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Abstract: Corresponding to the 2016–2020 NPAFC Science Plan and the International Year of
the Salmon initiative that identifies Integrated Information Systems as a research theme, the
Alaska Department of Fish and Game Mark, Tag, and Age Laboratory in collaboration with the
Working Group of Salmon Marking is developing an online Interactive Mapping System for the
effective use of the INPFC/NPAFC High-Seas Salmonid Tag-Recovery Database. By providing a
dynamic display of information, the IMS helps users visualize and understand the ocean
distribution and movement patterns of Pacific salmon and steelhead trout through geographical
representation of tag recovery data. Users can employ interactive tools to display tag recovery
data (by species, age class, maturity, origin, and season), and compare tag recoveries to
environmental data (sea surface temperature, chlorophyll) within the IMS.
Keywords: High-seas salmonid tag-recovery database, GIS, interactive mapping, ocean
distribution
Introduction
Data from long-term high seas tagging experiments provide direct information on the ocean
distribution, migration, and movement patterns of Pacific salmon and steelhead trout. The
recoveries of external tags, including disk tags and electronic data-recording tags, have been
reported to the International North Pacific Fisheries Commission (INPFC) between 1956 and
1992, and to the North Pacific Anadromous Fish Commission (NPAFC) since 1993. Myers et al.
(1996) presented maps of known ocean ranges of major stocks of Pacific salmon and steelhead
trout as shown by recoveries of such tagged fish recovered between 1956 and 1995 (Appendix 1).
The INPFC/NPAFC High-Seas Salmonid Tag-Recovery Database is currently managed by the
NPAFC Secretariat. Data currently exist in a standardized format within an MS-Excel
spreadsheet (NPAFC Secretariat 2012) and contain information from 18,552 recovered tags as of
September 2017. These data are available to NPAFC Members in the members’ area of NPAFC
website and are made available to the public upon request and with the permission of the
Working Group on Salmon Marking (WGSM).
The current 2016–2020 NPAFC Science Plan includes Research Theme 5; “Integrated
Information Systems”, with the objective to improve the ability to share information and
collaborate on research efficiently using a modern web-based framework (SSC 2016).
Additionally, this theme seeks to integrate data products with existing data systems and use
archives of accessible electronic data to support research and increase public understanding of the
role of salmon in ocean ecosystems. The International Year of the Salmon (IYS) program has
identified a similar theme “Information Systems” to develop an integrated archive of accessible
electronic data collected during the IYS and provide tools to support future research and analyses
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(IYS Working Group 2016).
At the 2016 CSRS, the Working Group on Salmon Tagging (WGST) recommended the
INPFC/NPAFC High-Seas Salmonid Tag-Recovery Database be open to the public without
permission to enhance the use of archived tag recovery data for the study of ocean distribution
and migration of Pacific salmon and steelhead trout. The WGST also recommended that an
“Interactive Mapping System (IMS)” be developed as part of the NPAFC website. The WGST
has since been incorporated into the WGSM, so this recommendation is currently their
responsibility. The IMS would allow users to create customized maps of ocean distributions and
movements of individually tagged fish based on the decades of tag recovery information housed
in the online database, which would effectively replace the static ocean distribution maps of
major stocks as reported in Myers et al. 1996 (Appendix 1) with a dynamic web-based mapping
system. Such a mapping system would encourage the effective and efficient use of the tag
recovery database. Data from tag recoveries will be made public when the IMS is implemented
on the website.
Purpose
The IMS will help users, including researchers, educators, and any other interested parties,
visualize and study the specific ocean distribution of Pacific salmon and steelhead trout. Users
will be able to search tag recoveries stored in the INPFC/NPAFC High Seas Salmonid TagRecovery Database by tag type, species, age class, maturity, and origin to create customized maps
of salmon migrations and movement patterns. They will also be able to map tag recoveries in
relation to environmental parameters such as sea surface temperature (SST), salinity, primary
production (chlorophyll), and climate patterns within a temporal context to visualize how
environmental change influences population dynamics. High seas tag recovery data will also be
fully accessible to the public for download.
Project Components
Primary Personnel
The NPAFC Web/Publication Manager Alanna Harlton, and WGSM member Hiko Urawa are
providing guidance regarding IMS design and the Chair of WGSM, Dion Oxman from the Alaska
Department of Fish and Game (ADF&G), is coordinating IMS development. Sabrina Larsen
(ADF&G GIS Analyst) is responsible for data visualization and the continued development of the
IMS. The parties are working with BoundState Software Inc (Vancouver, Canada) through the
NPAFC Secretariat to develop a cost prospectus for the project in the event external assistance is
needed for IMS completion and deployment.
Tag Recovery Data
The IMS represents information contained in the INPFC/NPAFC High Seas Salmonid Tag
Recovery Database, which currently contains data from the following types of tags:
Basic (Disk) Tags: Currently, a total of 18,552 tags have been recovered from 6,340 pink,
3,793 chum, 6,971 sockeye, 1,173 coho and 186 Chinook salmon, and 89 steelhead trout
between 1956 and 2016. The recorded data format was reported by NPAFC Secretariat
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(2012).
Data Storage Tags (DSTs): A total of 92 DSTs have been recovered from 38 chum, 21
sockeye, 15 coho, 10 pink, 7 Chinook salmon and one steelhead trout. Of the 92 tags, eight
tags failed completely, and four others experienced partial failures (NPAFC Secretariat 2014).
Software
The IMS is being developed using ESRI products including ArcGIS Pro v.2.1.2, ArcGIS Online,
and Web AppBuilder for ArcGIS.
Functionality
The IMS will employ “Smart Mapping” techniques, permitting users to symbolize data (change
color and size) by species, age class (freshwater and ocean ages), maturity (immature or
maturing), sex, geographical origin, and season (Appendix 2). Layers (files that display
geographic data on a map) are time-enabled, which allows users to “watch” releases and
recoveries progress over time (Appendix 3). Release and recovery layers are also “related” at a
database level, permitting users to locate the release associated with a unique recovery, and vice
versa (Appendix 4). Because the users can select layers that contain environmental data (sea
surface temperature, chlorophyll, weather patterns, etc.), time-lapsed interactive maps can be
created to visualize releases, recoveries, and movement pattern in relation to environmental
change. (Appendix 5). Attribute data (tag recovery data from the INPFC/NPAFC High Seas
Salmonid Tag Recovery Database) will open upon launching the IMS (Appendix 6); end users
will be able to view, select, and export attribute data directly from the IMS.
Accomplishments to Date
An IMS prototype was completed in March 2018. This prototype only contains data for Chinook
salmon recoveries; however, data for other species will be added in the future. Efforts to date
focused on data development, cleanup, and restructuring, and the initial development of the IMS.
Data development included creating release and recovery layers from the latitudes and longitudes
provided in the High Seas Tag Recovery Excel Spreadsheet, and storing those layers in a
geodatabase. Data cleanup mainly focused on making the data understandable to a variety of
audiences without the need to consult a reference for translation (see NPAFC Secretariat 2012).
Some data issues were identified during the cleanup procedure, including unidentified tag codes
and missing environmental data from electronic tags. These issues are currently in the process of
being resolved. Data restructuring optimized the original data for GIS capabilities. Several
components were tested during the early stages of IMS development. Popups were configured,
allowing users to view release/recovery data and associated records (Appendix 4). A series of
widgets (IMS functionality tools represented by buttons) were configured for the IMS, including
a Chart Widget, Swipe Widget, Time Widget, Print Widget, Layer List Widget, Legend Widget,
and an Add Data widget (Appendix 7). Although the IMS prototype was created using “out of the
box” ESRI capabilities, future modifications will likely require modification to the application’s
JavaScript API (advanced coding) and may necessitate collaboration with contracted specialists
that have experience with such customization.
Data discovery efforts are also underway to locate and download pertinent environmental data so
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that environmental layers can be created. The IMS currently includes one time-enabled layer for
SST monthly averages from 1985–2009 (NOAA National Centers for Environmental Information
2015). It is likely that this layer will be replaced with a more comprehensive dataset for SST. If
published SST and chlorophyll layers are not located, remote sensing techniques will be used to
develop layers for environmental data (e.g., from satellite imagery).
Future Work and Timeline
Future work will focus on continued data discovery/development of environmental data, and
further customization of the IMS application using Javascript API. The remaining
release/recovery data for remaining species will also be added to the IMS.
Funding and Support
All financial and logistical support to date has been provided by ADF&G. It is anticipated that
this support will continue in 2018 and 2019. To minimize costs, S. Larsen will receive training
that will provide her with the tools necessary to further customize the IMS. To prepare for the
likelihood that advanced coding is required to make modifications to the application’s JavaScript
API, we are currently consulting with BoundState Software Inc. who are specialists that have
experience with such customizations. We are currently working with BoundState through the
NPAFC Secretariat to develop a prospectus that would include costs for IMS customization and
deployment, as well as annual maintenance, data entry, software licensing fees, and software
upgrades.
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Appendix 1. Samples for Mapping an Ocean Distribution of Specific Salmon
Source: Myers et al. (1996)

6

Appendix 2. Selection Menu for Mapping an Ocean Distribution of Specific Salmon

Ocean Ranges of Pacific Salmon and Steelhead Trout As Shown by Tagging
Experiments: Interactive Visual Mapping System
Clear All Selections
Species:
□CHINOOK □CHUM □COHO □MASU □PINK □SOCKEYE □STEELHEAD
Maturity:
□Immature □Maturing □Unknown
Freshwater Age:
□0 □1 □2 □>3 □Unknown
Ocean Age:
□0 □1 □2 □3 □4 □5 □>6 □Unknown
Sex:
□Female (F) □Male (M) □Unknown
Seasons:
□Winter (1-3) □Spring (4-6) □Summer (7-9) □Autumn (10-12) □All (1-12)

□January (1) □February (2) □March (3) □April (4) □May (5) □June (6) □July (7) □August
(8) □September (9) □October (10) □November (11) □December (12)
Geographical Origins (INPFC Division Codes*):
*Codes may be deleted from the actual menu.
□ASIA

□Honshu (01) □Hokkaido (02) □Kuril Islands (03) □Primore (04) □Amur R. (05) □Sakhalin
Island (06) □North Okhotsk Coast (07) □Shelekova Bay (08) □West Kamchatka (09) □East
Kamchatka/Karaginsky Area (10-12) □Siberian Coast/Anadyre (13,14) □Korea (16)
□NORTH AMERICA
□Arctic Coast of Alaska/Yukon River/Kuskowim River (40-44) □Bristol Bay (45-50) □Aleutian
Island (52) □Central Alaska (53-60) □Southeast Alaska (61-67) □Alaska Others/Unknown (68,
69) □British Columbia (70-79) □Washington/Oregon/California (80-91)
Show A Map

Download Tag Release & Recovery Data
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Appendix 3. Sample of Time-Enabled Distribution of Chinook Releases/Recoveries. The top
frame displays Chinook releases (grey) and recoveries (white) from June 10, 1958 to August 10,
1961. The bottom frame displays releases and recoveries from September 10, 1961 to November
10, 1964.
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Appendix 4. Configured Pop-ups, including the ability to view “related” records. The IMS
prototype configured pop up for Chinook releases. Associated recoveries can be viewed by
selecting the “related table” listed at the bottom of the pop-up window.
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Appendix 5. Sample of Chinook releases/recoveries plotted over Sea Surface Temperature (SST).
The IMS prototype displaying Chinook releases (grey) and recoveries (white). The top frame is
from June 10, 1985 to July 10, 1985 plotted over SST. The bottom frame is from June 10, 1986 to
July 10, 1986 plotted over SST.
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Appendix 6. Sample attribute data included in the IMS. The IMS prototype attribute table. Records can be selected and exported from the
attribute table to other file formats.
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Appendix 7. Widgets. The top frame shows the IMS prototype Chart, Swipe, Time, Print and
Layer List Widgets (From left to right). The bottom frame displays the IMS prototype Legend
and Add Data Widgets (From left to right). Data can be added from a personal ArcGIS Online
account, an organization’s ArcGIS Online account, from a local file, or from a published image
service (using a URL).
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