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Abstract

  

In 2002 Alaska Department of Fish and Game provided the Working Group on Salmon 
Marking with a public web site and database to document all salmon otolith marks 
generated and released in the North Pacific.  A complete rewrite of this resource has been 
performed.  This document explains shortcomings associated with the old system, 
improved features of the new system, and details of adjusted methods, data definitions 
and conventions required by the new implementation.  A notable new feature is the 
ability for each jurisdiction to enter and correct their data from any location in the world 
through a web browser.  A tool is included that allows marks to be referenced as either 
codes or as visual patterns drawn on the screen using a mouse.  Database searching and 
reporting functions have also been improved. A comprehensive list of basic data 
validation rules enforced by the new application is provided.  A proposal for an 
unambiguous method for assigning codes to mark patterns is provided under the name 
Uniform Hatch Code.

    

Introduction

  

The need to internationally share details of salmonid otolith marking was documented in 
2001 (Urawa, et al.).  North Pacific research surveys were recovering salmon specimens 
having induced otolith marks.  Marks had been successfully used for stock management 
and research near-shore, where local records detailing original marking were readily 
available.  However, there was no comprehensive source of North Pacific mark data that 
could be used to help identify the origin of high seas recoveries.  Furthermore, because 
there was no coast-wide coordination of marking, duplicate patterns were being generated 
among the different jurisdictions.  Duplicate marks seriously diminished the ability to 
classify high seas recoveries.   

Hatchery salmon otolith marking has steadily gained popularity over the past thirteen 
years.  Its use has increased, both in the absolute numbers of fish marked, as well as in 
the proportion of all hatchery releases it covers.  In 2004 over 5 billion hatchery salmon 
were reported released by NPAFC participants.  About 1.6 billion of these fish had 
marked otoliths (Figure 1).  Most marks were thermally induced. However, salmon 
marked using other techniques, such as chemical marks, are being released.   
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Growth of Otolith Marking in the North Pacific
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Figure 1.  Number of NPAFC-member hatchery marked and unmarked salmon otoliths by year of release.   

In 1999 the Working Group on Salmon Marking outlined features desired in a North 
Pacific salmon mark database.  They also suggested components for a web site that could 
be used for querying the database.  At the time, NPAFC did not have resources for 
building such an application, but design work continued (North Pacific Anadromous Fish 
Commission 2001).  

Alaska Department of Fish and Game (ADF&G) funded the creation and operation of a 
prototype system for cataloging marks in 2002 (Agler and Hagen 2002).  Information 
supported included both images of representative prepared specimens, as well as detailed 
data regarding the affected fish and their treatments.  The database application was 
installed in a free-standing web site that included documentation on the methods and 
purposes of otolith marking.  Since that time parties have regularly submitted their latest 
marking data to ADF&G, who add it to the database.  Mark records are cumulative and 
currently cover about 1,900 mark events for release groups beginning with brood year 
1988.  About 40% of them currently have web-retrievable images.   

The need for improvement

  

The original data updating process is described in Agler, et al. 2004.  It is cumbersome 
because it relies on several parties to edit and communicate data.  The system offers little 
automated protection against typographical errors, duplicate records, old versions 
overwriting newer data and other technical data management faults.  It relies on 



 

Revised Web-based North Pacific Salmon Otolith Mark Directory - 4 - 

spreadsheet submissions that must be parsed and copied into the database.  Because 
spreadsheets cannot enforce constraints on data entry, it is possible to introduce errors.  

Image transmittal is particularly complicated.  It requires a person to make separate 
image files for each mark.  Someone then uploads them to the central server using the 
rudimentary FTP process.  Another person must be notified of their availability on the 
server.  That person then has to determine which file names belong to which marks and 
manually specify each linkage to the database records.  

These data update processes, while open to error, have a bigger fault: they separate the 
control of information and the responsibility for its accuracy from the originating party.  
There may be several persons who need to perform steps in the update process.  And 
these persons typically span multiple parties, only one of whom may own the data.  

There are few standards observed for coding and representing data. This may not appear 
a problem at first, but there are likely benefits to be gained by joining these mark data to 
recovery, catch, and hatchery culture data.  To accomplish that, the mark data must share 
some commonly defined attributes with the other data.  Much Pacific salmon data has 
been standardized for U.S. states and Canada (Lapi, et al., 1990).  In order to support 
joint stock management under the Pacific Salmon Treaty, the Pacific Salmon 
Commission (PSC) actively maintains a comprehensive database with standard combined 
U.S. and Canadian data going back to 1967 (TCDS, 2001).  It could be valuable for the 
otolith mark database to have standard database keys that allow it to be joined to the PSC 
dataset for reporting purposes.  

In order to query the database for specific patterns, a hatch code must be specified.  New 
marking techniques employing strontium, calcein, and alizarin complexone have the 
potential to expand the number of unique marks available (Munk 1999). But these are not 
supported in the traditional hatch code.  

The existing web site is built with vintage 2001 technology.  Technical support for both 
the software and hardware platform is being discontinued.  Because this was built as a 
demonstration prototype, the web site is not registered by ADF&G as a production 
facility.  It is not provided with comprehensive levels of intrusion detection, performance 
tuning, automatic software patching and backup/recovery.  

Perhaps most urgently, the State of Alaska, whose network facilities are employed by the 
current system, is undergoing a major security overhaul.  Because the existing system 
was not engineered to meet current required security standards, state network 
management scheduled shutting off connectivity to the original website in early 2007.  

In order to overcome those issues in the otolith mark facility identified above, ADF&G 
commissioned its professional Information Technology (IT) group to recreate the system 
following industry best practices.  
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Features of the new facility

  
Each country has sole authority and responsibility for entering data of their own otolith 
marked releases.  

Data entry is done by filling out a web form for each mark event.  A web browser located 
anywhere in the world may be used for data entry.  Each jurisdiction s mark coordinator 
needs a user id and password in order to update their data.  Each coordinator is restricted 
to changing only data within their jurisdiction.  It is not possible for, say, the record of a 
Japanese mark to be edited by someone from Washington.  Updates to the database 
become effective immediately after pressing the SAVE button on the web page.  

The web entry form supports one photograph of the mark from a prepared specimen.  The 
mark coordinator, while entering details, may browse to a particular image file and have 
the contents of the file stored in the database.  Images may be of type JPEG, GIF or PNG.  
Each image must not be larger than 1 megabyte.  They display best when created with 
640 by 480 pixel resolution.  

While the database uses some specialized codes internally, user interaction is through 
descriptive words.  Data entry will be primarily by dropdown boxes containing valid 
values.  Report columns will generally show descriptive words instead of codes.  

A basic level of consistency is guaranteed through enforcement of business rules during 
data update.  The exact rule set is documented in Appendix I.  Some rules are applied to 
all data entry.  Other additional restrictions are enforced only on U.S. and Canada data 
entry.  Some data from the U.S. and Canada have attributes well defined in the PSC 
standard data format version 4.1.  Such data columns are internally coded to match the 
PSC standard form.  Any additional constraints on these columns that are enforced by the 
PSC standard are also enforced on the mark database records.  

The otolith mark database and web site now reside on a set of highly reliable production 
servers.  They have been collocated with some critical harvest management systems, 
which receive a high level of technical care.  The old MS Access database has been 
abandoned in favor of a high capacity Oracle 10.2 database management system (DBMS) 
located on a server having redundant hardware, power and UPS.  The new database 
objects have significant data constraints, particularly tight enforcement of referential 
integrity.  The Oracle DBMS has been highly tuned to give excellent performance.  It is 
backed up three times daily, and backup media are rotated through offsite storage 
regularly.  Annual archive snapshots are retained permanently.  

State of Alaska requirements for computer security have been met.  The web server and 
database have been hardened following manufacturer recommendations.  
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The new database has been populated with records from the old system as it stood on 
October 16, 2006.  Some obvious editing of values was performed in the conversion 
process to meet basic database constraints, standardize spellings, overcome case 
mismatches, etc.  The few records for non-anadromous fish, such as Kokanee, were not 
transferred into the new system.  

Querying has been extended to allow users to specify many selection attributes.  One 
report set allows anyone to call up summary lists of marks meeting specified criteria. The 
list consists of hypertext links that permit drilling into the complete data record for 
each mark, including photos.  Another set allows reporting marks meeting criteria and 
detailing their characteristics in grid form.  The grid may be printed.  It may be copied 
and pasted into other Windows objects.  It may also be opened in a Microsoft Excel 
spreadsheet.   

The need to unambiguously encode a pattern as a hatch code may be met by following 
the method in the proposed Uniform Hatch Code detailed below.  This also supports 
strontium and other new marking technologies.  It is not essential for parties to adopt this 
coding scheme for their internal work.  However, in order to make their data accessible to 
all other parties, it should be the coding everyone uses for submission into the central 
database.  (For those employing the Washington/U.S. bar code nomenclature, Appendix 
III addresses generating Uniform Hatch Codes from bar codes.)  

Query searches support wild cards.   These may be used to find matches to a partial 
pattern, one in which some rings are clear but others are obscure.  

As an aid to applying the Uniform Hatch Code scheme, a tool, dubbed the piano, is 
available during data entry.  This screen object allows one to visually draw mark patterns 
using mouse clicks.  The tool then calculates and applies Uniform Hatch Codes for the 
database from the drawn image.  The piano is also available to specify patterns to retrieve 
on queries, including wild card searches.  Its operation is explained in Appendix II.  

The table and key structure for the underlying database is illustrated in Figure 2.  Most 
NPAFC work uses a subset of these tables.  The additional tables are used to ensure US 
and Canada attributes conform to PSC data standards.  

Example screens of the system are listed in Appendix III.
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