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JIMAR ANNUAL REPORT FOR FY 2012 
 

P.I. NAME: Inna SENINA  
 
NOAA OFFICE (Of the primary technical contact):       
 
NOAA SPONSOR (NOAA TECHNICAL LEAD) NAME :       
 
PROJECT PROPOSAL TITLE: Integrating conventional and electronic tagging data 
into the spatial ecosystem and population model SEAPODYM 
 
FUNDING AGENCY: NOAA 
 
NOAA GOAL (Check those that apply): 
 
 To protect, restore, and manage the use of coastal and ocean resources through 

ecosystem-based management 
 
 To understand climate variability and change to enhance society’s ability to plan 

and respond 
 

 To serve society’s needs for weather and water information 
 
 To support the nation’s commerce with information for safe, efficient, and 

environmentally sound transportation. 
 

   Mission Support 
 
PURPOSE OF THE PROJECT (One paragraph): Include at least one objective. 
The purpose of the project is to integrate conventional and electronic tagging data within 
SEAPODYM habitat-based population dynamics model. It is proposed to develop a fully-
operational model allowing assimilation of both fishing and tagging data, and to validate 
it performing two case studies, with a focus on Pacific skipjack (Katsuwonus pelamis) 
and yellowfin (Thunnus albacares) tuna populations. 
 
 
PROGRESS DURING FY 2012 (One-two paragraphs): 
Include a comparison of the actual accomplishments to the objectives established for the 
period, along with reasons for the slippage if established objectives were not met. 
Unfortunately, due to reduction of PFRP budget in the fiscal year 2011, the funding for 
the year 2012 was not provided. The tasks and activities for the Year 2 were hence re-
planned in order to achieve the principal goal of the project, i.e. the integration of the 
conventional tagging data and the technical validation of the application with 
minimization of nonlinear cost function, composed of catch, length and tagging data. The 
work was done in the following phases: 
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1. Technical code developments. Combining tagging data with SEAPODYM age-
structured population model leads to augmentation of the model state vector by large 
amount of variables describing the density of the cohorts of tags. To make the method 
for the integration of tagging data into full population model feasible, a substantial 
code development was required. Thus, part of the adjoint code was rewritten in order 
to reduce the size of the memory required for saving the intermediate variables for 
computation of the cost function gradient. This resulted in the decrease of the gradient 
stack size by 15%. Also, the input-output operations were eliminated completely from 
the runs with optimization in order to optimize the computational time. In addition to 
that, the code was adapted and recompiled with more recent version of gcc 4.4 and 
consequently with latest AUTODIF library, which allowed allocation of more than 
4Gb necessary for computation of the cost function gradient. All together these 
developments allowed reducing the time for one function evaluation (computing the 
cost function and its gradient) by 50%. 

2. Method implementation. A new dimension, population, was added to the existing 
single population structure. Thus in addition to the age-structured population of a 
given species, we consider the populations of tagged tuna. Each population of tags is 
initialized according to the following definition: “Population of tags is the ensemble 
of individuals, tagged with conventional method, which were recaptured at the same 
time period (month - quarter)”. Each population of tags follows the same age 
structure as the population of modeled species; and the predicted spatial and temporal 
dynamics is the solution of the analogous advection-diffusion equations with the 
reaction term set to zero (i.e., no mortality term). All model parameters, except those 
of fisheries are shared between populations. Fisheries do not take part in the dynamics 
of the populations of tags. Finally, the likelihood function is augmented with the third 
component being the error of the predicted spatial distribution of tags with respect to 
the observed.  
 

3. Validation and sensitivity analysis. The validation of the approach included 1) the 
derivative check, which is necessary to assure that the derivative (adjoint) code is 
correct and 2) the so called twin experiments, which consist in creating pseudo-data 
sets for conventional data and running the model in optimization mode to test if the 
original solution used to create the artificial tagging data can be retrieved. Set of such 
experiments were done for the tasks of minimizing the recapture likelihood only and 
minimizing the full likelihood with catch, length and recapture components. Also, the 
sensitivity analyses were done in order to reveal the parameters which can be 
estimated due to integration of the tagging data. As expected, the parameters driving 
the movement, i.e. maximal sustainable speed, diffusion, and movement habitat 
parameters have the high sensitivity (relative sensitivity > 10%). This result is also 
corroborated by the twin experiment study, showing that optimal for tagging data 
movement and habitat parameters can be retrieved even while minimizing the three-
component likelihood function.  
 

4. Application to Pacific skipjack. Using compiled tagging datasets provided by 
NIFSF and SPC collaborators the populations of tags were defined. The first 
preliminary experiment is planned for Pacific skipjack by the end of this year. This 
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run will be done with monthly time step and with the spatial resolution 1 degree 
based on physical (SODA) and biogeochemical (VGPM) forcing variables. The 
method and results will be described in a scientific article and presented to the 
scientific committee of the Western Central Pacific Fisheries Commission in 2013. 

 
 
PLANS FOR THE NEXT FISCAL YEAR (One paragraph):  
n/a 
 
LIST OF PAPERS PUBLISHED IN REFERRED JOURNALS DURING FY 2012  
OTHER PAPERS, TECHNICAL REPORTS, ETC. 
PUBLICATION COUNT 
*complete excel attachment (JIMAR publications request) 
 
GRADUATES: 
Names of students graduating with MS or PhD degrees during FY 2012; Titles of their 
Thesis or Dissertation 
n/a 
 
AWARDS: 
Name of JIMAR employees or project receiving award during the period, and Name of 
award 
n/a 
 
PERSONNEL (on Subcontracts): 
For projects that awarded subcontracts in the fiscal year, please provide the number of 
supported postdocs and students from each subgrantee. 
n/a 

 
 
ACRONYMS:   
Please provide the complete descriptions for any acronyms used in any areas of the 
report. For example: UH (University of Hawaii) 
AUTODIF (library used in AD Model Builder, admb-project.org) 
SEAPODYM (Spatial Ecosystem And POpulation DYnamic Model) 
CLS (Collecte et Localisation par Satelites, Toulouse, France) 
NRIFSF (National Research Institute of Far Seas Fisheries, Shimizu, Japan) 
SPC (Secretariat of the Pacific Community, Noumea, New Caledonia) 
SODA (Simple Ocean Data Assimilation, http://www.atmos.umd.edu/~ocean/) 
VGPM (Vertically Generalized Production Model, authors Behrenfeld and Falkowski) 


