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PURPOSE OF THE PROJECT:  

A high priority for effective management of large pelagic fishes is the capability to discriminate 
between the effects of exploitation and climate dynamics on the sustainability of tuna populations. 
Climate related changes are believed to strongly influence the pelagic habitats of tuna, and thus 
movement and migration patterns. High frequency ENSO recruitment response appears to play out 
into low frequency decadal variations of tuna population biomass. Large changes in Pacific tuna 
catch rates in the 1950s-1960s were associated with natural climatic fluctuations. But not all tuna 
respond the same way to climate cycles, thus there should be demonstrable differences in 
survivorship during recruitment and responses to exploitation patterns. Empirical and analytical 
evidence are needed to explain the relative importance of environmental and fishing variability in 
structuring pelagic ecosystems. There is a need to determine the mechanisms involved in observed 
variability across species, trophic connections, and oceanic regions. In this proposal, two spatial bio-
physical models are proposed to be run for several tuna species concurrently with different long-term 
(up to 50 years) climate regime datasets. It is anticipated that the models will enable researchers to 
evaluate potential alternative system states due to physical and anthropogenic forcing and to help 
determine if the impacts of natural climate variability could be anticipated in such a way as to help 
establish a management regime that accommodates exploitation pressures and natural variability to 
build sustainable tuna fisheries. 

1 
 



PROGRESS DURING FY 2009:  
 
The planned activities for year 3 of the project were:  
 
1. Obtain/prepare at least one more physical-biogeochemical reanalysis to produce the ensemble 

simulation with SEAPODYM and APECOSM. Proposed options were: i) an update of the 
reanalysis using ESSIC model, ii) an offline simulation of the biogeochemical model PISCES 
with the physical reanalysis SODA025. A budget of USD 54,000 (funding originally dedicated to 
the University of Maryland) was allocated for this reanalysis. 

2. A 1st version of the fishing database published and accessible on the web for project 
collaborators. 

3. Recruitment of a research engineer in IRD for one year to assist in the APECOSM model 
development. 

4. Optimized parameterization of SEAPODYM for yellowfin tuna in the Pacific Ocean, and tested 
together with skipjack and bigeye tuna at global scale, using biogeophysical reanalyses provided. 

5. Optimized parameterization of APECOSM for skipjack tuna in the Indian Ocean and tested at 
global scale. 

6. Participation of PIs and collaborators to the PI meeting in Hawaii in November 2008 and / or the 
tuna conference in Lake Arrowhead in May 2009, the GLOBEC symposium in June 2009 
(Victoria BC Canada), and organization of a project meeting in spring 2009 in Toulouse. 

 
The first two options envisaged to add one physical-biogeochemical reanalysis were not feasible 

and finally we asked the University Corporation for Atmospheric Research (UCAR), acting on 
behalf of National Center for Atmospheric Research (NCAR), to produce a validated reanalysis of 
the World Ocean State (physics and biogeochemistry) deduced from an integration of the 
Community Climate System Model (CCSM) for the period Jan 1st 1950 – Dec 31 2005. The cost for 
this reanalysis was negotiated to be within the allocated budget of USD 54,000. This reanalysis has a 
variable horizontal and vertical resolution ranging from 0.6 deg. at the equator down to 3 deg. in the 
highest latitude. Steve Yeager and Markus Jochum, both at NCAR, performed several centuries long 
integrations with CCSM3.5 in its coarse resolution forced ocean version with a full ocean-ecosystem. 
The ocean is similar to the version described in Yeager et al. (2006), and the ecosystem is similar to 
the version in Moore et al. (2004). A spin-up of 500 yr was used to insure stability and a net ocean 
heat uptake of less 0.1 W/m2. The run has then been continued with two 55 yr cycles of interannual 
forcing (CORE II, yrs 1949-2004). A final, 3rd, cycle was added and all model output was saved 
every 5 days. The NetCDF output files have been downloaded in CLS in June 2009 and will require 
pre-processing before to be used with SEAPODYM and APECOSM. The ORCA05-PISCES 
reanalysis was not provided to the project as the outputs of the simulation were not validated. Thus, 
finally 3 global coarse-resolution reanalyses are available and called hereafter NCEP, ERA40 and 
CCSM. 

 
The fishing database engineer in IRD-Sète (Julien Trolet) will complete his work under PFRP 

funding at the end of August 2009. The database SARDARA and its implementation are achieved 
and now it includes all the fishing data (catch effort and size frequencies) for both Indian and 
Atlantic Oceans for several tuna and billfish species including the tropical tunas which are studied in 
the present project (skj, bet, yft). A request has been sent to the directors of both tuna commissions 
for the Pacific Ocean (IATTC: Guillermo Campéon) and the Western Pacific: Andrew Wright). After 
describing the project, this letter (copied to J. Sibert and K. Weng) presented two requests: i) to 
obtain official agreement to complete the fishing data set needed to run both SEAPODYM and 
APECOSM in the Pacific Ocean, and ii) to obtain the official agreement to include in the 
SARDARA database a public tuna fishing dataset for the Pacific that we were proposing to define 
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according to gears, target species, strategy, time periods and large oceanic regions to conserve the 
confidentiality on fishing nations.  
 
IATTC answered that surface fishery data (purse seine and pole-and-line) were public but not the 
longline data. Individual requests to fishing States are necessary, and the first answer received from 
Chinese Taipei Fisheries Agency was unfortunately negative.  
 
Discussion with WCPFC director and SPC (Scientific/Data Management Services Provider of the 
commission), indicated that there is one public domain dataset with 5x5 degree aggregated catch and 
effort data by gear type that have been aggregated across flags, and filtered to exclude data when it is 
estimated that fewer than 3 vessels may have fished  
(http://www.spc.int/oceanfish/html/wcpfc/statistics/publicdomain/index.asp). A more detailed dataset 
can be used for SEAPODYM only based on existing collaboration with SPC. IRD would need to 
make a separate request to use this detailed dataset for APECOSM. 
 
It has to be noted that the confidentiality of several fishing datasets in the Pacific Ocean is a serious 
restriction to the proper application and validation of the tuna population models in the Pacific 
Ocean. It is hopped that this problem will be solved in the near future since it is in the interest of 
everyone that scientists can work on the best available information. 

 
Access to the SARDARA web interface (Fig 1) is still limited to the developers but it will be 
released soon on a production server with open access to public domain datasets and restricted access 
for other datasets. A test period with restricted access will be used to get the feedback from RFMOs 
and to confirm their agreement on these public and restricted domain datasets. 

 
A first optimized parameterization of SEAPODYM has been obtained for skipjack and yellowfin 

using the “NCEP” forcing. Another optimization was achieved using “ERA40” forcing for yellowfin. 
Optimization for bigeye was done previously using a previous ESSIC (Pacific only) reanalysis, and 
used to evaluate a global projection of population trends under the A2 IPCC scenario (Lehodey et al. 
accepted). Simulation experiments have shown that parameter calibration is sensitive to the oceanic 
environment predicted by coupled physical-biogeochemical models. For example, despite very close 
optimal spawning temperature habitat obtained for yellowfin in both configurations, i.e., 25.98°C 
and 26.53°C for NCEP and ERA40 forcing respectively, the resulting spatial distributions of larvae 
are quite different (Fig. 2). The results are also sensitive to the length of the time period used for 
parameter optimization, the initial conditions and to the quality and coverage of fishing data. A 
stratification of fishing data into homogeneous fisheries is critical. These first simulation 
experiments did not include detailed size frequency data for the EPO, a key area for yellowfin, and 
thus need to be updated as we received these data recently.  

 
A research engineer (Sybille Dueri) was recruited in IRD starting February 1st, 2009 to assist in 

the APECOSM model developments. She is in charge of implementing the maximum likelihood 
based optimization for skipjack in the Indian Ocean using fisheries data available in the SARDARA 
database and the available tangent-linear computer code developed by Blaise Faugeras and Olivier 
Maury. To date, after almost 6 month of contract, the work has progressed well and it can reasonably 
be expected that it will be completed properly at the end of S. Dueri’s contract. Once the optimized 
set of parameters is available in the Indian Ocean fos skipjack, global runs will be conducted to 
check for the consistency of the parameterized model in the 2 other oceans against fisheries data. 

 
PI (PL) of the project attended the PFRP-PI meeting in Nov. 2008. O.M gave a presentation at 

the Final GLOBEC Symposium in Victoria, B.C., (June 22-26 2009). PL gave a presentation at the 
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workshop "Applying IPCC-class Models of Global Warming to Fisheries Prediction" that was held 
at Princeton University from June 15-17, 2009. A presentation of the SARDARA database has been 
made during a workshop « Tuna purse seine and bait boat catch species composition derived from 
observer and port sampled data » organized in IRD Sète and gathering representatives of IATTC, 
IOTC, WCPFC and ICCAT. Julien Trolet is about to submit an article describing the SARDARA 
database to the DATABASE-Oxford journal. 
 
PLANS FOR THE NEXT FISCAL YEAR:  
 
The project has been extended until mid-2010. For the financial year 2010 (Jul-2009-Jul 2010), 
planned activities are listed below. 
 
1. Prepare the new CCSM physical-biogeochemical reanalysis to drive SEAPODYM and 

APECOSM. 
2. Complete the fishing database SARDARA (public domain) and release the application on a 

production server available through the web after a testing phase in collaboration with RFMOs. 
3. Complete optimization experiments with SEAPODYM for skipjack, yellowfin and bigeye with 

the 3 reanalyses NCEP, ERA40 and CCSM in the Pacific. 
4. Use the optimal parameterizations obtained in the Pacific for global simulations and evaluate the 

results in Atlantic and Indian Oceans with catch data from the SARDARA database. 
5. Complete optimization experiments with APECOSM for skipjack and start it for yellowfin using 

the ERA40 reanalysis in the Indian Ocean. 
6. Use the optimal parameterizations obtained in the Indian Ocean for skipjack for global 

simulations and evaluate the results in Atlantic and Pacific Oceans with catch data from the 
SARDARA database. 

7. Final report and publication(s) 
8. Participation to PFRP PI meeting and presentation of results to various conferences and 

meetings. 
 
LIST OF PAPERS PUBLISHED IN REFERRED JOURNALS DURING FY 2009 
 
Lehodey, P., I. Senina and R. Murtugudde, 2008: A spatial ecosystem and population dynamics 

model (SEAPODYM) - Modelling of tuna and tuna-like populations. Prog. Oceanog., 78, 304-
318. 

Maury O., 2009. An overview of APECOSM, a Spatialized Mass Balanced “Apex Predators 
ECOSystem Model” to Study Physiologically Structured Tuna Population Dynamics in their 
Ecosystem. In Parameterisation of Trophic Interactions in Ecosystem Modelling, M. St John, P. 
Monfray (eds). Prog. Oceanogr. in press. 

 
Senina, I., Sibert, J. and P. Lehodey. 2008. Parameter estimation for basin-scale ecosystem-linked 

population models of large pelagic predators: Application to skipjack tuna. Progress in 
Oceanography 78, pp. 319-335. 

 
OTHER PAPERS, TECHNICAL REPORTS, ETC.:   
 
 
GRADUATES (Names of students graduating with MS or PhD degrees during FY 2008; Titles of 

their Thesis or Dissertation):  
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AWARDS (List awards given to JIMAR employees or to the project itself during the period):       
 
PUBLICATION COUNT (Total count of publications for the reporting period and categorized by 

NOAA lead author and Institute (or subgrantee) lead author and whether it was peer-reviewed or 
non peer-reviewed (not including presentations):  

 
 
 JI Lead Author NOAA Lead Author Other Lead Author 
Peer Reviewed 2   
Non-Peer Reviewed    
 
 
PERSONNEL: 
For projects that awarded subcontracts in the fiscal year, please provide the number of supported 
postdocs and students from each subgrantee. 
     
During the period covered by this report (July 1st, 2008 to June 30, 2009) the personnel hired for the 
project was : 

 Dr Julien Jouanno  research engineer with CLS 
 Julien Trolet, database engineer, with IRD 
 Dr Sybille Dueri, research engineer working on APECOSM parameter calibration with IRD 
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IMAGES AND CAPTIONS  
 
 
 

 
 

Fig. 1. Website to access global fishing dataset, models outputs and archival tagging data, developed 
with the support of French ANR, PFRP, and IRD. 
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Fig. 2. Application of SEAPODYM to yellowfin tuna in the Pacific (snapshots for March 1990) 
showing the results obtained when optimizing parameters with two different physical-
biogeochemical oceanic environments: NCEP-ORCA2-PISCES and ERA40-ORCA2-PISCES.  


