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ABSTRACT 
The ability to age salmon precisely and consistently is critical to stock assessment and is an 
integral part of fisheries management within North Pacific Anadromous Fisheries Commission 
(NPAFC) member countries. Currently, many agencies lack formal protocols for training staff to 
estimate salmon ages. Such training usually occurs through mentorship requiring several months 
to years before novice readers can independently age difficult scales. The Mark, Tag, and Age 
Lab (MTA Lab) of the Alaska Department of Fish and Game (ADF&G) is currently developing 
Scale Academy, an online training program, designed to train new readers to estimate the age of 
chum, sockeye, and Chinook salmon using scale patterns as well as provide a reference for 
experienced readers. Scale Academy will: 1) define clear guidelines and protocols for salmon 
scale age estimation; 2) centralize and standardize training to build continuity; 4) encourage 
interactions among scale readers; 5) empower staff development by providing access and support 
for educational technologies; 6) provide suggested quality assurance and quality control methods 
(QA/QC); and 7) establish an infrastructure that could be used to develop other online training 
courses (e.g., coded wire tag reading, thermal mark assessment). Thus, the primary goal of Scale 
Academy is to improve the consistency of scale age estimations by providing consistent and 
accessible training using an online platform. Once students completed Scale Academy, they will 
achieve a baseline proficiency and be designated entry-level scale readers.  

BACKGROUND AND NEED 
Growth patterns on salmon scales are used to estimate fish age, and that demographic 
information plays an essential role in fisheries management throughout the Pacific Rim. Such 
data are used for estimating total return, productivity, and escapement goals (Munro 2018). In 
Alaska, scale age estimates have been generated by numerous personnel across the state since 
statehood in 1959. Over the years, hundreds of thousands of salmon scales have been aged each 
year throughout the state (I. Frank, ADF&G, pers. comm.; B. Kalb, ADF&G, unpubl. data). In 
addition, scales are used by most of the North Pacific Anadromous Fisheries Commission 
(NPAFC) member countries to provide these types of data. 
Despite the critical role of ages estimated from scales in fisheries management, we found that 
few standardized protocols or training programs currently exist (Agler and Wilson 2015, Agler et 
al. 2018). The large number of personnel who estimated ages over the years, combined with a 
lack of standardized protocols and various difficulties in interpreting growth patterns, suggested 
that there were inconsistencies in scale age estimates, which would affect past population 
estimates and other research  (Agler and Wilson 2015, Agler et al. 2018). We documented 
Chinook scale aging protocols among Pacific Salmon Treaty member countries (Canada and the 
United States; Agler and Wilson 2015, Agler et al. 2018) in 2016 by convening a meeting of age 
readers from the Pacific Northwest. We found many key similarities in scale age estimation 
methods among agencies, although there were some stock-specific differences. The findings 
from this workshop led us to examine the variability in Chinook salmon age estimates among 
several experienced readers (n = 10, Agler et al. 2019, Wilson et al. in review). Most of the 
10,200 Chinook salmon scale age estimates generated by these readers were consistent over 
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time, although some variation was associated with the amount of reader experience and 
differences in the quality of reader training (Wilson et al. in review).  
Many agencies lack formal age reader training. In Alaska, regional Alaska Department of Fish & 
Game (ADF&G) offices perform their own training, which usually occurs through 
apprenticeship (e.g., Agler and Wilson 2015). Ideally, most scale readers study with an 
experienced reader prior to reading scales independently, and this training often requires several 
months to years before novice readers age difficult samples without extensive oversight from 
experienced readers. In recent years, many readers throughout the Pacific Rim have retired. For 
example, five long-term (20+ year) ADF&G scale readers have retired in the past five years, and 
another is scheduled to depart August 2021. Although most of these retirees have 15–30+ years 
of experience in estimating ages of salmon scales in Alaska, their replacements only have 1–8 
years of experience. Not only are new readers lacking experience, but traditional apprenticeship 
is not always feasible. In addition, although certain aspects of salmon growth are similar across 
broad regions and are reflected in the scale, other characteristics are stock specific, leading to 
stock-specific pattern criteria known only by local readers. As experienced staff retire, this 
individual knowledge, which is often undocumented, is ultimately lost. Thus, there is some 
concern that there is the possibility of lack of consistency among future and past scale age 
estimations. These issues, therefore, suggest that developing a method to standardize training, 
document knowledge, and teach staff throughout the Pacific Rim could provide measurable 
benefits. Thus, we are in the process of developing an online training program known as Scale 
Academy. 

SCALE ACADEMY 
Our primary goals are to improve the consistency of scale age estimation methods to reduce 
uncertainty in age estimates used in fishery management and to document historical knowledge 
to retain within the institution. To accomplish that, we are developing Scale Academy, an online 
training program designed to efficiently bolster the number and diversity of organizations and 
personnel trained in salmon scale age estimation. Scale Academy will train students similarly, 
providing consistent standards as well as introducing them to scales from stocks across a broad 
geographic region. McNicol and McLellan (2010) demonstrate that breadth of experience and 
training are important to consistent age estimations. Scale Academy will present standardized 
methods that focus on the key similarities among stocks. Thus, readers with previous experience 
will benefit from Scale Academy as a reference to increase the breadth and depth of their pattern 
knowledge, and a place where they can refresh their skills.  
Our goal is that once readers complete Scale Academy, they will have achieved a baseline 
proficiency and can serve as entry-level scale readers. Scale Academy will also function as a 
centralized location to compile, store, and present historical institutional knowledge by 
documenting long-time readers’ knowledge through interviews captured on video. Ultimately, 
this training platform can be expanded to include other subjects (e.g., coded-wire tag recovery, 
thermal mark assessment, genetic stock identification), extending its usefulness. Increasing the 
consistency of scale age estimation will be instrumental to improving estimates of population 
abundance and harvest forecasts because these models rely on knowledge of and consistency of 
age compositions. 
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Scale Academy is being developed in three phases: 1) a prototype/proof of concept that includes 
an introduction to salmon scale age estimation in Alaska and teaches chum salmon age 
estimation (completed summer 2020); 2) the main program containing additional lessons on 
freshwater age estimation and sockeye and Chinook salmon age estimation; and 3) additional 
units to incorporate stock-specific protocols, examples delineating different scale growth patterns 
found in other geographic areas, and more detail describing other life history types (e.g., ocean- 
versus stream-type Chinook).  
With support from ADF&G, we developed a prototype as the first phase of the project. The 
prototype consists of two modules that are designed to demonstrate the potential of this training. 
We partnered with an online instructional design firm to develop these modules that include 
videos, animations, and other interactive content. The first module describes the importance of 
scale ages to fisheries management, and the second module explains scale features and teaches 
key terminology (Figure 1). For example, as one interactive activity, students can click on a 
slider to switch from an annotated image of spring/summer growth to an annotated image of 
fall/winter growth (Figure 2). After a description of how to estimate saltwater age of chum 
salmon, students then study several chum salmon scales and are finally presented with a short 
quiz consisting of several scale images for them to estimate the ages and test their newly learned 
skills (Figure 3).  
Phase two of Scale Academy will include assessments (quizzes, exercises, aging tests, etc.) 
throughout the modules that allow evaluation of a student’s progress on learning to estimate 
scale age for chum, sockeye, and Chinook salmon. Because individuals learn differently, Scale 
Academy will use various tools, including visual (videos, annotated images, and interactive 
assessments), written (protocols, glossary), and audio resources. Phase two will include 
approximately 500 scales per species for readers to study and then another 500 scales per species 
to be used in these online assessments. Fifty (50) scales from this second collection will be 
randomly presented to a student in each age assessment. Students will be required to meet 
minimum criteria before advancing from one species to the next, and the program will include 
additional virtual one-on-one mentoring with skilled personnel to assist with program completion 
and to improve skills. One of the advantages of centralized training is that students can work 
with a mentor from anywhere if one is unavailable in their home office. Experienced readers can 
use Scale Academy and access its numerous consensus-aged (>3 readers agree on age) scales to 
study and refresh their skills. They, too, will have access to mentoring to increase their skills and 
increase the breadth of their knowledge of different stocks as recommended by McNicol and 
McLellan (2010). Throughout the training process, students will interact with the MTA Lab 
remotely to receive guidance, communicate training results, confer about age estimations, be 
connected to a mentor for their area, convey challenges with the program, and suggest program 
improvement. 
Phase two of program development will allow us to develop additional written materials, step-
by-step “how to” videos, a more expansive collection of scale images of chum, sockeye, and 
Chinook salmon ages, a section describing QA/QC methods, and more video interviews with 
experienced personnel. We have found that students learn to age salmon scales best by first 
learning to age chum salmon, where the student only must focus on learning to estimate the 
marine age. Once this has been accomplished, it is then easier for students to progress by 
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learning to estimate freshwater age from sockeye salmon, and finally progressing to learn to 
estimate the age of Chinook salmon. This progression from species to species allows students to 
gain confidence and familiarity with various types of scale patterns. This program will also link 
participants to existing materials that have been developed in recent years to assist with 
increasing consistency in scale age estimations. Most of these materials, such as the Chinook 
salmon protocol (Agler et al. in review) and Salmon Scale Wiki (Agler et al. 2019), have been 
developed as an outgrowth of the studies examining the consistency of Chinook salmon ages in 
Alaska (Wilson et al. in review). Because Scale Academy also is being designed to prevent the 
loss of historical knowledge by preserving interviews with experienced scale readers, we also 
plan to interview past and present readers to capture and disseminate their extensive knowledge 
before it is lost.  
Phase three will provide an opportunity for us to incorporate special topics, such as stock-
specific knowledge, life history types, and protocols from other geographic areas, into the 
program. For example, the Arctic-Yukon-Kuskokwim region of Alaska has a Chinook salmon 
protocol for how to handle age estimation for scales sampled on the Yukon River. On the lower 
river, scales appear normal in shape and pattern, but on the upper river, many scales are often 
resorbed with annuli potentially missing. Phase 3 modules would include these types of protocols 
as well as example scales, training materials, and assessments to help new readers learn the 
process. This third phase will also be an opportunity to expand the program to include other 
regions, such as other NPAFC member countries. Some countries and regions have protocols 
designed to handle special situations often related to stock-specific issues (e.g., scales collected 
near Columbia River dams), and these can be included at this time. 
To summarize, our goal is for Scale Academy to: (1) provide a standardized set of training 
materials; (2) allow ready, easily accessible training; (3) give established readers a place to 
refresh skills; (4) provide a common language; (5) present suggested QA/QC methods; and (6) 
establish a centralized location for readers to connect. Ultimately, Scale Academy will provide a 
centralized resource for standardized training of scale readers to produce precise and consistent 
salmon scale age estimates that are a critical component of salmon management. We hope that 
future work will include partnering with other member countries to increase the reach and 
potential of this training program. 
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Figure 1. A section from the Scale Academy online prototype. This interactive slide is designed 
to introduce a new reader to the parts of a scale. When a user clicks on a box, such as “posterior 
field,” the definition turns color as well as the corresponding area on the scale (peach in this 
example or purple for the focus).  



 
7 

 

 

 
 

 
 
Figure 2. A section from the Scale Academy online prototype, where students click on the slider 
and move from one annotated scale to another. The first image demostrates spring/summer 
growth and the next one shows how to distinguish fall/winter growth.   
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Figure 3. Example of a chum salmon scale to age in the online Scale Academy prototype. This 
interactive slide is designed to introduce the new reader to assigning age as either annual zone, 
European notation, or using a slider.   
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