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ABSTRACT 
Age determination is an essential component to many fisheries stock assessments that provide the foundation for 
sound fisheries management. Although stock assessment models that include age data are generally an improvement 
over length-based models, errors in age data can have serious repercussions on fisheries management. Thus, a 
standardized methodology and formal quality control measures are essential. Here we present a standardized 
protocol to assess the age of weathervane scallops Patinopecten caurinus collected by the Alaska Department of 
Fish and Game’s statewide scallop research and observer programs. These methods and analyses also provide 
measures and thresholds to test for precision (percent agreement and mean CV) and bias (Bowker’s and Evans-
Hoenig tests of symmetry) in age estimates, as well as quality control mechanisms for a long-term scallop age 
assessment program. 

Key words: weathervane scallops, Patinopecten caurinus, Alaska, age assessment, precision, bias 

INTRODUCTION 
Determining the age of individual organisms provides the foundation for many quantitative 
fisheries stock assessments; age determination models are more informative and precise than 
non-age-based models. However, ages can be difficult to estimate due to differences in biology 
(life spans, growth rates, and environments) and estimation procedure (structure processing and 
band identification; Campana 2001). Potential error in estimated ages can cause bias in stock 
assessments and potentially lead to mismanagement of fisheries (Heifetz et al. 1998; Campana 
2001). Such bias can deleteriously affect estimates of growth rates, stock recruitment, year class 
strength (cohort abundance), fishing mortality, and ultimately yield (Kimura 1990; Lai and 
Gunderson 1987; Heifetz et al. 1998). The methods and error of ages estimated for weathervane 
scallops Patinopecten caurinus caught across Alaska has yet to be assessed. Assuming currently 
used sampling designs for weathervane scallops are appropriate, this report will set a procedure 
for estimating and assessing ages. The common methods to minimize and assess age estimation 
error that will be used in this report include (1) having a standard protocol, (2) using separate 
individuals (age readers) to estimate ages to evaluate individual error, (3) using a standard set of 
specimens (reference collection) to train or evaluate individuals, (4) formally training new age 
readers, and (5) establishing repeatable tests for precision and bias.  

AGE ESTIMATION METHODS 
Common protocols used to estimate the age of bivalves such as geoduck clams, Arctic quahogs, 
and scallops include sectioning shells and producing acetate peels (Shaul and Goodwin 1982; 
Ropes 1984; Fiori and Morsán 2004; Lomovasky et al. 2008) as well as visually estimating age 
by counting rings visible on the surface of the shell (MacDonald and Bourne 1987). Sectioning 
shells involves the use of a precision diamond blade saw to remove sections of the shell, 
mounting sections onto slides, and sanding and polishing the resulting slide-mounted sections. 
Producing acetate peels involves cutting shells using tile or diamond blade saws, etching the 
resulting surface with acid (e.g,. hydrochloric acid), and using acetone while pressing the acetate 
into the etched surface to transfer the annuli (Ropes 1984). These methods are typically time 
intensive and require potentially expensive laboratory equipment, but are necessary for species in 
which annual banding is not discernable on the external surface of the shell. For species where 
annual bands or circuli are visible from the surface, such as the weathervane scallops, developing 
estimates directly from the surface are more efficient and cost effective.  

Estimating the age of scallops using counts of annuli visible on the surface of shell is well 
established. While the earliest studies were completed on Atlantic scallops such as Placopecten 
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magellanicus and Pecten maximus (Stevenson and Dickie 1954), age estimates of weathervane 
scallops in Alaska waters have been conducted since the late 1960s (Hennick 1970). The 
enumeration of annuli (dark bands) is the most efficient and cost effective method, and can be 
aided using slightly more time consuming methods (e.g., identifying compressed circuli under 
magnification) or labor and equipment intensive processing (sectioning or preparing acetate 
peels). Further, several studies have supported the hypothesis that these annuli are formed once a 
year (Merrill et al. 1966; MacDonald and Thompson 1985; MacDonald and Bourne 1987; Smith 
et al. 2001; Hart and Chute 2009). However, there is evidence that these bands may not form 
annually in all species (Chute et al. 2012), and further validation of the annual nature is needed. 

Annuli on the surface of weathervane scallops are described as bands or “rings” of different 
color or texture observed under reflected light (Figure 1A; Ropes and Jearld 1987, Gustafson and 
Goldman 2012, Chute et al. 2012, Spafard and Rosenkranz 2014). This sequential light/dark 
banding pattern, visible on weathervane scallop shells using reflected light from the umbo 
(Figure 1B) to the edge, is in response to seasonal growth trends where the dark band 
(theoretically representing a slow growth cycle) is considered the annulus. Small textured ridges 
within these bands (circuli) are also distinguishable and can be used to identify individual annuli 
(Figure 2; Spafard and Rosenkranz 2014). Annuli can also be counted on the auricle (Figure 1B) 
and have been used to assist in determining age when the dark band and circuli methods proved 
ineffective on shells, like those that are heavily worn (R. Burt, ADF&G, pers. comm.). The 
annulus determined by the dark band, circuli, or auricle method is ultimately what is counted to 
estimate age, and the age assigned to individual annuli are estimated from the umbo (earliest 
growth) out to the outer edge (Figure 1; CARE 2006; Gustafson and Goldman 2012).  

 

  
Figure 1.–A: Weathervane scallop aged by the color band pair and circuli methods at 9 years. Arrows 

point to annuli. B: Three axes from which age assessment counts are conducted. All axes start at the umbo 
and go to the shell edge.  

A B 
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Figure 2.–Magnified image of scallop shell circuli showing area of compression and annulus. 

 

ERROR AND QUALITY CONTROL 
There are 2 main sources of error estimating ages: (1) data and specimen mishandling, and (2) 
incorrect identification of annuli. The former can be mitigated through formal procedures and 
careful data collection, and can be detected through similar quality control procedures as 
incorrect age estimates. The latter can be mitigated through formal annuli criteria, training, and 
continual reader assessment which will be discussed below. Errors in age estimates can be 
detected through evaluation of a reader’s ability to detect annuli, analysis of repeat estimates 
between readers, and using a reference collection.  

Formal annuli criteria consists of objective measurement ranges for specific annuli and 
definitions of features that are commonly mistaken as annuli. These features are referred to as 
false checks and can be present in all age estimation methods. For weathervane scallops, a false 
check is an irregularity, crack, or shock line on the scallop shell surface. Merrill et al. (1966) 
found that serious developmental disturbances caused by injury or stress can result in the 
formation of a shock ring on scallop shells, which can mask or cause problems in discerning true 
annuli. Scallops in unfished or lightly fished areas tend to show few shock rings whereas those 
from heavily fished areas tend to have such rings with considerably higher frequency (Merrill et 
al. 1966). Typically, shock rings/false checks can be distinguished from annuli because they do 
not leave a continuous mark across the entire width of the shell, unlike annuli which can be 
tracked continuously along the entire span of the shell’s surface (Spafard and Rosenkranz 2014). 
In-depth descriptions of annuli characteristics and false checks are needed to develop precise age 
estimates and to train new readers.  

An effective tool for training and evaluating readers is a reference collection (Campana 2001). A 
reference collection is a standard set of prepared structures where the ages are known (through 
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tagging or research corroboration), or the ages are at least developed through laboratory 
consensus. Ideally, reference specimens should represent all variation in annuli characteristic 
used to estimate age, and should generally account for geographic range, stock, sex, size, and 
brood years. This is especially true for weathervane scallops as growth potentially varies 
considerably both within (Figure 3), and among geographic locations (Appendix A1). The 
development and continual use of reference collections is effective for insuring the accuracy and 
precision of age estimates. These evaluations can ensure that all readers are estimating structure 
ages similarly and that individual readers’ criterion is not changing over time (reader drift).  

A way to evaluate the error of ages and readers using either references or estimated ages is 
multiple reader comparisons. These repeated age estimates by different individuals allows for the 
statistical analysis of between-reader precision and bias (accuracy between readers), and 
assessment of the quality of the age estimates produced. Although it is important to assess 
precision, bias (i.e., disagreement) is more deleterious, because it has systematic impacts on 
model estimates and the effect of the error produced cannot be limited through increasing sample 
sizes (Campana 2001). Further, Campana and Jones (1992) and Hoenig et al. (1995) state that 
estimates of precision are only of interest and worth conducting if there is no evidence of bias. 
Therefore, comparisons of individual readers with other trained individuals are important 
especially in the absence of references that are of known age.  

 
Figure 3.–Two 9-year-old scallops from Management Area D (Yakutat) in 2006 emphasizing the 

differences in growth within an area through different shell heights and to document observer codes. 
Fishery observer codes on sticky notes in image are: D = management area; S = scallop; 06 = year; Code 
C2 = missing 2 annuli at shell margin where shell height measurement was taken. 

To evaluate bias and precision for quality control, both statistical and graphical analyses are used 
(Campana 2001). Common statistical tests for bias are the Evans-Hoenig and Bowker tests of 
symmetry (Bowker 1948; Hoenig et al. 1995), and graphical tests that include bias plots. 
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Precision is commonly measured using calculated average percent error, coefficient of variation 
(CV), and percent agreement (Campana 2001).  Both bias and precision are discussed in more 
detail in the Examining Bias and Precision section. Assessing and tracking bias and precision 
provides for a standardized measure of data quality and ultimately results in more precise data. 
However, precision does not guarantee accuracy (i.e., reflect the true or absolute age) and should 
never be used as a substitute for accuracy (Campana 2001; Goldman et al. 2012).  

The quality of age data ultimately relies on a solid protocol that ensures data are checked and 
potentially corrected in a consistent manner. Although general methods pertain to all organisms 
being aged, species-specific methods are required due to the difference structures and life history 
(e.g., fish otoliths and bivalve shells). In this report we define the standard method for estimating 
ages of weathervane scallops, ensuring proper data management and dissemination, testing for 
and improving accuracy and precision, and provide suggestions for future research to improve 
age estimates. 

METHODS 
The methods for collecting representative and accurate age information to inform stock 
assessment can be broken down into 4 main categories: shell collection, age determination, 
quality control, and data management. 

SHELL COLLECTION  
Shells may be collected from multiple sources using a variety of sampling programs depending 
on the suitability to the project. Currently, shells are collected from the ADF&G preseason 
survey (Smith et al. 2016) and the ADF&G Scallop Observer Program (ADF&G 2016). 
Although sampling regimes may vary, certain steps are necessary to collect and prepare shells 
for aging.  

The top, or left valve (hereafter referred to as a shell) will be collected for aging because the 
annuli (dark banding pattern) are more visible and the circuli are more distinct on this shell. The 
bottom shell is subject to excessive wear due to resting on the sea floor and lacks the 
characteristic color changes of seasonal growth which are needed to estimate age. The difficulty 
in distinguishing annuli from the bottom shell could result in a systematic bias in scallop age 
estimates (Spafard and Rosenkranz 2014).  

Shells must be intact enough that annuli counts may be made along multiple axes (see Age 
Estimation section below); age may be estimated from any shell that is not significantly 
damaged. For example, shells with broken hinges are acceptable because that portion of the shell 
is not used for age estimation. Additionally, shells with a broken margin may be acceptable if the 
damage is minimal (i.e., minor chips at places along the margin), but are unacceptable if the 
damage is considerable (e.g., the entire margin is chipped away or crushed and potential annuli 
can no longer be counted). Crushed shells should not be collected because this kind of damage 
prohibits an acceptable estimation of age. See Appendix B1 for examples of these classifications 
of damage.  

To prepare shells for age estimation, all epifauna must be removed by scraping and brushing the 
surface with a 10% bleach solution. Shells should be subsequently dried and labelled with the 
appropriate identifying information including unique specimen numbers, location, date of 
collection, and any other data pertinent to the project. Detailed methods describing the collection 
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and preparation of scallop shells for age estimation purposes by the ADF&G Statewide Observer 
Program are documented in their Observer Program Manuals (ADF&G 2016).  

AGE ESTIMATION 
To create the most accurate and precise data for stock assessment, age estimation protocols must 
be standardized and consistently applied. Consequently, the methods used to identify annuli, 
count annuli, and ensure that false checks are not counted must be consistent within and between 
readers. Due to its simplicity and speed, the standard method used to estimate scallop age will be 
the enumeration of alternating light and dark bands from the surface of the shell. However, it 
may be necessary to use the variation in circuli densities observed under magnification to 
determine annuli location (described below). The standard method of assessing annuli on 
weathervane scallop shells will be as follows: 

1. Examine the outside of the shell from the umbo to the outer margin for any false checks or 
cracks. Dark bands that do not traverse across the entire shell represent a false check 
(Figure 4A), and therefore should not be counted as annuli. Cracks typically appear as a light 
band and will often show irregularities not observed in the dark bands that represent annual 
growth; consequently, these should also not be considered annuli (Figure 4B).  
 

 
Figure 4.–A: Scallop aged at 10 years using the circuli method. The false checks observed between 

ages 3 and 4 and between ages 5 and 6 can also be seen using the color band aging method. False checks 
are marked in pencil and arrows on specimen, and ages are recorded with pencil. B: Scallop aged at 9 
years using the circuli method, showing 2 false checks (denoted by arrows) in the shell which can also be 
seen using the color band method. Both cracks can be denoted by the abrupt color change to a white line 
(unlike an annulus which is composed of dark circuli). The crack between ages 2 and 3 also shows an 
irregularity from the crack in an area on the right side of the shell (encircled in a solid line). The second 
false check from a crack between ages 4 and 5 in the dashed circle shows where the crack crosses over (or 
blends) into the fifth annulus. 

2. Because the outer margin of the shell can be damaged during collection, count the annuli 
along 3 different axes to ensure that annuli at the outer margin of shell are included, and 
cracks and false checks are not included in the assessed age (Figure 1B). Make the first or 



 

 7 

primary axis count perpendicular to the hinge, starting at the umbo and moving along the 
straight-line height measurement to the outer margin of the shell. Make the second and third 
axes between 30 and 45 degrees from the umbo to an undamaged area at the outer margin on 
either side of the primary axis (Figure 1B). 

3. Locate the first annulus, and use calipers to measure the distance from the umbo to the first 
annulus along the primary axis. For shells on which the dark band representing the first 
annulus is difficult to identify, take following steps: 

a) Backlight the shell using a small lamp or something similar to provide greater 
contrast. 

b) Use reflected light on the top of the shell under a magnifier or stereo-microscope to 
locate the first area of compressed circuli closest to the umbo (Figure 1B). If unsure 
about the presence or absence of an annulus, use the first annulus measurements 
provided in Appendix C1 to assist in determining if the first annulus can be located. 
Changing the orientation of the shell or adjusting the angle of the light can provide 
contrast for identifying the ridges of the circuli. 

c) If the first annulus cannot be located using either of these methods, examine the 
auricle to see if the first annulus is visible.  

d) If the first annulus cannot be located by any of the methods described above, and if 
the first visible annulus lies beyond the maximum distance of any first annuli 
measured for a shell from that management area (Appendix C1), count the remaining 
annuli and add 1 year to include the missing first annulus in the age of that shell. 

4. Once the first annulus has been located, start with that annulus and count annuli along each 
of the 3 transects to the outermost edge of the shell. Special care must be taken when 
identifying annuli located near the outer margin of the shell because distances between annuli 
can decrease significantly as one moves away from the umbo, and shell damage in this area 
can obscure annuli. Use a magnifier to identify annuli near and at the outer margin of the 
shell. The maximum count from the 3 axes will be recorded as the final age for the shell. If 
shells are collected in the winter after January 1 or prior to the completion of the annulus 
(e.g., spring), count additional growth beyond the last visible annulus as another year due to 
application of the international January 1 birthdate (CARE 2006; Matta and Kimura 2012).  

5. If the entire shell is heavily worn, or if conditions that otherwise obscure annuli from view 
are encountered (e.g, albinism; Figure 5), the reader will use the circuli method to estimate 
age. 

a. Using a lighted magnifier or a stereo-microscope (2.5–40X), identify areas where 
circuli are spread apart or compressed as you move along the shell from the umbo 
towards the shell edge. Mark the far edge of the compressed circuli area as the 
annulus (Figure 2).  

6. If the entire shell is heavily worn and annuli cannot be determined from dark bands or circuli 
on the main plane of the shell, check the auricles to determine if age can be assessed from 
that location using the same methods outlined above (Figure 6). 

7. If the age of a specimen cannot be estimated using the above criteria, do not use the sample. 
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Figure 5.–Twelve-year-old albino scallop shell from commercial fishery Management Area D 

(Yakutat) in 2006. Fishery observer codes on sticky notes in image are D = management area; S = 
scallop; 06 = year. 

 
Figure 6.–Example of annuli on scallop shell auricle. Arrows point to annuli. 
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QUALITY CONTROL 
Quality control for the ADF&G scallop age assessment program will be maintained by following 
similar standard practices used by the Alaska Fisheries Science Center, which has a long-
standing (since 1983), consistent, and successful approach for quality control in age assessment 
practices (Kimura and Lyons 1991; Kimura and Anderl 2005; Matta and Kimura 2012).  

Reference Collection 
Due to the different appearances (Appendix A1), growth rates, and associated anomalies that can 
be encountered on shells while estimating the age of scallops from different beds across Alaska, 
a reference collection will be created for each ADF&G management area. The current 
weathervane scallop reference collection is incomplete, and only consists of specimens collected 
from 2 locations. Until such time as a reference collection of 200 shells exists for all fishing 
areas, the current reference collection will serve for training and quality control purposes.  

The reference collection will be used for quality control maintenance for experienced age readers 
and to train new age readers. Each year, prior to aging individuals, experienced age readers will 
use the reference collection to assess their precision and bias by estimating the ages of 3 sets of 
20 individuals from each management area that they will be aging that year. Their results will be 
tested (see below) and must show a CV less than or equal to 10% and no bias before any field 
samples can be processed. If precision (CV) is greater than 10%, the reader will re-examine the 
age estimation protocol and read the discrepant samples from the reference collection again to 
test precision. If tests of symmetry show bias, the reader will review the protocol and re-estimate 
the age of samples within the age range of the bias, and run tests of symmetry again. 

Training new readers 
Standardized training of new age readers and qualitative examination of their age estimation of 
reference specimens will help ensure standardization and repeatability among readers. The 
training of new age readers will be conducted as follows: 

1. After thorough examination of this report, an experienced age reader will introduce the 
criteria used to identify and differentiate among annuli, cracks, and false checks to the new 
age reader. 

2. New age readers will examine specimens in the reference collection to practice identifying 
annuli; at this time trainees will have access to the age data associated with each specimen to 
learn annuli criteria.  

3. The new age reader will be given 3 sets of 20 specimens from 1 or multiple targeted 
management areas within the reference collection and produce age estimations without 
access to the reference age data (i.e., conduct blind reads). These age estimates will be tested 
for precision (CV) and bias (tests of symmetry).  

4. Once an acceptable level of precision is achieved (CV ≤10%) and tests of symmetry show no 
bias exists, the new age reader will conduct a blind read of the entire reference collection for 
the appropriate management area and their results will be tested for precision and bias. If the 
results show good precision and no bias, the trainee is ready to age. If the results show poor 
precision (CV >10%), the new age reader will be required to re-age the entire collection 
again, until results are improved. If the results show bias, the new age reader will work with 
an experienced reader to improve application of annuli criteria until a test of symmetry shows 
differences between the reader and the reference collections are random. 
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Examining Bias and Precision  
Contingency table tests of symmetry will be used to determine if bias exists between age readers 
(Hoenig et al. 1995; Evans and Hoenig 1998; Campana 2001). These are designed to test the 
hypothesis that an m x m contingency table (where m is the maximum age in the table) 
containing 2 categories (e.g., 1 set of ages provided by 2 age readers) is symmetric about the 
main diagonal of the table (Bowker 1948). The Bowker’s (1948) test for differences using each 
off diagonal, but Evans and Hoeing (1998) provided a modification to the test where age 
differences from each side of the main diagonal of the table are pooled to enhance the ability to 
detect bias in data sets with small sample sizes. Both tests of symmetry will be used to provide 
the best ability to detect bias regardless of sample size. The test statistic follows a chi-square 
distribution for both Bowker (1948) and Evans and Hoenig (1998), and is defined as: 

1
2

2

1 1

( )
(

χ
)

m m
ij ji

i j i ij ji

n n
n n

−

= = +

−
=

+∑ ∑                                                    (1) 

where nij is the observed frequency in the ith row and jth column and nji is the observed 
frequency in the jth row and the ith column. The degrees of freedom (df) for Bowker’s (1948) 
test equals the number of comparisons across (on opposing sides of) the main diagonal of the 
table. The df for the Evans-Hoeing (1998) test is equal to the maximum difference between 
assigned ages that occurred between readers or methods and complete agreement (zero 
difference). The chi-square critical value will be determined based on the number of degrees of 
freedom at α = 0.05. If the chi-square value from the test of symmetry is less than the critical 
value (i.e., p values are not significant), the test suggests that there is not significant evidence of 
systematic bias. If the chi-square result is greater than or equal to the critical value (i.e., p values 
are significant), then bias is present. 

Tests of precision for comparing between-reader ages will include percent agreement (PA), 
percent agreement ±1 yr (PA ±1yr), and the CV (see Chang 1982 and Campana 2001). While 
there is no absolute rule published for what is an acceptable mean CV for aging studies 
(Morrison et al. 1998; Campana 2001), Campana (2001) stated that 5–10% serves as a good 
reference value for many fishes aged by counting annuli in otoliths and vertebrae. Further, 
Kilada et al. (2007) reported similar age precision for smoothcockle (Serripes groenlandicus), 
reporting a mean CV of 4.68%. The between-reader percent agreement and CVs from Kilada et 
al. (2007) are similar to between-reader percent agreement and CVs reported for numerous 
groundfish species (Kimura and Lyons 1991; Kimura and Anderl 2005). To allow for the effects 
of the variable shape, shell wear, color, and look of scallop shells from different locations across 
Alaska, the maximum threshold of 10% will be used for mean CVs generated by the ADF&G 
scallop aging program and will be calculated as such: 
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1 1100
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where CVj is the age precision estimate for the jth scallop, Xij is the ith scallop age of the jth 
scallop, Xj is the mean age of the jth scallop, and R is the number of final ages . The number of 
readers will typically be 2; however, if a third reader independently provides an age on a sample, 
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the R for that sample’s CV calculation will be 3. Multiplying by 100 makes the CV value a 
percent. The CVjs will then be averaged across all scallops to produce a mean CV, which will be 
compared to the 10% threshold. If the mean CV is greater than 10%, the precision of the sample 
will be considered too low.  

Addressing Bias and Poor Precision 
Once age readers have completed their review of the reference collection and the results show 
acceptable precision and no bias, 2 readers (a primary reader and a test reader) will proceed to 
age collected shells. The primary reader will age all shells in a sample. The test reader will then 
independently read a 20% subsample without knowledge of the primary reader’s estimated ages. 
Statistics for bias and precision (consistent with the above assessments) will be conducted on the 
between-reader results to ensure there is no bias or precision problems with the primary reader’s 
estimated ages.  

If no bias is detected with the test of symmetry and the CV for precision between the primary 
reader and the test reader is not greater than 10%, the original age estimated by the primary 
reader will be used for management. 

If bias is detected, the following steps will be used: 

1. The ages where between-reader bias is occurring will be assessed by examining the 
symmetry table and looking at ages surrounding the main diagonal in the table to see which 
samples need to be re-aged. The symmetry table will show the ages where readers are either 
over- or underaging samples (Appendix D2). An age range where the bias is occurring will 
be assessed from the table and those samples within the age range will be re-read by both 
readers and statistical analyses for bias will be run again. 

2. If bias still exists, the primary and test reader will review all samples within the bias age 
range to determine ages by consensus. If no consensus can be reached on a specimen, a third 
reader will perform a blind read; if no 2 out of the 3 readers can agree on an assessed age, the 
specimen will not be aged. 

3. Once the final ages of the first subsample are determined, a second randomly selected 20% 
subsample will be read by both readers to ensure the bias has been rectified. 

If bias is not present but the CV is higher than 10%, the following steps will be used: 

1. The primary and test reader will independently re-age all samples where their age estimates 
differed, and the CV will be calculated again. If the CV is still higher than 10%, the primary 
and test reader will work together to review all samples in question to assess differences and 
ensure that the criteria for identifying annuli is being followed appropriately. 

2. If protocols were not followed, the ages for the entire sample must be aged again by a trained 
age reader. 

3. If protocols were followed, the final ages may be determined during this consultation though 
consensus. If no consensus can be reached, a third reader will perform a blind read on the 
specimen. If no 2 out of the 3 readers can agree on an assessed age, the specimen will not be 
aged. 
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DATA MANAGEMENT 
All age data will be uploaded, managed, and housed in the ADF&G Mark, Tag and Age 
Laboratory’s relational database, and will be available to ADF&G researchers and managers 
statewide. Date fields to be collected are in Appendix E1.  
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APPENDIX A: DIFFERENCES IN SHELL APPEARANCE 
ACROSS THE STATE OF ALASKA 
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Appendix A1.–Example images of scallops from 5 management areas across the state of Alaska 
showing differences in shell appearance. Map of areas is provided in Appendix C2. 
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APPENDIX B: EXAMPLES OF DAMAGED SHELLS 
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Appendix B1.–Examples of shell damage illustrating which shells can be aged and which cannot. 

  
Uninjured top valve Cracked—Can be aged 

  
Broken Margin—Can be aged Broken Margin—Cannot be aged 

  
Broken Margin—Cannot be aged Crushed—Cannot be aged 
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APPENDIX C: FIRST ANNULUS MEASUREMENTS
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Appendix C1.–First annulus measurements (mm) along the primary aging axis from scallops collected by ADF&G fishery observer program 
and research surveys. See Appendix C2 for a map showing management areas of collection.  

Area District Mean SE Minimum Maximum Sample Size Collected From Years 
D Yakutat 21.7 0.17 10 44 1069 Observer program 2003–2015 
D District 16 22.0 0.93 14 32 30 Observer program 2006–2015 
E Kayak Island 25.4 0.07 6.6 53.6 8637 Research survey 1996–2014 
H Kamishak 29.6 0.08 7.6 52.8 9299 Research survey 1996–2015 

KNE Northeast 25.8 0.18 12 54 1396 Observer program 1996–2015 
KSH Shelikof 30.2 0.16 12 55 2395 Observer program 1999–2015 

KSEM Semidistrict Islands 27.3 0.86 18 34 27 Observer program 1996 
KSW Southwest 23.4 0.50 14 49 178 Observer program 2011–2015 

M West Chignik 21.9 0.84 16 28 17 Observer program 2008 
M Central 29.4 0.59 21 39 60 Observer program 1998–2006 
M Unimak Bight 20.6 0.40 13 38 137 Observer program 2012–2015 
O Dutch Harbor 23.7 0.35 15 52 262 Observer program 2008–2015 

Q Bering Sea 25.1 0.39 15 45 285 Observer program 1999–2015 
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Appendix C2.–Management Areas of collection. 
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APPENDIX D: TABLES OF SYMMETRY EXAMPLES
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Appendix D1.–Table A shows no bias in results; ages are randomly distributed across the main 
diagonal of the table. 

 
 

Appendix D2.–Table B shows asymmetry (bias towards overestimation) across the main diagonal after 
age 14, indicating specimens in the circled area need to be re-aged. 
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APPENDIX E: DATA COLLECTION FIELDS
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Appendix E1.–Data fields to be entered by age readers. 

Primary Reader Test Reader 
Field Data (ties age samples back to databases) Test reader's name 

Event ID or Haul ID  Date of test read 
Scallop or shell ID number Method used to determine first annulus location 
F&G Region Assessed age 
Species code Test reader sample size 
Shell height (mm) Test reader comments 
  

Lab data  
Primary reader's name 

 Date of primary read 
 Shell condition code (0-5):  

0 = undamaged 
1 = broken hinge 
2 = broken margin 
3 = cracked 
4 = punctured 
5 = crushed  

Method used to determine first annulus location  
Distance from umbo to first annulus (mm)  
Assessed age  
Selected for second read (y/n)?  
Primary reader sample size  
Primary reader comments 

 
  Precision and Bias Analysis: 

 Between reader percent agreement 
 Between-reader percent agreement ± 1 yr 
 Between-reader CV (coeffienct of variation) 
 

  Test of symmetry results: 
 chi-square statistics 
 Degrees of freedom (Bowker test) 
 Degrees of freedom (Evans-Hoenig test) 
 Note: Event ID and scallop ID # are identifiers used on surveys and Kamishak fishery; Haul ID and shell ID #are identifiers used 

in observer program. 
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