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NOAA Goal (Check those that apply): 
 

 To protect, restore, and manage the use of coastal and ocean resources through 
ecosystem-base 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 

 
1. Purpose of the Project (one paragraph) 

To detect and characterise long-term environmental variability in time series of physical, 
biological and fisheries data; to determine whether the ‘regime shifts’ documented for the 
North Pacific are evident in the tropical WCPO; and to incorporate indicators of long-
term environmental variability in tuna recruitment estimation. 

The project has three components, each of which has a PI and Research Assistant (RA): 
i) Exploratory data analysis of ecosystem model input/ouput plus comparable 
datasets, using various methods for multivariate time-series analysis to derive ecosystem 
indicators (PI: David Kirby; RA: Karine Briand) 
ii) Use ecosystem indicators to improve recruitment estimation for tunas in the stock 
assessment software MULTIFAN-CL (PI: Adam Langley; RA: Karine Briand) 
iii) Stomach contents analysis for data pre- and post the regime shifts of the late 
1970s and 1990s (PI: Valerie Allain; RA: Marie-Laure Coudron) 
 
Work to date has addressed Components (i) and (iii) concurrently. Effort will be directed 
to Component (ii) after the work under Component (i) has progressed sufficiently.  
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2. Progress during FY 2006: 
 
Component (i) 
 
Many statistical methods are available to detect trends and changes in time series data. 
Multivariate analytical methods have been used in several studies of regime shifts in the 
North Pacific. We reviewed some of these methods in order to apply them in the tropical 
Western and Central Pacific region. Among the investigated methods, we focused 
particularly on: PCA (Principal Component Analysis), DFA (Dynamic Factor Analysis), 
MAFA (Min/max Autocorrelation Factor analysis), Chronological clustering and Fisher 
Information. A few others methodological approaches exist and need to be tested. 
A preliminary analysis was made using environmental data derived from the ESSIC 
(Earth System Science Interdisciplinary Center, University of Maryland) ocean general 
circulation and biogeochemical model and the SEAPODYM (Spatial Ecosystem And 
Populations Dynamics Model) ecosystem model. Five environmental variables 
(temperature, primary production, east-west current component, north-south current 
component, epipelagic prey) were extracted from a fixed region (120°E-160°W; 10°N-
10°S), which roughly defines the equatorial band encompassing the tropical Warm Pool. 
Two other Pacific climatic indexes (PDO, SOI) were added. Trends in those times series 
were investigated using the MAFA method implemented in the software package 
Brodgar 2.5.1 (www.brodgar.com). MAFA analysis is a type of principal component 
analysis designed for time series. A trend is defined by a long term change in the mean 
level or slow moving curve and is characterized by a high autocorrelation with time lag 1. 
MAFA estimates axes that have a decreasing autocorrelation with lag 1. So the first axis 
has the highest autocorrelation and shows the main trend in time series, then other axes 
represent less important trends. Figure 1. below presents preliminary results. 
 
The MAFA method is a good way to visualize the principal axes of variability in multiple 
time series and to relate each trend to the original data using loading factors. For 
example, Axis 1 has a linear trend that changes from positive to negative values in the 
late 1970s, and the trend denoted by Axes 2 & 3 reverse (Axis 2) or change (Axis 3) 
direction at the same time; these factors may serve as indicators of a regime shift. The 
trend of Axis 2 is associated with several environmental variables in the warm pool 
region (temperature, primary production, preys in decreasing order of loading factor) but 
it is not related to the climatic indices SOI or PDO, which both have very low loading 
factors on Axis 2. The PDO is associated with Axis 1 and SOI, somewhat surprisingly, is 
not well represented on any axis. Further analysis will explore these issues in more depth. 
 
Component (iiii) 
 
Two datasets from tuna (yellowfin, albacore, bigeye) stomach contents studies conducted 
in the same area (New Caledonia) and collected with similar gear (longline) but at two 
different periods (1959-1974 and 2001-2004 respectively) have been compared. The 
older dataset (Grandperrin 1975) is poorly detailed and highly aggregated as number of 
prey by species; the more recent data, which is very detailed, was then aggregated to 
match the format of the older dataset and allow comparison. 
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Differences were observed between the two datasets: albacore shows an increase in 
crustacean consumption; albacore and yellowfin show an increase in fish consumption 
and a decrease for cephalopods; while bigeye shows the opposite trend, with a decrease 
in fish and an increase in cephalopods. The diversity of fish prey by species and family 
appears to have decreased, with tuna now eating a narrower range of prey. 
 
When considering the prey items by functional groups defined according to their depth 
distribution and vertical migration behaviour, albacore diet composition shows little 
differences between the two time period. Conversely, yellowfin now seem to eat 
shallower prey, with an increase of epipelagic fish prey in their recent diet, while 
mesopelagic fish and mollusks have decreased. Bigeye seem to now eat deeper prey, with 
decreased consumption of epipelagic fish prey but an increase in mesopelagic mollusks. 
 
While these differences were observed, the quality of the 1975 dataset did not allow any 
statistical significance testing and the number of samples examined is sometimes very 
low, particularly for bigeye. Conclusions must therefore be considered as indicative of 
the potential for ecosystem regime shifts to affect tuna diet and ecosystem interactions. 
 
3. Plans for the next fiscal year (one paragraph): 
 
Component (i): This work has so far considered ecosystem properties within fixed 
geographical boundaries. Software is also under development to define dynamic 
boundaries based on multiple criteria; the variability of these ecological provinces can 
then be explored. Further spatial investigation is therefore planned and other analytical 
methods will be tested. 
 
Component (ii): During the time between annual stock assessments (after August 2006) 
work will be carried out to incorporate the results of Component (i) in the recruitment 
estimation procedures of the stock assessment software MULTIFAN-CL (see Figure 2.). 
 
Component (iii): The detailed dataset aquired during the ECOTAP diet study of 
yellowfin, albacore and bigeye conducted in French Polynesia in the early 1990’s has 
been obtained for use in the project. A student has been assigned to examine recent 
samples of tuna stomachs from French Polynesia, to compile and analyze the whole 
2001-2005 dataset and to compare it to the 1990s ECOTAP dataset.  
 
4. List of papers published in refereed journals during FY 2006. 
 
None 
 
5. Other papers, technical reports, meeting presentations, etc. 
 
Oral presentations to the first meeting of the Scientific Committee of the Western and 

Central Pacific Fisheries Commission, August 2005, Noumea.  
Oral presentations to PFRP-PI meeting, November 2005, Honolulu. 
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6. Graduates (Names of students graduating with MS or PhD degrees during FY 2006. 
Provide titles of their thesis or dissertation): 

 
None 
 
7. Awards (List awards given to JIMAR employees or to the project itself during the 

period):  
 
None 
 
8. Publication Count (Total count of publications for the reporting period and previous 

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

 
 JL Lead Author NOAA Lead Author Other Lead Author 
 FY04 FY05 FY06 FY04 FY05 FY06 FY04 FY05 FY06 
Peer-
reviewed 

         

Non-peer 
reviewed 

        2 

 
 
9. Students and Post-docs (Number of students and post-docs that were associated with 

NOAA funded research. Please indicate if they received any NOAA funding. For 
institutes that award subcontracts, please include information from your subgrantees): 

 
Ms. Marie-Laure Coudron, Research Assistant for Component (iii), receives a stipend 

 
10. Personnel: 

(i) Number of employees by job title and terminal degree that received more than 
50% support from NOAA, including visiting scientists (this information is not 
required from subgrantees): 3 

 
Dr. David Kirby, Senior Fisheries Scientist (Modeller)  
 
Dr. Valerie Allain, Fisheries Scientist (Ecosystem Analysis) 
 
Ms. Karine Briand, Research Assistant  
 

(ii) Number of employees/students that received 100% of their funding from an OAR 
laboratory and/or are located within that laboratory.       
 

(iii) Number of employees/students that were hired by NOAA during the past year: 
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11. Images and Captions.  
 
● Figure 1: Underlying trends in environmental variables and climatic indices identified 
for the Western Pacific Warm Pool region by MAFA (Minimum/maximum 
Autocorrelation Factor Analysis). Numbers 1-3 indicate the differents axes.  
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● Figure 2: A typically uninformative Beverton-Holt recruitment vs. spawning stock 
biomass curve for yellowfin tuna used in the 2005 assessment. Environmental indicators 
will be used to improve the estimation procedure by incorporating decadal variability. 
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12. For multi-year projects, provide budget for the next year on a separate page. 

Contact Dodie Lau to confirm whether or not your project is to receive continuation 
funds (e.g., year 2, year 3), and for budget preparation assistance, lau@hawaii.edu
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Revised Budget 28/10/2005 (Years 1 & 2 combined)  

 
                   salary       cost   Inc. benefits  
V. Allain       2 months     11 530       15 000  
D. Kirby           10 months     57 650       74 950  
K. Briand    10 months     25 500       26 775  
 
SPC Indirect Costs (7%)                  8 210  
 
Total budget (USD)                    124 930 
Excluding JIMAR Indirect Costs 
 
Year 1 
 
Total Budget:        114 794 
 
Invoice 31 December 2005:  7 months Research Scientist  52 465 
     SPC Indirect Costs     3 668 
     Total     56 133 
 
Invoice 31 May 2006:  5 months Research Scientist  37 475 
     6.4 months Research Assistant 17 080 
     SPC Indirect Costs     4 106 

Total     58 661 
 
Year 2 
 
Total Budget:        10 136 
 
Invoice 31 December 2006: 3.6 months Research Assistant   9 639 
     SPC Indirect Costs        499 

Total     10 136 
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