaded. The data were processed and converted into GIS as grids. The data will
be used for andyzing the reaionships between fish abundance and oceanic
crculation.

Reynolds globa monthly mean SST with 1 x 1 degree resolution data from 1982 to
2002 were downloaded from the web dte of the Nationd Center for Atmospheric
Researches (NCAR). The data are the output of a mode using input of marine surface
obsarvations, the NOAA Advanced Very High Resolution Radiometer (AVHRR) data
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and the presence of sea ice (Reynolds and Marsico, 1993). The data covering the
sudy area were extracted from globa data sets and integrated into a MS Access
database.

Bathymetric data

Gridded bathymetric data with 1’ by 1' resolution were extracted from GEBCO
(General Bathymetric Chart of the Oceans) 2003 CD ROM, replacing 5 by 5 data
which had previoudy been used. This is the best bathymetric deta avalable and is
recommended for use by dl partners. The data covering the project area have been
integrated into GIS as grids.

Bathymetry contour lines (vector dructure) and coastline were extracted from the
GEBCO 2003 CD ROM. The contour line interval is 10 metres. The data were
imported into the GI S as a shapefile and coverage.

2. Fish abundance, discards and other indices
Indices were defined as follows:
Fish abundance indices

1. Sngle haul CPUE (catches per unit effort, kg/h): the ratio of the catches of
Patagonotothen spp. to the fishing hours for a single haul.
2. Monthly mean CPUE (kg/h) by 0.5 degrees rectangle: the sum of totd

Patagonotothen spp. catches divided by the sum of tota effort for dl hauls within
a0.5° rectangle and amonth.

3. Long term monthly mean CPUE (kg/h) by 0.5 degrees rectangle: is defined as the
sum of total Patagonotothen spp. catches divided by the sum of tota effort for dl
hauls within a0.5° rectangle from 1989 to 2002.

Fish discard indices

1. Sngle haul DPUE (discards per unit effort, kg/h): the ratio of the discards of
Patagonotothen spp. to the fishing hours for asingle haul.

2. Monthly mean DPUE (kg/h) by 0.5 degrees rectangle: the sum of totd
Patagonotothen spp. discards divided by the sum of totd effort for al hauls within
a0.5° rectangle and amonth.

3. Long term monthly mean DPUE (kg/h) by 0.5 degrees rectangle: the sum of tota

Patagonotothen spp. discards divided by the sum of totd effort for dl hauls within
a0.5° rectangle from 1989 to 2002.

Single haul ratio indices
1. Theratio of single haul Patagonotothen spp. catches to the catches of all species

(SCAC): the ratio of Patagonotothen spp. catches to the summed caiches of dl
speciesfor asngle haul.
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2.

3.

4.

The ratio of single haul Patagonotothen spp. discard to the catches of
Patagonotothen spp. (SDSC): the ratio of Patagonotothen spp. discards to the
Patagonotothen spp. catches for asingle haul

The ratio of single haul Patagonotothen spp. discards to the discards of all
species (SDAD): the ratio of Patagonotothen spp. discards to the discards of dl
speciesfor asngle haul.

The ratio of single haul Patagonotothen spp. discards to the catches of all species
(SDAC): the ratio of Patagonotothen spp. discards to the catches of al species for
asngle haul.

Single year monthly mean ratio indices

a

Sngle year monthly mean SDAC by 0.5 degrees rectangle: the ratio of the sum of
Patagonotothen spp. discards to the sum of the catches of al species within a 0.5°
rectangle and amonth.

Sngle year monthly mean SDSC by 0.5 degrees rectangle: the ratio of the sum of
Patagonotothen spp. discards to the sum of the catches Patagonotothen spp.
within a0.5° rectangle and a month.

Sngle year monthly mean SDAD by 0.5 degrees rectangle: the ratio of the sum of
Patagonotothen spp. discards to the sum of the discards of al species within a 0.5°
rectangle and amonth.

Sngle year monthly mean SDAC by 0.5 degrees rectangle: the ratio of the sum of

Patagonotothen spp. discards to the sum of the catches of al species within a 0.5°
rectangle and amonth.

Long-term mean ratio indices

1

Long-term monthly mean SDAC by 0.5 degrees rectangle: the raio of the sum of
Patagonotothen spp. discards to the sum of the catches of al species within a 0.5°
rectangle and a month.

Long-term monthly mean SDSC by 0.5 degrees rectangle: the ratio of the sum of
Patagonotothen spp. discards to the sum of the catches Patagonotothen spp.
within a0.5° rectangle and a month.

Long-term monthly mean SDAD by 0.5 degrees rectangle: the raio of the sum of
Patagonotothen spp. discards to the sum of the discards of al species within a 0.5°
rectangle and a morth.

Long-term monthly mean SDAC by 0.5 degrees rectangle: the ratio of the sum of
Patagonotothen spp. discards to the sum of the catches of al species within a 0.5°
rectangle and amonth.

3. Dataandlisis

Daa anayss was carried out in three phases:

a

b.

Exploratory andyss based on the database, to determine the structure and
digtribution of the data and the calculated indices.

Corrdaion andyss of rdationships between fish abundance and environmenta
variables. Future analysiswill include gpplication of GAMs and regression trees.
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c. Viaudization and visud andyss based on GIS. The Spanish fishery data and the
cdculated indices, and environmental data, were input into GIS from the Access
database and converted into point shapefiles. The point shapefiles were converted
into grids. Because remote sensed SST data cover the whole study area, the time-
sries maps were then made to diglay the spatid didribution of monthly mean
Patagonotothen spp. CPUE by 0.50 rectangle with contour line SST background
for each sngle month from 1989 to 2002. Time-series maps of long term monthly
index means from 1989 to 2002, and sngle year monthly index means (CPUE,
DPUE, SDSC, SDAC, SDAD, SCAC) by 0.50 rectangle, were also made.

3.1. Patagonotothen spp. catches and abundance
3.1.1. Thestatusof Patagonotothen spp. catches by the Spanish fleet

Table 1 ligts the total fishing hauls recorded in each single month from 1989 to 2002,
and the hauls with Patagonotothen spp. catches. During the period from 1989 to 2002,
there were 10203 hauls with Patagonotothen spp catches, i.e. 55% of the tota
recorded 18559 hauls.

On average, more than 50% of recorded hauls included Patagonotothen spp. catches
in 10 years out of the tota recorded 14 years, and only in September and October was
Patagonotothen spp. recorded in fewer than 50% of hauls. The lowest ratio of the
haulswith Patagonotothen spp. catches to the tota recorded hauls, 0.319, appeared in
1989, and the highest, 0.922, in 2000. However, there is no smple tempora pattern
describing the tempord change in reative importance of Patagonotothen spp. in
catches.

Table 2 and Figures 10 and 11 show the ratio of Patagonotothen spp. catches to the
total catches (al species) (SCAC). The catches of Patagonotothen spp. comprised
from O to 35% of caches by weght, anud mean vadues varying from O to about
17%. There were two pesks in SCAC annudly: one in January and the other in
October and November. From 1989 to 1995, the SCAC fluctuated bi-annudly, with
dternding “high” and “low” years. High annual vaues of SCAC were seen between
1996 and 1999.

3.1.2. Temporal digribution of fish abundance

Table 3 and Figures 12 - 14 show the annud and monthly mean CPUE. Fish
abundance varies seasondly. Fish abundance was higher in the austrd summer tien in
the winter. Within the recorded 14 years, CPUE was lowest in 1989 (CPUE = 16.2
kg/h) and highest in 1997 (1864 kg/h). There were two high abundance pesks
annually: one in February and March, the other in October. From 1989 to 1995,
abundance fluctuated bi-annudly, with dtenaing “high” and “low” years High
annua values were seen between 1996 and 1999. Thus CPUE and SCAC follow
gmilar patterns, implying that the proportion of Patagonotothen spp. in caiches is
mainly a function of fluctuations in its aundance rather than variaion in abundance
of other species (Figures 11 and 14).
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3.1.3. Spatial digribution of fish abundance

The display of long-term monthly mean CPUE (Figure 15) shows that, the catches of
Patagonotothen spp. occurred only in the middle area in December and January,
while catches in the north area were recorded from February to June. In the south
areg, the didribution of Patagonotothen spp. expanded from the western area towards
the eastern area from February to May, and shrank back to the western area in June
and July. Catches were recorded dl around the Fakland idands from August to
October, but were redricted to the western area again in November. The spatia
digribution of the long-term monthly meen raio of Patagonotothen spp. catches to
the catches of al species (SCAC) follows asimilar tempord pattern (Figure 16).

3.2. Patagonotothen spp. discards
3.2.1. Thedsatus of discarding by the Spanish fleet

Figures 17 and 18 are the pair plots of sngle haul Patagonotothen spp. discard rates
and cach rates (DPUE and CPUE, respectively). These figures, together with Figure
11, show that for dmogst dl hauls, from 1989 to 2002, dl catches of Patagonotothen
spp. were discarded.

3.2.2. Temporal pattern of discarding

Table 4 ligs monthly mean Patagonotothen spp. DPUE. Table 5 ligts the monthly
mean ratio of discards to catches of Patagonotothen spp. (SDSC). Figures 19 and 20
show the annua mean CPUE and DPUE, and monthly mean ratio of Patagonotothen
sop. discards to the tota catches of Patagonotothen spp. (SDSC), respectively.
Because dmogt dl catches were discarded, the tempord patterns of fish discards and
DPUE are amogt as the same as the tempord pattern of CPUE. There were only few
months with lower DPUE than CPUE. Few months have DSC <1. October 1991 has
the lowest SDSC (=0.338), dthough al catches were discarded in other months of
that year.

Table 6 and Figure 21 show the ratio of the discards of Patagonotothen spp. to the
caches of dl species (SDAC). Annudly mean and monthly mean SDAC show
gmilar patterns to the CPUE (see Table 4, Figures 11 and 19).

Table 7 and Figures 22-23 show the ratio of the discards of Patagonotothen spp. to
the discards of al species (SDAD). Discards of Patagonotothen spp. represent around
45% of dl discards over the period from 1989 to 2002, with highest SDAD (0.786) in
1998 and lowest SDAD (0.133) in 1989.

3.2.3. Spatial digribution of discarding

Because most of the Patagonotothen catches were discarded, as shown in Figures 24
and 25, the generd spatid distributions of DPUE and SCAC are smilar to the generd
gpatia didribution of CPUE and SDAC. Figures 26 and 27 show the didribution of
long-term monthly mean SDSC and SDAD, respectivey. Only a few rectangles have
low SDSC (Figure 25). However, Fgure 27 shows dgnificant spatid differences in
SDAD in each month.
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3.3. Fish abundancein relation to environmental variables

Preiminary analyss has so far only consdered corrdations between fish abundance
and environmental varigbles, which were caculated based on sngle haul data (with
CPUE > 0), and recorded SST and depth in the middle area and south area. Tables 8
and 9 show the results. Although, within areas of occurrence, there are Sgnificant
corrdations between fish abundance and SST and depth in some months, there is no
clear overdl corrdation patern reflecting the relaionships between fish abundance
and SST and depth.
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Table 1: Total hauls and the hauls with Patagonotothen spp. catches (Spanish data)

Year| Hauls | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct [ Nov | Dec | Sum | %
Total - 76 | 303 | 507 | 673 (447 | 181 | 310 | 375 | 146 - - 13018
1989 with 0.319
- - 31 |145 253|251 | 86 | 61 | 100 | 35 - - 962
catches
Total - 90 |236 | 255|316 [157 | 100 | 82 | 152 | 23 - - 1411
1990 with 0.580
catches | - 43 (181|221 186 | 85 | 68 - 17 | 18 - - 819
Total - 19 | 167 | 163 | 90 | 130 | 177 | 287 | 167 | 62 - - 1262
1991 with 0.351
- 10 |130 | 84 [ 39 | 63 | 63 | 54 - - - - 443
catches
Total - |114 (163 | 137 | 81 | 53 (164 | 331|229 | 117 - - 1389
1992 with 0.562
- 78 |106 | 89 | 65 | 46 (153|105 74 | 65 - - 781
catches
Total 67 | 180|163 |174| 8 - 147 | 161 (186 | 178 | 3 - 1267
1993 with 0.225
- - - - - - 52 | 30 | 85 116 | 2 - 285
catches
Total - 96 | 195 | 176 | 114 - 53 | 197 | 161 | 124 - - 1116
1994 with 0.475
- 44 | 19 | 16 8 - 53 | 129 | 142 [ 119 - - 530
catches
Total - | 138|144 |126 | 90 - 55 | 186 | 169 | 160 | 36 - 1104
1995 with 0.459
catches | - 56 | 75 | 54 | 24 - 10 [ 75 | 75 |[102 | 36 - 507
Total - 125190 | 213 (171 - 67 | 211|206 | 136 - - 1319
1996 With 0.642
- 96 | 166 | 152 | 47 - 65 | 60 | 158 [ 103 - - 847
catches
Total 85 | 150 | 150 | 94 | 98 - 103 | 159 (182 | 101 - - 1122
1997 With 0.869
85 [ 140|134 | 93 | 31 - 100 | 152 | 145 | 95 - - 975
catches
Total 86 | 78 [173 [153 | 71 - 76 | 145|156 | 124 | 29 - 1091
1998 with 0.844
85 | 54 | 95 (151 | 71 - 69 | 128|141 [ 104 | 23 - 921
catches
Total 57 | 80 | 256 (171|101 | 41 | 52 |171]| 92 | 65 | 73 | 41 |1159
1999 With 0.557
56 | 69 | 75 | 81 8 17 | 47 |117 | 49 | 57 | 70 | 40 | 646
catches
Total 8 84 |147 | 181|178 | 28 - 62 | 62 | 96 | 82 - 928
2000 with 0.922
catches 6 82 | 145 | 175|169 | 26 - 58 | 36 | 81 | 78 - 856
Total - |120 (145 | 164 [ 136 | 33 | 12 [ 179|201 (242|248 | 14 | 1480
20011 with 0.693
- 113|113 |117 | 70 - 12 (132 | 78 (173|217 3 |1025
catches
Total - 45 | 62 | 98 |174 | 77 | 73 |103 | 71 | 81 | 54 - 838
2002| with 0.672
- 45 | 44 | 84 |131| 47 | 39 | 20 | 42 | 57 | 54 - 563
catches
Total 303[ 1395(2494| 2612| 2301 966 1260| 2584| 2409| 1655 525/ 55|18559
Sum | with
catches | 232| 830| 1314|1462/ 1102 535| 817/1121| 1142|1125 480 43|10203|0.550
% 0.766|0.595|0.527(0.560[0.479|0.554|0.648(0.434(0.474|0.680|0.914{0.782| 0.550
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Table 2: The ratio of single haul Patagonotothen spp. catches to the catches of all species (SCAC):
average monthly mean SCAC (Spanish data, 1989-2002)

Year| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Mean
1989 0.003 0.008 0.024] 0.021] 0.049 0.010 0.011] 0.007 0.015
1990 0.020 0.049| 0.066 0.045 0.047| 0.090 0.004 0.214 0.059
1991 0.035 0.023 0.021] 0.014] 0.024] 0.013 0.003 0.015
1992 0.032 0.038 0.035 0.052| 0.100 0.166 0.050 0.010 0.106 0.065
1993 0.041] 0.026] 0.050 0.066 0.016 0.020
1994 0.167| 0.003| 0.012 0.002 0.021] 0.027| 0.095 0.213 0.067
1995 0.014| 0.027] 0.011] 0.014 0.011] 0.009] 0.016 0.034| 0.040 0.020
1996 0.046| 0.035 0.052 0.003 0.153 0.048| 0.269 0.268 0.109
1997| 0.150| 0.111] 0.204| 0.065 0.114 0.186| 0.313] 0.156 0.201 0.167
1998 0.133| 0.107| 0.153| 0.164 0.150 0.038| 0.124] 0.116 0.197 0.356 0.154
1999 0.206| 0.191| 0.088] 0.170 0.004| 0.040| 0.275| 0.082| 0.094 0.168| 0.184| 0.166/ 0.139
2000 0.024] 0.127| 0.096| 0.109 0.131| 0.025 0.086/ 0.029 0.125| 0.190 0.094
2001 0.151| 0.059 0.093 0.033 0.030| 0.017| 0.005 0.031 0.047 0.006| 0.043
2002 0.078 | 0.016 | 0.111|0.103] 0.198 | 0.034 | 0.027 | 0.016| 0.023 | 0.040 0.065
Mean | 0.103 | 0.077 | 0.057 | 0.065| 0.049 | 0.057 | 0.085 | 0.059 | 0.062| 0.118 | 0.125 | 0.086
Table 3: Monthly mean CPUE (kg/h, Spanish data, 1989-2002)

Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Mean
1989 5.4 211 337 275 349 75/ 1020 55 16.2
1990 100.4| 101.4| 775 66.8] 553| 88.4 4.1 147.4 713
1991 329 442 333 =201 140, 70/ 26 17.1
1992 83.2| 69.4| 462 424 o926| 181.3] 636 114 1157 78.4
1993 432 376 391 51.0] 11.9 18.3
1994 127.4] 20| 202 25 230 26.5| 116.6] 194.8 64.1
1995 302| 823 327 324 16.7| 13.1| 36.8 430 285 351
1996 69.4| 67.3] 119.9 8.3 169.1| 52.2| 230.8] 193.3 113.8
1997| 193.8| 114.9| 400.7| 90.3 76.4 144.1| 259.1| 150.2] 247.8 186.4
1998| 185.0| 92.1| 260.3| 217.0| 168.3 18.4| 91.7| 98.9 206.0| 301.8 163.9
1999 364.1| 431.7| 125.9| 255.00 3.0 23.6| 107.1| 64.4] 81.1 151.2| 123.6| 134.1| 1554
2000 27.3| 288.5| 267.1| 154.8 116.1| 10.4 51.1| 36.2] 119.5| 291.8 136.3
2001 174.2| 825 914 578 177 114 88 412 397 31| 480
2002 77.2| 14.2| 782 632 164.6| 357 239 229 19.0| 448 S4.4
Mean| 154.0| 115.9| 108.8| 88.4 495 485 682 50.3] 60.5 109.7| 120.3] 68.6
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Table 4: Average monthly mean DPUE (Spanish data, 1989-2002)

Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Mean
1989 54| 21.1f 33.7] 275 349 75| 10.2 55 16.20
1990 100.4] 101.4| 77.5 66.8] 33.4| 442 4.1 147.4 63.92
1991 329 44.2] 333 20.1] 14.0 7.0 2.6 17.12
1992 83.2| 69.4| 46.20 424 92.6| 181.3] 63.6| 11.4 39.1 69.92
1993 43.2| 37.6f 39.1] 50.7f 11.9 18.27
1994 127.4 2.0l 20.2 2.5 23.0] 26.5| 116.5 194.8 64.10
1995 30.2| 82.3] 327 324 16.7) 13.0f 36.8 43.0[ 285 35.06
1996 69.4| 67.3] 119.9 8.3 169.1| 52.2| 230.8] 193.3 113.78
1997 193.8| 114.9( 400.7| 90.3] 76.4 135.0] 259.1| 150.2| 247.8 185.37
1998( 184.3] 92.1| 260.3| 217.0f 168.3 18.4] 91.7[ 98.9 206.0[ 301.8 163.87
1999| 364.1| 431.7| 125.9( 255.0 3.0l 23.6] 107.1] 64.4] 81.1 151.2| 123.6| 134.1(155.39
2000 27.1| 288.5| 267.1| 154.8 116.1| 104 51.1] 36.2] 119.5| 291.8 136.25
2001 169.7] 82.4| 91.3) 57.8 17.7( 111 8.1 26.6] 229 31| 44.61
2002 745 14.2] 76.9] 63.2] 164.6| 35.7| 23.8] 22.8 14.3] 40.1

Mean| 153.9| 115.3|] 108.8| 88.3] 49.4| 45.8| 64.1] 50.3] 60.4 102.8( 117.2] 68.6

Table 5: Average monthly mean SDSC (Spanish data, 1989-2002)

Year | Jan Feb | Mar | Apr | May [ Jun Jul Aug | Sep [ Oct Nov | Dec
1989 1.000[ 1.000 1.000] 1.000] 1.000[ 1.000[ 1.00Q 1.000

1990 1.000[ 1.000{ 1.00Q 1.000f 0.604{ 0.501 1.000 1.000

1991 1.000[ 1.000{ 1.000 1.000] 1.000[ 1.000[ 0.995

1992 1.000[ 1.000] 1.000 1.000) 1.000/ 1.000[ 1.000[ 1.000 0.338

1993 1.000| 1.000| 1.000 0.994| 1.000

1994 1.000[ 1.000] 1.00Q 1.000 1.000] 1.000] 0.999 1.000

1995 1.000( 1.000{ 1.00Q 1.000 1.000] 0.994| 1.000 1.000/ 1.000

1996 1.000[ 1.000] 1.00Q0 1.000 1.000] 1.000] 1.000 1.000

1997| 1.000| 1.000[ 1.000( 1.000 1.000 0.937| 1.000, 1.00Q 1.000

1998] 0.996/ 1.000/ 1.000[ 1.00Q 1.000 1.000] 1.000] 1.000 1.000] 1.000

1999 1.000/ 1.000[ 1.000| 1.000 1.000, 1.000[ 1.000( 1.000| 1.000 1.000| 1.000[ 1.000
2000 0.995( 1.000[ 1.000] 1.000 1.000[ 1.000 1.000] 1.000 1.000] 1.000

2001 0.974| 0.998 0.999 1.000 1.000| 0.969| 0.921 0.646| 0.576( 1.000
2002 0.966| 1.000| 0.984 1.000] 1.000| 1.000] 0.997| 0.995 0.755| 0.895
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Table 6: Average monthly mean SDAC (Spanish data, 1989-2002)

Year [Jan |Feb [Mar |Apr [May |dun [Jul  |Aug [Sep |oct |Nov |Dec [Mean
1989 0.003 |0.008 [0.024 |0.021 (0.049 |0.010 |0.011 |0.007 0.015
1990 0.020 |0.049 |0.066 (0.045 |0.029 (0.045 0.004 10.214 0.052
1991 0.035 |0.023 [0.021 |0.014 [0.024 |0.013 [0.003 0.015
1992 0.032 |0.038 |0.035 (0.052 ]0.100 |0.166 |0.050 |0.010 (0.036 0.058
1993 0.041 [0.026 |0.050 |0.066 [0.016 0.020
1994 0.167 |0.003 ]0.012 [0.002 0.021 10.027 ]0.095 (0.213 0.067
1995 0.014 |0.027 |0.011 |0.014 0.011 (0.009 |0.016 |0.034 (0.040 0.020
1996 0.046 |0.035 [0.052 |0.003 0.153 |0.048 (0.268 |0.268 0.109
1997 |0.150 |0.111 [0.204 [0.065 (0.114 0.175 [0.313 |0.156 |0.201 0.165
1998 (0.133 |0.107 [0.153 |0.164 |0.150 0.038 |0.124 (0.116 |0.197 [0.356 0.154
1999 |0.206 |0.191 (0.088 |0.170 [0.004 [0.040 ]0.275 (0.082 |0.094 |0.168 (0.184 ]0.166 |0.139
2000 (0.024 |0.127 (0.096 |0.109 |0.131 |0.025 0.086 |0.029 (0.125 |0.190 0.094
2001 0.147 |0.059 ]0.093 [0.033 0.030 ]0.016 |0.005 (0.020 |0.027 |0.006 (0.040
2002 0.076 |0.016 |0.110 |0.103 (0.198 (0.034 |0.027 |0.015 |0.018 (0.036 0.063
Mean |0.103 |0.077 [0.057 ]|0.065 [0.049 [0.054 ]0.081 [0.059 |0.062 |0.112 [0.121 |0.086
Table 7: Average monthly mean SDAD (Spanish data, 1989-2002)
year | Jan Feb | Mar | Apr | May [ Jun Jul Aug | Sep [ Oct Nov | Dec
1989 0.169 0.100 0.275] 0.206| 0.214] 0.140, 0.053 0.039 0.133
1990 0.162[ 0.505| 0.389 0.295| 0.180| 0.590 0.073 0.982 0.353
1991 0.282 0.171| 0.41§ 0.364| 0.436/ 0.059 0.013 0.193
1992 0.232| 0.413] 0.280 0.599 0.731] 0.904] 0.849| 0.142 0.413 0.507
1993 0.810] 0.845( 0.828 0.610] 0.223 0.368,
1994 0.528] 0.292] 0.525 0.082 0.637] 0.438| 0.611 0.756 0.484
1995 0.119| 0.109| 0.051 0.070 0.213] 0.390[ 0.374 0.152] 0.295 0.197
1996 0.691f 0.196/ 0.363 0.033 0.213]| 0.152| 0.557] 0.442 0.331
1997| 0.864| 0.722] 0.922| 0.560| 0.885 0.800] 0.881f 0.382 0.549 0.730
1998| 0.958| 0.854 0.966| 0.887 0.937 0.839] 0.521] 0.365 0.650| 0.880 0.786
1999 0.849| 0.864| 0.730| 0.862] 0.789| 1.000| 0.932| 0.409| 0.770 0.542| 0.740| 0.499 0.749
2000 0.646| 0.564| 0.480] 0.527] 0.684] 0.488 0.708] 0.300 0.940| 0.886 0.622
2001 0.873| 0.538] 0.664 0.203 0.602[ 0.160| 0.03¢ 0.294| 0.175| 0.025| 0.325
2002 0.905] 0.857| 0.557 0.639] 0.979( 0.636| 0.282| 0.10§ 0.190] 0.393] 2002 0.554
0.664] 0.523| 0.453| 0.441 0.418| 0.503| 0.573 0.413| 0.329 0.469| 0.513] 0.262
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Table 8: Spearman correlations between Patagonotothen spp. CPUE and SST (hauls with catches > 0)

Jan Feb | Mar | Apr [ May [ Jun Jul Aug | Sep Oct Nov Dec
Middle | r 0.192]0.119|0.127 | 0.296 | 0.089 | -0.101 | -0.152 | -0.078 | 0.001 | -0.084 | 0.173 | -0.055
p-value | 9.003|0.005|0.001| 0 |0.122| 0.089 0 0.041 {0.983| 0.275 | 0.089 | 0.72

n 232 | 548 | 687 | 571 | 301 | 285 | 711 | 682 | 317 | 172 97 43

South r - 10.189(0.251|0.056 |0.119 | -0.076 | 0.545 | 0.278 | 0.016 | -0.116 | -0.256 -
p-value - |0.002| 0 |0.128|0.031| 0.777 0 0 |0655| © 0 -

n - 273 | 616 | 732 | 331 | 14 86 438 | 825 | 953 | 383 -

Table 9: Spearman correlation between Patagonotothen spp. CPUE and depth (hauls with catches > 0)

Jan | Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct Nov Dec

Middle | r 0.066/ 0.066| 0.077| 0.082] 0.19] 0.013| 0.054] 0.238 0.098| 0.013| 0.042| -0.468
p-value | 0319 0.121| 0.043 0.05 0.001] 0.825| 0.153 0 0.081] 0.864] 0.682] 0.003

n 232| 548 687 571| 301 285 711 682 317 172 97 42

South r {-0.106] -0.022| -0.182| 0.203] 0.085| -0.206] 0.172| 0.159| -0.065| 0.092 -
p-value 1 0.079| 0.581 0 0| 0.775| 0.058 0 0| 0.046| 0.071 -

n {1 273 616 730 331 13 86| 438 825 953 382 -
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Ratio of Patagonotothen spp. catches to the catches of all species (SCAC)
(Spanish data)
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Figure 10: Ratio of Patagonotothen spp. catches to the catches of al species (SCAC)
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Figure 12: Patagonotothen spp. CPUE
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Patagonotothen spp. CPUE (Spanish data)
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Figure 13: Patagonotothen spp. CPUE
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Figure 14: Patagonotothen spp. CPUE
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The Tong Term Monthly Mean CPUT. (kg/h) of Patagonotothen spp. (Spanish Data) and SST (1989 - 2002)
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Figure 15: Long-term monthly mean CPUE of Patagonotothen spp. and SST (1989-2002)
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The long-term mean ratio of catches of patagonotothen spp. to catches of all species (Spanish data, 1989 - 2002)
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Figure 16: Long-term monthly mean ratio of Patagonotothen spp. catches to the catches of al species (SCAC)
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Figure 17: Sngle haul Patagonotothen spp. discard vs catches
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Fgure 18: Sngle haul Patagonotothen spp. DPUE vs CPUE
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Annually Mean CPUE and DPUE
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Figure 19: Annudly Mean CPUE and DPUE
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Ratio of discards to catches of patagonotothen spp. (SDSC) (Spanish data)

Year-Month

dsto catches of Patagonotothen spp. (SDSC)

| SCar

f d

i00

Rat

Figure 20

176



SDAC

Ratio of patagonotothen spp. discards to the catches of all species
(SDAC) (Spanish data)
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Figure 21: Ratio of Patagonotothen spp. discards to the catches of al species (SDAC)
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Ratio of discards of patagonotothen spp. to the discards of all species
(SDAD) (Spanish data)
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Figure 22: Rdtio of discards of Patagonotothen spp. to the discards of al species (SDAD)
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Ratio of discards of patagonotothen spp. to the discards of alll
species (SDAD) (Spanish data)
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Figure 23: Ratio of discards of Patagonotothen spp. to the discards of al species (SDAD)
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The Tong Term Monthly Mean DPUT. (kg/h) of Patagonotothen spp. (Spanish Datay and SST (1989 - 2002)
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The long-term mean ratio of the discards of patagonotothen spp. to the catches of all specics (Spanish data, 1989 - 2002)

The long-term mean ratio of the diseards of patagonetothen spp. to the catches of all specics (by 0.5 x 0.5 degrees rectangles)
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Figure 25: Long-term mean ratio of the discards of Patagonotothen spp.to the catches of al species month by month.
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The long-term mean ratio of the discards to the catches ot patagonotothen spp. (Spanish data, 1989 - 2002)
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Figure 26: Long-term mean ratio of the discards to the caiches of Patagonotothen spp. month by month
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The long-term mean ratio of the discards of patagonotothen spp. to the discards of all species (Spanish data, 198Y - 2002)
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Figure 27: Long-term mean ratio of the discards of Patagonotothen spp. to the discards of al species month by month
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Deliverable# 17: Fishery forecasting (2" progressreport, 2003)
Spanish fishery data

Origind data were recorded by day, month, year, and longitude and latitude
(including minutes). There are 11051 origind haul records of Patagonotothen spp. in
the Vigo (Malvinas) data

Data scanning was firgtly carried out to check the reliability of data to be used. CPUE
(kg/h) was firdly cdculated. The hauls with Nil CPUE and extremdy high CPUE
(>500) were not used in moddling. There are 614 hauls with Patagonotothen spp.
CPUE >500, 120 hauls with CPUE = 0. Total 734 hauls, 6.64% of al hauls, were not
conddered at the fird stage. However, Some hauls have not complete record of
environmental varigbles. Further scanning the data aso found that the zero vaues of
SST and SBT recorded in some hauls may be wrong, as shown in Figures 28 and 30.
Therefore, The hauls used for moddling are these hauls have SST and SBT greater
than zero, and have depth vaue. There are only 890 hauls in the middle area, and
1725 hauls in the south area, were used in moddling. Figures 29 and 31 is the matrix
plot of CPUE, location, and environmentd variables of these hauls.

FIFD fishery data

FIFD data have only 1019 the records with catches of Patagonotothen spp. and 208
records have SST and SBT vaues over 17 years. Thus FIFD data are not used in the
development of the modd.

Satistical modelling

Since the relaionships between CPUE and predictors may not be aways linear in
different dtuations, Generdised Additive Modds (GAMs) were used to modd the
goatid and tempora distributions of CPUE. GAMs extend the concept of GLMs
(generdised  liner models) by fitting non-parametric  functions to edtimate the
relationships between response and predictors. The nonparametric functions are
estimated from the data using smoothing operations. The generd form of aGAM is:

g(x) =a +afi(x)

where g(x) is additive predictor, a is a constant intercept term, f are non-parametric
functions of predictors or terms and X are predictors. g(x) can be used in dl the
dtuaions where the linear predictors were used for generdlised linear modd. Eg. it
can be a single term (f(x) + a), a semi-parametric term (X b +f(x) + a, t, b and a are
congtants) and a fully additive modd @ + afi(x)) (see Hastie, 1997 for detail). f are
andogous to the regresson coefficients in a linear model and are fitted usng scatter
plot smoothers, such as the locdly weighted regresson smoother and the smooth
spline smoother.

In this sudy, the response is CPUE of Patagonotothen spp. A robust method
(Vendbles & Ripley, 1999) within GAM was used to peform a robust verson of the
GAM fit. It provides a method not grestly affected by outliers and gives a good fit to
the bulk of the data
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The models were developed using stepwise GAM method. The initid terms for each
predictor condsts of lined, and spline smoother terms with df from 2 to 5. The
predictors, the smoothers with different arguments for predictors and the mode forms
(parametric, non-parametric or Semi-parametric) were determined automaticaly by
GAM gepwise modd-building dgorithms in teems of AIC (Akake Information
Criterion, for detall see Hadtie, 1997). The AIC datistic accounts smultaneoudy for
the degrees of freedom used and the goodness of the fit: more parsmonious models
have a lower AIC. The stepwise for GAMs dlow one to step through arbitrary modds
adong a pre-specified path. Then the stepwise selected the find models with the lowest
AIC by dropping predictors or replacing the linear terms with nonparametric
functions with predictors.

Deviance edimated in the modes, andogous to the resdud sums of squares, is a
measure of the fit of the modeds. A pseudo coefficient of determinaion, R2, is
esimated as one minus the ratio of the deviance of the mode to the deviance of the
null modd (1 - deviance/null.deviance, see Swartzman e a, 1992). Thus the pseudo
coefficient was used as an index for the modd fit. The importance of an individua
teem to the modd fit was illustrated by GAM plots. Dashed lines represent two
gandard error boundaries around the covariate main effects. Tick marks on the xaxis
show locations of data points. The dendgty of points for different covariate vaues is
shown by the rug under the single covariate effect plots. The dished curves ae
pointwise 2 x standard-error bands.

Two kind of models are developed. The firg, defined as monthly-based models, were
developed based on dngle haul records of CPUE, and environmenta variables, i.e
longitude, latitude, SST, SBT and depth. The single month modes were developed for
the middle and south areas separately. As the firsd type modds show high residud
deviance, caused by the high diversty of CPUE between the hauls located a same
locations and with smilar values of environmental varigbles Therefore, we tried the
second type of model, defined as the overall modd, bases on single haul with the raio
of Patagonotothen spp. catches in weight to the haul tota catches of dl species in
weght is equa or grester than 05. This modd was developed usng sngle haul
records of CPUE and environmentd varidbles, i.e. year, month longitude, latitude,
SST, SBT, and depth, in the middle and south areas.

Results

Monthly-based models for the middle and south areas

Tables 10 and 11 list the model outputs for the middle area. Figures 32 to 48 show the
mode fit to the predictors in the middie and south areas respectively. Figures 49 to 65
show the comparison between fitted CPUE vaue and the origind CPUE vdue in the
middle and south areas respectively. The pseudo R listed in Tables 10 and 11
indicated that the pseudo R in most of months are high. The mode terms are different
from month to month. The resdud deviance in each month modd is high. By
comparing the fitted and origind CPUE vaues in Figures 49 to 65, it is found most
low origind CPUE have over-fitted vaues, and mogst high origind CPUE have under-
fitted vaues. The reason is that, as mentioned in section 2, within a very smdl areq,
and with dmilar vaues of environmentd varidbles, some hauls have very high CPUE,
but some have very low CPUE.
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The overall mode

The overdl modd was developed usng the haul records with the ratio of
Patagonotothen spp. catches in weight to the haul tota catches of dl species in weight
is equa or greater than 0.5. As the number of hauls used in the modd is very limited,
the model developed cover whole year and the middie and south aress. The modd
output is. Formula = cpue ~ gdepth, 2) + lat + g(month, 4). The residua deviance is.
212473.7 on 23.02684 degrees of freedom. The pseudoR = 0.50. Figure 66 shows the
matrix plot of CPUE, location and environmentd variables used in the overal modd
(hauls with the ratio of Patagonotothen spp to the catches of species >=0.5). Figure 67
shows the modd fit for CPUE to the predictor terms. Figure 68 show the comparison
between fitted CPUE vaue and the origind CPUE vdue in the middle and south areas

respectively
Discussion

The fishery forecasts developed by Aberdeen University and IEO could not be tested
by the observers a the end of the second fishing season as origindly planned in the
work programme, due to the fact that the fleet had dready stopped their operations.
This happened due to an earlier than expected closure of the fishery around the
Fakland Idands. For vdidation of the forecasts, a mode was developed making
predictions with historica data and comparing them to the most recent years data,
with acceptable results.

Although the models developed usng sep GAM method, which give the optimum
outputs, the modd results show that the resdua deviance is high. In generd, the low
CPUE vdues have over-fitted vadues, and the high CPUE vadues have under-fitted
vaues. This is caused by the high diversty of CPUE vaues from the hauls located in
the same area and with the Smilar environmental condition.

The monthly-based modds show cdear difference from month to month. This may
indicate the complex of environment influence on fish didribution and abundance.
However, the overdl modd has only depth, lat, and month predictors, indicating that,
on the large area scde, sea temperaure is not importance environmenta factor, lat
(=latitude) may reflects fish migration, and depth is important for fish abundance. As
depth is high related to longitude, the mode does not select longitude as a predictor.

Although the modds have high resdud deviance, they give average fitted vaues

compared with the origind CPUE vdues. This may indicate that the modds ae
feagble for predicting average fish abundance levels.
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Figure 32. Middle areain February: Optimal GAM model fit for CPUE to the predictors (the dashed
curves are pointwise 2 x standard-error bands).
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Figure 33. Middle areain March: Optimal GAM model fit for CPUE to the predictors (the dashed
curves are pointwise 2 x standard-error bands).
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Figure 34. Middle areain April: Optimal GAM model fit for CPUE to the predictors (the dashed curves
are pointwise 2 x standard-error bands).
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Figure 35. Middle areain May: Optimal GAM model fit for CPUE to the predictors (the dashed curves
are pointwise 2 x standard-error bands)
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Middle Area: Jun
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Figure 36. Middle areain June: Optimal GAM model fit for CPUE to the predictors (the dashed curves
are pointwise 2 x standard-error bands).
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Figure 37. Middle areain August: Optimal GAM model fit for CPUE to the predictors (the dashed
curves are pointwise 2 x standard-error bands).
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Middle Area: Sep
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Figure 38. Middle areain September: Optimal GAM model fit for CPUE to the predictors (the dashed
curves are pointwise 2 x standard-error bands).
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Figure 39. Middle areain October: Optimal GAM model fit for CPUE to the predictors (the dashed
curves are pointwise 2 x standard-error bands).
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Figure 41. South areain February: Optimal GAM model fit for CPUE to the predictors (the dashed
curves are pointwise 2 x standard-error bands).
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South Area: Apr
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Figure 43. South area April: Optimal GAM model fit for CPUE to the predictors (the dashed curves are
pointwise 2 x standard-error bands).
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Figure 44. South areaMay: Optimal GAM model fit for CPUE to the predictors (the dashed curves are
pointwise 2 x standard-error bands).
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Figure 45. South area August: Optimal GAM model fit for CPUE to the predictors (the dashed curves
are pointwise 2 x standard-error bands).
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South Area: Sep
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Fgure 46. South area September: Optimal GAM model fit for CPUE to the predictors (the dashed
curves are pointwise 2 x standard-error bands).
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Figure 47. South area October: Optimal GAM modd fit for CPUE to the predictors (the dashed curves
are pointwise 2 x standard-error bands).
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South Area: Nov
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Figure 48. South area November: Optimal GAM model fit for CPUE to the predictors (the dashed
curves are pointwise 2 x standard-error bands).
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Figure 49. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe origina CPUE
valuesin February in the middle area.
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Figure 50. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE

valuesin March in the middle area
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Figure 51. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE

valuesin April inthe middle area.
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Middle area: May
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Figure 52. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin May in the middle area.

Middle area: Jun

o
o —
-
o
—~ 00 7] [ ]
|_
o)
o
1S
S
E 8- .
e]
o
o
=
o
N
[ [ [ [
0 50 100 150
cpuel010

Figure 53. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin Junein the middle area.
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Middle area: Aug
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Figure 54. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin August in the middle area.
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Figure 55. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin September in the middle area.
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Figure 56. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin October in the middle area.
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Figure 57. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin November in the middle area.
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Figure 58. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin February in the south area.
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Figure 59. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin March in the south area.
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Figure 60. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin April in the south area.
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Figure 61. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin May in the south area.
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Figure 62. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin August in the south area.
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Figure 63. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin September in the south area.
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Figure 64. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin October in the south area.
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Figure 65. Monthly-based model: the plot of model fitted CPUE values (y-axis) vsthe original CPUE
valuesin November in the south area.
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Figure 66. The matrix plot of CPUE, location and environmental variables used in the overall model
(hauls with the ratio of Patagonotothen spp to the catches of species >=0.5)
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Figure 67. Overall model: the optimal GAM model fit for CPUE to the predictors (the dashed curves
are pointwise 2 x standard-error bands, hauls with the ratio of Patagonotothen spp to the catches of
species >=0.5).



Middle and South areas:Catch ratio >= 0.5

fitted(miGamOUT)
150 200 250 300 350 400
1 1 1 1 1 1

100
1

{ { { { T
100 200 300 400 500

cpuel010

Figure 68. Overall model: the plot of model fitted CPUE values (y-axis) vs the original CPUE values
(hauls with theratio of Patagonotothen spp to the catches of species >=0.5).
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Table 10: The middle area single month model results

Month '\S/ISO'IC'jel tefrg;_f_CF’U EL:)%gi tude | Latitude | Depth Degrees of Freedom g?/ldal:}?:e ;seudo
Feb jg’ﬂ’ i long lat s(denth,3) ggﬁj‘; 8510747 1 399104 0.57
Mar |st | sbt3) | long lat deoth ;2;;?;'; 119078 | 7766115 0.44
Apr |3 st | long @ | Sdepth2) | 221024098 ] 570057 0.40
May j()’ﬁ’ i long3) | la i éﬁ;ﬂtg; 104038 | oa4346.6 0.41
n | s %Sbt’ lat i gg%ﬁj‘; 2502617 | 595114 0.52
Al |st |sot |log lat depth éﬁ g%t;"; 8 14205.39 0.78
Sp |- ot |slong,2) |la depth zgcﬂj 5003738 | yo6803 0.60
ot |- ot |long E: : 88totd; 84 Resdud | 283316.8 051
Nov |st g()Sbt' i i i ;2%% 3006872 1 1546911 0.57




Table 11: South Area single month model results

Model terms (CPUE ~) Resdud Pseudo
Month SST SBT | Longitude | Latitude Depth Degrees of Freedom Deviance R

100 totdl; 93.07711

Feb - sht Slong, 4) depth Residual 564932.7 0.54

Mar | st sot long | slat,5) | sdepth,4) | 3% toé?; 383'1698 802478.6 0.56
S, 283 totdl; 273.2076

Apr | s(st3) | % long lat depth e, or 1596681 0.55
86 totdl; 79.06293

May |sisst,4)| - i s(lat, 2) i by 118162.3 0.70
RS ] 164 totdl; 156.1029

Aug 3 long s(depth, 3) e 529261 0.64

Sep | sst,2) | st sla, 2) | sidepth, 3) | 316 to:i;ji 382‘0956 913706.9 0.56
S, 293 total; 281.2372

oct [s(st,2) | 5T | stong,3) | (a9 ke 1309437 0.49
RS 148 totdl; 142.0222

Nov > long lat depth e 1013758 0.54

Residud Deviance

564932.7

802478.6

1596681

118162.3

529261

913706.9

1309437

1013758




Fishery forecasting (IEO)

Before goplying GAMs techniques, scatter plots were made in order to determine the
relationship between the variables and Patagonotothen spp. abundance.
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Figure 69. Scatter plots showing the relationship between Patagonotothen spp. abundance (CPUE as kg/h)
and month (January to December), latitude (decimal degrees), longitude (decimal degrees), average depth
(m) and SST (°C)
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Scatter plots (Fig. 69) confirm the non-linearity of the relaionships between CPUE
and environmentd variables. They suggest the following rdationships:

1.

Patagonotothen spp. abundance shows two pesks located in March and
October. Minimum vaues of CPUE were found during January, July and
December.

The rddionship of abundance (in terms of CPUE) with the geographic
postion (latitude and longitude) is basicdly indicating the location where
the vesds are fishing. Patagonotothen spp. was fished dl around the
Fakland Idands and dso within High Sess being the maximum
abundance found at latitude 46° S and longitude 59° W. However, this
doesn't quite explan the lower CPUE vdues a the edges of the man
fishing aeas — we may suggest tha the fishing is focused in the high
abundance areas

Patagonotothen spp. abundance seems to be postively related to 100-200
m depth range.

Highes Patagonotothen spp. CPUE vaues were associated with SST
between 6.3°C and 12°C

Presence/ Absence model

This modd predicts the levd of probability of success of catching the species. SST,
latitude and month were the best explanatory variables (see Table 12) and these were
used as the bass for mode building.

Table 12.

Values of the AIC, p-values, deviance explained and adjusted Rsquared values for

each explanatory variable for first step in the forward selection procedure for model of
presence/absence. Initial models were constructed using those variables which explained the
highest proportion of variation in the response variable.

Single

Dev. R-sgr

explanator AlC -value - :

\f)ariabley p-valu Explained (adj)
Year 1.36 <2226 2.18% 0.0297
Sea 1.37 <2.22¢'16 0.983% 0.0131

M oon 1.39 0.068 0.0531% 0.00042
Sky 1.38 <2.22¢%6 0.614% 0.00808
Week 1.39 0.24 0.0314% 0.000125
Month 1.34 <2226 3.21% 0.0411
Latitude 1.24 <2.22¢16 10.2% 0.137
Longitude 1.37 <2.22¢’16 1.39% 0.0189
AvgDepth 1.38 2.6 0.495% 0.00651
SST 135 <2226 2.52% 0.0337
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Table 13. Addition of each term to the presence/absence model

R-q .

(adl) Dev.explained AIC
Modd ! 0.195 14.5% 1.19
Modd ? 0.197 14.7% 118
Model 3 0.185 13.6% 1.20
Modée 4 0.224 17% 115
Modd ° 0.231 18% 114
Mode © 0.231 18.1% 114
Modd ’ 0.232 18.3% 114
Mode 8 0.231 18.2% 114
Mode ° 0.242 19.1% 1.13
Mode *° 0.241 19% 113

L PA~ s(Month)+s(Lat)

2 PA~ s(Month)+s(L at)+s(SST)

3 PA~ s(Month)+s(SST)+Lat

* PA~ s(Month)+s(Lat)+s(SST)+s(Y ear)

® PA~ s(Month)+s(Lat)+s(SST)+s(Y ear)+s(L on)

® PA~ s(Month)+s(L at)+s(SST)+s(Y ear)+s(L on)+s(Sea)

" PA~ s(Month)+s(L at)+s(SST)+s(Y ear)+s(L on)+s(Sea) +s(Sky)

8 PA~ s(Month)+s(L at)+s(SST)+s(Y ear)+s(Sea)+s(Sky)+Lon

% PA~ s(Month)+s(L at)+s(SST)+s(Y ear )+s(Sea)+s(Sky)+s(L on)+s(AvgDepth)
10 pA ~ s(Month)+s(Lat)+s(SST)+s(Y ear)+s(Sky)+s(Lon)+s(AvgDepth)

The reaults indicate that the best modd (with the smdler AIC vaue) was modd 9. This
included effects of SST, latitude, month, average depth, year, sea, sky and longitude
and is presented in figure 70:
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Figure 70. PA~s(Month)+s(Lat)+s(SST )+s(g(-ear)+s(Sea)+s(Sky)+s(Lon)+s(Angepth)

The probability of catching rockcod generdly increesed a higher SST  vaues.
Confidence limits tend to be wider for SST vaues above 17° C due to the fact that the
scarcity of data. Regarding latitude there is a clear decreasing trend in the probability of
catching rockcod from 42° Sto 52° S.

The presence/absence modd aso suggests a maximum in catches located in 1996
followed by a rapid decrease. The GAM plot shows that there is a clear seasond effect
on the probability of catching rockcod with a minimum vaue located during July and
then, the curve undergoes an increese. In terms of longitude there is a pesk of
probability of catches located between 59 and 58° W. In terms of average depth, the
probability of success of catching rockcod is highest in depths around 600 metres and
then the curve undergoes a decrease. Regarding to sky and sea, GAM plots show how
the probability of success of catching rockcod decreases with the cloud coverage and
keeps quite a lot congtant during the six first stages of the Beaufort scde. From Sate
seven curve undergoes an increase that should not be taken into account because
confidence limits are very wide.

Abundance (CPUE) model

This modd predicts how abundant the species should be when present.

Table 14. Values of the AIC, p-values, deviance explained and adjusted Rsquared values for
each explanatory variable for first step in the forward selection procedure for model of
abundance. Initial models were constructed using those variables which explained the highest
proportion of variation in the response variable.

Single Dev R-sqr
explanatory AIC p-value - :
variable Explained (adj)
Year 305.3 8.98e™ 8.83% 0.0488

Moon 326.7 0.0125 2.12% 0.00783
Sky 330.5 0.1257 1.33% 0.00283
Week 329.5 0.0886 1.29% 0.00357
Month 3323 0.3586 0.87% 0.00120
Latitude 3233 0.0015 3.52% 0.01450
Longitude 327.6 0.0280 2.18% 0.00739
AvgDepth 330.8 0.2072 1.28% 0.00172
SST 331.2 0.2221 1.14% 0.00148

The find modd included effects of SST, lditude, month, average depth, Moon and
yedr.
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Table 15. Addition of each term to the abundance model

R-sq .

(adl) Dev.explained AIC
Model * 0.0564 11.4% 300.86
Modd ? 0.0795 14.7% 292,67
Model 3 0.087 16% 29191
Mode * 0.0995 18.1% 287.42
Mode ® 0.0948 17.1% 287.70
Mode © 0.0958 184% 287.38
Modd ’ 0.103 18.7% 288.40
Mode 8 0.106 19.1% 287.47
Mode ° 0.0953 19% 288.17
Model *° 012 225% 284.20
Modd * 0.103 19.6% 285.80
Mode 12 0.0775 17.7% 293.28

T CPUE~ §(Y ear)+5(L at)

2 CPUE~ §(Y ear)+s(L at)+s(Moon)

3 CPUE~ (Y ear)+s(L at)+s(Moon)+s(Lon)

* CPUE~ §(Y ear)+s(L at)+s(Moon)+s(Lon)+s(AvgDepth)

5 CPUE~ (Y ear)+s(L at)+s(Moon)+s(AvgDepth)

® CPUE~ S(Y ear)+s(Lat)+s(Moon)+s(AvgDepth)+s(Month)

" CPUE~ 5(Y ear)+s(L at)+s(Moon)+s(L on)+s(AvgDepth)+s(Week)

8 CPUE~ S(Y ear)+s(L at)+s(Moon)+s(L on)+s(AvgDepth)+s(SST)

% CPUE~ S(Y ear)+s(L at)+s(Moon)+s(Lon)+s(AvgDepth)+s(Month)
10 CPUE~ (Y ear)+s(L at)+s(Moon)+s(Lon)+s(AvgDepth)+s(Month)+s(Week) +s(SST)+s(Sky)
1 CPUE~ Y ear)+s(M onth)+s(L at)+s(AvgDepth)+s(SST)+s(M oon)
12 CPUE~ (Y ear)+s(Month)+s(L at)+s(L on)+s(AvgDepth)+s(SST)

The results indicate that the best modd (with the smaler AIC vaue) was mode 11.
Note that even though model 10 shows a smdler AIC vaue, this was not consdered the
best because some of the variables (such as week, longitude and sky) included in it
were not dgnificant. The best modd included effects of SST, latitude, month, average
depth, Moon and year and is presented in figure 71:
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Figure 7. GAM model **: CPUE~ (Y ear)+s(Month)+s(L at)+s(AvgDepth)+s(SST)+s(Moon)
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There is a clear increase in @undances from 1990 onwards (the maximum abundances
occurring between 1998 and 1999 and then a clear decrease). There was dso a dight
seasond  effect on Patagonotothen spp. a@undance. There is a generd decline in
abundance from January to December with a smdl increase between May and July and
then after reaching a pesk the decreasing trend continues towards the end of the year.
Regarding latitude, a peak in abundances was found around 50° and 48° S followed by
an incressing trend. In terms of depth there is a clear decreasing trend with increasing
depth. Patagonotothen spp. preferentially occurs in areas with SST between 5° and 10°
C. Regading to Moon, GAM plots show that higher abundances were found in stage
three.

Predicting abundance, presence/absence and making maps

The am of this sudy was to show how GAM and GIS can be combined to predict
rockcod didribution. The man objective was to determine the &bility of these
techniques, when integrated, to model and map rockcod digtribution in the South West
Atlantic area

The fitted models were used to predict abundance or presence/absence over a grid of
points in the South West Atlantic area. Predicted values were returned to ArcGIS for
plotting. Maps of the predicted abundance and predicted presence/absence of rockcod
are shown in figures 72 and 73:
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Figure 72. Maps of observed (left) and predicted (right) distribution of presence/absence of rockcod
during 2000. Predicted values obtained from GAMs using binomial distribution.

54°5

66°W  63°W  60°W 57°W  54°W 66°W  63°W  60°W 57°W  54°W
L L L L L L L L

P,
42°S- 2 Fa2es 42°5 La2°s
Observed CPUE Predicted CPUE
O  100-200 O 188-200
o 200 - 300
O 200-300
[ ] 300 - 400
46°S- La6°s 46°5- ® 300-400  L46°S
® 400-500
@ 400 - 500
O  >500
Z Z
o, o,
50°S- F50°s 50°S- F50°s
54°S ='=Ts4°s 54°S- Tsms
- T T T T T - T T T T T
66°W  63°W  60°W  57°W  54°W 66°W  63°W  60°W  57°W  54°W
February February

218



66°W
L

63°W
L

60°W 57°W  54°W
1 1

42°S4

46°S-

50°SA

54°S

)

A Observed CPUE

0 100-200
O  200-300
©®  300-400
®  400-500
O  >500

Qbom

F42°S

F46°S

50°S

=¢E‘~54°s

T
63°W

63°W
L

T T T
60°W 57°W  54°W

April
57°W

60°W 54°W
L L

42°S4

46°S

50°SA

54°S1

O 100-200
200 - 300
300 - 400
400 - 500

o ® @ O

>500
A
Onm

F42°S

F46°S

[50°S

4754"5

63°W
1

T T
57°W  54°W

May
57°W

60°W 54°W
1 1

42°S

46°SA

50°SA

54°S4

Vi

Observed CPUE

7

O  100-200
O 200-300
©®  300-400
®  400-500
o >500

ngm

F42°S

[46°S

50°S

='=Ts4°s

=
66°W

T
63°W

T T T
60°W 57°W 54°W

June

66°W
L

63°W
L

60°W
L

57°W 54°W
1

42°SH

46°S+

50°S

54°S

.4

Predicted CPUE
O  188-200
0 200-300
@  300- 400
® 400 - 500

100007

F42°S

F46°S

F50°S

Tsms

- T
66°W

66°W
L

T
63°W

63°W
L

60I°W
April

60°W
L

T T
57°W  54°W

57°W 54°W
1

42°SH

46°S+

50°SH

54°54

Predicted CPUE
O  188-200

O 200-300

@ 300 - 400

® 400 - 500

F42°S

F46°S

F50°S

4754"5

6

6°W
1

T
63°W

63°W
1

T
60°W

May

60°W
1

T T
57°W  54°W

57°W  54°W
1

42°S+

46°S

50°SA

54°S4

219

Predicted CPUE
O  188-200

O 200-300
@ 300 - 400
®  400-500

Qbom

F42°S

[F46°S

F50°S

Tsm’s

6f

=
6°W

T
63°W

T
60°W

June

T T
57°W 54°W



66°W 63°W 60°W 57°W 54°W
L L L o L
42°S+ ¥ Observed CPUE [42°S
0 100-200
O  200-300
©®  300-400
46°SH F46°S
®  400-500
O  >500
F/
P, n
50°S+ F50°S
54°5- =¢T54°S

T T T
60°W 57°W  54°W

66°W 63°W 60°W 57°W 54°W
L ) L L
42°S4 23 Observed CPUE [42°S
O 100-200
©  200-300
®  300-400
46°SH F46°S
®  400-500
0 >500
F/
0, s
50°S+ F50°S
54°S- 4754"5
“ T T T T T
66°W 63°W 60°W 57°W 54°W
August
57°W

63°W  60°W 54°W
1 1 1

42°S4 ¥ Observed CPUE [42°S
O  100-200
O 200-300
©®  300-400
46°S+ F46°s
®  400-500
0 >500
10000]
50°S+ F50°S
54°S Ts&s

T T T T
63°W 60°W 57°W 54°W

September

=
66°W

66°W
L

63°W  60°W 57°W  54°W
L L L

42°SH

46°S+

50°S

54°S

Predicted CPUE
O  188-200

0 200-300
@  300- 400
® 400 - 500

100007

F42°S

F46°S

F50°S

T T
60°W 57°W

July
57°W

60°W 54°W
L L

42°SH

46°S+

50°SH

54°54

Predicted CPUE
O  188-200

O 200-300
@ 300 - 400
® 400 - 500

1000/77

F42°S

F46°S

F50°S

4754"5

T T T T
63°W  60°W 57°W  54°W

September

63°W  60°W 57°W  54°W
1 1 1

42°S+

46°S

50°SA

54°S4

220

Predicted CPUE
O  188-200
O 200-300
@ 300 - 400
®  400-500

1000 ”

F42°S

[F46°S

F50°S

Tsm’s

6f

=
6°W

T T T T
63°W 60°W 57°W 54°W

September



66°W 63°W 60°W 57°W  54°W 66°W 63°W 60°W 57°W 54°W
1 L 1 1 1 L 1 1
o )

P i)
42" Observed CPUE [42°S 42°5

42°5- #r Lazes
Predicted CPUE
0 100-200 O 188-200
O 200-300
0 200-300
©®  300-400
46°S- [46°S 46°S- © 300-400  -46°S
®  400-500
o ® 400 - 500

1000 N

50°SA 50°S 50°S

=¢E‘~54°s 54°5
T

- - T T T T - T T T T T
66°W  63°W  60°W 57°W  54°W 66°W  63°W  60°W 57°W  54°W

F50°S

54°S

October October

66°W  63°W  60°W 57°W  54°W 66°W  63°W  60°W 57°W  54°W
L L L L L L L L

42°51 42 Observed CPUE [42°S 42°5+
O 100-200
©  200-300
@  300-400
® 400-500 |

> Lazes
S gF Predicted CPUE
O  188-200
O 200-300
46°SA @ 300-400 |}46°S
® 400 - 500

1000/” 1000/77

50°SA [50°S 50°SH F50°S

54°S1

4754"5 54°5
T

& T T T T % T T T T T
66°W  63°W  60°W 57°W  54°W 66°W  63°W  60°W 57°W  54°W

November November

Figure 73. Maps of observed (lIeft) and predicted (right) distribution of abundance of rockcod during
2002. Predicted values obtained from GAM s using quasi poisson distribution.

The GAM andyses indicate that differing fishey and environmental/geographica
conditions influence the presence/absence and the abundance (CPUE) data Both
sources of information (presence/absence data and abundance data) indicated the leve
of probability of catching rockcod and the level of nonzero CPUE respectively. Find
models (i.e. models resulting from the stepwise procedure) explained a 19.1% (PA
model) and 19.6% (abundance modédl).

The combination of GAMs and GIS dlowed us to visudize tempord and spaid
vaiaions in the didribution of Patagonotothen spp. in Fakland aeas. The
combination of GIS with datigicd andyss methods has become an important and
powerful gpproach for gpatio-tempord analyss, understanding, prediction, and
visudization of fishery resources in reaion to environmentd variation in spatid and
tempord dimengons.

The discovery of rdaionships between environmenta-geographicd variability and fish
abundance may form the basis of predicting fisheries abundance, with gpplications in
fisheries forecasting and management. Future research in this fidd must be focused in
the addition of new varigbles to the mode in order to improve the deviance explained.
These modds dlow the evauation of possble causd mechanisms underlying potentia
relationships and suggest that successful fishery forecasting is aredidtic god.
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Task 2.5. Assessment. Leader ICON

Stock Assessment of Rockcod, Patagonotothen spp. (2" progress report)

Deliverable # 16 General review of assessment and management practices of the
Fisheries

Introduction

The southwest Atlantic is a mgor world fishing area. The large extent of the reatively
shdlow Petagonian continental shelf creates the conditions for high ocean productivity
and supports large stocks of finfish and squid. The Fakland Idands are stuated on the
eadtern edge of this shdf. Fakland Idand territorid waters (the 200-mile EEZ) cover a
large pat of the shelf, and contan szable stocks of fish and squid (Agnew, 2002;
FIGFD, 2004). The two mgor fisheries in Faklands waters are squid fisheries for 1llex
argentinus (or Argentine shortfin squid) (Agnew et al. 2005) and Loligo gahi
(Patagonian longfin squid) (Agnew et al. 2005). A number of other species of fish are
caught in Fakland waters. Smdl quantities of very high vaue kingklip (FIGFD 2004)
and Patagonian toothfish are taken, the later by longlines within the FOCZ (Faklands
Outer Conservation Zone) (des Clers et al. 1996). There is dso a fishery for a mixture
of skate and ray species that takes place to the north and west of te Idands (Wakeford
et al. 2004). Hake (Merluccius hubbs and M. australis) was once caught in large
quantities on the Patagonian shef, but has now declined in importance both in Fakland
Idand and Argentine waters (Hill et al. 2002; FIGFD 2004). A mixed finfish fishery
takes primarily southern blue whiting, hoki (a rat-tail or grenadier) and red cod (Agnew
2002). The largest catches of southern blue whiting are taken by Surimi vessels, which
grip the flesh from the fish and re-conditute it as Surimi (crab sticks) (FIGFD 2004).
Hake, hoki and southern blue whiting occur over the whole of the Patagonian shelf, so
like Illex they are stocks, which are common to both Falkland Idand and Argentine
waters (Agnew 2002).

lllex argentinus (or Argentine shortfin squid) is a large squid, reaching 50cm in length
of the mantle (the body without the tentacles). Both species of squid live for only one
year. Young lllex are thought to hatch and spend their juvenile lives in the far northern
waters of Argentina and Uruguay (Arkhipkin, 1993), and start migrating south in the
summer to spend the autumn (March to June) in feeding grounds more or less equdly
Split between Argentine and Fakland Idand waters. In the early winter, they return to
their spawning grounds in the north. Consequently, the fishery within the Idands for
[llex generdly runs from mid- February to mid-June (Basson et al. 1996).

Loligo, the Patagonian longfin squid, are smdler than lllex reaching 30cm mantle
length. In contrast to Illex, Loligo is a locd species, probably spawning around the
northern and western coasts of the Faklands. As the juvenile Loligo grow they move
further offshore until they recruit to the fishery (Sat being caught) on ther adult
feeding grounds (Patterson 1988; Hatfield et al. 1990). They eventudly leave the
fishing grounds to spawn. There are two mgor fishing periods for Loligo, in the autumn
(February to May inclusve) and the spring (August to October) (Agnew et al. 1998;
Agnew et al. 2005). Over the last several years condderable progress has been made
underganding the behaviour of these squid, and the effect of environment on
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recruitment (Agnew et al 2002, Arkhipkin & Middlton 2002, Laptikhovsky &
Arkhipkin 2003, Arkhipkin et al 2004).

Management and stock assessment for Finfish

Management advice is provided to the Fakland Idands Government on a routine and
ad hoc bass. The Renewable Resources Assessment Group (RRAG) a Imperid
College, London routindly assesses the datus of fish and squid stocks around the
idands and reports the results to the Falkland Idands Fisheries Department (FIFD). For
squid, which require monitoring throughout the season, weekly or daly assessments are
performed (Agnew et al. 1998; Agnew et al. 2005). Finfish assessments are performed
on an annua basis once an entire years data becomes avalable (Agnew et al. 1999;
Wakeford et al. 2004). RRAG provides advice on fee gtructures, fee levels and the
number of vessals that should be licensed in dl Falklands fisheries

Fundamenta to the provison of sound management advice is the assessment of the sze
of fish or squid stocks and the likely effects of fishing on these stocks. The andysis of
fisheries and other data using appropriate datisticadl and mathematical procedures is
defined as stock assessment. A stock is a managed population unit. Stock assessments
generdly result in a datement of the likey sze of the sock, and the catch levels that
can be sustained by the stock without overexploiting it. The squid species around the
Fakland Idands live for only one year, which means that the Sate of one year's stock is
largely independent of the previous year. Thus assessments are required throughout the
season, on a weekly or daly bass, to establish a what point fishing on the stock should
ceae 0 as to dlow aufficient animas to breed (Agnew et al. 1998; Hill & Agnew
2002). This is refered to as ‘red-time management and underlies much of the
Faklands contract work of RRAG. For most fish species, which live for more than one
year (toothfish and southern blue whiting live for over 30 years), it is sufficent to
asess them annualy snce most of the animals in the stock this year will Hill be in the
stock next year.
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Figure 1. Example of astock recruitment carried out for southern blue whiting. Estimated spawning stock
biomass (SSB) with 95% confidence limits.
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Currently only the southern blue whiting (Agnew et al. 1999) and ray populations
(Wakeford et al. 2004) are assessed on an annud bads. The southern blue whiting is
asesed usng a VPA (Virtud population anadyss) modd. The mode is a cohort
anaysis that incorporates catch data from 1978 to 2002 from both Argentina and UK
fisheries and incorporates Pope's approximation. The data is then tuned to CPUE
tuning series from the various fleets operating in both fisheries. The biomass esimate
obtained from the VPA (fig.1) then dlows the caculation of the dlowable effort for the
Surimi fishery and other finfish fisheries that dso take a large proportion of southern
blue whiting.

All fisheries management in the Fakland Idands is by effort rather than catch control.
That is, ingead of setting an dlowable caich in tonnes, an dlowable effort is set
limiting the number of vesses that may enter a fishery. Following stock assessment,
RRAG determines totd dlowable effort for a given species and a given season based
on the current levd of the stock from the stock assessment. The fishing power of
individud vessds within a fleet is reviewed in order to dlocate each vessd with an
appropriate vessa unit, based on fishing plan and vessdl Sze, for each fishery.

Rockcod and the Falkland |slands Fisheries

The capture of fish and other resources from the sea is imperfect and in the course of
trying to harvest atarget species, no matter how specific the gear, fish and other species
ae dso caught that are not in demand or should not be caught due to the policy
implemented within that particular fishery. Much of this bycatch is discarded to sea
However, efforts have and are being made across the globe to reduce the capture of
these animds in the fird place, by usng more species-specific gear or to changes in
management policy that makes the cepture of these animas less likdy. Complete
eradication of the problem is very difficult in mixed species fisheries, and in these cases
it seems sengble to try to utilise any unavoidable bycatch (FAO, 1995).

The benefits gained by the seafood indudry are directly relaed to the profitability of
fishing operations, as wdl as good catches being dependant on fish abundance.
Searching for a new fisheries resource is an expensve and time consuming process
which can reduce profitability. In this sense to make use of a species currently rejected
to sea should increase yidd and profitability, paticularly in an effort-controlled fishery
such as that around the Fakland Idands. Bottom trawls are one of the least selective
fishing and often many gpecies caught ae discarded with subsequent loss of
profitability to fleets, damage to the ecosystems and wasted resources that could be
used as afood source.

The “ROCKCOD” project (Q5CR-2002-71709) aimed to develop and research the
possibility of adding vdue to a fishery resource that is currently discarded a sea by the
EU fleat fishing in the Southwest Atlantic. “Rockcod’, a complex of severa species but
principaly Patagonotothen ramsayi, is currently taken as by caich in the trawl fisheries
in the Falklands (llex, Loligo and finfish) (Clucas, 1997) and is subject to the Fakland
Idand fisheries management requirement that bycaich species should form no more
than 10% of the total caich. If the by caich exceeds this vaue then vessals must move
to other fishing grounds.
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The present study was initiated to assess abundance trends and sudtainability for
exploitation of the resource and to provide advice on the likdy impact on long term
biologicd consequences of exploitation and incresses in the current leve of
exploitetion. The am of this invedtigation was to provide a preiminay andyds of
sock datus of Rockcod within Faklands Idand waters using methods implemented for
other finfish stocks in Fakland waters and methods not dready employed. The data to
be used has been provided by FIFD (from observer database, biologica data and survey
data) and by IEO, Spain. The data has been utilised within severa different assessment
methods in order to fully invedtigate the fishary and anty management options
associated with it. The mgority of the assessments were carried out for Patagonotothen
ramsayi as this species had the most avalable data and is aso the most common
species in Rockcod catches. Other assessments grouped the separate species together.

This study sought to develop an assessment from the available methods that could be
used to manage Rockcod stocks in the same way that other stocks are managed within
Fdklands waters. The methods dready utilised for other finfish species were used
incorporating data from the Rockcod fishery for Patagonotothen ramsayi aone and for
dl Patagonotothen species caught in the Loligo and finfish fisheries together (in much
the same way as the ray fishery). The research was indigated to provide an estimate of
current biomass and sugtainable catch rates which could then be used to alocate effort
for a rockcod fishery or to inform the effort dlocatiion within other fisheries in which
rockcod is caught and so provide a mechaniam of control within the fisheries for the
rockcod population.

Methods and results
Fisheries and Biological data

Fisheries observers onboard trawlers operating bottom trawls within the finfish and
Loligo gahi fisheries in Fakland Idand waters and in high seas weaters adjacent to
Fakland Idand waters between 1994 and 2004 collected materia for this work. Daily
reports of total catch, position and effort were anadysed for the period 1994 to 2004 to
edimate seasond and gpatid variation in activities of both fleets and the catches of
Patagonotothen ramsayi and Patagonotothen spp. Before the start of the Rockcod
project dl catches of Patagonotothen species recorded by observers were placed in the
same category and no digtinction between the different species was made. As a result it
was difficult to edtimate the total catches of Patagonotothen ramsayi. Additiordly,
vessds without observers only report the main target species when making fishery
reportstl and dl other species, included dl rockcod species, are placed in one single
category. As aresult of thisthe total catch of al rockcod speciesis unknown.

11 | oghooks only require the specific reporting of the following categories of catch: Loligo, Illex, hake, southern
blue whiting, hoki, rays, kingklip, red cod and “others’. Rockcod are classified as others.

227



Patagonotothen spp

Patagonotothen ramsayi

Year . .
Reported Estimated Reported Estimated
1994 125 137 1 61
1995 425 478 40 460
1996 863 993 55 944
1997 1,311 1,482 91 1,298
1998 1,423 1,903 127 1,899
1999 1,002 1,415 117 1,365
2000 871 1,159 81 1,130
2001 506 555 9 508
2002 367 427 35 396
2003 122 281 118 162
2004 377 1,130 218 1,005

Table 1. Catchesin tonnes of Patagonotothen spp. and Patagonotothen ramsayi recorded by observers
onboard vessels fishing within Falkland Island waters (source: FID and |EO observer reports, and FIFD

survey)

Totd catches of rockcod, and specificaly of P. ramsayi, were estimated by applying
the annua proportion of other species that were rockcod or ramsayi in observer records

to the total catch of “others’ in logbook reports. The results are shown in Table 1.

Observer catch report data demondtrated that Loligo vessds took the mgority of the
catches with a smal proportion taken by finfish vessels (except 2003 where over 50%
were taken by the finfish vessdls). The catches varied widely between years;, with 1994
and 2001 being the lowest year for reported catches of P. ramsayi. For al rockcod

species 2003 was the year in which the lowest catch was recorded.

Demographic data were caculated from observer records by the Fakland Idands
Fisheries Depatment. These basc parameters were used in al assessment models

(Tables2 & 3).

Table 2. Parameter values used in assessments provided by FIFD except for Natural mortality, M, which

isassumed to be 0.2.

Parameter Value
M 0.2
Von Bertdanffy growth

ly (cm) 33.7672

K (yr?) 0.2516

to (yr) -1.074

Length-weight relationship

a 3.70x 103
b 3.3448
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Maturity
0.01
0.07
0.22
0.43
0.63
0.75
0.85
0.92
0.92
0.98
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Table 3. Maturity ogive created from data provided by FIFD
Assessments

Severd assessments were undertaken. All were essentidly tuned to CPUE trend data,
but they used different assumptions for recruitment. The methodology was that of an
age dructured production mode (ASPM), following the methodologies of Agnew et al.
(1999) and Brand&o et al. (2002).

Catch at age

For the purposes of the ASPM, catch-at-age data were required. These were obtained
by usng observer records of length frequencies withn each year. Dividing the
frequency a each length by the totd numbers for each year converted these into
percentages of the total number of fish. The percentage was then multiplied by the totd
cach weght (from Table 1) to give the totd weight of fish caught a each length.
Length weight and von Bertdanffy growth parameters given in Table 2 were used to
convert the totd weight of fish caught a length to catch numbers a age (an age-length

key was not used).

Catch (in numbers) a age data from 1994 to 2004 are shown in figure 3. Catches of 2
year-old fish in the trawl fishery are the highest in the years 1994 to 1996 and 1998 and
1-year-old fish are highest in 1997 and 2000 to 2004. In 1999 the picture is completely
different: the fishery seems to have caught much older fish thisyear.
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Figure 3. Catch in numbers at age for Patagonotothen ramsayi

These data suggest that fish recruit into the trawl fishery a agpproximately age 1 or 2.
However, to capture al possible dynamics, the models were condructed to run from
age O+ onwards.

GLM Sandardisation of CPUE data

As previoudy mentioned, the only assessment types at our digposa were those tuned to
CPUE data. The mogt important assumption of these is that CPUE is proportiond to
biomass (changes in the CPUE index reflect changes in the underlying population sze
of the species). A fird sep in our andyss was condruction of a standardised CPUE
series. The dsandardisation of CPUE data was carried out in S-Plus 2000 for MS
Windows.

The GLM used for standardisation of trawler CPUE formed a delta - lognormal distribution (as
not al hauls or trawls caught Rockcod) with many zeros present within the data. This was
modelled as a binomial GLM on the probability of a trawl enxcountering P. ramsayi and a

lognorma GLM on abundance for dl postive trawls. Following the ddta-lognorma modd,
the estimated CPUE for each year was calculated as a product of the probability of
obtaining a podtive (non-zero) catch of P. ramsayi and the predicted (lognormal)
CPUE of P. ramsayi in podgtive hauls.

ExpectedCPUE, = p(+ve catch)y.exp(InCPUE,) 1)

230




where p(+ve catch)y is the probability of catching rockcod in year y and exp(InCPUEY)
is the expected catch of rockcod in pogtive hauls in year y. The bold parameters in
Equation 1 are the predicted vaues from the binomia and gaussan GLMs which are
described in equations 2 and 3.

- 4
IN(CPUE) = U+ ayear + Rmonth + Zarea + Qyrtcar + [? +? 101.perc + ?10l.perc | + [P + Zdepth +

f depths] t+e %)

where CPUE is the podtive P. ramsayi catch per unit effort in kg per hour, u isthe
intercept, ayear IS a factor with 11 levels associated with the years 1994-2004, [3month is@
factor with 12 levels (January to December), Zyea IS a factor with 4 levels associated
with four spatialy digtinct fishing areas (North east: 52 °S to 47 °S latitude and 59 W
to 52 AV longitude, North west: 52 °S to 47 °S and 59 W to 64 W, South east: 52 °S to
57 °S and 59 °W to 52 °W and South west 52 °S to 57 °S and 59 W to 64 °W), [? +7?
lol.perc + ?|0|,pem4] is the percentage of Loligo gahi taken in the catch incorporated as a
fourth order polynomia and [p + 2uepth +  deptn’] iS the depth a which fish are captured
incorporated as a third order polynomia and @ is an error term. The binomiad modd
took the form of:

— 4
p(+vecatch) = W+ ayear + Bmonth + Zarea + yrtcat + [? +?101perc + 2 1ol.perc ] + [P + Zdepth +

f depth3] +e (3)

where p(+ve catch) is the proportion of fishing events that resulted in a postive catch of
P. ramsayi.

The gandardisation of CPUE for al rockcod species used the same methodology but
the GLM used was different:

In(CPUE) =p+ Qyear + rSmonth + ?area + dgrtcat + ?Iol.perc +f depth +e (4)

The binomia modd took the form of

p(+vecatch) =+ ayear + Bronth + Zarea + yrtcat + ?1olperc + Faeptn+ € (5)

where p(+ve catch) is the proportion of fishing events that resulted in a podtive caich of
al rockcod species. Again the combined estimated CPUE for each year was calculated
as a product of the probability of obtaining a pogtive (nonzero) catch of rockcod and
the predicted CPUE of rockcod in positive hauls (equation 3).
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Figure 4. CPUE (a) and probability (b) of catching P. ramsayi and CPUE (c) and probability (d) of
catching Patagonotothen spp. within the trawl fishery. N.B. The C.I. for 1994 is missing from (&) as the
upper level is too high to show on the chart. GLM = the predictions of the lognormal GLM on positive
catches, GLM*probahility is the final result of the delta-lognormal prediction (equation 1) — i.e. the
predicted lognormal CPUE adjusted for the probability of achieving a positive haul.

The CPUE for P. ramsayi in 1995 darts very low and increases to a peak in 1998
(figure 3a blue line) then decreases rapidly until 2002. However, after 2002 the cpue
aopears to be increesng again. Interestingly, the probability of encountering Rockcod
appears to have been deadily increasing (other than 2001) (figure 3b). In the last few
years this was the opposite trend for postive catches of Rockcod where the Rockcod
catch rates have been decreasng dowly or have been low. The probability of catching
Rockcod adjusted the CPUE so that the decrease began in 1999 rather than 1998. The
new decline was more rapid and the lowest point reached in 2001 rather than 2002
(figure 3a red line). The low probability of rockcod being caught in 2001 appears to be
an unusud result. The observer effort in this year was smilar to al other years and so
this does not gppear to be as a result of differences in the number of observers or the
time spent a sea. However, in this particular year the Loligo fishery continued to the
end of both seasons and catches of Loligo were very high. So the probability of
caching rockcod may have been very low due to targeting of Loligo continuing late in
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the season and the probability of catching Loligo being very high (even in October 41%
of catches are Loligo gahi).

When the data for dl rockcod species are examined the picture is quite different. The
CPUE szies follows a dmilar but not identicad pettern and the probability is very
different. The CPUE szries for the GLM done and for the GLM and the binomid
model are very smilar to each other (figure 3c) and this is due to the probability of
catching al rockcod species being above 80% in every year (figure 3d). The probability
for dl rockcod species is farly condgstent and even in 2001 the probability is above
90%.

This raises the question again as to why there is low probability of caiching P. ramsayi
in this particular year. It is most probably due to an observer-generated effect: it would
seem that few rockcod were identified to species leve in 2001. The same problem is
evident in the early part of the P. ramsayi series (Figure 4b, 1994 — 1996), when there
was gpparently quite a lot of rockcod and very little P. ramsayi. This may be due to few
of the rockcod being identified to the species level and al being recorded within the
Patagonotothen spp. group in catch records as a consequence of a good year in the

Loligo gahi fishery.

Table 4 demondtrates that most of the rockcod recorded by observers in most years was
P. ramsayi. Given the problem of species separation in the early part of the series and
in 2001, we chose to assume that the CPUE series of all rockcod was representative of
the CPUE series of ramsayi. In other words, that there was no further information to be
ganed on changes in ramsayi CPUE by looking at the trends of that species rather than
as the trends for rockcod as a whole. Accordingly, on the series GLM* probability in
Figure 4c was used in the assessment models.

Year %P .
ramsayi
1994 44%
1995 96%
1996 95%
1997 86%
1998 100%
1999 96%
2000 98%
2001 92%
2002 98%
2003 99%
2004 94%
mean 66%

Table 4. Percentage of all identified Patagonotothen spp. that are P. ramsayi
Estimates of biomass from commercial and research swept-area calculations

Swept-area densty measurements were caculated usng observer data. An assumed net
wingspread (headrope length), the speed of the vessdl and the time spent trawling were
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combined to cdculate the distance travelled. Density was then caculated as the catch
divided by, hr (the length of the headrope in km), V (the speed in knots x 1.852) and t
(the time spent trawling in hours). Since the heedrope is not draight when beng
trawled the vaue hr is larger than the width swept by the trawl. Various esimates have
been made of the appropriate converson factor for swept area, including 0.4 (Shindo
1973) to 0.66 (SCSP 1978). However, Pauly (1980) suggests a vdue of 0.5. Thus the
equation becomes.

Density (kg km?) =

6
0.5hrvt ©)

In order to cdculate the number of recruits into the fishery the dendty measurement for
each year was then multiplied by the area of the fishery to edimate the biomass of
rockcod on the shelf. This was separated into a fraction equa to two year old fish and
another equal to fish greater or younger than two years old (recruitment into the fishery
was assumed to occur a age 2. Two-year-old fish were used as the length-weight
reaionship is subject to grester uncertainty in 1-year-old fish and the weight of
animals a length was important in the cdculation of the numbers of fish). The number
of recruits was estimated by dividing biomass of recruits a age 2 by the weight of 2
year-old fish. The number of recruits two years previous (i.e. a age O+) was then
calculated:

Fyo = ry+2,2(eZM ) (7)

where ry is the number of recruits in year y between the years 1994 and 2004. The
edtimate of O+ recruits, cdculated from observed trawl swept area data is shown in
figure 5a. The results indicated a pesk in recruitment in 1996 and 2002.

An dterndiive series of data, from FIFD Surveys, is avalable. The two data sources
show remarkably dmilar recruitment and biomass trends. It appears that recruitment
peaked in 1996 — 1998, and again in 2002, whereas biomass declined from about
10,000 t in 1998 to very bw levels in 2002, risng again to about 5000 t in 2003 (the
2004 data are not consistent with the other series nor are they believable).
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Figure 5. Swept area estimates of (a) the number of recruits to fishery and (b) biomass between 1994 and
2004. N.B. The number of recruitsin 2003 and 2004 are based on the mean of the previous years.
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Sectivity

A SHectivity vector for Patagonotothen ramsayi for use within the age sructured
production modd and yield-per-recruit andyss was edimated using a sdectivity curve.
The number of fish caught in mesh szes 90 and 95 mm were used to caculate the
selectivity vector using the equation below.

P=1/1+e""") ®

Where P was the proportion of the catch at length L caught in the larger mesh, rc was a
congtant and L. was the mean length a which 50% of fish are retained in the cod-end. P
was cdculated as the number of fish of length L in the larger mesh divided by the sum
of fish of length L in both mesh szes The lengths were then converted to ages usng
the Von Bertaanffy growth parameters to produced sdectivity a age. The vector used
in the yidd-per-recruit and ASPM modds is shown in figure 6. The sdectivity suggests
that 50% selectivity occurs a age 3.5 and 100% selectivity isreached at age 9.
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Figure 6. Selectivity vector and selectivity at (a) length and (b) age for Patagonotothen ramsayi.

ASPM — Age-structured production model

A cohort analyss using data between 1994 and 2003 was congructed in MS Excd
usng the dructure described in Agnew et al. (1999). Five formulations of the mode
were invedigated. For the firg three recruitment was directly estimated from a swept-
aea cdculations from observer data in commercid operations, 1) using observer
monitored swept area dendty as an edtimate of absolute recruitment, 2) using observer
monitored swept-area dendty as an index of recruitment and 3) again using swept area
measurements of recruitment but generating it's own catchrat-age usng a method
amilar to tha for toothfish utilised by Brandéo at a (2002). The other two models (4,5)
incorporated a stock recruitment relationship but one (5) generated it's own catch-at-
age dso. For the indices based on swept area measurements the modd required an
additiond parameter to be established, ¢, relating recruit population sSze to the index.
Recruitment was then ether the absolute number of recruits or the number of recruits
edtimated from the swept area measurements and (. The virgin population was
cdculaed from Ry and naurd mortdity. In the interets of dmplicity the modd
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edimated Ry but for the models usng a stock-recruitment reationship was estimated
from the relationship. The various formulations are shown below.

M odel . Catch at Estimated
formulation e age parameters
Commercid
swept area as As
1 an absolute calculated Bo
etimate  of (Figure 3)
recruitment
Commercid As
2 Swept area as calculated Bo, qf
an |_ndex of (Figure 3)
recruitment
Commercid Egtimated By q
swept area as from ST
3 an index of slectivity ox ectvity
recruitment function
Eg/terton As Beverton
: TR B
function
Beverton Egtimated Beverton
Holt
5 HOIt. from. , parameters,
recruitment sectivity -
function function select_lwty
function

Table 5. Methodology applied to each age-structured production model.

The population in each subsequent year was projected forward from the virgin biomass.
The rockcod population dynamics are given by the equations:

Ny.10 = R(B (9)
Ny+:La+1 = (Ny,a - Cy,a)e- . (10)
Ny+lm = (Ny,m B Cy,m)e_ ) + (Ny,m—l - Cy,m—l)e_ . (11)

where, Ny a was the number of rockcod of age a at the start of year y, Cy,» was the catch
of rockcod of age a taken by the fishery in year y, M is the naturd mortdity rate of the
fish (assumed to be age independent) and m is the maximum age consdered (the plus
group of fish aged 10 or older). The caich-at-age in the modd that generated its own
catch-at-age was given by:

Cy,a = Sa Fy,a N y,a (12)

Where Fy 5 is the proportion of the resource at age a harvested in year y and S isthe
commercid sdectivity-at-age given in equation 7 and shown in table 3. This vaue was
then used to calculate the numbers present in the next year a age a+1.
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Recruitment into the fishery took different forms depending on whether an index was
esimated from the swept area dendty or the absolute number of recruits was used.
Thus, the numbers of fish recruiting into the fishery in the modd that used the swept
area dengity as an index of recruitment was given by:

Ny.10 = R(BJ) = 08,10 (13)
The numbers of fish recruiting into the fishery in the modd tha used the swept area
dengty as recruitment was given by:

N =R(B;}) =r (14)

y+10 y+1,0

The weight a age, w, was given by the mean weght of individuds from the length-
weight rdationship a age a. The mode esimate of spawning stock biomass (SSB) in
year y was given by:

B =w,f.N , (15)

where Bj”is the spawning stock biomass in year y, and f, is the proportion mature at
age a. In the models that used a stock-recruitment relationship the number of recruits at
the start of year y is assumed to relate to the spawning biomass at the start of year v,
B§p , by a Beveton-Holt gock recruitment redionship (assuming determinigtic

recruitment):
REP) = s (16
7 b+BY
The vaues of the parameters a and 3 can be cdculaed given the initid spawning
biomass K¥® (which the modd estimates) and the steepness of the curve h, usng the

equations in the gppendix.

The oldest fish in the population were aggregated into a ‘plus group’ (Al fish of 10
years and above). For dl years, the catch numbers at age were rescded using the sum
of products correction to match the actua reported catch. Natural mortality was set a
0.2. Thefitting procedure used alog-error modd:

ssQ = § (In(qCPUE)- In(B®))? (17)

The fird formulation (1) used observer monitored swept area dendty as absolute
recruitment (figure 7). The swept area measurements were taken to be the number of
animas recruiting each yer and were used to edimate the number of animds in
subsequent years. The model population appears to be extremely large and suggest that
esimates of the number of recruits are higher than they should be, causng the mode to
esdimate a much larger population than is actualy present. The modd egtimates virgin
biomass to be 171,750 tonnes and current biomass (2004) to be 80,400 tonnes, much
larger than the predictions of other models. Ry in this model was estimated as 2.77 x 10°
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and current biomass is 47% of virgin biomass. There is dso a rather poor fit of the
CPUE trend to the predicted biomass.
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Figure 7. ASPM model estimates of spawning stock biomass (SSB) fitted to qCPUE for model using
swept area estimate as the absol ute number of recruits model and generating catch-at-age.

The other formulaions provide dightly better fits to the data, but none of these ae
redly able to reproduce the quite rapid changes in CPUE seen over the last few years.

The second formulation (2), which used the observer monitored swept-area densty
cdculation as an index of recruitment and ¢, is shown in figure 9a The current
assessment estimated Ry to be 1.45 x 10 individuds and indicates that the virgin
gpawning stock biomass was 8,957 tonnes. The spawning stock biomass in 2004 was
edimated a 5,015 tonnes (figure 83) 56% of virgin biomass. The ¢ for this modd was
0515, suggedting that the recruitment estimates used within the modes were greater
than was required (more than twice as high).

The third formulation (3) , which utilised the index of recruitmert but generated its own
catch-at-age from the sdectivity vector, catches and weight-at-age indicated that Ry was
1.13 x 10" individuds and that the virgin stock biomass was 6,830 tonnes. The mode
estimated the SSB for 2004 to be 7,082 tonnes (figure 8b), 104% of the virgin biomass.
The ' for this mode was 0.393, which again suggests that the recruitment estimate is
too high and the modd has reduced the estimate to compensate.
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Biomass (t)

Biomass (t)

b)

The fourth formulation, that did not use an index of recruitment but included a
Beverton-Holt stock recruitment relaionship, etimated a higher virgin sock biomass
of 13,907 tonnes. The SSB for 2004 was estimated at 6,755 tonnes (figure 8c). Ry was
estimated as 2.25 x 10’. This modd shows a smilar dedline to the previous modds but
without stabilisation or a recovery from 2000. The current biomass estimate is 49% of
the virgin biomass.
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Figure 8. ASPM model estimates of spawning stock biomass (SSB) fitted to qCPUE for (a) formulation 2
using swept area estimate as an index, (b) formulation 3 using recruitment index and model generating
catch-at-age, (c) formulation 4 using stock-recruitment relationship and (d) formulation 5 using generated
catch-at-age and stock-recruitment relationship.

The fifth formulation, which is effectivdly ether the addition of a stock recruitment
relaionship to formulation 3 or estimation of caich a age to formulaion 4, crested a
mode that was between the second and third formulations, with a recovery beginning
in 2000 but not increasing to a point above the virgin biomass. The virgin biomass was
estimated as 8,655 tonnes and the biomass in 2004 as 5,239 tonnes, 61% of the virgin
biomass (figure 8d). Ry in this model was estimated as 1.26 x 107 individuas.

Which, if any, of these formulations is mos likely to be accurate? None of them
reproduce the CPUE trgectory satisfactorily. However, the most likely formulations are
2-5, with current SSB being 5000 — 7000 tonnes. This is Smilar to the biomass being
estimated by the research surveys.

239



Yield-per-recruit

A badc yidd-per-recruit modd was set up in MS Excd udng the same weght-at-age,
maturity ogive, sdectivity vector and naturd mortdity utilised in the ASPM. These
models can be used to edablish management reference points, usudly ether Foi
management (the point a which the dope of yidd per recruit vs F is one tenth of the
vaue near the origin (biological reference point)) or Fmax.

The modd assumes tha recruitment, fishing mortdity and naurd mortdity are
congant from the moment fish become vulnerdble to fishing gear. The fundamentd
yidd-per-recruit modd givestheyied, Y (in biomass) to the fishery as.

Y =4~ FNW (18)

where tc and tnax ae the ages of fird capture and maximum ages of cohorts,
respectivey, F is fishing mortdity, N the number of individuds dive and W is ther
mean weight a timet.
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Figure 9. Yield per recruit and spawning stock biomass per recruit.

Current F within the modds is 0.23. This levd of fishing mortdity is dightly below the
vaue for Fo 1. At Fo1, F was 0.26; the yield per recruit 0.07 kg (so that 0.07 kg of fish
would be caught for every fish that recruited to the fishery) and the spawning stock
biomass per recruit was 0.24 kg (figure 9). The spawning stock biomass ratio (the ratio
of SSB per recruit of Fp 1 to virgin SSB per recruit) was 29%. At Fnax (Where the yield-
per-recruit is maximised) the value of F is 0.72 and the yield per recruit is 0.08 kg and
the spawning stock biomass-per-recruit is 0.12 kg. These vaues for Fo 1 and Frax were
then used for the projections detalled in the next section, in order to examine the
regponse of the population to fishing at different fishing mortalities.

Conseguences of different management reference points
The most plausble ASPM formulations appear to be 2 and 5. Table 6 presents

cdculaions of sudanable yidd a Fpi1 and Fmax and Feyrent for these mode
formulaions. In the projections, recruitment was for formulation 2 was assumed to be
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the same as the recruitment in 2004 and for formulation 5 the stock recruitment
relationship was projected forward. Fishing mortaity was st as congant throughout
the projection period (Fo.1, Fmax Of Feurren) @d using the sdectivity vector the fishing
mortdity for each age group wes caculated. This fishing mortaity at age was then used
to determine the numbers at age in the projections:

Fa = Sa FO.l (19
N,=N_(e"") (20)

where F, is the proportion the resource harvested a age a, Sa is the commercid
other parameters are as before (equations 10 and 11).

F 0.1 F max F current
F 0.26 0.72 0.23
Average 1,102
catch tonnes 1,529 1,039
Maximum
Formulation catch 1,226 2,233 1,171
2 % of
virgin 0 0 .
SSBin 4% 43% 78%
2020
Average
catch 811 1,030 772
Maximum
Formulation catch 1116 2,672 1,045
S % of
virgin 0 . .
SSBin A% 14% 37%
2020

Table 6. Results of catch projections at different levels of F.

Projections of catch at Fo; for formulation 2 modd show that a a fishing mortdity of
0.26 the biomass would return to gpproximately 74% of the virgin biomass levd (table
6) and would continue to increase. In formulation 5, the catches a Fo1 were dightly
lower (table 6) a around 800 tonnes and the population continues to decrease to 38% of
the virgin biomass. At Fnax the average catich was higher in both modds. However, for
formulation 2 the population decreased to 38% of the virgin biomass whereas
formulation 5 has higher maximum catches (table 6) but the population decreases to
only 14% of the virgin biomass in 2020. At current F (0.23) formulation 2 has dightly
lower catches than a Fo1 and the population increases to 78% of the virgin biomass
while formulation 5 has average caiches of 772 tonnes and a maximum of just over
1,000 tonnes. The population again continues to decrease to only 37%.
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Discussion

Our best estimate of current biomass of this stock is around 5000 t SSB, with a possible
range from 5000 t — 7000 t. These figures are roughly confirmed by the research
surveys. However, it must be said strongly that none of the assessments are satisfactory,
in that none of them are adle to match the quite large trends in CPUE to amilar trends
in modelled population biomass.

Why might this be? Pat of the answer is dmos certanly that these species are not
consgently targeted. This not only leads to the data being poor and inconsstent, but
probably undermines the basic assumption in our assessment that trends in CPUE
reflect trends in population biomass. This is bet seen in the very high correaion
between CPUE and total catch — CPUE is not following a trend in biomass so much as
a trend in catch. If vessdls consgently targeted Patagonotothen ramsayi and other
Rockcod species amore specific trend in catch trends and CPUE might appear.

Although targeting is a problem is it dso likely that the changes in rockcod CPUE
reflect changes in didribution and dengty of the species, overlad with changes in the
digribution and dendty of fishing effort, rather than the abundance of the population as
a whole. The latter is most likely because vessels are targeting other species. We have,
for ingtance, mentioned that in 2001 vessals were rgeting Loligo for a much extended
season, and that therefore this may account for the reduced CPUE and catch in this
year. Furthermore, the rate of catch has declined as the probability of encountering P.
ramsayi has increased. The change in catch and encounter rates appears to indicate that
P. ramsayi has increased its digtribution on the shelf but has become more spread out in
gpace. This would make rockcod more common in catches but less would be caught and
the observed pattern of catches would be produced. Conversdy, the pattern maybe
more as a consequence of more individuds being sampled and identified to species
level. Between 1996 and 2002 the average number of length samples for P. ramsayi
was 334 individuas in a year, however a the end of 2004 that number had risen to an
average of 6,399 individuas. In 2003 aone the number of P. ramsayi sampled was over
31,000. As a consequence the number of animas and the sze of the catch sampled has
risen condderably since the beginning of the ROCKCOD project in comparison with
the years prior to 2003.

If the variability in CPUE was smply due to changes in targeting and didribution of
rockcod, however, one would expect rather more random noise in the sgna than is
shown in the data. In fact, there seems to a rather smooth trend in the data in Figure 4
and in the caich data, which hints a cyclicity (Figure 7). The period of the gpparent
cycle is 8 years, roughly the period of genera oceanographic cycles in the region. This
could be generated through recruitment variability, but this is unlikdy given the
inability of our models to generate good biomass-CPUE fits even when we explicitly
use messured recruitment. It is, in our opinion, much more likely that these trends are
crested by changes in the didribution and density of rockcod over the shelf. These
trends themselves may be created by movements into and out of the Fakland Idands
zone (perhaps into Argentine waters), and may be linked to environmentd trends.

Projections from the ASPMs, for what they are worth, suggest that average catches of

between 700 and 3,000 tonnes annudly would be sustainable in the long term. We are
unable to reach a more accurate concluson a this time. Therefore, if any targeted
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fishery for rockcod were to be contemplated, a precautionary catch limit of between
1,000 and 1,500 t would seem to be appropriate. This level could be revised with the
development of more satisfactory assessments using the data from a directed fishery.

It is worth remembering that dthough this fishery is primarily catching P. ramsayi, it is
in fact a multispecies fishery. We would srongly recommend that if any directed
fishery were contemplated, that specific reporting requirements for rockcod (and P.
ramsayi in particular) were included. The reliance on opportunistic measurements by
observers is not an adequate basis for data collection leading to robust assessments of
these stocks.

Deliverable # 19 Estimate of fishery long-term sustainable yield

Activities included in this task were initiated by ICON in February 2004 and finished in
December 2004. The work done included analyses of catch at age, GLM standardisation
of CPUE data, biomass estimates, ASPM — Age-dructured production modd, yied-per-
recruit and stock-recruitment relaionship.

Fundamentd to the provison of sound management advice is the assessment of the sze
of fish or squid stocks and the likely effects of fishing on these stocks. The andyss of
fisheries and other data usng appropriate datisticd and mathematica procedures is
defined as stock assessment. A stock is a managed population unit. Stock assessments
generdly result in a datement of the likey sze of the sock, and the catch levels that
can be sudtained by the stock without overexploiting it. For most fish species, which
live for more than one year (toothfish and southern blue whiting live for over 30 years),
it is sufficent to assess them annudly snce most of the animds in the sock this year
will il bein the stock next year.

The “ROCKCOD” project (CRAF-1999-71709) aimed to develop and research the
possibility of adding vaue to a fishery resource that is currently discarded at sea by the
EU fleet fishing in the Southwest Atlantic. “Rockcod’, a complex of severd species but
principdly Patagonotothen ramsayi, is currently taken as by catch in the trawl fisheries
in the Faklands (lllex, Loligo and finfish). The present study was initiated to assess
abundance trends and sudtainability for exploitation of the resource and to provide
advice on the likdy impact on long term biologicd consequences of exploitation and
increases in the current leve of exploitation.

The am of this investigation was to provide a preiminary andyds of stock satus of
Rockcod within Faklands Idand waters usng methods implemented for other finfish
socks in Fakland waters and methods not dready employed. The data has been
utilised within severd different assessment methods in order to fully investigate the
fishery and any management options associated with it. The mgority of the assessments
were carried out for Patagonotothen ramsayi as this species had the most available data
and is dso the most common species in Rockcod catches. This study sought to develop
an assessment from the available methods that could ke used to manage Rockcod stocks
in the same way that other stocks are managed within Falklands waters. The research
was indigated to provide an edimate of current biomass and sudtainable caich rates
which could then be used to dlocate effort for a rockcod fishery or to inform the effort
dlocation within other fisheries in which rockcod is caught and so provide a
mechanism of control within the fisheries for the rockcod population.
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Methods and results
Fisheries and Biological data

Fisheries observers onboard trawlers operating bottom trawls within the finfish and
Loligo gahi fisheries in Fakland Idand waters and in high seas waters adjacent to
Falkland 1dand waters between 1994 and 2004 collected materid for this work. Daily
reports of tota catch, postion and effort were analysed for the period 1994 to 2004 to
edimae seasond and spatid variation in activities of both fleets and the catches of
Patagonotothen ramsayi and Patagonotothen spp. Before the start of the Rockcod
project al catches of Patagonotothen species recorded by observers were placed in the
same category and no digtinction between the different species was made. As a result it
was difficult to estimate the total catches of Patagonotothen ramsayi. Additiondly,
vessels without observers only report the main target species when making fishery
reportsl?2 and dl other species, included al rockcod species, are placed in one single
category. As aresult of thisthe total catch of all rockcod speciesis unknown.

Assessments

Severd assessments were undertaken. All were essentialy tuned to CPUE trend data,
but they used different assumptions for recruitment. The methodology was that of an
age dructured production mode (ASPM), following the methodologies of Agnew et al.
(1999) and Brandéo et al. (2002).

Catch at age

For the purposes of the ASPM, caich-at-age data were required. These were obtained
by usng observer records of length frequencies within each year. Length weight and
von Bertdanffy growth parameters were used to convert the totd welght of fish caught
a length to caich numbers a age. These data suggest that fish recruit into the trawl
fishery at approximately age 1 or 2.

GLM Sandardisation of CPUE data

The only assessment types a our disposal were those tuned to CPUE data. The most
important assumption of these is that CPUE is proportional to biomass (changes in the
CPUE index reflect changes in the underlying population dze of the species). A firs
step in our analysis was congtruction of a standardised CPUE series.

The GLM usad for dandardisation of trawler CPUE formed a ddta - lognormd
digribution (as not dl hauls or trawls caught Rockcod) with many zeros present within
the data This was moddled as a binomid GLM on the probability of a trawl
encountering P. ramsayi and alognorma GLM on abundance for al postive trawls.

12| oghooks only require the specific reporting of the following categories of catch: Loligo, Illex, hake, southern
blue whiting, hoki, rays, kingklip, red cod and “others’. Rockcod are classified as others.
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ASPM — Age-structured production model

A cohort analysis using data between 1994 and 2003 was congructed in MS Excd
usng the dructure described in Agnew et al. (1999). Five formulations of the mode
were investigated.

Yield-per-recruit

A badc yidd-per-recruit modd was st up in MS Excd usng the same weight-at-age,
maturity ogive, sdectivity vector and naturd mortdity utilised in the ASPM. These
models can be used to edtablish management reference points, usudly ether Foi
management (the point a which the dope of yidd per recruit vs F is one tenth of the
vaue near the origin (biologica reference point)) or Fmax.

Discussion

Our best estimate of current biomass of this stock is around 5000 t SSB, with a possible
range from 5000 t — 7000 t. These figures are roughly confirmed by the research
surveys. However, it must be said strongly that none of the assessments are satisfactory,
in that none of them are able to match the quite large trends in CPUE to Smilar trends
in modelled population biomass.

Why might this be? Pat of the answer is dmog certainly that these species are not
consgtently targeted. This not only leads to the data being poor and inconsigtent, but
probably undermines the basc assumption in our assessment that trends in CPUE
reflect trends in population biomass. This is best seen in the very high corrdation
between CPUE and total catch — CPUE is not following a trend in biomass so much as
a trend in cach. If vessels consstently targeted Patagonotothen ramsayi and other
Rockcod species a more specific trend in catch trends and CPUE might appeer.

Projections from the ASPMs, for what they are worth, suggest that average catches of
between 700 and 3,000 tonnes annudly would be sudainable in the long term. It is
worth remembering that dthough this fishery is primarily catching P. ramsayi, it is in
fact amultigoecies fishery.
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Appendix
Stock-Recruitment Relationship

The spawning biomass in year y is given by:

BY =4 w,f,N, (A1)

a=1

where:
fa is the proportion of fish a age athat are mature

The number of recruits at the start of year y is assumed to relate to the spawning
biomess a the start of year y, B, by a Beverton-Holt stock recruitment relationship
(assuming determinigtic recruitment):

aB?
b +B

y

R(B}) = (A2)

The vaues of the parameters a and 3 can be cdculated given the initid spawning
biomass K¥ and the steepness of the curve h, using equations (A2.13)-(A2.17) below. If
the initid (and pristing) recruitment is Ry = R(K®), then stegpness is the recruitment (as
afraction of Ry) that results when spawning biomassis 20% of its pridtine levd, i.e.

hR = R(0.2K ¥) (A3)
from which it can be shown that;

L _02(b +K*)

(A4)
b+02K*®
Rearranging equation (A2.14) gives.
sp _
o = 02K h) 5
h- 0.2
and solving equation A2 for a gives.
a= —O'ShRO (A6)
h- 0.2
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In the absence of exploitation, the population is assumed to be in equilibrium.
Therefore Ry is equa to the loss in numbers due to natura mortdity when BY = K¥,
and hence:

s aK®
ng:R°=b+Ks" (A7)
where:
1791 ) w f e’
g :%%Wa foe ™+ g (A8)
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WORKPACKAGE NUMBER 3: CHARACTERISATION OF THE RAW FISH ASFOQOD.

Phase: find report

Start date: 6

Completion date: 16

Current gatus: finished

Co-ordinated by CSIC-11M (B1) Persorn/Month (6).
Other Partners (Person/Months): none
Deliverables N°: 3,9,11,12.

Milestones N°: 7.

Objectives (asin the technical annex)

characterisation of the nutritional and sensorial propertiestogether with the biochemical
characterisation that will allow the global quality evaluation of rock cod as a new fish
product. The microbiological control of the raw fish will assure the possible risk
associated to its consumption.

Methodology and study materials (asin the technical annex)
This workpackage is composed by the following tasks:
Task 3.1. Sensorial Evaluation. This task will include the sensorial evaluation of the raw

and boiled fish according to the Official EU Methods involving aspects as appearance,
colour, flavour and texture. A trained expert panel will performit.

Task 3.2. Microbiological Evaluation. This task will aim the safety issues related to the
consumption of these species. It will attempt the microbiological studies for establishing
pathogenic indigenous bacteria of rockcod species and the specific spoilage bacteria
inducing chemical changes. The results achieved in this task will be essential since they
will be related with the safety and possible toxicological risks associated to rockcod
consumption.

Task 3.3. Composition and Nutritional Value. This task will be aimed to determine the
nutritional characteristic of the fish species as food. It will include the elemental
composition of the raw muscle in terms of water content, fat content, protein and amino
acid analysis, and vitamin content. Special stress will be given to the concentration of
lysine available, n-3 polyunsaturated fatty acids and cholesterol. These studies will be
performed applying different instrumental techniques as absorption and fluorescent
spectroscopy, and liquid- and gas- chromatography.

Task 3.4. Biochemical Evaluation. Thistask will include the deter mination of compounds
derived from the activity of endogenous and microbiological enzymes. Non-Protein-
Nitrogen compounds such asthetrim ethylamine oxide, free amino acids, nucleotides, and
amines (trimethylamine, dimethylamine and biogenic amines). These compounds have an
important relationship with the taste of seafood. They have also an important role on the
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spoilage of fish during conservation and processing. These compounds will be analysed
by official standard methods, and spectrophotometric, fluorimetric and chromatographic
techniques.

The proteolic activity, lipase and phospholipase activity in rockcod fresh muscle will be
determined by spectroscopic analysis. Theresearch included in thistask will be indicative
of the degree of higher or lower later processing.

All analyses described in this workpackage will be performed in a representative number
of samples according to a statistical design for minimising intra- and inter-specific
variations. They will be performed in two different trials distributed during the project:

ne different individuals: 20-30.

Two different trialsin 2 years.

All analysis by duplicate

Sensorial analysis. 4 parameters

Microbiological analysis: 3-4 different cultures

Composition and nutritional value: 10 different parameters and methodol ogies
Biochemical evaluation: 7 different parameters and methodol ogies
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Final report Characterisation

Three species belonging to the generd denomination Rockcod were anaysed:
Patagonotothen guntheri, Patagonotothen ramsayi and Paranotothenia magellanica.
The sudy was mainly focused on P. ramsayi, the most abundant species. Two different
szesof P. ramsayi were consdered for some analyses.

A sex differentiation study and a seasond study was performed focused on P. ramsayi.

A total of 1934 anadlyses were carried out: 224 corresponding to the comparison among
Rockcod species, 330 employed for sex differentistion and 1380 employed for
evauation of nutritiona vaue and organoleptic characteristics during different months.

All analyses were performed in duplicate or in triplicate.

Task 3.1. Sensorial Evaluation.

Organoleptic evaudtion of fresh fish was caried out on board by the observer
according to the Officid DOCE (1989). The study of P. ramsayi demondrated that al
individuds showed a very intense pigmentation and transparent mucus. The externd
odour was sharply sea weedy and shdlfish. Gills were brightly red, without odour and
with lamina perfectly separated. Flesh odour was weskly sea weedy and shdlfish. In
relation with muscle congdency, dl individuds showed firm and dadic
characterigtics.

As regards to frozen samples amdysed in IIM during the project, Fig. 1 shows the
different species. Table 1 and 2 shows the data corresponding to the first set of samples
arived to IIM in May 2003 (caught April 2003). All individuds analysed showed good
sensory quality after frozen storage. However, texture of P. magellanica species was
rapidly deteriorated at 4°C, probably due to a high protedlitic activity. P. guntheri and
P. ramsayi showed good muscle properties with high weater retention and firm texture.

—_—

S

Patagonotothen. guntheri Paranotothenia magellanica
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Patagonotothen ramsayi

Fig. 1. Patagonotothen spp.

Table 1. Size, weight and sex.
SPECIES INDIVIDUAL [SIZE (cm) |WEIGHT (g) X
1 12 2147 FEMALE
5
2 14 26.49 MALE
P. guntheri 5
3 16 52.46 FEMALE
5
4 18 7002 MALE
5 21 11384 FEMALE
6 21 118.26 &2
5
P. ramsayi 7 257 23307 FEMALE
8 32 393,01 &2
9 4 532,67 FEMALE
5
10 21 167.91 2
P. magellanica 5
11 26 276.93 MALE
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Table 2. Sensory Analysis.

SPECIES XIN EXTERNAL ODOUR CONSISTENCY | FLESH ODOUR
P. guntheri ;’Ig%’;;‘tt;m Weakly seaweedy and shellfish | Firm and elastic Weak'éfg?}"i’;edy and
P. ramsayi ;’gg&?{;‘:ﬁi Weakly seaweedy and shellfish | Firm and elastic Weak'gsg?‘f’}’;edy and
P. magellanica ;’S%;Qf;’:ii Weakly seaweedy and shellfish | Firm and elastic Weak'glsg"’l“f"i’fy and

Task 3.2. Microbiological Evaluation.

Microbiologica data corresponding to fresh samples of P. ramsayi were negative. Data
of coliforms, E.coliand Sdmonella were negative. Totd microbid content of frozen
samples were low: 785 UFC and analyses of coliforme colonies were negative.

Task 3.3. Composition and Nutritional Value.

Task 3.4. Biochemical Evaluation.

a) Comparison among species. Samples caught during April 2003.

For identification purposes, in addition to morphologicd andyss, the sarcoplasmic
protein profiles of fishes were sudied. Sarcoplasmic €dectrophoretic profiles were
characterigic of each species (Fig. 2). Profiles of P. guntheri and P. ramsayi were
rather amilar. P. magellanica sarcoplasmic profile was sgnificantly different. On the
bass of these results, a characterigtic pattern of sarcoplasmic proteins for each species
was determined and used for identifying samples.

Fig.2. Electrophoretic analyses of sarcoplasmic proteinsin pH: 3.5-9.5.
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Table 3 shows the muscle composition of the three species. P. guntheri and P. ramsayi
showed smilar protein content. P. magellanica had less protein content and higher
water content. P. guntheri showed highest lipid content, and was the fattest species.

As regards to lipid classes, P.guntheri showed the highest proportion of triacylglycerols
and P. magellanica had the highest phospholipid content (Table 4). Fatty acids
ederified to triacylglyerols are known to be more saturated than those of phospholipids.

Tables 5 and 6 show the fatty acid compodtion of the species. The most important
feature was the high content of polyunsaturated fatty acids (PUFA) present in the three
Species.

The most abundant PUFAs were DHA and EPA, both of them n-3 PUFA. EPA
(20:5w3) and DHA (22:6w3) accounted about 81.37% of totd PUFA in P.guntheri,
84.11% in magellanica and 87.51% in P. ramsayi. Therefore, these species are good
sources of w-3 fatty acids. EPA was present a about half the DHA concentration in dl
species. These high levels of PUFA are in agreement to vaues found in other species
beonging to the same family. Among the n6 PUFA, arachidonic acid (20:4w6) was
the most abundant for P. ramsayi and P. magellanica and 182w6 was the most
abundant for guntheri species. As shown in the Table 5, the n3/n6 ratio in muscle was
high for al species and therefore, this is an Sgnificant result related to the nutritiond
and functional properties.

In reation with saturated acids, 16.0 fatty acid was the most abundant in al species.

The faty acid 18:1 w9 was the most abundant monounsaturated acid. The ratio of
PUFA/SFA demongtrated a dominant percentage of PUFA to SFA.

Lipidsof P. guntheri were more saturated than the others as correspond to their higher
content in triacylglycerols and lipid of P. magellanica were the most unsaturated
according to their high degree of phospholipids.

Table 3. Muscle composition®.

SPECIES WATER ASH PROTEIN FAT
P. guntheri 77.10 145 19.76 318
P. ramsayi 7843 134 18.06 132
P. magellanica 79.97 132 16.38 144

°xpressed on awet basis weight

Table 4. Lipid and Phospholipid content.

SPECIES %LIPID? % PLP.
P. guntheri 318+ 042 8.0+ 091
P. ramsayi 1,32+0.37 151+129

P. magellanica 144+0.26 245+ 483

3% LIPID expressed as a percent in wet weight.
b 0% PL expressed as a percent of total lipids.
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Table 5. Fatty acid composition®

F.A. P. guntheri P. ramsayi P. magellanica
14:00 49 3 23
16:00 19.0 19.3 184
16:1? 7 75 49 27
18:00 33 28 44
181?79 12.3 9.8 10.0
18:1? 7 25 27 19
18:2? 6 12 09 1
183?73 10
1847 3 25 14 25
2011?79 6.2 4.3 11
20:4? 6 14 19 28
20:4? 3 15 09 0.7
205? 3 11.7 139 129
221?11 26 20 0.3
225?73 12 13 14
22.:6? 3 221 30.8 370
n3/n6 15.19 17.49 18.93

& expressed as total percent of fatty acids.

Table 6. Saturated, monounsaturated and polyunsaturated content 2.

%SATURATED [%MONOUNSATURATED| %POLY UNSATURATED Ratio PUFA/SFA
P. guntheri 272 313 415 152
P. ramsayi 252 236 51.2 203
P. magellanica 25 16 59 2.36

2 expressed as total percent of fatty acids.

Table 7 shows the results of the CNH analysis in dry basis weight which were in agreement with data of
the elemental composition.

Table 7. Content of C, H and N.

SPECIES %N %C %H CIN H/C

P. GUNTHERI 14.24 474 412 3.88 104
P. RAMSAYI 13.83 48.35 3.83 4.08 0.94
P. MAGELLANIC 1357 4548 4.67 391 122

b) Sex differentiation: males and females.

Samples of P. ramsayi caught during summer 2003 and identified as mades and femaes
were andysed. We didinguish between medium and big sze (samples M: 24-25 cm
and samples B: 30-35 cm). Table 8 sumarizes data corresponding to sze, weight and
sex of those samples and Table 9 shows the sensory andyses. All individuas analysed
showed good sensory qudity after frozen dorage. It didn't notice ggnificant
differences between individuals of different Sze or sex.

The results of CNH andyss and dementa compostion were smilar in dl individuas

with a little variadility indegpendently of size and sex (Tables 10 and 11). In generd,
phospholipid content was higher in mde than in femde (Table 12). This last resutl is in
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agreement with a higher proportion of reserve lipids as triacylglycerols in femaes than
inmales.

Fatty acid anyliss showed smilar profiles with a high percent of polyunsaturated acids,
specidly EPA and DHA (n-3 polyunsaturated fatty acids) (Table 13 and Table 14).

Sarcoplasmic dectrophoretic profiles illustrated in Fig. 3, Fig. 4, and Fig. 5 of white
muscle proteins were equas independently of the sex.

The sarcoplasmic profiles obtaned usng different solubilisers and  eectroforetic
gpproaches were smilar (Fig. 3-5).

Table 8. Size, weight and sex.

INDIVIDUAL SIZE (cm)  [WEIGHT (g) SEX
M1 25 1774 FEMALE
M2 25,5 168,9 MALE
M3 22 120,2 JMALE?
M4 24.5 158,7 FEMALE
M5 26,5 207,1 FEMALE
M6 26 161,2 MALE
M7 25,5 184,2 MALE
M8 235 145,8 FEMALE
M9 24.5 1455 MALE
M10 24,5 164,7 FEMALE
M11 235 127,3 FEMALE
M12 25 167 FEMALE
B13 30,0 378,28 MALE
B14 36,0 529,20 FEMALE
B15 32,5 445,32 FEMALE
Table 9. Sensory Analysis.
EXTERNAL
INDIVIDUAL SKIN ODOUR CONSISTENCY  [FLESH ODOUR
\Very intense Weakly seaweedy |- . Weakly seaweedy
F
M1 nigmentation and shellfish mendelasic | dhelifish
Very intense Weakly seaweedy |- . Weakly seaweedy
M2 pigmentation and shellfish Frmendelastic | shellfish
\Very intense \Weakly seaweedy |- . Weakly seaweedy
M3 pigmentation and shellfish Firmandelasic |1 shellifish
\Very intense Weakly seaweedy |~ . Weakly seaweedy
M4 pigmentation and shellfish Firmandelasic | shellfish
\Very intense Weakly seaweedy |~ . Weakly seaweedy
M5 pigmentation and shellfish Frmendelastic | shellfish
\Very intense Weakly seaweedy | : \Weakly seaweedy
M6 bigmentation and shellfish Firmandelastic | helifish
\Very intense \Weakly seaweedy |_. . \Weakly seaweedy
M7 nigmentation and shellfish Rmandelasic | chellfish
\Very intense \Weakly seaweedy |_. . \Weakly seaweedy
M8 bigmentation and shellfish Firmandelasic |/ helifish
\Very intense \Weakly seaweedy |Firm and \Weakly seaweedy
M9 pigmentation and shellfish elastic and shellfish
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\Very intense Weakly seaweedy |Firm and Weakly seaweedy
M10 pigmentation and shellfish elastic and shellfish
\Very intense Weakly seaweedy |Firm and Weakly seaweedy
M11 pigmentation and shellfish elastic and shellfish
\Very intense Weakly seaweedy |Firm and Weakly seaweedy
M12 pigmentation and shellfish elastic and shellfish
B13 \Very intense Weakly seaweedy |Firm and Weakly seaweedy
pigmentation and shellfish elastic and shellfish
\Very intense Weakly seaweedy |Firm and Weakly seaweedy
B14 pigmentation and shellfish dlastic and shellfish
\Very intense \Weakly seaweed . . \Weakly seaweed
B15 pigr¥1entation and shZIIfish Y [Firm and elastic and sh()alllfish /
Table 10. Content of C, H and N.
INDIVIDUAL Weight (mg) | %N %C CIN
M1 29,74 14,97 46,58 36
M2 25,98 14,97 47 37
M3 24,84 1541 47,53 36
M4 20,14 15,26 46,33 35
M5 36,96 15,82 44,34 33
M6 3551 15,76 45,74 34
M7 26,02 1457 4339 35
M8 195 14,45 44,96 36
M9 2152 1399 43,78 3,6
M10 33,95 14,88 42,68 33
M1l 2737 14,63 4322 34
M12 2453 14,6 43 34
B13 11 14,84 473 37
B14 7,39 14,72 48,08 38
B15 15,15 14,85 46,03 3,6
Table 11. Muscle composition
INDIVIDUAL SEX WATER ASH PROTEIN FAT
M 1 FEMALE 78,30 124 19,79 1,74
M 2 MALE 79,67 1.16 15,83 141
M 3 (MALE? 79,11 1.19 18,42 1,56
M 4 FEMALE 79,35 1.18 16,4 1,35
M5 FEMALE 79,24 1.18 18,93 1,32
M 6 MALE 79,56 117 14,17 2,13
M 7 MALE 78,29 1.24 20,26 1,74
M 8 FEMALE 78,59 122 19,87 141
M9 MALE 78,26 124 13,62 1,56
M 10 FEMALE 78,30 124 15,85 1,35
M11 FEMALE 78,32 124 19,9 1,32
M 12 FEMALE 78,83 121 19,04 2,13
B13 MALE 79,51 117 16,31 1,11
B14 FEMALE 79,22 1.19 16,82 1,23
B15 FEMALE 79,31 1.18 15,48 0,9

259




Table 12. Lipid and Phospholipid content.

INDIVIDUAL SEX %LIPID %P
M 1 FEMALE 1,74+1,06 12,84+3,80
M2 MALE 1,41+0,38 17,71+6,72
M3 (MALE? 1,56+0,42 16,762+2,10
M 4 FEMALE 1,35+0,04 12,60£1,28
M5 FEMALE 1,32+0,04 15,674+3,70
M 6 MALE 2,13+0,00 17,544+1,31
M7 MALE 1,74+0,17 15,94+3,53
M8 FEMALE 1,41+0,04 18,80+0,01
M9 MALE 1,56+0,00 16,16+0,96
M10 FEMALE 1,35+0,13 16,15+0,01
M1l FEMALE 1,32+0,00 9,14+0,93
M12 FEMALE 2,13+0,04 8,02+1,81
B13 MALE 1,11+0,04 21,56x3,57
B14 FEMALE 1,23+0,04 11,39+0,30
B15 FEMALE 0,9+0,08 14,42+2,50
%% LIPID expressed as a percent in wet weight.
® 9% PL expressed as a percent of total lipids.
Table 13. Fatty acid composition?®
FA M1 |M2| M3 [M4|M5| M6 [M7|M8|M9 | M10 [M11(M12|B13|B14 | B1S
14.00 4,02 | 3,98 349 (367|207 263 (432350421 3,25 |3,37|3,87(212|223| 1,56
16:00 | 20,34 (19,27| 18,16 (18,51|17,54| 19,22 |19,05|19,18({19,27| 19,85 |19,49(14,91)18,07|17,32| 16,18
16:aw7 | 497 |481| 4,13 |618|360| 432 |597|4,12]|524| 366 |458(507(3,71(3,33( 2,62
18:00 201 |248| 193 (250|191 291 |228|215|218| 2,08 |202]|212|229]|244]| 297
18:1w9 | 13,80 (11,44| 9,61 (14,34|6,70| 11,20 (14,76|11,65|11,60( 10,63 |12,18|10,11{10,41|10,60| 8,64
18:1w7 | 1,74 | 1,63 181 |257|6,18( 253 |248|194(190| 2,02 [195(266]1,99|227| 280
18:2w6 | 1,72 | 1,74 1,14 |139(1,71| 1,29 |1,71(128|1,31| 1,16 |(161|1,27|145|1,16]| 1,07
183w3 | 1,32 |104| 093 |093|442| 0,75 |1,22]128]|1,02| 1,10 [105(0,66(0,71|0,57 [ 0,38
18:4w3 | 358 |257| 243 |221)|108| 1,67 |270|319]|272| 2,77 [283(1,45(191(158( 0,69
20:2w9 | 2,16 | 2,04 593 (309116 1,60 |(265]|216|200( 2,48 |1,21|8,28(2,23|4,30| 4,90
20:4w6 | 1,04 | 1,72 124 |11,73(201| 207 |1,29(151|157| 1,73 |1,48]|155(240|234] 2,55
20:4w3 | 0,67 |064| 098 |089(100( 063 |085(063|084| 0,72 (0,75]1,12(0,71(0,92] 1,05
20:5w3 | 11,66 |11,75( 11,86 |12,66( 5,66| 11,74 {10,94({11,31|12,38( 11,23 |11,30|10,89({11,56|12,95| 14,41
22:1wl1l | 0,58 | 0,76 2,32 10,80(10,12| 0,34 | 065(054]|0,63| 159 [0,49]3,13|0,80(1,57| 1,08
22:5w3 | 0,93 | 0,89 1,08 |106|085( 1,10 |0,86|0,99(1,42| 095 |1,21(1,80]|214|189| 3,9
22:6w3 | 29,44 133,23 32,96 |27,45(39,05 36,00 |28,29(34,57|31,72| 34,76 |34,47|31,13(37,48|34,53| 35,11
® expressed as total percent .
Table 14. Saturated, monounsaturated and polyunsaturated content.?
INDIVIDUAL [SEX %SATURATED | %MONOUNSATURATED | %POLYUNSATURATED
M1 FEMALE 26,72 23,57 49,70
M2 MALE 25,99 20,91 53,09
M3 M ALE? 23,80 24,02 52,18
M4 FEMALE 24,92 27,25 47,84
M5 FEMALE 22,48 24,00 53,53
M 6 MALE 24,95 20,14 54,91
M7 MALE 25,96 26,83 47,21
M8 FEMALE 25,15 20,67 54,18
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M9 MALE 25,93 21,59 52,48

M 10 FEMALE 25,47 20,61 53,92

M11 FEMALE 25,15 20,63 54,22

M 12 FEMALE 21,03 29,44 49,53

B13 MALE 22,65 19,29 58,07

B14 FEMALE 22,10 22,20 55,70

B15 FEMALE 20.79 20.12 59.09
SEX %SATURATED MONOUNSATURATED %POLYUNSATURATED
MALE 24,88 22,13 52,99
FEMALE 23,59 23,17 53,08

@ expressed as total percent .

Fig. 3. Electrophoretic (SDS-PAGE) profiles of white muscle proteins Solubilization in low ionic buffer.
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Fig. 5. |IEF profiles of white muscle proteins
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¢) Nutritional value of P. ramsayi.

Nutritiond value of P. ramsayi is summarised in Table 15. P. ramsayi showed a low fat
content and high protein content. This species showed low levels of cholesterol, high
leves of vitamin E in comparison to other fish species, and low levels of carbohydrates.

The faty acids profile showed a high content of PUFA, specialy EPA and DHA (Fig.
6).

In relation to minera content (Table 16), values agreed with those reported for other
species and demongtrated that this speciesis a good source of mineras.

The amino acids content is shown in Table 17. Levels of amino acids were in
agreement with data reported in literature for other fish species.

Table 18 shows the variation in muscle compodtion during different periods of the
year. The individuds showed lower fat and protein content a the end of ripening date
(audgtrd spring), close to spawning, than during spawning (augtrd summer). After this
period (post-spawning), the fat content decressed and the protein content Started to
increese. The seasona variation of the fatty acid compostion is showed in Figure 6.
The highest amount of DHA was observed during austra winter. The lowest vaues of
DHA was reached during ripening sete.

In relation to heavy metds, Hg, Cd, Pb and Cu were anadysed. This study dso
demongrated that there is not risk associated to the accumulation of toxic metas. All
samples showed levels of heavy metds consderably low and under the legidated
permitted limits (<50 pg/Kg for Hg and Pb, < 25 pg/Kg for Cd and <195 pug/Kg for Cu
in wet weight basis).
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Parasites of Patagonotothen ramsayi (Nototheniidae) from around Falkland
|dands waters (2" progressreport).

Introduction

The paradites of Patagonotothen spp. are not well sudied and only a handful of studies
describing new species from this genus exist in the literature. These include a new
gpecies of myxozoan from P. ramsayi, Kudoa ramsayi (Kalavati et. al., 2000), two new
gpecies of myxozoan paradites from P. sima (Kalavati et d., 1996) and a new species of
sealice Caligus nolani dso from P. sima (Longshaw, 1997).

Paradtes have been widdy used as biologicd tags to provide information for fisheries
managers on the movements and population discrimingtion of their hosts (see
MacKenzie, 1983; Lester, 1990; Moser, 1991 Williams et al., 1992; MacKenzie, 2002).
There are two main gpproaches to the use of biologica tags (MacKenzie and Abaunza,
1998). The firgt gpproach involves the sdection of a smal number of parasite species
according to specific criteria as suggested by Kabata (1963); Sindermann (1983),
MacKenzie (1983, 1987, 1998) and Williams et al. (1992) and a large number of host
gpecies ae examined pecificdly for these parasite species. In the second approach
entire paraste assemblages are anadysed using sophisicated datisticd  techniques.
Examples include the dudies of Lester et al. (1986, 1988), George-Nascimento and
Arancibia (1992), Speare (1994, 1995), Arthur and Albert (1993) and Baylock et
al.(2002). According to MacKenzie and Abaunza (1998) this type of approach can be
gpplied to any host species, but is particularly gpplicable to those which are large and
vauable and are not readily avalable for examination in large numbers. The am of this
sudy was to provide a basdine for future studies on the possble use of usng parasites
as biologica tags in sock assessment. Also this study was amed at looking for
parastes with public hedth implications for the food science partners within the
project.

Materials and Methods

Samples of P. ramsayi were caught during a cruise on the R/V Dorada during January
2004. Figure 1 illustrates the positions of where the samples were collected.

The fidh's skin surface was examined by eye under a strong light. Squash preparations
were made from any cyds or lesons observed and examined under a compound
microscope a magnifications of up to X 400. The totd and weight were recorded and
the fish was placed back into its tray. The fins were then removed and eamined under
the dissecting microscope and any lesons or cysts observed were examined more
thoroughly. The fish was then washed in its tray of water by hand and then removed.
The remaning water and mucus in the tray was then poured through a fine meshed
seveto collect any paradites that were not noted by the visua ingpection.
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Figure 1. Sample locations for samples of Patagonotothen ramsayi collected for
parasitologica sudies

The fish were opened by making an incison from the anus up to the heart so that the
viscera could be removed. The internd organs (heart, liver, spleen, gdl bladder,
gonads, kidney, urinary bladder and digestive tract) were examined for paradites free or
encgpsulated on the exterior, then separated and individudly examined. The stomach,
pyloric ceeca and intestine were separated and opened longitudindly. In smdler fish
the mucosa of the digegtive tract was scraped with the back end of a scape to remove
any paadtes. The wals of the stomach, pyloric caeca, and intestine, and the liver,
spleen, kidney, and heart were compressed between glass plates and examined for
paradtes. The body cavity was rinsed and the rinse collected and examined. Squash
preparations were made from the liver, spleen, kidney, gonads, intestine, muscle and
brain, and scrgpings from the urinary and gal bladder were examined for protozoan and
myxozoan parasites usng a compound microscope a a magnification of X400 under
brignt fidd, phase contras and Nomaski interference contrast  illumination.
Preparations not found to harbour parastes within 5 minutes were consdered to be
uninfected. The gills were removed and rinsed, and the arches were examined
individudly. The buccd cavity was rinsed and the opercula and eyes were rinsed
separately. The body musculature was removed from the vertebra column, the skin
removed from the fillets and the flaps were thinly diced and ingpected for heminths
and myxozoan cyds. All paradtes were sorted into mgor taxonomic groups, cleaned
and counted for each organ, noted on an examinaion sheet and the data subsequently
entered onto a database. Representative specimens of al parasite species encountered
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during this study have been collected and stored in the Fakland Idands Government
Fisheries Department (FIFD) reference collection.

Summary datigics for the parasite taxa recovered during this study and studies by other
authors include prevaence, mean abundance and mean intendty as recommended by
Bush et. al. (1997).

Table 1. Prevaence, intensty and abundance of paradtes infecting Patagonotothen ramsayi
from around the Falkland Idands.

Taxa Stage Prevalence (%) Mean Abundance Mean Intensity SD Range of Intensity
Sphaeromyxa sp. 3.33

Ceratomyxa sp. 16.67

Kudoa ramsayi 46.67

Chondracanthus australis a 3.33 0.03 1.00 1
Clavella sp. a 10.00 0.10 1.00 1
Elytrophalloides oatesi a 33.33 0.83 2.50 1.35 1-5
Lepocreadiidae sp. a 53.33 2.63 4.94 8.30 1-33
Dichelyne (Cucullanellus) fraseri a 6.67 0.07 1.00 1
Anisakis sp. | 33.33 0.90 2.70 2.00 1-7
Hysterothyacium sp. all 93.33 18.63 19.96 19.61 2-89
Contracaecum sp. | 40.00 1.27 3.17 4.57 1-17
Pseudoterranova decipiens | 46.67 1.07 2.29 2.09 1-7
Nematode sp. a 13.33 0.40 3.00 2.45 1-6
Grillotia erinaceus | 23.33 0.80 3.43 4.89 1-14
Tetraphyllidean pleurocercides | 46.67 2.60 5.57 7.55 1-20
Corynosoma sp. | 3.33 0.03 1.00 1

a = adlult; | = larvae

Results and Discussion

A total of 901 individud parasites of 16 taxa were collected from 30 P. ramsayi during
the course of this sudy. Table 1 provides summay datistics on the parastes
encountered during the present study.

Sohaeromyxa . was found to infect the gdl bladder of 3.33% of the fish examined
and represents a new host record for P. ramsayi. Another myxozoan from the gdl
bladder, Ceratomyxa sp., dso represents a new host record and was found to infect
16.67% of the fish examined. The myxozoan Kudoa ramsayi (Figure 2) found in the
musculature was found in 46.67% of the fish examined. The pseudocysts are thin and
white and occurred throughout the musculature in heavy infections.
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The copepod Chondracanthus australis was only found once during the study and was
probably an accidenta as the genus is specific to fishes of the family Merluccidee. This
also represents a new host record. Another copepod Clavella sp. was adso only found
once unfortunately the anima was too damaged to determine the species.

The digenean Elytrophalloides oatesi (Figure 3) was found in 33% of the fish
examined. It is a common species in the South Atlantic particularly in nototheniid fish
where they normdly infect the stomach, oesophagus and during heavy infections the

gills

— r e ) -
Fgure 3: Elytrophalloides oatesi adult

An unidentified digenean of the family Lepocreadiidee was found to infect the pyloric
caeca of 53% of the fish examined. This species need further examination to identify it.

The nematode Dichelyne (Cucullandlus) fraseri (Figure 4) was found to infect the
intetine of aout 7% of the animas examined. According to Zdatowiecki and
Cidecka, 1996) this species is specific to the notothenioids. This species is found
around the SubAntarctic and in the Southwest Atlantic.
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Figure4: Dichelyne (Cucullanellus) fraseri adult

Anisakis . (whde worm) (Figure 5) is a ubiquitous species and has been reported
from 40 different families of fish worldwide (Hays et al., 1998). This is species has
public hedth implications causng aniskiods. However dl the worms found in this
study were found within the mesenteries and none were found in the flesh.

b
Figure5: Anisakis sp. @) head; b) tall

a

Hysterothyalcium sp. (Figure 6) is a widespread parasite and occurs in marine teleosts
in temperate and cold waters. It has been found in a number of fish from the South
Atlantic Navone et al. (1998). In the Antarctic and subantarctic this genus (Synonym =
Contracaecum (Thannascaris)) has been reported from a number of nototheniids
(Johnston and Mawson, 1945). This parasite has dso been recovered from Eleginops
maclovinus from two out of three dtes in the Fakland Idands (MacKenzie and Brickle,
unpublished data). Gaevskaya et al. (1990) recovered H. aduncum and H. nototheniae
from D. eeginodes and Rodriguez and George-Nascimento (1996) recovered
Hysterothyalcium spp from D. eleginoides off centrd Chile. This species infects the
intestines of marine fish.
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a b

Figure 6. Hysterothylacium sp. @) head; b) tail

Contracaecum sp. (Figure 7) this species infects sedls when adult and is common in the
South Atlantic and was found to infect 40% of the P. ramsayi examined during this

study.

Fgure 7: Hysterothylacium a)head; b) il

Pseudoterranova decipiens (seal worm) (Figure 8) matures in seds, and the firg
intermediate hosts are crustaceans such as copepods, amphipods, shrimps, and isopods
(Marcogliese, 1996). Only when worms reach the size of about 2 mm are they able to
infect fish (McCldland, 1995), which serve as second intermediate hosts (Kerstan,
1991). They attain this Sze in macroinvertebrates, such as mysds (Jackson et al. 1997)
which are therefore an essentid intermediate host in the life cycle of P. decipiens
(McCldland, 1995). Pseudoterranova decipiens is condgdered to have a benthic life
cycle, as ther larvae are unable to swim. This species was found in 47% of the fish
examined. This species can dso have public hedth implications and causes a samilar
condition to Anisakis.



Figure 8. Pseudoterranova decipiens @) head; b) tall

An unidentified nematode was found in 13% of fish examined. This species requires
further taxonomic work.

Grillotia ernaceus (Figure 9) is a ubiquitous species and occurs in fish from both the
Atlantic and Pacific Oceans (Ruszkowski, 1934, as cited by Rohde, 19844).
Ruszkowski (1934) (as cited by Rohde, 1984) worked out aspects of the life cycle of G.
erinaceus. The firs intermediate hosts are various species of copepods, in which the
procercoid larvae develop from the coracidium. Many species of marine fish from both
the Pecific and Atlantic Oceans act as second intermediate hogts, and the definitive
hosts are elamobranchs. This species was quite common in P. ramsayi (23%).

Fgure9: Grillotia erinaceus tentacle

Tetraphyllidean cercoides (Figure 10) were aso common in P. ramsayi (46%).
Tetrgphyllidean plerocercoids use copepods and euphaudids as intermediate hogts, fish
and cephalopods are thought to pick up postlarva stages by feeding on smdler fish,
cephaopods and crustaceans and they become adult in elasmobranch fish (Hochberg,
1990). Brickle et al. (2001) examined the tetrgphyllidean fauna of the South Atlantic
squid Loligo gahi, which were assumed to be species of the genus Phyllobothrium, and
characterised geneticaly. They found that 12 of the 14 specimens characterised were
species of the genus Clistobothrium, one of them being Ceratobothrium, both parasites
of lamnid sharks and the other a trypanorhynch, Grillotia erinaceus. They concluded
that the technique of usng molecular tools to confirm the identities of larval parastes
epecidly where  morphology proves inadequate for distinguishing cosdy reaed
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gpecies or genera, may prove usgful in the ducidation of life cycles and oceanic food
webs.

Flgu 10: rapl dean pleuroi

Findly the larvd acanthocgphdan Corynosoma sp. was only found once within the
mesenteries of an individud P. ramsayi. These are paradtes of seals and whales.
Unfortunately, the parasite was not in a good condition and so could not be identified to

Species.

From a public hedth point of view no nematodes @Anisakis and Pseudoterranova) that
ae adle to infect humans were found in the flesh of P. ramsayi dthough they were
found in other organs. However, only a smdl number of P. ramsayi (n = 30) were
examined.

This study provides a basdine and reference materid for future studies usng parasites
ashiologicd tags for stock discrimination and host migration.
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Ddliverables:

Deliverable # 3: Organoleptic characteristics of Rockcod with special focus in off-
flavours

Three Patagonotothen species P. guntheri, P. ramsayi and P. magellanica were
studied. Frozen Rockcod samples corresponding to different months were sent a [IM
during 2003-2004. The study was mainly focused on P. ramsayi which is the mogst
abundant species.

In addition to whole fish, we receved fillets and tals of fish caught during summer
2003. We have dso received organic and aqueous extracts corresponding to the fresh
samples of these months a 15" November 2003. However, organic extracts
corresponding to fresh samples could not be andysed since they arived a the IIM in
very poor conditions because they were conserved a Fakland idands in erroneous
containers (plastic).

Results

Fresh fish: Organoleptic evauation of fresh fishes was carried out on board by the
observers. The study of P. ramsayi demondrated that dl individuds showed a very
intense pigmentation and trangparent mucus. The externd odour was sharply sea weedy
and dhdlfish. Gills were brightly red, without odour and with lamina perfectly
separated. Flesh odour was weskly sea weedy and shdlfish. In reaion with muscle
congstency, dl individuas showed firm and elastic characterigtics.

Frozen fish arrived to IIM: Results obtained in dl individuds andysed showed good
sensorid quaity (general gppearance, odour and texture) with no off-flavours. It didn't
notice ggnificant differences between individuds of diffeeent Sze or sex. Data
corresponding to TMA and TVB-N (0.2937 + 0.004 and 18.33 + 0.11, respectively)
were low in dl samples analysed, corresponding to different trids of the year, and there
were not important differences among months. Similar results were obtained for TBA
and PV vdues (0.39 £ 0.03 and 1.54 +0.01). Consdering these results, it could be
concluded that the fresh fish showed a good initid qudity and the Sorage and
preservation on board were correct .

1- The genera appearance of entire samples and pieces was good. However, fish fillets
showed a superficid discoloration.

2. Sensorid andyss and qudity vaues regarding to the formation of volatile bases and
amines derived from microbid and enzymatic degradation were low. Parameters related
to rancidity were dso low and did not reved off-flavours associated to lipid
deterioration. Fish fillets were in worse conditions.

3. Texture of P. guntheri and P. ramsayi was dadtic and firm with high weater retention.
However, texture of P. magellanica species was rapidly deteriorated at 4°C, probably
due to ahigh proteolytic activity.

5. Microbiologicad anadyses did not show ggnificant contaminaion in dl fish and
unfrozen samples.
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6. The lipid content of the species ranged among 1-3%. P. guntheri was the fattest
gpecies. The three species showed a high content of polyunsaturated fatty acids, with
high contents of EPA ad DHA. Lipids of P. guntheri were more saturated than the
other species.

The seasond variaion was sudied in P. ramsayi. The lipid content increased dong the

year and the highest content was detected in samples corresponded to November and
December.

Femaes corresponding to May were in maturation sex stage. Femdes contained dight
higher lipid amount than maes. There were richer in triacylglycerols than maes,
therefore they showed amore saturated fatty acid compostion than males.

7. P. guntheri and P. ramsayi showed smilar protein content. P. magellanica had less
protein content and higher water content. Sarcoplasmic eectrophoretic profiles were
characteristic of each species. Profiles of P. guntheri and P. ramsayi were rather
gmilar. P. magellanica sarcoplasmic profile was sgnificantly different.
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Deliverable# 9: Safety and possibletoxicological risk associated to Rockcod
consumption report.

This study was focused on the determination of volatile amines and oxidation products,
the microbiologica spoilage, the accumulation of toxic metds and the paragites.

No voldile amines and oxidation products were detected in dgnificant amounts in
frozen samples arrived to 1 1M.

No microbiologica spoilage was detected in fresh rockcod samples neither in on-board
frozen samples.

Tota microbid data corresponding to fresh samples of P. ramsayi were very low. Data
of coliforms, E. coli and Samonella were negative.

Totd microbid content of frozen samples arived a IIM were low: 785 UFC and
andyses of coliforme colonies were negetive.

Many organisms are able to regulate the metd concentrations in ther tissues. Research
has shown that aguaic plants (seaweed) and some molluscs, crustaceans
(shrimpg/prawns) and fish are not able to successfully regulate metd uptake, and as a
result, tend to suffer from meta accumulation. Heavy metds may enter the food chain
in saverd ways. Smdl amounts are absorbed by organisms directly from the water
through their gills and other tissues. However, most of the pollutants found in aquatic
organisms arive there through the food chain. Fird, bacteria, and other smal
organiams absorb these materids. In turn, these are eaten by larger animds, eventudly
being eaten by people. Rockcod species are found in not pollutant waters, therefore
they should not show important amounts of contaminants.

The content of Hg, Cd, Pb and Cu in P. ramsayi was determined. The study demonstrated

that there was no accumulation of these metals, therefore no risk associated to the
consumption due to toxic metals. All samples showed levels of heavy metas considerably
low and under the legidated permitted limits:

< 50 pg/Kg for Hg and Pb in wet weight basis
< 25 pg/Kg for Cd in wet weight basis
<195 ng/Kg for Cu in wet weight bass
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Deliverable# 11: Nutritional characteristics of the fish species asfood report.

Three species belonging to the generd denomination Rockcod were anaysed:
Patagonotothen guntheri, Patagonotothen ramsayi and Paranotothenia magellanica.,
The sudy was manly focused P. ramsayi. We have dso peformed a sex
differentiation study and a seasond studly.

Table 1 shows the muscle composition of the three species. P. guntheri and P. ramsayi
showed smilar protein content. P. magellanica had less protein content and higher
water content. P. guntheri showed highest lipid content, and was the fattest species.

Tables 2 and 3 show the fatty acid compostion. The most important feature was the
high content of polyunsaturated fatty acids (PUFA) present in the three species.

The mogt abundant PUFAs were DHA and EPA, both of them n-3 PUFA. EPA
(20:5w3) and DHA (22:6w3) accounted about 81.37% of totd PUFA in P.guntheri,
84.11% in magellanica and 87.51% in P. ramsayi. Therefore, these species are good
sources d w-3 faity acids. EPA was present a about haf the DHA concentration in al
goecies. These high leves of PUFA ae in agreement to vaues found in other species
beonging to the same family. Among the n6 PUFA, arachidonic acid (20:4w6) was
the mogst abundant for P. ramsayi and P. magellanica and 182w6 was the most
abundant for guntheri species. As shown in the Table 2, the n3/n6 raio in muscle was

high for al species and therefore, this is an Sgnificant result related to the nutritiond
and functiond properties.

In relation with saturated acids, 16:0 faity acid was the most abundant in al species.

The faty acid 18:1 w9 was the most abundant monounsaturated acid. The ratio of
PUFA/SFA demonstrated a dominant percentage of PUFA to SFA.

Lipidsof P. guntheri were more saturated than the others as correspond to their higher

content in triacylglycerols and lipid of P. magellanica were the most unsaturated
according to their high degree of phospholipids.

Table 1 Muscle composition 2.

SPECIES WATER ASH PROTEIN FAT

P. guntheri 77.10 145 19.76 318
P. ramsayi 7843 134 18.06 132
P. magellanica 79.97 132 16.38 144

2expressed on awet basis weight

Table 2. Fatty acid composition®

F.A. P. guntheri P. ramsayi P. magellanica

14:00 4.9 3 2.3

16:00 19.0 19.3 18.4
16:1w7 7.5 4.9 2.7

18:00 3.3 2.8 4.4
18:1w9 12.3 9.8 10.0
18:1w7 2.5 2.7 1.9
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18:2w6 1.2 0.9 1
18:3w3 1.0
18:4w3 2.5 14 25
20:1w9 6.2 4.3 1.1
20:4w6 1.4 1.9 2.8
20:4w3 1.5 0.9 0.7
20:5w3 11.7 13.9 12.9
22:1w11 2.6 2.0 0.3
22:5w3 1.2 1.3 1.4
22:6w3 221 30.8 37.0
N3/n6 15.19 17.49 18.93

@ expressed as total percent of fatty acids.

Table 3. Saturated, monounsaturated and polyunsaturated content 2

%SATURATED | %MONOUNSATURATED | %POLYUNSATURATED Ratio PUFA/SFA
P. guntheri 27.2 31.3 415 152
P. ramsayi 25.2 23.6 51.2 2.03
P. magellanica 25 16 59 2.36

@ expressed as total percent of fatty acids.

As a food report, nutritiona value of the most abundant Rockcod species, P. ramsayi, is
shown in Table 4. P. ramsayi showed a low fat content and hgh protein content. This
gpecies showed low levels of cholesterol, high levels of vitamin E in comparison to
other fish species, and low levels of carbohydrates. The content of minerals agrees with
other species reported in bibliography and demonstrated that this species is a good
source of mineras (Table 5).

The amino acids content is shown in Table 6. Leves of amino acids were in agreement
with data reported in literature for other fish species.

Table 7 shows the variation in muscle compostion during different periods of the year.
The individuds showed lower fa and protein content at the end of ripening Sate
(augrd spring), close to spawning, than during spawning (austrd summer). After this
period (post-spawning), the fat content decreased and the protein content started to
increase. The seasona variation of the fatty acid compostion is showed in Figure 6.
The highest amount of DHA was observed during austral winter. The lowest values of
DHA was reached during ripening state.

Table 4. Nutritional value of P. Ramsayi

Value
aFat 0.78%-1.34 %
aWater 78.43%-82.08%
aAsh 0.31%-1.70%
aProtein 13.96%-18.06%
Vitamine E 880.74 mg tocopherol/g lipids
aCholester ol 15 mg/100g
aCarbohydrates 0.1%
w 3- Fatty Acids » 50% of tota fatty acids.

& expresses as wet weight basis.
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Table5. Mineral content.

mg/K g muscle on awet weight basis

Sodium 650-982
Potasium 2820-3330
Calcium 62.7-110
Magnesium 316-512
Phosphorous 1060-1410
Zinc 355-10.1
Manganese 0.239-0438
Iron 22343
Copper 0.101-0.193

Table 6. Essential Amino acid content expresses as g /100 protein

AMINOACID g/100g
Histidine 2,66+ 0.39
Arginine 161+0.35
Threonine 295+ 0.52
Tyrosine 285+ 041
Methionine 403+0.28
Isoleucine 2.86+0.38
Leucine 812+1
Phenylalanine 3.77+0.20
Lysine 991+ 145

Table 7. Muscle composition in different months®

MONTH % WATER % FAT % PROTEIN
MAY 7843+ 0.076 1.34+0.03 18.06 £ 3.35
AGOUST 79.73+0.26 0.83+0.16 1795+ 165
OCTOBER 8208+ 1.26 0.78+0.15 1396+ 14
DECEMBER 80.83+1.17 094 +031 1792+ 253
2Expressed as awet basis weight
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Fig. 6. Vaiation in fatty acid compostion in different months.
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WORKPACKAGE NUMBER 4: TECHNOLOGICAL SUITABILITY OF ROCKCOD FOR AN
INDUSTRIAL PROCESSING LINE

Phase: find report

Start date: 5

Completion date: 23

Current gatus: finished

Co-ordinated by CSIC-I1IM (B1) Person/Month (4)

Other Partners (Persor/Months): A2 (3), A5(2).

Deliverables N°: 4,10,15,20,22

Milestones N°: 5,7.

Objective (asin the technical annex)

to study the suitability of Rock cod for two different industrial processing lines and to
produce adequate seafood to supply the European market under different formats.
Methodology and study materials (asin the technical annex)

This workpackage is composed by the following tasks:

Task 4.1. Physical Suitability (Leader |1M)

Deliverable 4: Rockcod suitability for physical processing (fillet, gut, etc).

Yields: The yield is a rdevant factor on the technologicd suitability and vaue of fish
gpecies. It depends on the ratio between edible and inedible parts of the fish. It provides
an indication of the ability of fish species for being processing as fillets, minced muscle
or entire fish. The average yiedd of manua processng of Rockcod species was
edablished in our Lab cdculatiing the flesh which can be used after behead, gut, bone
and skin the fish. Theyidds of P. guntheri and P. ramsayi were 35.6 £1.7 and 33.5 +
0.6, respectively. The yield was not very high, but because of the 9ze, P. ramsayi can
be dmog totally used for filleting. However, P. guntheri is too smdl for filleting, and
the flesh could be only used for minced muscle.

Crown Seafoods obtained a yied of 57 % transforming Rockcod tunks into mincing
fish (mest fish without bone and skin)

Task 4.2 Development of the technical modifications on board commercial vessels. Devel oped
by OPTIMAR

On board two Argos vessals (Argos Pereira and Argos Vigo), Argos personnd and the
ANAMER observer carried out severd processing runs with the target species:
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Fish freezing:

Usng the information collected during the Rockcod Exploratory Award, EXAW 1642,
Contract n°® QLK5-2001-41642, one of two sample batches gathered showed yelowish
taints spread al over the fish body, after severd months under freezing conditions, so
gpecid atention was paid by the observer during his trip to get a good isolation of the
gathered samples using plastic film, prior to the freezing process.

Care was adso taken in geting a good frozen product in the minimum time Two
different freezing sysems were avalable on board: an Ultrafreezing Tunnd and
Contact Trays. The tunnd is the dower system, the product needs 6 hours to get the
auitable freezing sate. The trays are a quicker method spending 23 hours to freeze the
product. So the quicker method was used during trias.

Machinery checks:

To process the fish headed, gutted and tailless had no problems. Three commercia sSze
could be envisaged:

24-28 cm. Weight: >150qr.
29-34 cm. Weight: 150-200 gr.
>35 cm. Weight: 200 gr, or higher.

Fillets The fish has hard scde kin that was easly diminated by the skin machines.
The problem arose with the automatic filleting machine. The two vessdls, Argos Perera
and Argos Vigo, have a multi purpose fish processng lay out. Filleting machines in
multipurpose lay outs are designed for fish gregter in 9ze than Patagonotothen spp., so
the ingdlation didn't get fillets from the target fish. Rockcod filleted samples were
hand made.

The following photo series (Figs. 1 to 12) shows Rockcod processng on board Argos
Vigo ves#

Fig 1. Basin outlet belt. Non selected Species.
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Fig. 3. The BAADER 424 heading machine used for P. Ramsay manufacturing.
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Fig. 4. BAADER 424 heading machine for trunks manufacturing.

Fig. 5. P. Ramsayi heading at the BAADER 424
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Fig. 6. Cont. P. Ramsayi heading at the BAADER 424

Fig, 7. BAADER 424 Cont. The uneven cuts of P. Ramsayi bodies at the BAADER 424 is caused by the
small size of the fish, the small fishes do not hold to the conveyor belt, when the belt begins to move
further the fish position changes causing irregular cuts.
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Fig. 8. BAADER 424 Cont. Uneven output of the BAADER 424,

Fig. 9. Once headed the fish pass through a “tail cutter” and then to agutting basin before to go into the
washing machine.
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Fig. 10. P. Ramsayi trunks (headed, tailless and gutted) going out from the washing machine and ready
to be packed.
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Fig. 11. P. Ramsayi trunks packing
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Fig. 12. Packed P. Ramsayi trunks going into the Ultra freezing tunnel.

Proposal for more efficient and added value to rock cod processng integrated
into existing processing lines. (Optimar Fodema)

Some rebuilding /modifications will be necessary.

According to the previous reports of the Rock cod project for use off the fish for human
consumption we have the following proposa.

This report is based on processing of fish with 3 grade.

1) Fish up to 150g:

The smdl fish with a weight less than 150 g would be alocated to be frozen round and
a market could be found.

More Sze grade can be implemented if the market is demanding other or more grades.

) Fish between 150g to 200g would be alocated for Headed/Gutted processing
(Trunks).

[11) Fish of 200g or more would be alocated for fillet processing.

Main chdlenge for an efficient processng of Rock cod adepted to existing processng
line without use of more labour and use as less space as possible.

A) Separating Rock cod from other spices/ offal.
B) Space available onboard for necessary processing machinery.
C) Choice of nobbing (cut off the head and suck out the stomach) ffilleting

machines adapted / adjusted to Rock cod bone structure.
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Improvement for new processing.

1)

2)

3)

4)

5

6)

7)

Separating Rock cod from the rest of the catch manudly, and transported to buffer
binswith RSW or flow ice,

The rock cod to be trangported to a Sze grading machine for separating two Sizes.
The grading machine can dso be used for sze grading of other species (Hake, Hoki
etc.)

Nobbing / filleting machine to be ingtdled (Type WMK or Baader)

If two types of machines have to be indaled we have the following proposd for
efficdent and wel known machines. One nobbing machine (Type WMK or smilar)
for sze 150g to 200g for processing h/g fish, capacity approx 200fidvmin. After the
examination of the backbone dructure on the Rock cod the Baader 182 filleting
machine for size from 200g to 700g is the best and chegpest aternative. Capacity of
the Ba-182 is 100 fidvmin yidd 27% skinlessbondess fillee. One skinning
machine type Ba-51 or Trio to be indaled after the BA 182 in order to make skin-
off fillet.

H/g fish to be trangported to washing machine and to packing into frames manudly
for freezing in tunds or horizontad plate freezer. Exiging logisic onboard for
trangport could normally be used.

Fillee sinon / skin-off to be transported to manuad inspection / trimming /
weighing gation. The fillet to be packed in to freezing frames and frozen in tunnds
or horizonta plate freezers. Exigting logistic onboard for transport could normally
be used.

H/g fish after frozen, the frame to be removed and the block to be glazed. The block
to be packed into master cartons and strgpped. Existing logistic onboard for
trangport could normally be used.

Fillet after frozen, the frame to be separated from the block. The block to be packed

into master cartons and strgpped. Existing logistic onboard for transport could
normaly be used.

Comments.

The Ba-182 is a flexible solution for the area of Fakland Idand and the machine
processing also Hake 200g — 600g and Alaska Pollack 200g — 700g. The machine has a
approx. Capacity d 2400kg/hour with round fish width head. The machine can be used
aso for nobbing but then manua removing of guts will be necessary.

Approximately the needed space for Rockcod processing of fillet, headed and gutted
and round would be 6.5 x 55 meter. The need of space is depending on exising
processing equipment on the different Type/ Size of vess.

The bottle neck onboard existing vessds will normdly be space avalable and freezing
capacity ether in tunnels or in horizontd plate freezers.
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Fig. 13. Vessel layout and flow diagram for Rockcod processing

291




Task 4.3. Frozen Sorage.

Ddiverable #12. Spoilage characteristics of the fish during conservation
and processing report

This pat of the work was aimed to evduate the gptitude of P. ramsayi to be
frozen dored. Different individuds corresponding to three different trids,
August, October and December, were stored at —20°C, and andysed during a
year. They were studied a 4, 6, 9 and 12 months.

We planned a sampling experiment on board for getting data corresponding to
zero point. The observer took fresh samples and prepared three types of
samples. amdl pieces of muscle treated and muscle trested with dichlorometane
or perchloric acid depending on the scope of the later andlyses a our lab.
However, the repid deterioration of minced muscle avoided the use of these data
as commercid zero. For that reason, we have employed as data corresponded to
zero those results obtained in frozen samples arrived a our lab into a period of
one month after their caught.

Off- flavours were determined with the content of TMA, TVB and -TBA.

Rancidity were determined by sensory andyss and the determination of PV and
'-TBA.

Waer retention and texture were studied with the determination of protein
solubility. Proteolytic activity was dso sudied for illudrating the possble
degradation of texture.

Moreover, nutritiond quaity was evaduated within the vitamin E degradation
and the variation in the fatty acid composition.

Skin-on and skin-off fillets were prepared on board and arrived at our lab after 4
months of frozen storage.

All andyses were duplicate and/or triplicate. More than 6500 andyses were
carried out.

Results
Whole fish.

Whole P. ramsayi showed an excdlent qudity during 6 months at —20°C. No
off-flavours related to volatiles amines were detected after 12 months a —20°C
(TMA: Fig. 14 and TVB: Fig. 15). As regards to rancidity, Rockcod showed an
excelent odour during 6 months at —20°C. After that there was an incipient
development of rancidity detected by the sensory characteristics and the results
of hydroperoxides formation, PV index (Fig. 16). The increase of the vaues of
hydroperoxides at month 6" was followed with an increase in the TBA-index as
canbeseeninFig. 17.



In relation to texture and water retention, the sudy of protein solubility (Fig. 18)
showed a significant decresse (round 20%) a month 6. Data of proteolitic
activity corresponding to the commercid zero were in agreement with those
data reported for other fish species. They were low as correspond to the high
gability found of texture of the initid samples.

In relaion to nutritiond vaue, the amount of vitamin E was maintaned dable
(Fig. 19) in agreement with the results of the other chemicd parameters related
to qudity. Only ater 9x months of frozen dorage, there was a dgnificant
decrease of the content of vitamin E. No vaidions in the concentrations of
principd fatty acids were observed during the whole storage experiment.

The three different trials of samples stored a2 —20°C and studied during one year
showed the same results. The overdl qudity and nutritiond valued of whole P.
ramsayi was maintained stable during 6 months at -20°C. The quaity was low
after 9 months at —20°C mainly due to the development of rancidity.
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Fig 14. TMA formation during frozen storage
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Fig 15. TVB Formation during frozen storage
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Skin-on and skin-off fillets arrived a our lab after 4 months of frozen storage,
showed poor organoleptic characteristics. Sensory and chemicd anayses
showed a clear development of rancidity and a high loss of water, specidly in
skin-off fillets The colour was dightly ydlow and the texture wasn't firm and
eadic. Therefore, the anadyses performed indicated that, after 3-4 months of
frozen storage, the fish fillets were quite deteriorated (Fig. 20).
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Fig. 20. Off flavours and quality index. Comparison between fillets with skin and skin-off PV
expressed as mequiv O,/kg lipid and TV B expressed as mg N/100 g muscle.

Ddliverable 15: Shdf-life of whole Rockcod and Rockcod fillets under frozen
conditionsreport

The gptitude of whole and fillets of P. ramsayi to be frozen stored was determined.
Different individuds corresponding to three different trids, Augus, October and
December, were stored at —20°C and analysed during a year. They were studied at 4, 6, 9
and 12 months.

We planned a sampling experiment on board for getting data corresponding to zero
point. The observer took fresh samples and prepared three types of samples: smal pieces
of muscle treated and muscle trested with dichlorometane or perchloric acid depending
on the scope of the later analyses a our lab. However, the rapid deterioration of minced
muscle avoided the use of these data as commercid zero. For that reason, we have
employed as data corresponded to zero those results obtained in frozen samples arrived
at our lab into a period of one month after their caught.

Skin-on and skin-off fillets were prepared on board and arrived a our lab after 4 months
of frozen storage.

All analyses were duplicate and/or triplicate. More than 6500 analyses were carried out.



Results.
a) Wholefish.

Whole P. ramsayi showed an excdlent qudity during 6 months & —20°C. No off-flavours
rdated to volatiles amines were detected after 12 months a —20°C. As regards to
rancidity, Rockcod showed an excdlent odour during 6 months at —20°C. After that there
was an incipient development of rancidity detected by the sensory characteristics and the
results of hydroperoxides formation.

In relation to texture and water retention, the study of protein solubility showed a
sgnificant decresse (round 20%) a month 6. Data of proteolytic activity corresponding
to the commerciad zero were in agreement with those data reported for other fish species.
They were low as correspond to the high stability found in texture of theinitid samples.

In relation to nutritiond vaue, the amount of vitamin E were maintaned sable during 6
months in agreement with the results of the other chemica parameters rdlated to qudity.
Only after sx months of frozen storage, there was a significant decrease of the content of
vitamin E. No variations in the concentrations of principd faty acids (Fig. 21) were
observed during the whole storage experiment.

The three different trids of samples stored at —20°C and studied during one year showed
the same reaults. The overdl qudity and nutritional vaued of whole P. ramsayi was
maintained stable during 6 months a -20°C. The quaity was low after 9 months a —20°C
mainly due to the development of rancidity.

45,0 -
40,0 -
35,0 -
30,0 1 E INITIAL

25,0 1 9 MONTHS
20,0 -

15,0 A
10,0 A
5,0 1
0,0 -

Fig. 21 Variationin the principal fatty acids under frozen storage

Sin-on and skin-off fillets arrived a our lab after 4 months of frozen storage, showed
poor organoleptic characteristics. Sensory and chemicd amyses showed a clear
development of rancidity and a high loss of water, specidly in skin-off fillets. The colour
was dightly ydlow and the texture wasn't firm and dadic. Therefore, the andyses
performed indicated that, after 3-4 months of frozen dorage, the fish fillets were quite
deteriorated.

297



Task 4.4. Development of processed products from frozen rockcod

(Leader: Crown Seafoods assisted by the project sponsor Pez Austral).

Sub-Task 4.4.1. Routine controls for Raw Materials;

The Rockcod passed dl routine qudity controls needed to fulfil the Good
Manufacturing Practises.

Physica Control:

This control was not needed because the fish was not send in the fish
block format. All fish was presented to the manufacturing companies as
trunks (headed, gutted and tailless). The fish ddivered was clean without
any remain of guts, fins, etc.

Microbiologica Control:

Microbiological data corresponding to fresh samples of P. ramsayi were
negative. Data of coliforms, E. coli and Sdmonelawere negative.

Totad microbia content of frozen samples were low: 785 UFC and
andyses of coliform colonies were negative.

Sensorid Control:

Al processed batches underwent sensorial tests carried out by skinned
testers. None of the tested batches presented off-flavours.

Sub-Task 4.4.2. and 4.4.3(Pez Austral) Industrial Process and Adaptation to
different processing formats

The commercid vessds implicated in the project could not to process the fish into fish
block because of ther multipurpose process line. This kind of line implies machines
specidized in big fish that cannot process small fish like Rockcod.

So hand made fillets with skin  were battered/breaded using an indudrid machine. The
battered portions were pre-fried in ail, usng a combination time/temperature of 15 seconds
a 180°C. The pre-fried portions were deep frozen usng a Frigoscandia frozen tunndl, being
the combination time/temperature of between 20 to 40 minutes a -45°C. An Ishida
automdtic filling-weighing machine was used to put the frozen portions into bags. These
bags were maintained at below — 18° C in frozen storage till their preparation as dishes to be

tested.



Sub-Task 4.4.4. (Crown Seafoods) Industrial Process:

Fig. 22 Samples of Rockcod

Taste

After defrogting various simples, a taste pane was arranged, to ascertain whether the fish
was smilar to known species for tagting score recognition. The taste pand congsting of 2
people trained in Tory scoring and 1 sales person, who was asked to do blind tastes.
Having dl ageed to use the Whiting Taste score andyss, we scored al the samples 8.5,
being consigent with Frozen At Sea fish. The skin was tasted and discarded, as having
no taste, just unplessant scales and bits in the mouth. The fish was good tagting, with no
odours or off flavours when cooked, smilar to the Patagonian Silver Hake (Merluccius
Hubs) caught in southhwestern Atlantic.  This Hake is very sweet when fresh or fresh
frozen, but does have a deep fat layer, that quickly turns rancid, even in frozen fllets so
must be removed. There was no evidence of this fat layer in the samples tasted but then
agan the fish are so amdl, they have not yet developed fa. The Rock Cod has a clean
tage that you would expect from colder water fish, the flesh could become softer &
mushy if the species were caught in the warmer waters of the mid Atlantic, agan like
Hake. The normd reaction to Hubs Hake, is of a chegp, farly mediocre white fish fillet,
sometimes drong tasting and attracts the lowest price of any other white fish, so care
should be taken as not to follow the shoas North, into the warmer water.

Filleting

The dze of fish makes it totdly impracticd to fillet this fish in Europe. The fish are too
gndl to go through any of the known filleting machines in the UK and if the hand filters
ocould process the fish, the time and cogt would prohibit the sdle. Comparing the product
to Patagonian Silver Hake, the fish are so small, they would need to be skinned & boned,
then pared together. Size of skinless single fillets range from 16 to 37 gram This would
dill only give a 30 to 70 gram portion.



Fig. 23 HAKE and ROCK COD fillets (left and right respectively)

Mincing

The only process open to me, unless the fish come in larger form, is to put the Headed &
Gutted whole fish through a 3 mil mincing machine, to separate the bone and skin. The
fish can gointo a 7.5 kilo, waxed liner, indugtrid block, for further processing.

The fish is defrosted, minced and washed. A dight odour was detected in the raw mince,
gmilar to the smdl of Loligo Squid. As the species swim with loligo and the boat
process mainly loligo, this was to be expected. When the frozen blocks came out of the
plate freezers, the smell had disgppeared, again we tasted the fish, to see if it had retained
the clean taste and the skin had not impaired the flavour. All was ok., but the yield was
very poor 57%. The colour of the block was a light grey, caused by the fish being
minced with the skin on and this is the sandard colour of a grade “B” white fish mince.
Fish went whiter when cooked.

Forming

The indudtrid blocks are now ready for secondary processng, which are formed into
marketable shapes, coated, part fried, checked by qudity control, scanned and boxed.

Fig. 24 Crown Seafoods commercial shapes

The above shapes have been coated in various coatings as follows:

« Jmmy the Fsh. 57g finished weight. Ingredients. fish 55%, Breadcrumbs, rapeseed
oil, water, whestflour, seasoning (sdt, pepper, dabiliser E461, Yeast extract, rusk,
onion powder, garlic powder).



« Fish & Potato portion 57g Ingredients : Fish 35% , potato flake, Rice Crispy crumb,
Pardey and the usud seasoning.

These are boxed into 48 portions and are made at 57gram to am at a retail price 50p
for achild s portion or 2 x 57gram for adults.

Cooking

Designed for busy school med kitchens and easy cooking. Place the coated product on an
un-greased baking tray from frozen, Bake for 10-14 mins. in a conventiond oven.

Weight Loss

We ae finding the product is needing more rav materid in the core weight to mantan
the minimum fish content in the finished product. (Some 5% more than cod or haddock)
This could be due to dightly more oil content in the rock cod and is being absorbed into
the coatings. This needs to be monitored very closdly as not to cause problems with
trading standards.

Tasting the Mince

Agan a taste pand has been set up to taste the product against smilar products on the
market. Although the 5 people involved in tasting the product, said it was good, there
was some discoloration of the core and obvioudy not as white as the grade “A” fish
block, stating there customers would rather pay extra money for the whiter fish, than have
problems with visud complaints. We aso experienced scales from the skin had gone into
the mince and dthough not visible, the feding in the mouth was unpleasant.

Grade “A” Haddock Rock Cod Mince

Fig. 25 Mince Haddock and Rockcod
Summary.

The dze of the fish is the main problem for the European market. Whole fish of 24 cm,
will give askinlessfillet 8- 14cm and thisis not practica or viable. The only solution is:
Only land the larger fish 33cm + if they are there to be caught.

The fish could be filleted in the Far Ead, if the logigtics of the transportation can be
overcome. Beaing in mind the yidd will be only 50% of the H&G fish landed. This
could sat this up if required, to produce skinless bondess blocks of white fish fillets,
usng the rock cod The current market price would be £2-20 per kilo (3.70 Euro)
delivered into the UK.
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Dedliverable 20: High quality and healthy processed products from Rockcod results

The two fish products manufecturing companies implicated in the Project, Patner Al
Crown Seafoods and Sponsor Pez Austral, processed the fish into their commercid formats.
The raw materid passed dl routine quaity controls needed to fulfil the Good
Manufacturing Practises that is Physcd, Microbiologicd, Sensorid and Parastologica
controls.

In Pez Audrd fadilities the Rockcod samples suffered the following trestment:  hand made
fillets with skin  were battered/breaded using an indudirid machine. The battered portions
were pre-fried in oil, usng a combination time/temperature of 15 seconds at 180°C. The pre-
fried portions were degp frozen usng a Frigoscandia frozen tunnd, being the combination
time/temperature of between 20 to 40 minutes at -45°C. An Ishida automdic filling-
weighing machine was used to put the frozen portions into bags. These bags were
maintained a below — 18° C in frozen soragetill their preparation as dishes to be tested.

The Pez Austra processed Rockcod was well evauated in al the taste tests carried out
during the Project.

The Crown Seafoods products manufacturing implicate a Mincing process because the fish
was too smdl to be filleted with the company machines. The Headed & Gutted whole fish
was put through a 3 mil mincing machine, to separate the bone and skin. A yield of the 57
% was obtained and considered very poor. Again a taste panel has been set up to taste the
product againg smilar products on the market. The 5 people involved in tasting the
product, said it was good.

So no problems were detected with respect to final products taste in the two companies.

On the other hand serious problems have arose with Rockcod as raw materid. For Rockcod
become a raw materid for the fish processing industry it will be necessary produce
Rockcod skinless fish block on commercid vessels or in the industry facilities prior to be
processed.

But andysis results reved a reduced sdf life for filleted fish so the second solution would be
more appropriate.

Sub-Task 4.4.5. (Crown Seafoods) Smoked products: Skinless fillets will also be
smoked for use in recipe dishes or retail packs and pates.

No smoked products were produced from Rockcod.



Task 4.5. Consumer’s acceptance of the final products (Leader IIM with assistance of
Crown Seafoods).

Deliverable 22: Consumer’s acceptance degreeresults

|) Test carried out by thelIM expert tester panel

Cooking samples. The expert pand of IIM was formed by 9 trained specidist in fish
technology of which the 60% were women. They aged from 26 to 57 years. The
measurements of freshness of cooked fish (odour, flavour and texture) were assessed
(Howgate, 1982) according to the Torry scheme. A hedonic scale from 10 to £ 3 was
used, 10 showed absolutely fresh and £ 3 completely putrid or spoiled. Fish fillets were
cooked in amicrowave for 3 minutes then served to the pandlist.

The reaults are the following:

Odour: Shdllfish, seaweed. Vaue 9

Havour: Sweet and characteridic flavours but reduced in intengty, quite smilar
to cod. Vaue: 8

Texture: Dry, less succulent, fibrous, stick. Vaue: 8

According to this scae, the genera vauation of the product was 8.

[1) Crown Seafoods testers panel results
Tadting the Whole fish

After defrogting various samples, a taste pane was arranged, to ascertain whether the fish
was amilar to known species for tasting score recognition. The taste pand condsting of 2
people trained in Tory scoring and 1 sdes person, who was asked to do blind tastes.
Having dl agreed to use the Whiting Taste score andyss, we scored dl the samples 8.5,
being consgent with Frozen At Sea fish. The skin was tasgted and discarded, as having
no taste, just unplessant scaes and hits in the mouth. The fish was good tasting, with no
odours or off flavours when cooked, smilar to the Patagonian Silver Hake (Merluccius
Hubs) caught in south-western Atlantic.  This Hake is very sweet when fresh or fresh
frozen, but does have a deep fat layer, tha quickly turns rancid, even in frozen fillets, so
must be removed. There was no evidence of this fat layer in the samples tasted but then
agan the fish are s0 amdl, they have not yet developed fat. The Rock Cod has a clean
tagte that you would expect from colder water fish, the flesh could become softer &
mushy if the pecies were caught in the warmer waters of the mid Atlantic, agan like
Hake. The normal reaction to Hubs Hake, is of achesp, farly mediocre white fish fillet,
sometimes grong tasting and attracts the lowest price of any other white fish, so care
should be taken as not to follow the shoas North, into the warmer water.

Tadting the Mince

Agan a taste panedl has been st up to taste the product againgt smilar products on the
market. Although the 5 people involved in tasting the product, said it was good, there



was some discoloration of the core and obvioudy not as white as the grade “A” fish
block, stating there customers would rather pay extra money for the whiter fish, than have
problems with visud complaints. We aso experienced scdes from the skin had gone into
the mince and athough not visible, the feding in the mouth was unplessant

[11) Hedonistic tests

Two hedonistic tests were carried out, one the 21% of September 2004 and the other one
the 15" of December 2004. In both sessions severa dishes with Rockcod as principa
ingredient were tasted. In each session Rockcod was presented fried and cooked.

For fried Rockcod the Pez Audrd Industrid process was followed: hand made fillets
with skin  were battered/breaded using an industrid machine. The battered portions were
pre-fried in ail, usng a combination timetemperature of 15 seconds a 180°C. The pre-fried
portions were deep frozen usng a Frigoscandia frozen tunnd, being the combination
timeftemperature of between 20 to 40 minutes at -45°C. An Ishida automatic filling-
weighing machine was used to put the frozen portions into bags. After this industrid
treatment the fillets were fried in a standard kitchen and served to the testers.

In these two examinations participated a tota of 32 testers of which the 41 % were women.
They aged from 26 to 60 years. The 84 % of the check team were fish eaters, it was
considered afish eater the person who ate fish twice aweek or more.

Thefind results were the following.

% Pogtive Negative Indifferent

Fried Rockcod 90.6 0.0 9.4
Cooked Rockcod 71.9 6.3 21.9
During the test a score ranging from 1 to 4 was requested to the evauators with the
following results

Meanvaue (1to4) Pogtive Negdive
Fried Rockcod 29 0.0
Cooked Rockcod 2.6 4.0

Having in mind these tests results we can state that the Rockcod has had a good acceptance
among the consumers.



This was the test record Mode used during the Hedonistic checks:

Preference Test Record:
Date
SEX e AQE...ooeeieieinn Profession.........cccceeeeeeecceencenen

Product:

Doyou like it?

Indifferent

Other comments:

Product:

Doyou likeit?
Indifferent

Other comments;
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Strategy of the ANAMER fishing fleet as consequence of the Rockcod Project results.

ANAMER and one of its associates Armadora Pereira SA initiate their activities about the
possihilities of exploitation of Patagonotothen spp. (Rockcod) around December 1999. As
a reault of this initiative an Exploraory Award was damed to the Commisson in
September 2000 that ended in the Contract n® QLK5-2001-41642. During this Contract the
Rockcod Proposal, of which the present contract is a result, and its Consortium were built
up.

It is very outstanding that the first year that Rockcod catches appeared reported by
ANAMER fleet is year 2001. We could explain this phenomenon by an effect of the noise
produced by al the contacts needed with ship owners, fish associations, etc, that has caused
the beginning of commercidisation of the former by catch once rejected to the sea.

The following table shows the Rockcod reported catches by the ANAMER flegt, no catches
report exits before 2001

Y ear Year Year Y ear
2001 2002 2003 2004
Commercia [Number of SHIPS 3 5 8 11
Category |Kg. NOTOTENIA 284.582 70.911 241.332 525.459
Kg. FILET. NOTOTEN!I/ 42.560 5.565 3.395 9.310
Kg. MARUJITO 0 10.801 68.641 255.261
TOTAL... 327.142 87.277 313.368 790.030

Catches are shown in Kg of green weight.
Categories Notothenia and Marujito (rockcod) is whole fish headed, gutted and tailless.

As it can be seen in the table catches begin in year 2001. There is an important drop in
Rockcod catches during 2002. But it seems like from 2002 to 2004 there is a Seadily
increase in number of ships and companies fishing Rockcod and dso in the whole amount
of fish catches.

Despite of this tendency in ANAMER fleet, Armadora Pereira has begun to fish Rockcod in
the year 2004, the commercia category used is Rockcod trunks. Following the CSIC-11M
results (see Task 4.3. Frozen Storage), which shows a bad evolution for frozen fillets, has
begun the marketing through Rockcod trunks. This commercid format warranties a good
preservation of the fish good nutritiond qualities and a totd absence of off-flavours during
the product <dIf life.



Evolution of Rockcod catches
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Fig. 26 Evolution of rockcod catches

This last dtrategy, based in the results of the CSIC-1IM Laboratory, was one of the most
important project objectives. Traditiondly fishing companies begin to commercidise fishing
products without any knowledge about product sdf life. The time period during which
products can be marketed keeping dl therr nutritional and taste qualities. As far as we know
there are ANAMER associates marketing Rockceod fillets despite  the poor sdif life of this
commercial category, as we can see in the reported figures. This commercidisaion could
have a negative effect in the market if consumers begin to find spoiled products, the
rancidity has a devadtating effect on taste. Normdly when a dient finds a spoiled new
product (new especies) begins to distrus on dl manufacturer's new products. So
commercidisation of fillets could have a negative effect in trunks commercidisation.

This kind of initiative, without following laboratory results on product sdif life, could have a
negaive effect in a short-medium term. So the ANAMER recommended drategy is
commercidisation of Rockcod trunks till get a steady market and after that begin the fillets
marketing following closaly dl kind of market devolutions and possible clients complaints.

On the other hand, Argos Ltd res decided not to fish Rockcod. The aleged reasons are the
following:

« Although companies marketing Rockcod have not declared where their markets are, it is
sad that one of these markets are the East Europe countries. This is a market for chesp
protein, o companies margins will nat be high.

« Another problem would be the possbility of new companies entering this new market
causing the Rockeod price faling with the ensuing reduction of profits.

« With the increased oil prices during the last years it is very hazardous try to open a
market with low profits.

Based on these reasons Argos will wait till a more stable market could ensure a more
reasonable earnings to the Rockcod commercidisation.

References

307



An, H., Seymour, T. A., Wu, J, Morrisey, M. T. J. of Food Science. 1994, 59:2 277-281.
Andytica Methods Committee, Analyst 1979, 104: 434-450.
Antonacopoulos, N. Z. Lebensm. Unters. Forsch. 1960, 113, 113-160.

AOAC , Officdud Methods of Andyss 15" Ed, Vol. 1 Associaion of officid
Andytical Chemits, Arlington. 1990, 684p.

Blig & Dyer, W Can. J. Biochem. Physiol, 1959, (37): 911-917.
Chapman, R. H. & Mckay, J. J. Am. Oil Chem. Soc., 1949 (26): 360-363.
Chrigtie, W. W. Lipid Andyss, Pergamon Press. Oxford, U.K., 1982.

Codex Alimentarius (1999) CAC/GL 31 (Directive of Codex for the sensorid evauation
fo the fish and the seafood in |aboratory).

DOCE 7 de Enero 1989 (1989) Baremo de cla dficacion de frescura, in Diario Oficia de
las Comunidades Europeas N° L 5/21

Hatch W.R., Ott, W.L. Anal. Chem. 1968 40: 2085-2087
Herbes, s. & Allen, C. Can. J. Fish Aquat. Sci., 1983, (14) : 1315-1317.

Howgate, P. F. , Quality assessment and qudity control. In Aitken, I. M. Mackie, J. H.
Merrit & M. L. Windsor. 1982, Fish handling and processing (pp 177-186).
Edimburgh: HM SO Press.

Joiris, C. R., Holsbeek, L., Bouquegneauu, J. M., Bosscat, M. Water, Air, and Soil
Pollution. 1991. 56: 283-293.

Lindroth, P, Mopper, K. Anal. Chem, 197951, 1667-1674.

Lowry, Oliver H, Rosebrough, Nira J,, Lewis Farr A., and Randa, Rose J., J. Biochem.,,
1951, 265-275.

Medina, I., Linares, F and Garrido J.L. J. Chromatogr., 1994, (659) : 472-476.
Rahga, R., Kaur, C., Singh, A. and Bhatia, I. J. Lipid Res. 1973 14, 695-697.

Sotelo CG, Pifieiro C, Galardo M and Pérez Martin RI. Trends in Food Sci. 1993 (4):
395-401

Vyncke, W. Fette Seifen Angtrichm. 1970, 72, 1084-1087.



ROLE OF PARTICIPANTS

ANAMER (Al) Asociacién Nacional de Armadores de Buques Congeladores de
Pesca de Merluza (Industry —ES)

Address: Puerto Pesquero Tdf: 34 986 433844
P.O. Box 1078, Fax: 34986439218
36200, Vigo. Spain

ANAMER: is a ship-owners association that covers the entire country (Spain) and
includes the largest and mogt technologicaly advanced fishing boats of the Spanish fleet.
ANAMER has greast experience in conducting surveys with on-board scientific observers
in collaboration with the IEO in severa areas such as the SW Atlantic, NAFO, Svabard,
Reykjanes Ridge, etc.

Personnel
José Ramdén Fuertes Gamundi e-mal: direccion@arvi.org
Manue LiriaFranch e-mal: mliria@iies.es
Eddmiro Ulloa Alonso e-mdl: edelmiro@arvi.org

Associated company:
Sulivan Shipping Services Ltd.

Address: P.O. Box 159, Stanley. Fl Tdf: (500) 22626
Tdf:  (500) 22626/22627
Fax: (500) 22625

Personnel

José Antonio Cordeiro e-mall: antonio@horizon.co.fk

Workplan

Overall co-ordination of the project will be the responsibility of ANAMER who will also be
the main interface between the Consortium and the European Commission, with strong
collaboration of MG Otero for the correct devel opment of these duties. He will consolidate
the project planning, progress reports, milestone reports, cost statements and budgetary
overviews etc, using the inputs from the other partners and will co-ordinate the
communication between partners.

ANAMER whose vessel s have been fishing in the SW Atlantic since the start of the industrial
fishery by the EU fleet (1983), will provide fishery information for assessment, and some of
the vessels needed for observers and forecast verification.

ANAMER will provide commercial catch and effort data.
ANAMER was involved in tasks corresponding to the following workpackages:.

WP1 Generd Co-ordination and Dissemination plans. Asssted by its subcontractor MG
Otero. Person month: 4+1

WP2 Support with commercid vesses to the scientific observation, data and sample
collection. Person month: 1.5



Deliverables: The participant was responsible for the following deliverables

Deliver- |Description of deliverable Delivery | Nature |Dissem. Level*
able No. date

1 First Co-ordination meeting report 2 R CO

2 Signature of the Consortium Agreement 6 Contract CcO

8 First consolidated annual periodic report 12 R CcO

24 Final Report 24 R PU

25 Brochuresfor dissemination about project 6, 22 R PU

26 Meeting minutes 6,12,18,24 R CO

27 Annual cost statements 12,24 R CO

28 Technical I mplementation Plan (TIP) 24 R PU

Deliverable N° 1 First Co-ordination meeting report: finished. The fird anud co-
ordination meeting was held & ANAMER on the 2% of December. The agenda and
minutes of the meeting wereinduded in ANNEX | of the First Progress Report.

Deliverable # 2 Consortium Agreement: finished. Sgned by dl partners and sent to the
Commission in 2004.

Deliverable # 8 First consolidated annual periodic report: finished. Accepted in March
2004.

Deliver able # 24 Final Report: finished. The present report

Deliverable # 25 Brochures for dissemination about project: the first one was included in
the First Year Progress Report. The draft of the second one was included in the Second
Year Progress Report. The final verson of second brochure will be included in the
definitive verson of the Find Report.

Deliverable # 26 Meeting minutes of the second co-ordination meeting: finished. Included
in ANNEX | of the second progress report.

Deliverable # 27 Annual cost statements finished. Cost statements corresponding to the
firs year were sent to the Commission with the first progress report in January 2004. Cost
satements corresponding to the second year and to the whole project were sent to the
Commission with the second progress report in March 2005.

Deliverable # 28 Technical Implementation Plan (TIP): finished.

Activitiesduring the project

In 2003, two observers from IEO and ANAMER were sdected and deployed to fishing
boats belonging to ANAMER and Argos operating in the SW Atlaitic after training

courses at IEO. A total of 241 observer days were spent by these observers from 2
March to 11" July.

Monitoring of FIFD observers was made after thar trips when they arrived back in
Stanley Also during a trip FIFD observers are required to make two radio schedules per
week with the observer co-ordinator to brief him on their progress and to pass biologicd
summary daidics. Spanish observers reported fortnightly to IEO about ther activities,
indicating number of observed trawls, sampling, etc.

In 2004, five Spanish observers (one contracted by ANAMER and the other four by 1EO)
were selected and deployed to fishing boats belonging to ANAMER and Argos operating
in the SW Atlantic after training courses a IEO. A totd d 555 observer days were spent
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by these observers from the start of their activities on the 15" January until the 26 of
November.

Monitoring of FIFD observers was made asin the first year.

As agreed during the kick-off meseting, the database structure designed during the former
EU funded project CEC DG Fisheries Sudy Project 99/016 was used as a starting point for
the present project database. The finad structure was decided after discussions among |EO,
FIFD and UNIABDN and implemented by IEO (Figure 1).

Samples such as whole specimens for morphometric studies and characterization of the
raw fish, otoliths, stomachs and gonads for age and growth, diet and fecundity Studies
were collected by observers during their trips following the sampling protocol. The
samples collected were sent to Stanley and Vigo. Once dl the samples arrive to IEO, they
were dlocated among partners (IIM, UNIABDN, OPTIMAR FODEMA and Crown
Seafoods) to carry out different studies.

The collaboration of the Patrol Ship from FIFD and the ANAMER' representative in Port
Stanley Jos2 A. Cordeiro have played an important role in this phase of the project.

An important photographic work was made by the ANAMER observer taking pictures of dl
species caught during his trip and the rockcod processng onboard the Argos vessd. This
materid, included in dectronic format in ANNEX 11l of this report, will be used to produce
the second edition of the faund guide of the Patagonian Shdlf and Fakland Idands waters,
edited by IEO in the frame of the CEC DG Fisheries Study Project 99/016.

Significant difficulties or delays experienced during the project

The vessd Argos Pereira, on board of which was the ANAMER observer in 2003 was
forced by weak fishing catches to abandon Falkland waters so the observer was deployed to
Port Stanley. After a stay of several days he was picked up by another vessd, the Argos
Vigo.

The close collaboration of the Commercid fishing vessdls, the Patrol Ship from FIFD and

the ANAMER' representative in Port Stanley José A. Cordeiro have played a deciding role
in the success of the observation operation.

In the case of Spanish observers the logigtics for their deployment to fishing vessds is
different than those for FIFD observers.

- the acceptance of observers onboard is absolutey voluntary and dependent on
captain and shipowner decison, so sometimes to find a vessd may teke severd
days or weeks,

- the best way to go onboard of a fishing vessd is meanwhile she is & port ether
for afishing licence, repairing or for transhipment of the fish;

- the process for embarkation gets much more complicated if the target ship is
dready in the fishing grounds, as it requires the location of another boa with
accommodeation for the observer, going to same areg;

All this complicated process was smplified by the close collaboration of Armadora
Pereira (A3) and Argos (A4) vessdls coordinated by MG Otero and Sulivan Shipping Ltd.

The close collaboration of the Commercid fishing vessdls, the Patrol Ship from FIFD and
the ANAMER’ representative in Port Stanley, José A. Cordeiro, have played a deciding role
in the success of the observation operation.
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Sub-contracted work during the project

MG Otero Consultores SL
Address:. Porto Pesqueiro Ed N. Tel: 34 986 22 78 37
Tinglado Xerd Empague Fax: 34 986 22 78 37

36202, Vigo. Spain

Personnel
Montserrat Garcia Otero e-mail: 986492059@tel ef onica.net
Vicente Tato Fontaifia e-mail: vtatof @jazzfree.com
Jo£ R. Cancda e-mail: ramon.garcia@teleline.es

MG Oteo has caried out the sdection, contracting, training and deployment of
ANAMER observer; during this period a contribution of 100 observer days were carried out.
MG Otero has collaborated with ANAMER team in al tasks related with the project co-
ordination and paticipated in adl meetings. The deiverables in which MG Otero has
collaborated are included in the following teble:

Deliver- |Description of deliverable Delivery Nature |Dissem. Level®
able No. date

1 First Co-ordination meeting report 2 R CcoO

2 Signature of the Consortium Agreement 6 Contract CO

8 First consolidated annual periodic report 12 R CO

24 Final Report 24 R PU

25 Brochuresfor dissemination about project 6, 22 R PU

26 Meeting minutes 6,12,18,24 R CO

27 Annual cost statements 12,24 R CcO

28 Technical I mplementation Plan (TIP) 24 R PU
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OPTIMAR FODEMA SA (A2) (Industry — ES)

Address: RUa Parrocha,32 Te: 34986 483000
P.O. Box 1977 Fax: 34 986 493094
36200, Vigo. Spain

OPTIMAR FODEMA is a Spanish SME specidised in fish handling systems. It has a
wide experience in developing machinery for processing fish on board and in factories.

Rolein the project

OPTIMAR FODEMA contribution is to study the possble technicd changes and
modifications to be made in the fish processng mechinery inddled on board the
commercia vessds to produce different kind of products such as fillets (skinned or not),
whole or headed gutted fish, crumbs, blocks, etc. to Rock cod characteristics: Adaptation
of the exiding processng plant, desgn the ided inddlaion for Rockcod, andyse the
possihilities of implement the freezing system, etc.

OPTIMAR FODEMA has participated in the project co-ordination carrying out the
following tasks

WP4 Task 4.2 Development of the technica modifications on board commercid vesss.
Person month: 3

WP1 Task 1-4 Suitability Co-ordination. Person month:1
Personnel

As dated in the Kick-off meeting minutes s&ff respongble of OPTIMAR FODEMA has
changed.

Marcos Riera e-mail: marcos.riera@optimarfodema.es
Fernando Morgado e-mail: fernando.morgado@optimarfodema.es
Bjorn Bjorkavaag e-mal: bsb@optimarfodema.es

Deliver ables: The participant was responsible for the following deliverables

Deliver- |Description of deliverable DeliverydatY{ Nature | Dissem. Level]
able No.
10 |Modifications needed for machineryon |15 (0] CO
board

Deliverable N° 10 Modifications needed for machinery on board: finished and induded in
WPA4 of this report. (see Task 4.2 Development of the technical modifications on board
commercial vessels.)

Resear ch activities during the project

See WP4 Task 4.2 Devdopment of the technical modifications on board commercia
vessls.
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Armadora Peraira SA. (A3)

Address: Jacinto Benavente, 29 Td: 34986 29 40 48
36202, Vigo. Spain Fax: 34986 2076 09

Armadora Pereira SA. is a Spanish SME. Its main activity is fishing, including extraction
and processing. To develop these functions has 6 big bottom trawlers operating in the
man fishing grounds al aound the world and processng plants onshore. The partner
furnishes the EU markets with different frozen fish processed ontboard. It has great
interest in get new resources from the sea to increase its fleet yield.

Rolein the project

ARMADORA PEREIRA pesonnel and vesss (on boad and in land) have given
support to the following tasks:.

Samples of Patagonotothen spp.: collection, transfer to land and shipment to Span
(CSIC-1IM) and England (UNIABDN) of samples for biology, characterisation and
indugtrid process analyses.

Scientific observation: Collection in port of the observer, trandfer to the fishing area and
regurn to land a the end of the fishing trips. Feeding and lodging adapted with the
necessary space for the accomplishment of scientific tasks. Logistics for observer's
transhipment needed.

Armadora Pereirds contribution to the project included the participation in the following
tasks:

WP2. Task 2.1 Support with commercial vessels to the scientific observation data and
sample collection. Person month: 4

Sub Task 2.4.1 Fishery Forecasting P. Month:0.5

Armadora Pereira provided commercid catch and effort data.

Personnel
Alberto Pérez-Bouzada e-mal: pereira@armpereira.es
Alfonso Magan e-mal: dfonso@armpereira.es
Leopoldo Boado e-mdl: |eopoldo@armpereira.es

Activitiesduring the project:

Pereirals daff has collaborated in the logistics and transhipment of Rockcod samples to
Stanley and Vigo and in scientific observation.
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Argos Limited (A4) (Industry — UK)

Address. Argos House, H Jones Road Td: 441635 31525
Stanley, Falkland Idands Fax: 441635 31520

Argos in an SME edablished in the Fakland Idands and has seven bottom trawlers
operating around the Fakland fishing grounds. It has greet interest in get new resources
from the seato increase itsfleet yidds.

Rolein the project

ARGOS personnd and vessels (on board and on land) has given support to the following
tasks:

« Sampling of Patagonotothen spp.: Collection, transfer to land and shipment to Spain
and England of samples.

« Scientific observation: Collection in port of the obsarver, trander to the fishing
grounds and return to land a the end of the fishing operation. Feeding and lodging
adapted with the necessary space for the accomplishment of scientific tasks.

ARGOS' contribution to the project included the participation in the following tasks:

WP2: Task 2.1 Support with commercid vesses to the scientific observation and fishing
forecasting. Person month: 6.5.

ARGOS provided commercid catch and effort data.

Personnel
[.M. Thomson e-mdl; ian.thomson@argonaut.co.uk
Bob Todd e-mall: bob.todd@argonaut.co.uk

Other specific project contribution/costs by SME patners, PL — ANAMER, P3 —
PEREIRA and P4 - ARGOS. For the three SME partners activity corresponded to the
following tasks:

Sampling. Gathering, shipping to the Faklands and subsequently shipping to
Spain and UK of Patagonotothen spp. samples.

ientific observer transhipment and subsistence. To pick up the observer at the
port, deployment to fishing grounds and return to port a the end of the campaign. Cost
related, 3 vessdl days per observer.

Observers number in the project: 1
Observers subsistence (100 days) and suitable lodging for scientific work.
Activitiesduring the project:

In 2003 two Argos vessels were used for scientific observation during this period. Argos
personned have collaborated with the ANAMER obsarver in gathering and shipment of
Patagonotothen spp. samples to Spain. Argos personnd has aso participated in Task 4.2
Development of the technica modifications on board commercid vesss.
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One Argos vessels was used for scientific observation in 2004. Argos personnel have
collaborated with the ANAMER obsarver in gathering and shipment of Patagonotothen spp.
samples to Spain. Argos personnd has also participated in Task 4.2 Development of the
technica modifications on board commercial vesss.
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Nectarbeck Ltd Crown Seafoods (A5) (Industry — UK)

Address: Auckland Road Td: 44 1472 250244
DN 31 3RP Grimsby (UK) Fax: 44 1472 211923

Crown Segfoods is a sdes and marketing company, sdling to mgor processng factories
whole frozen fish and frozen fish dishes ready to use.

SME Proposer

Rolein the project

Technicd suitability for processng and Storage in an indudrid processng line will be
determined using the Crown Seafoods fish processing plant for foods adequate to the
European market.

This SME has carried out acceptance tests with own specidized pand, in order to verify
the suitability of the find product to consumers’ taste.

Crown Seafoods participated in the following tasks:

WP4. Task 4.4. (Development of processed products from frozen Rockcod) Leader.
Person month: 1.5

Task 4.5 Consumers acceptance. Person month: 0.5
WP1 Task 1-4 Suitability Co-Ordination Person month: 1

Personne

Tony Hogg e-mal: hoggwash@ic24.net
P. Patterson

J. Webb

A. Read

Activities during the second reporting period:

The Crown Seafoods activities are described in Task 4.4. Development of processed
products from frozen rockcod.
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ONSOr .

Pez Audgral SA (Industry — ES)

Address: Mudle de Bouzas 9n Td: 34986 213555
36208, Vigo Spain Fax: 34 986 208959

Pez Audrd is a Spanish company nortindependent. The company man products are
frozen fish food ready to eat. The company has great interest in develop new products to
furnish the Spanish market with.

Rolein the project

Its contribution to the project was as Sponsor, that is, an organisation without
contribution to the project costs and without legal connection to the project at dl.

WP4: Task 4.4. (Development of processed products from frozen Rockcod) Leader

Personnel
Ro Vilda e-mal: rvilda@idamar.com
Almudena Pena e-mall: apena@idamar.com

Resear ch activities during the second reporting period:

The Pez Audrd activities are described in Task 4.4. Development of processed products
from frozen rockcod.
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[IM-CSIC (B1)

Ingtituto de I nvestigacions M arinas, | |M (RTD Performer —ES)

Address: Eduardo Cabello,6 Td: 34986 231930
36208 Vigo Span Fax: 34986 292762

The Chemigsry and Biochemistry Sesfood Products Group from the Indituto de
Investigaciés Marifias has been involved in research projects related with fish as food,
from processing aspects to qudity aspects. This group has worked in severa EU projects
from 1989, most of them connected with fish biochemigry: UP-2-571, AIR3-94 1921,
PL95-1127, PL95-1111, FAIR-CT 97-3061. There are dso a number of end-users which
has collaborated with the group (i.e. associated partners) during these years, most of them
represent the industry and some adminigration offices relaed with the interest on the
commercidisation of high qudity fish products The Indituto de Invedigacions Marifias
hes dl fadlities required to perform dl the task involved in this project, (electronic
library with access to man literature databases access, equipment for biomolecules
andysis and basic equipment. It has aso a pilot plant for processing fish products.

RTD Performer
Rolein the project
CSIC-1IM wasin charge of:

« cCharacterisation of the nutritiond and sensorid properties together with the
biochemicd characterisation that will dlow the globd qudity evduation of rock cod
a a new fish product. The microbiological control of the raw fish will assure
prevention of the possible risk associated to its consumption

. andyss of yidds of headed and gutted, manudly filleted (fillet with skin and skinned
fillet) and mechanicaly filleted.

« determingion of the suitability of the whole fish and fish fillets to be dtored under
frozen conditions

« contrast the suitability of the final product to the consumers taste

CSIC-I1IM was involved in tasks corresponding to the following workpackages:
WP3 (Characterisation of the raw fish asfood ) Co-ordinator
Responsible of the tasks 3.1, 3.2, 3.3 and 3.4. Person month: 6

WP4 (Technologicd auitability of Rockcod for an industrid processng line) co-
ordinator.

Task 4.1 (Physicd Suitability) Leader. Person month: 2

Task 4.3 (Frozen Storage) Leader. Person month: 1.5

Task 4.5 (Consumer’ s acceptance of the fina products) Leader. Person month: 0.5
WP1 Task 1.3 Characterisation Co-ordination. Person month: 1

All analyses described in this workpackages were performed in a representative number
of samples according to a ddidicd desgn for minimisng intraa and inter-specific
variaions. They were performed in severd trias distributed during the project.

319



Personnel

Isabel Medina e-mal: medina@iim.csic.es
José Manudl Gallardo e-mal: galardo@iim.csic.es
Carmen Pifieiro e-mall: cpineiro@iim.csic.es
Cruz Nufez e-mal: cruz@iim.csic.es

M2 Jestis Gonzalez e-mal: mjgp@iim.csic.es

Deliverables: The participant was respongble for the following ddiverables.

Deliver- |Description of deliverable Delivery date Nature Dissem. Level*
able No.
3 Organoleptic characteristics of Rockcod with especial 9 0] CO
focusin off-flavours
4 Rockcod suitability for physical processing (fillet, gut, 10 0] CO
etc.)
6 First progressreport Characterisation Co-ordination 11 R CO
7 First progressreport Suitability Co-ordination 11 R CO
9 Safety and possible toxicological risks associated to 13 R CO
Rockcod consumption report
11 Nutritional characteristicsof the fish species as food 16 R CO
report
12 Spoilage characteristics of the fish during 16 R CO
conservation and processing report
13 Final report Characterisation Co-ordination 16 R PU
15 Shelf-life of whole Rockcod and Rockcod fillets under 19 R (6{0]
frozen conditionsreport
20 High quality and healthy processed products from 22 6] CO
Rockcod results
22 Consumer’s acceptance degree results 23 0] PU
23 Final report Suitability Co-ordination 23 R PU

Deliverables # 3 (Organoleptic characteristics of Rockcod with especial focus in off-
flavours), # 4 (Rockcod suitability for physical processing (fillet, gut, etc.), # 6 (First
progress report Characterisation Co-ordination), # 7 (First progress report Suitability
Co-ordination) # 9 (Safety and possible toxicological risks associated to Rockcod
consumption report), #11 (Nutritional characteristics of the fish species as food report), #
12 (Spoilage characteristics of the fish during conservation and processing report), #13(Final
report Characterisation Co-ordination), # 15 (Shelf-life of whole Rockcod and Rockcod
fillets under frozen conditions report), # 20 (High quality and healthy processed products
from Rockcod results) and # 22 (Consumer’ s acceptance degree results) and # 23 (Final
report Suitability Co-ordination) were finished and are included in WP3 and WPA4.

Resear ch activitiesduring the project:

All ectivities described in Workpackage 3: CHARACTERISATION OF THE RAW
FISH AS FOOD were caried out by partner B1, which aso collaborated in the following
tasks of Workpackage 4: Task 4.1 (Physica Suitability), Task 4.3 (Frozen Storage) and
Tak 4.5 (Consumer’s acceptance of the find products). 1IM has dso collaborated in
Workpackage 1.
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FIFD (B2)
Falkland | dands Fisheries Department, FIFD (B2) (RTD Performer — UK)

Address: PO Box: 598 Td:  500-27260
FIPASS. fax. ~ 500-27265
Stanley, Falkland Idands

FIFD is the officd body responsble to manage and control the fishery within the
juridiction of the Fakland Idands HFD adminigers the sde of fishing licenses,
conducts research relevant to optimisation of sudtainable yieds from the fishery, utilises
fishery patrol vessds to monitor and control fishing activity within FICZ/[FOCZ, and
generdly develops the fishery and Falklands fishing indudtry.

Rolein the project

- Collection and collation of higoricd and new data on fishing activity (catches, effort
and discards)

- Bidogicd information on rockcod will be collected during research cruises from
FHFD including length didributions, meaturity, etc. Otoliths and tomachs will be
collected for subsequent studies a FIFD of age, growth and feeding of rockcod in
different areas and seasons.

- Review of higoricd daa about fishing activities for description of the fisheries in the
area with special emphass in rock cod fisheries Fishing aress and seasons, fishing
gears, characterigtics of the vessdls, etc, will be included in the description.

All the work rdated with the fisheries description and the biology of the target species
will bein charge of this partner.

FIFD was involved in tasks corresponding to the following workpackages:
WP2.Task 2.1 Data Collection. Person month: 2

Task 2.2. Fisheries description (Description of fishing activities, gears, vessls, eic)
Leader. Person month: 4

Task 2.3. Biology (Study of biologica issues. Leader). Person month: 7

Personnel
Alexander Arkhipkin e-mal: aarkhipkin@fisheries.gov.fk
Paul Brickle e-mal: pbrickle@fisheries.gov.fk

Dr. Alexander Arkhipkin: MSc Invertebrate Biology, Moscow State University, 1982.
PhD Marine Biology, Shirshov Ingtitute of Oceanology, Moscow, 1989. Senior Fisheries
Scientist, Fakland Idands Government Fisheries Depatment since 1998. Head of
Section, Biologicd Bases of Fishery Forecasts Laboratory of Commercid Invertebrates,
Atlantniro, Kainingrad from 1990 — 1998. Research Scientist, Laboratory of Commercia
Invertebrates, Atlantniro, Kdiningrad from 1982 — 1990. Research Interests Biology and
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Ecology of Marine Living Resources with particular emphasis on squid and commercid
fish, age and growth, reproductive biology, feeding spectrum, fisheries forecads.

Paul Brickle was contracted with charge to the project.

Deliverables: The participant was respongble for the following ddiverables.

Deliver- |Description of deliverable Delivery date | Nature | Dissem.
able No. Level'
19 Estimate of Fishery long-term sustainableyield 22 @] CO

Deliverable #19 (Estimate of Fishery long-term sustainable yield) was finished and made
in collaboration with partners B3, B4 and B5 (seetask 2.5) .

Resear ch activitiesduring the project :

Mog of the attivities described in Workpackage number 2 FISHERIES, BIOLOGY,
DISTRIBUTION AND ASSESSMENT, Tasks 2.1 (Data collection) 2.2 (Fisheries
description) and 2.3 (Biology) were carried out by FIFD in close collaboration with [EO,
UINABDN, ANAMER and MG Otero. FIFD adso has developed the study of parasites
induded in Workpackage number 3: CHARACTERISATION OF THE RAW FISH

ASFOOD.
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ICON (B3)
|C ConsultantsLtd. (B3) (RTD Centre— UK)

Address: 47 Prince's Gate, Exhibition Road Td: 44 207 594 6565
SW7 2QA London (UK) Fax: 44 207 594 6570

Members of the group have a wide range of mahematicad moddling skills and gpplied
experience of assessment techniques for fisheries. The group's work often involves the
andyds of extendve data sets and have the computer resources and personnel required
for the desgn, mantenance and andyss of large fisheries databases. ICON has dso
extensve experience of anayticad GIS applications and in assessment and management
of fisheries resources worldwide.

Rolein the project
ICON has participated in the following activities.
- generd review of assessment and management practices in relation with the task 2.2

Fisheries description.

- edimates of Catch Per Unit Effort (CPUE). Standardised CPUE will be determined
for use in assessments. Two assessment modds will be examined: production models
usng trends in CPUE and age-based models. Stochagtic yield per recruit andyses
will be performed to determine sustainable exploitation rates.

- assessment of rock cod stocks using historical and new scientific data from observer
on board commercia vessls.

ICON carried out the following task:

WP2. Task 2.5. Assessment (Assessment of rockcod stocks). Leader. Person month: 5,5

Personnel
David Agnew e-mal: d.agnew@ic.ac.uk
Adam Payne e-mal: apayne@imperial.ac.uk

Appointment of new saff:

Adam Payne was employed in July 2003 to carry out the assessment of rock cod stocks
usng historicd data and data collected a the beginning of the project by observers on
board commercid vessds. Adam will aso participate in the generd review of assessment
and management practices and use of assessment models.

Deliver ables: The participant was responsible for the following ddiverables.

Deliver- |Description of deliverable Delivery Nature Dissem.
able No. date Levelt
16 General review of assessment and 20 R Co
management practices of the Fisheries
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Deliverable # 16 (General review of assessment and management practices of the
Fisheries) finished and included in task 2.5.

Resear ch activitiesduring the project :
Research activities of partner B3 condsted on a review and description of assessment and
management practices in use in the different fisheries on finfish and cephaopods carried

out around the Fakland Idands. An specidliced study was made on assessment of
rockcod fishery long-term sustainable yidd.
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|[EO (B4)

I nstituto Espariol de Oceanogr afia, | EO (Centro Oceanogr &fico de Vigo) (B4) (RTD
Performer — ES)

Address: Avda. deBrasl, 31 28020 Madrid ES

Centro Oceanogréfico de Vigo te: 34986 492111
Cabo Estay — Canido fax: 34986492351
P.O. Box 1552

36200, Vigo. Spain

The IEO is a Public Research Indtitution advisor to the Spanish Government in relation with
fishing policies. The IEO has carried out many research projects funded nationaly and with
international (EU and USA) agencies which results have been submitted to ICES and
National and EU agencies as a contribution in the assessment of the main stocks.

Rolein the project

IEO was in charge of the project scientific co-ordination in close collaboration with
general Co-ordinator ANAMER. |EO was responsible of the following activities:

- acquidtion of datafor a better knowledge of the population dynamics of the species
- deription of the fisheriesin the areaand

- andysesof themain biologicd features,

- digtribution of the speciesand GIS

- stock assessment.

- daabase implementation

|EO was the responsible for the following tasks:

WP1 Task 1.2 Fisheries Co-ordination. Person month: 5

WP2 (Fisheries, biology, distribution and assessment) Co-ordinator.

Task 2.1 (Stock-specific data collection on fishing activity and biology) Leader.
Person month: 11.8

Personnel
Julio M. Portda e-mal: julio.portela@vi.ieo.es
Mar Sacau e-mal: mar.sacau@Vvi.ieo.es
Xos2 A. Cardoso e-mdl: jose.cardoso@Vvi.ieo.es
Guaddupe Ramilo Riveiro e-mal: luperamilo@vi.ieo.es
Carmen Boveda Gonzdez e-mal: |ai.boveda@vi.ieo.es
Appointment of new saff:

Mar Sacau was chosen after a public sdection process to be employed in the second half
of 2003 to paticipate in the scientific co-ordination of the project as a member of the
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Steering Committee, monitoring of IEO observers, reporting, database maintenance and
exploitation, sampling for morphometric task, analyss of biologicd and commercid daa
(length frequencies, sex ratio, CPUE, etc), fisheries description and GIS.

Deliver ables: The participant was responsible for the following ddiverables.

Deliver- |Description of deliverable Delivery date | Nature |Dissem. Level*
able No.

5 First progress report Fisheries Co-ordination 11 R CO

14 I mplementation of an actual Database 18 o CoO

21 Final report Fisheries Co-ordination 22 R PU

Deliverable # 5 First progress report Fisheries Co-ordination: finished. Included in the
First Year Progress Report.

Deliverable # 14 (Implementation of an actual Database) finished. Included in Task 2.1.
Deliverable # 21 Final report Fisheries Co-ordination: finished. Included in this Report.

Resear ch activitiesduring the project :

Mog of the activities described in Workpackage number 20 FISHERIES, BIOLOGY,
DISTRIBUTION AND ASSESSMENT, Tasks 2.1. (Data collection), 2.2 (Fisheries
description, 2.3 (Biology), 2.4 (GIS) and 2.5 (assessment) were carried out by IEO in close
collaboration with FIFD, ANAMER, MG Otero, UNIABDN and ICON.

IEO experts were responsble of scientific co-ordination and participated in dl the
Steering Committee activities, as well in dissemination activities,
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UNIABDN (B5)

Univer sity of Aberdeen, UNIABDN (B5) (RTD Centre— UK)

Address.
KingsCollege AB24 3FX Aberdeen UK
Department of Zoology tdl: 44 (0) 1224 272459
Tillydrone Avenue, AB24 3TZ fax. 44 (0) 1224 272396

Aberdeen, Scotland, UK

The Universty of Aberdeen (Department of Zoology) has participated and led a number
of large EU-funded projects and the project staff has extensve experience in diet analyss
and GIS, aswdl as being involved in various modeling sudies.

Rolein the project

The Univerdty of Aberdeen was responsble for andyds of the spatid and tempord
digtribution of the resource.

A geogrephicd information sysem for integration of environmentad and fishery data
(including effort, landings and discards) was developed based in GIS methods and
models for visudisation.The GIS has produced andyss and prediction of meso-scae and
locd dynamics of oceanic environment, its rdation to the dynamics of fishery resources,
€tc.

The fishery forecasts developed by Aberdeen Universty and IEO could not be tested by
the observers a the end of the second fishing season as origindly planned in the work
programme, due to the fact that the fleet had aready Stopped their operations. This
happened due to an earlier than expected closure of the fishery around Fakland For
vdidation of the forecasts, a modd was developed making predictions with higtorica
data and comparing them to the most recent years data, with acceptable results.

The University of Aberdeen was respongble of the following tasks:
WP2. Task 2.2 Fisheries description. Person month: 1.6

Task 2.4. GIS and Fishery Forecasting (Andyss of the spatid and tempord digtribution
of the resource.) Leader. Person month: 6

Personnel
Graham J. Pierce e-mal: g.j.pierce@abdn.ac.uk
Janjun Wang e-madl: .wang@abdn.ac.uk
Begofia Santos Véazquez e-mall: m.b.santos@abdn.ac.uk
Gema Hernandez-Millan e-mal: g.hernandez-m@abdn.ac.uk

Appointment of new saff:

The project will not employ any new saff at the University of Aberdeen. Some days of
Dr Wang's and Dr Santos time will be charged to the project, rdating to data acquistion
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and analyss atendance a the kick-off meding and Dr Santos will work full-time on the
project during 2004.

Dr. Graham Pierce, Senior Lecturer in Zoology. Dr Pierce holds a lectureship jointly
funded by Scottish Executive's Fisheries Research Services Marine Laboratory. He has
paticipated in FAR, AIR, FAIR and Study projects on cephaopods, as wel as co-
ordinating FW5 and Study projects. Former chairman of ICES Working Group on
Cephalopod Fisheries and Life History (1998-2001).

Dr Jianjun Wang, PDRA. Experienced researcher working in marine fishery GIS
gpplications and spatia andysis.

Deliver ables: The participant is responsible for the following deliverables.

Deliver- |Description of deliverable Delivery date Nature |Dissem. Level®
able No.
17 Fishery forecasting 21 o] CO
18 Analysis of the spatial and temporal 21 o] CO
distribution of the resource

Deliverable # 17 (Fishery forecasting) finished. Included in the present report (subtask
2.4.1).

Deliverable # 18 (Analysis of the spatial and temporal distribution of the resource)
finished. Included in the present report (task 2.4).

Resear ch activitiesduring the project :

All activities described in Workpackage 2: FISHERIES, BIOLOGY, DISTRIBUTION
AND ASSESSMENT, Task 24. GIS Andyss of the spatid and tempord digtribution of
the resource and subtask 2.4.1 Fishery forecasting were carried out by ANIABDN in close
collaboration with IEO. ANIABDN has dso made an study on diet of rockcod and has
participated in the description of the fisheries and disseminationa activities.

Sub-contr actor :

NSFO (North Sea Fishermen’'s Organisation Ltd). (Industry — UK)

Address:
8 Abbey Wak tel: 01472 241007
DN31 1INB fax. 01472355134
Grimsby (UK)

Service provided: Resuts dissemination.

The North Sea Fshemen's Organisation Limited is a recognised Fish Producer
Organisation with quota management rights to gpproximatdy 25,000 tonnes of fish a
year. Membership conssts primarily of beam trawlers but adso have peagic freezer
trawlers.

328



Rolein the project
NSFO has contributed to the project in the following aspects:

- dissemination of the results of the project both to its members and the generd fishing
UK industry

- NSFO have been observers of the work undertaken by Crown Seafoods Ltd of
Grimsby, into the potentiad markets for the species in the UK, and aso atended a
meeting of dl partnersin Vigo in September 2004.

Personnel:

Andy Read e-mal: Andy.Read@daff.gov.im

Activities during the second reporting period:

Dissemination of the results of the project, collaboration with Crown Seafoods and
participation in the second co-ordination meeting.
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PROJECT MANAGEMENT AND COORDINATION

For amore detalled information, see Workpackage n° 1

Task 1.1 (General co-ordination)

The Steering Committee, composed by the WP co-ordinators with assistance of MG
Otero, was in charge of monitoring and definition of the man co-ordination actions
carried out during the whole project’ s life

The Steering Committee, set up in January 2003, worked by email for monitoring of
project activities during the whole project’'s life. Its first resolution after consultations
with dl partners was to hold the kick-off meeting in Vigo on the 6th of February 2003,
a ANAMER fadlities The firs annud and second co-ordination meetings were aso
held a8 ANAMER on the 2'¢ December 2003 and on the 21% September 2004. Minutes
corresponding to these meetings were included in the first and second progress reports;

A tdk on the man results achieved during the project was given & ANAMER'
fecilities on the 15th of December 2004 with attendance of associated companies staff
and media (TV, radio and press). The tak was given by IEO and IIM researchers
participating in the project, covering aspects such as spatio-tempord distribution and
potential of the resource, nutritional vaue, biology, processing, eic.

Other dissamination activities included aticles published in locd, regiond and
internationa newspapers and specidized magazines, as well as interviews and reports
were broadcasted by locdl, regiona and national TVs and radio Stations.

Task 1.2 (Fisheries co-ordination)

This task included several mesetings and contacts by email between ANAMER, MG
Otero, IEO, FIFD, Armadora Pereira and Argos Ltd. for logistics of observers, and
shipment and tracking of samples. Other activities comprised contacts between
ANAMER, MG Otero, IEO, FIFD, Armadora Pereira and Argos Ltd for monitoring of
observers activities, data collection and collation, updating of the database, andyses
and reporting. Fina report Fisheries Co-ordination isincluded in this report.

Task 1.3 (Characterisation co-ordination)

A number of meetings and contacts by e mail between ANAMER, MG Otero, IIM and
IEO were made for monitoring of tasks included in WP 3 and for tracesbility and
ddivery of the samples. Find report Characterisation Co-ordination is included in this
report.

Task 1.4 (Suitability co-ordination)

Activities included in this task comprised some meetings with OPTIMAR FODEMA,
ANAMER, MG Otero, Armadora Pereira, Argos Ltd, and IIM for discussons on
freezing and machinery trids incdluded in WP 4. Find report Suitability Co-ordination
isincluded in this report.

An important result related with this project is the contract sgned in 2004 between the
Fondo de Regulacion y Organizacion dedl Mercado de los Productos de la Pesca y
Cultivos Marinos (FROM), belonging to the Spanish Generad Directorate for Fisheries



and the Spanish Nationa Association of Fish Can Producers (ANFACO). This contract
ams to provide technicd assigtance for the establishment of a qudity and safety plan for
marketing of fish can products Among other targets comprises the use of new fish
gpecies in the fish canning industry and will include the rockcod Patagonotothen spp.) in
the study. Severd canning companies are participating in this pilot plan and will be the
final users of the results.

EXPLOITATION AND DISSEMINATION ACTIVITIES

Dissemination of Results (ANNEX 1)

During the whole project life a series of aticles were published in locd, regiond and
international newspapers and specidized magazines, as wdl as interviews and reports were
broadcasted by locad, regiona and national TV s and radio stations:

« An atide entitted “Estudio pionero del aprovechamiento de los descartes’ was
published during the Exploratory Award phase of the project by the specidized
magazine Pesca Internaciond edited by the Vigo Shipowners Co-operdive, in its issue
of July 2002.

« An aticde entitted “EU could help rock cod research: possible new South Atlantic
fishery” was published by the specidized magazine Fishing News Internationa edited by
Heighway, Agra Europe, initsissue of November 2002.

« An aticde entitted “Galicia investiga la explotacion del «marujito» para consumo
humano” was published by the regiona newspaper La Voz de Gdida in its issue of 7"
February 2003.

« An atide entitled “Investigador es vigueses estudian una nueva especie para la flota que
faena en Malvinas’ was published by the regiona newspaper Faro de Vigo in itsissue of
7" February 2003.

« During the kick-off meeting severd interviews with project participants were
broadcasted by locd TV and radio stations.

« An interview with the sdentific co-ordinator of the project was broadcasted by the
regiond TV (TVG) the 28" June on its main weekend news programme.

« An aticle entitted “ANAMER lidera un proyecto cofinanciado por la UE para €
aprovechamiento de un descarte en Malvinas’ was published by the specidized
megazine Pesca Internaciond edited by the Vigo Shipowners Co-operdtive, in its issue
of December 2003.

« An aticle entitled ‘Proyecto ROCKCOD: s € fletan tuvo éxito, esta especie podria
tener alin mas " will be published by the specidized magazine Europa Azul in its issue
of January 2004.

« An interview with ANAMER representative and the scientific co-ordinator of the project
was broadcasted by the nationa TV dation (TELE-5) in two different news magazines
on the 15™" of December.

« A brochure about project objectives and activities during the sixth first months edited by
ANAMER for disssmination among the fishing indudry is in press. A draft of the
brochure was included in ANNEX |1 of thefirst year progress report.
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« An aticle entitted “Los armadores vigueses comenzaran a comercializar pronto el
marujita” by the local newspaper Atldntico Diario in itsissue of 11™" December 2004.

« An atide entitled “Los armadores potenciardn comercialmente el marujito’ was
published by the regiond newspaper La Voz de Gdidia in its issue of 11" December
2004.

« Two aticles entitled “Los armadores comercializaran un nuevo pescado del Atlantico
sur” and “Vigo aspira a colocar en el mercado una especie que captura en Malvinas’
were published by the local newspaper Faro de Vigo, initsissue of 16" December 2004.

« Two atides entitled “Los cientificos apuestan por € Rockcod” and “Puesta en
sociedad de don Marujito” were published by the specidized magazine Pesca
Internaciond edited by the Vigo Shipowners Co-operdive, initsissue of January 2005.

« During the second co-ordination meeting severd interviews with project participants
were broadcasted by local TV and radio stations.

« A brochure about project results and activities during the second year project edited by
ANAMER for dissemination among the fishing indudry is in press. A draft of the
brochure was included in ANNEX 1l of the second year progress report.

A tak on the main results achieved during the project was given & ANAMER' facilities on
the 15" of December 2004 with attendance of associated companies staff and media (TV,
radio and press). The tak was given by IEO and IIM researchers participating in the
project, covering aspects such as spatio-tempora distribution and potentia of the resource,
nutritiona vaue, biology, processng, etc.

Information about project objectives, tasks, results and participants is downloadable from
the project’ s website (http://mww.arvi.org/l1+D+I1/principal lrockcod.asp).
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