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a. Abstract 
The project will develop two harvest models: 1) (CTC model) a selective fishery harvest models that incorporates the functionality of the harvest management and stock assessment models used in the Pacific Salmon Treaty, the PFMC and the U.S. v. Oregon Technical Advisory Committee, and 2) (BiOp Model) an expanded version of the CTC model meeting the requirements of RPA 165 of 2000 Biological Opinion that the existing harvest models be substantially revised or replaced.  The two models will have equivalent computation structures that include a calibration mode and a mode that forecasts selective fisheries harvest over multiple time steps with both abundance based and ceiling based management protocols.  The models will share input files and produced similar output files and reports.  The BiOp model will include terminal fisheries, improved calibration routines, and sufficient detail to explore issues of gear type and the mass marking of hatchery stocks. 

b. Technical and/or scientific background
Current harvest management and stock assessment models used in the Pacific Salmon Treaty and the PFMC and the U.S. v. Oregon Technical Advisory Committee were not designed to accommodate selective fisheries; they evolved in the context of non-selective fisheries. In particular, the Chinook Technical Committee (CTC) model, known as the Chinook Model is written in Quick Basic and enables simulation of 30 stocks and 25 fisheries with an annual time step.  The 2000 Biological Opinion states that the existing models and associated analytical techniques must be substantially revised or replaced in order to selectively harvest hatchery stocks and so minimize the harvest of the endangered stocks, to deal with the impacts of terminal fisheries and to credit harvest actions to endangered species recovery.   Additionally, the CTC has decided it is desirable to improve its Chinook model with an increased number of stocks and fishers, with finer time steps (separating winter, summer and fall fisheries) and to address problems related to base years and modeling selective fisheries.

In 1993, under BPA funding, Columbia Basin Research (CBR) began development of a more flexible modeling framework to address these types of needs.  The model, which was released in 1997 as CRiSP Harvest is a user-friendly, interactive chinook salmon harvest forecasting model (http://www.cbr.washington.edu/crisp/crisp2pc.html ).  It was written C++ and is based on the Quick Basis CTC Chinook model.   CBR in 1997, under NMFS funding, began development of the COAST Model, which is code framework that can be configured at runtime to represent many different models depending upon the specific process algorithms and data specified in the input files.  As configured in December 1999 the Coast Model contained algorithms used by the Pacific Salmon Commission (PSC) chinook model (http://www.cbr.washington.edu/harvest/coastmodel.html ).  The general idea of the COAST model is to build up a library of algorithms for each process so the same code framework can be configured to represent a wide variety of models.  In 1999 the PSFC contracted with ESSA Technologies to add a Visual Basic graphical user interface and ACCESS database report generator to handle the COAST model input and output.  These components are referred to as the ESSA GUI.  Through a subcontract from ESSA, CBR also made minor changes to the COAST model.  The CTC through its own efforts has translated the Quick Basic version of the Chinook model to Visual Basic.  In this newer language they overcame the memory limitations of the Quick Basis Version that limited the number of stocks and fisheries to its current levels. 

Although the CTC now has the COAST/ESSA GUI program, it was found to be too slow and too difficult to modify for management activities where the model has to be “tweaked” during annual harvest negotiations.  Furthermore, while the Visual Basic Chinook model can accept more stocks and fisheries, it cannot model seasonal time steps or selective fisheries.  Consequentially, the CTC proposed a strategy to combine algorithms from Chinook Visual Basic model, the COAST models, and the VB GUI interface with the goal of obtaining a model that can be modified and maintained by the CTC but which contains the functionality of the COAST Model along with a GUI.

The CTC produced a work statement describing steps in 2002 to develop a no frills working prototype Visual Basic version of the Quick Basic Chinook that mimics the COAST C++ program.  In 2003, the CTC proposed Visual Basic chinook model would be upgraded to handle the same progressively complex models via the input files similar to the C++ program. 

The selection of a model language is critical to the success of the project.  The language must be simple and understandable by the CTC and other users so they can maintain the model without significant assistance for professional programmers.   In contrast to the needed simplicity, the CTC and the requirements of the BiOp harvest modeling also require the ability to develop a progressively more complex model that is configured by input files, as with the C++ model.   These needs are in some respects mutually exclusive and so the selection of the language must involve both the range of users.  Realistically three options alternatives exist. 1) the models are developed in VB but the future functionality is constrained, 2) the models are developed in a simplified C++ form and the harvest managers learn enough about C++ to meet their needs or 3) a VB model is developed for the CTC and a C++ model is developed for the BiOP.

c. Rationale and significance to Regional Programs
The project objective is to develop a harvest model that is based on the existing models and is suitable for the immediate needs of the CTC and is extensible to meet the future needs of the CTC and the harvest management requirements as outlined in the 2000 Biological Opinion. 

This work addresses, in a coordinated and integrated manner, the need for new harvest management tools identified in the 2000 BiOp by six RPAs.  RPA 164 requires the fishery managers to develop, test and deploy selective fishing methods to target nonlisted fish while holding incidental impacts on listed fish within NMFS-defined limits.  RPA 165 requires the Action agencies shall work with the management agencies technical committees to develop selective fishery models and analytical procedures.  RPA 166 directs the agencies to implement catch sampling programs, data recovery and database systems necessary to implement mass marking and selective fishery regimes in the Columbia River basin.  RPA 167 is to develop new methods to estimate incidental mortalities in fisheries and in particular in the Columbia River Basin.  RPA 168 requires the development of methods for crediting harvest reforms and benefits they produce towards FCRPS mitigation responsibilities.  

The proposed work will develop a model as addressed in RPA 165.  The model will be developed to represent the selective fisheries developed in RPA 164, and will be calibrated with data developed in RPA 166 and167.  One purpose of the model will be to credit harvest reforms as described in RPA 168.

 d. Relationships to other projects 
As the 2000 Biological Opinion notes, development of a harvest management tools must be a regional endeavor:  “Fishery management models and related management systems in the various areas and fisheries are interdependent. Changes in ocean fisheries management and strategies affect river fisheries and vice-versa. Clearly, this action item involves matters that overlap with the responsibilities of the fishery managers. As stated previously, an appropriate sharing of costs and implementation responsibilities must be worked out among the relevant parties. (2000 FCRPS Biological Opinion p 9-148)”

For this model development to be successful, we must work closely with the state, tribal, federal, and international agencies responsible for fish harvest.   Our desire is to form a working team involving CBR and CRITFC staff, members of the CTC, and staff from NMFS. 

e. Project history (for ongoing projects) 

This is a new proposal; however the much of data structure on which our model will be developed was developed at CBR over a decade.   In 1993 under BPA funding, CBR began development of a more flexible user-friendly interactive chinook salmon harvest forecasting model.  The model was released in 1997 as CRiSP Harvest (http://www.cbr.washington.edu/crisp/crisp2pc.html ).  CBR in 1997, under NMFS funding began development of a generic code framework that can be configured at runtime to represent many different models depending upon the specific process algorithms and data specified in the input files.  The model designated the COAST Model was released in 1999.   It contains algorithms used by the Pacific Salmon Commission (PSC) chinook model (http://www.cbr.washington.edu/harvest/coastmodel.html ).   In 1999, under subcontract to ESSA Technologies, CBR modified some algorithms in the COAST model as specified by the CTC.  Products from these projects include models and manuals that can be downloaded from the CBR web sites noted above.

f. Proposal objectives and methods

A. Objectives

Our objectives are to develop the harvest model for the immediate and long-term salmon management.  Two objectives are identified.

1. CTC harvest model:  We will complete a no-frills harvest model to meet the immediate needs of the CTC as described in their Work Statement for “Conversion of C++ program to Visual Basic.”  The model will contain a limited selective fishery harvest protocol, seasonal time steps, calibration algorithms and input and output capabilities specified by CTC.    

2. BiOp harvest model:  The modeling framework will be expanded to provide the degree of resolution required to monitor the status of listed populations while enabling some harvest.  Selective fishery algorithms will be configured to address the development of techniques detailed in RPA 164.   The model will address the evolving sampling and monitoring protocols resulting from the advent of mass marking of fish addressed in RPA 166.  The model will address problems of modeling gear-specific incidental mortalities as addressed in RPA 167.  

B. Methods

General issues and CBR approach:  This project must balance the immediate and specific needs as identified by CTC and the long term and general needs articulated in the BiOp on managing harvest under the ESA.   The CTC desires to extend their existing model using the programming conventions familiar to the CTC through their 18 years of experience.  The BiOp compels the region to manage a multi-species and multi-stock fishery including ocean harvest and terminal fisheries in critical habitats of the listed stocks. The BiOp compels the region to reconfigure its fishing methods, sampling protocols, and data handling.  The CTC has a need for a specific model within two years, while the BiOp needs a model in three years and requires a new management system involving models and data management.  Covering this vast range of needs is daunting and we see the following principles must be incorporated into the effort.

1. To the degree possible models must be developed with object-oriented programming techniques. 

2. The project requires an on site multidisciplinary team including a harvest biologist, a professional programmer, a mathematician/statistician, a database manager, and a web manager.

3. The model must be self contained and accessible on web.

4. The users must understand and be able to modify the model.

5. The model is more than a piece of code.  It is an ongoing activity involving updating standards, code development and maintenance, database development and maintenance, a website, and training.  

Objective 1. CTC Harvest Model

Background: In a work statement the CTC outlined requirements for a harvest model that is be operational in 2003.  The model will meld together the characteristics of the Quick Basic version of the Chinook model (QB model) and the C++ version of the COAST model (C++ model). It will have the following characteristics:

1. easy to understand code that allows the CTC to do software maintenance

2. error message system so users can correct problems to input files

3. no dependency on third party software

4. all arrays are contained in the model structure so model computations do not require intermediate input and output to an external database

5. on line context specific help files and online users guide 

6. computational flow similar to the C++ model 

7. no C++  pointers

8. array names and dimensions to match the C++ model

9. handle seasonal time steps

10. handle multiple regions

11. handle selective fisheries

12. contain a calibration routines

13. forecasts both target based and abundance base harvest

14. modular input files 

15. backwards compatibility to the QB and C++ models input files

16. mimics the QB program outputs that are read by other programs

17. mimics the ESSA VB GUI report writing routines with drawdown menus allowing users to recall

18. update electronic user guides and programmer manuals  

In short, the CTC needs a stand-alone model that contains the simplicity of their existing QB model and the functionality of the C++ model.  The new model must be understandable, meet the challenges over this decade, and maintainable by the CTC.  To meet this goal we identify the following tasks. 

Task 1. Specification

We will meet with CTC members to develop a statement of their precise needs.  This will include concepts and approaches for management, such as abundance-based or ceiling-based management, concepts and approaches for calibration, and specific input and output requirements.  

The selection of the modeling language is critical to the project success.  The language must be simple and understandable by the CTC and other users so they can maintain the model without significant assistance, but it must be flexible to the CTC develop a progressively more complex model that is configured by input files, as is done in the C++ model.   These needs are in some respects mutually exclusive and so we will develop simplified prototype versions of the model in Visual Basis and C++ to explore the needs of the users and the capabilities languages.  In a working group involving the CTC and other interested users we will review the two versions and assessing their suitability in terms users’ ability to understand and maintain the model in each code and the ability to extend the complexity of the model in each code.  Through this exercise the language for coding the CTC and the BiOp models will be selected.  

Task 2 Coding

Our goal is to merge features of the QB chinook model and the COAST Harvest model.  The CTC wants only specific features of the COAST.  The steps for this simplification are listed below. 

1. Translate model into the selected language. 

2. Replace the dynamically allocated array dimensions of the C++ model with fixed dimension arrays. 

3. Document and standardize array names. 

4. Simplify and document biological algorithms so they can be more easily rewritten by harvest managers. 

5. Remove third party algorithms.  Currently the COAST model has libraries purchased from ROGEWAVE.  Besides being charged for each copy of the model the company no longer supports the software.  We will remove all third party software so the model code is fully open source. 

6. Remove or reduce use of pointers in sections of code that are maintained by managers. The C++ COAST model uses pointers, which makes the model code difficult to understand and maintain by nonprofessional programmers.  If we continue with the C++ code the pointer dependency will be reduced in critical code areas that are most likely to be modified.  If the model is translated to Visual Basic it will contain no pointers. 

We will configure a number of input and output features of the model to accept input files from the existing QB and C++ harvest models and the ESSA VB GUI.  In addition, custom I/O routines will be developed as requested.  These may include the following:

1. Input files detailed in the proposed VB Chinook Model document.

2. Data storage and read procedures as detailed in the proposed VB Chinook Model document. 

3. Multiple selection of output as detailed in the proposed VB Chinook Model document. This includes formatted reports, Access database compatible output files, and code to uses or mimics the ESSA VB GUI reports.

The QB chinook model in the past used a target-based management algorithm.  However, the CTC is switching to an abundance-based management strategy.  Both approaches will be incorporated into the model.  

Task 3. Calibration 

The Coast Model design presently uses generic template designs to capture the complexity of the fishery.  In addition, the C++ model incorporates the generality of any type of fishery and, based on the input files, can project a run configuration for any type of model (PSC Chinook, FRAM, Klamath model, PM Model, etc).

However, the generic coast model format does need the input files with the specified parameters to generate the model projection run. These input parameters at present are estimated by some external source. It is the desirable for efficiency purposes to have both the estimation and the projection algorithms on one platform. 

In order to estimate these input parameters, presently the QB and COAST models look at base period enhancements (hatchery releases), period catches and escapements to generate the base period exploitation rates (ER). Then, based on escapement estimates related to a particular run year and projected terminal run escapements (terminal forecasts are done external to the model), it adjusts the current years’ abundance levels, based on standard stock production functions multiplied by a scaling factor associated with a stock and year (EV).  These EV’s are estimated in a looping structure (year, fishery, stock) with an adjustable step size increment that seeks to minimize the difference between the observed and expected escapements.

The algorithm then calculates the current year abundance index in a particular region relative to the base period abundance in that region. It does this based on a ratio of the current abundance in a particular year multiplied by the base period ER in that region, and the base period abundance levels in that region multiplied by base period ER’s. This   algorithmic approach will be applied to the CTC model. 

Task 4.  Website and Training

A website will be developed for use during model development.  We will maintain the website as a repository of information. We currently maintain similar websites for the COAST Model, (http://www.cbr.washington.edu/harvest/coastmodel.html ) and the CRiSP model (http://www.cbr.washington.edu/crisp/crisp.html ).   From the web site, users will be able to download the most current version of the model, and calibration data, and all manuals. Through the life of the project we will maintain the website on our CBR server.  Continuation of the site is also feasible. 

Because the model will be written in a language other than the current Quick Basic code, training workshops will be held to instruct the users on issues related to model use and maintenance.  Instruction topics will include the programming language, the model data structure, model use and maintenance.

Objective 2. BiOp Harvest Model

The Biological Opinion harvest model will extend the CTC harvest model.  The BiOp model will require additional stocks and fisheries and will integrate terminal fisheries with the ocean fisheries elements of the CTC model.  Currently, terminal fisheries are managed with independent models.  Additionally the BiOp model will address issues raised by RPA 164, 166 and 167.  The following tasks are identified. 

Task 1. Model specification.

We will meet with the BiOp users to develop a statement of their needs.  This will include concepts and approaches for ESA management. 

Again, the selection of a model language is critical to the success of the project.  We anticipate using the CTC model language.  However, the needs of the model in the BiOp process may different and so we will evaluate the tradeoffs of the different languages and needs of the users prior to making a decision on the BiOp model language. 

Task 2.  Model Development

The model will have the input and output capabilities of the CTC model.  In addition special reports will be developed as specified by the users.

The BiOp model will include the abundance and ceiling-based management algorithms developed for the CTC model.  In addition, we anticipate that BiOp managers will need to explore additional management strategies.   The code will be configured to explore issues identified in the BiOp RPAs including;

1. Selective fishery issues down to the level of specificity required for ESA management (RPA 164).  

2. Sampling and monitoring protocols resulting from the advent of mass marking of fish (RPA 166).

3. Gear-specific incidental mortalities (RPA 167).

Task 3. Calibration

When the QB model and its calibration algorithm were developed two decades ago, there was little data and computing power was a 1000th of the power available today, so a simple algorithm was used to estimate parameters. However, with bigger computers and advanced languages available, multi-stock fishery models can estimate recruitment and vulnerability by age, stock and fishery.  A standard parameter estimation package that does this is called ADMODEL Builder software.  The operating environment is C++ and it uses a template design structure for parameter estimation.  We will explore using this software to develop a new and robust calibration structure for the calibration algorithms in the model.

Presently the CTC has 27 years of collated data by stock and fishery, and can estimate the vulnerability vectors by stock, age and fishery (not vulnerability precisely, since it will be confounded with natural mortality to some extent).  Also available are terminal escapement (some data which are age-specific) estimates, and with the combination of these two elements, it is possible to estimate the recruitment and vulnerability by fishery and age. 

Thus, our approach will be to develop a multi-stock, multi-fishery catch-at-age model with indicator stocks, and some generalized way of expanding from these indicators to the stock associated catches through some scaling factors.  These could be a weighted combination of the productivity, and escapement for a particular year and stock, along with the number of indicator tags associated with that stock for that particular year.  

In-season forecasts using terminal fishery information and in-season ocean harvest information could be useful to updating the abundance estimation.  We will develop an in-season calibration and forecast base a Bayesian approach developed by Hyun (2002) to predict the in-season abundance and run timing of Bristol Bay Sockeye.

Task 4.  Website and Training

A website will be developed for use during model development. We will maintain the website as a repository for information related to model maintenance and analysis. Through the life of the project we will maintain the website on our CBR server.  Continuation of the site is also feasible. 

Training workshops will be held to instruct the users on issues related to model use and maintenance.  Instruction topics will include the programming language, the model data structure, model use, and maintenance.

g. Facilities and equipment
The work will be conducted at the Columbia Basis Research, a group in the School of Aquatic and Fisheries Sciences at the University of Washington.  CBR has fast internet connections and sufficient computing facilities.  CBR operates the DART database.  CBR has access to the University of Washington Libraries and other Univeristy facilities.
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Table 1.  Staff, position, duties
	Name
	FTE
	Position
	Duties

	Anderson, James
	0.04
	Principal Investigator, CBR
	Coordinate project 

	Frever, Troy
	1
	Programmer, CBR
	Code developer and programmer

	Salinger, Dave
	0.08
	Research scientist, CBR
	Provide expertise mathematical algorithms for calibration 

	To be named
	1
	Harvest Biologist , CBR
	Provide expertise in fisheries and harvest management

	Kope, Robert
	0.08
	Research scientist, NMFS 
	Provide expertise on issues of  fisheries and harvest management
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James J.  Anderson

Columbia Basin Research, Box 358218, University of Washington

 Seattle, WA 98195

 Phone:  (206) 543-4772; Email:  jim@cbr.washington.edu

Education:

Ph.D.  
1977.  Oceanography, University of Washington, Seattle, WA.

Dissertation title: "Identification and tracing of water masses with an application near the Galapagos Islands.”

B.S.
1969. Oceanography, University of Washington, Seattle, WA.

Current Employment:

Associate Research Professor, School of Aquatic and Fishery Sciences, University of Washington, Seattle, WA.  Also Director of the Columbia Basin Research within the School of Aquatic and Fishery Sciences at the University of Washington.

Current Projects:

1989-Present:  Hydro Project:  Develop computer for management of Columbia River hydroelectric and fisheries agencies.  The work involves building models, maintaining and implementing existing models, and analyzing data on the migration and survival of salmon through the Columbia River system and the harvest of fish in the ocean and rivers.  (www/cbr.washington.edu/)

2000-Present:  NMFS project:  Support for studies of the delayed mortality of fish due to environmental stress  and studies of the historical conditions of fish passage through the Columbia River Hydrosystem

1997-Present:  DART project:  Provide data integration to the public for more effective access, consideration, and application as well as participating in a regional information review and making recommendations to BPA.

Expertise:

Biomathematics, ecology, fisheries, toxicology, fish passage and life cycle modeling, animal and human behavior, decision processes.

Recent Publications:

Anderson, J.J. 2002.  An agent-based event driven foraging model. Natural Resource Modeling, Volume 15, Number 1, Spring 2002.

Beer, W. N. and Anderson, J.J. 2001. Effects of spawning behavior and temperature profiles on salmon emergence: Interpretations of a growth model for Methow River Chinook.  Canadian Journal of Fisheries and Aquatic Sciences. 58(5):943-949.

Steel, E. A., P. Guttorp, J.J. Anderson and D.C. Caccia.  2001.   Modeling juvenile migration using a simple Markov chain. Journal of Agricultural, Biological and Environmental statistics. Volume 6, Number 1 pages 80-88. 

Anderson, J.J. 2000. A vitality-based model relating stressors and environmental properties to organism survival. Ecological Monographs 70(3) 117-142.

David H. Salinger
Columbia Basin Research, Box 358218, University of Washington

 Seattle, WA 98195

 Phone:  (206) 616-7449; Email:  salinger@cbr.washington.edu
Education:

Ph.D.  1997.  Applied Mathematics, University of Washington.

Specializations:  Stochastic and deterministic optimization, mathematical modeling.

Dissertation title: "A Splitting Algorithm for Multistage Stochastic Programming with Application to Hydropower Scheduling."  Work included algorithm development, implementation for a large scale (200,000 variable) test problem and theoretical results on optimality and convergence.

Pertinent course-work:  Math Ecology(3), Numerical Analysis(3), Optimization(6).

M.A.
1987. Mathematics, Pennsylvania State University


Specializations: Applied Mathematics, Geophysics, Fluid Flow.

B.A.
1984. Mathematics/Geology (dual major), State University of New York at Oneonta.

Current Employment:

Research Consultant  Columbia Basin Research,  University of Washington, Seattle. Responsibilities: Have primary responsibility for programming juvenile and adult salmon passage models.  Have primary responsibility for development and coding of optimization routines for calibration of salmon passage models to data.  Have primary responsibility for development of adult salmon passage model.  Provide mathematical support for other modeling projects.

Recent Employment:

Research Assistant / Teaching Assistant 9/90-6/97

Dept. of Applied Mathematics, University of Washington, Seattle, WA 98195.

Expertise:

Optimization techniques including methods for calibration of models to data as well as methods for large scale stochastic and deterministic optimization;  mathematical modeling including ecological and hydrosystem modeling; Numerical analysis and mathematical problem solving techniques;  Unix, C programming.

Publications:

Salinger, D.H., Anderson, J.J. and Hamel, O.S. (submitted).  A parameter estimation routine  for  the vitality-based survival model.  Ecological Modeling.

Salinger, D. H. 1997 A Splitting Algorithm for Multistage Stochastic Programming with Application to Hydropower Scheduling. Doctoral thesis, University of Washington, Seattle, WA.

Troy W. Frever

12020 10th Ave NW, Seattle WA 98177

troy.frever@upa.org  (206) 368-0790

	Description
	Highly experienced software engineer and group leader (19 years).  

	Education and Honors
	· 1995 UW Professional Staff Organization Award for Excellence Nominee.

· BS Computer Science - University of Michigan, Ann Arbor, 1983. 

· National Merit Scholar; Michigan Legislative Merit Scholar (4 years); UM Honors College (2 years).

· Seaholm High School, Birmingham, MI, Cum Laude, 1979.

· Michigan Mathematics Competition Bronze Medal Winner.

	Skills and Abilities
	· Expert level Object-Oriented Analysis and Design (OOA/D) and Object-Oriented Programming (OOP) practitioner.

· Strong technical team leader.

· Java and C++ craftsman and mentor (10 years).

· Agile (lightweight) software development methodologies expert.
· Excellent oral and written communication skills.

	Experience
	May 2001 – April 2002: QuickSilver Technology, Seattle, WA

Senior Software Engineer

Senior developer on Agile Process team (XP) creating software and hardware development tools for proprietary “reconfigurable hardware” chip (Adaptive Computing Machine).  

	
	March 2000 – May 2001: Cisco Systems / Active Voice Corporation. Seattle, WA

Software Engineer

Senior developer on eXtreme Programming (XP) team in Setup/Reports group for Unified Messaging flagship telecommunications product.  

	
	1989 - 2000: Columbia Basin Research, University of Washington, Seattle, WA

Senior Software Engineer

· 1997 - 2000: Coast Harvest Model: Designed and developed C++ simulation framework on the NT platform for National Marine Fisheries Service and Pacific Salmon Commission.  The application featured a highly runtime-configurable collection of scientific algorithms for multi-species life-cycle and harvest modeling with maximum spatial and temporal flexibility.  

· 1997 - 2000: Columbia River Salmon Passage (CRiSP) Adult Model: Led 2-person team in design and development of adult salmon passage simulation. Multi-platform Unix/Win95/98/NT product combined C++ algorithms and C++ wrappers of legacy C code with multi-threaded Java GUI using socket communication. 

· 1993 - 1997: CRiSP Harvest Model: Led multi-person team in design and development of CBR’s first C++ cross-platform Unix/Win95/98/NT product.  Fisheries management model was created by subjecting externally developed QuickBasic console-only code to rigorous object-oriented analysis and redesign, recoding in C++, and adding comprehensive GUI, resulting in over 600-fold speed optimization and vital ease-of-use improvements.     
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