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Introduction

At the last Atlantic herring TRAC (February 2003, St. Andrew, NB, Canada) a working paper was presented showing the analysis of herring otolith age estimations between the Northeast Fisheries Science Center (NEFSC) Woods Hole, MA, Maine Department of Marine Resources (DMR) W. Boothbay Harbor, ME, and Canadian Department of Fisheries and Oceans St. Andrews Biological Station (SABS) St. Andrews, NB. The analysis revealed low agreement and significant bias at older ages (5+) between both US and Canadian ages. 

The report of the TRAC meeting (Overholtz et. al., 2003) recommended conducting a workshop on age determination involving staff from the three laboratories.

The Workshop

In 2005 plans were initiated to convene an Atlantic Herring otolith age estimation workshop to 1) review the current otolith processing and age reading protocols for each laboratory and 2) try and determine the cause(s) of the significant age estimation disparities and biases between the three laboratories and 3) develop consensus for future age estimations. 

The Workshop was held at the Maine Department of Marine Resources Fisheries Laboratory in West Boothbay Harbor, Maine, January 10-11, 2006. The workshop attendance consisted of ten participants including four age readers (see Appendix I for Agenda and list of participants).

The following were the Terms of Reference:

1. Assess evidence of discrepancies in Canada / US age comparisons;

2. Assess herring otolith processing and age determination among laboratories;

3. Assess a single method protocol in herring otolith age determination;

4. Develop recommendations for future assessing of ageing among laboratories; and

5. Record workshop proceedings and report to 2006 Transboundary Resource Assessment Committee (TRAC).

A glossary of age reading terminology was reviewed from the Canada-United States yellowtail flounder age reading workshop (Walsh and Burnett, 2002). Terms that were particular to Atlantic herring otoliths were complied and accepted by the group (see Appendix II).

A review of the NEFSC, DMR and SABS otolith exchange (1st Exchange) that was presented to the 2003 TRAC (Overholtz, et. al. 2003) and the subsequent analysis was discussed. Over 200 herring otoliths were processed for age and analyzed for agreement and bias between laboratories. The minimum and maximum age estimations were 2 through 9. The two US laboratories were in close agreement (85%) and without significant bias as compared to SABS ages with lower agreement (75-77%) and a significant bias toward older (5+) ages (see Appendix III). A further descriptive analysis is presented in figures 1-3. 

Otolith Processing  

Personnel from each laboratory gave a presentation of how herring samples were processed for preservation, biological measurements, otolith removal, preparation and embedding into the holding trays. All three laboratories essentially processed the sample herring and otoliths comparably. The NEFSC measures herring to fork length while the DMR and SABS measure total length. This difference in measurements has no bearing on the age estimation problem. The discernable difference was that the DFO procedure for embedding the otoliths was to apply a minimal amount of Permount (histological medium) to the otolith to fix it to the tray well while both US laboratories apply ample amount of Permount to cover the otolith just about filling the tray well. The SABS fills the tray well with alcohol to aid in reading the otoliths. Since the analyzed exchange otoliths were all selected and processed from DMR the different mounting techniques were not relevant to this exercise.

The SABS presented a review of an Atlantic herring otolith at age reference collection. Discussion of the importance of having a reference collection for verification and comparison to sample otoliths was agreed to be of significance in keeping readers from “drifting” to younger or older ages through time. 

Age Estimation Protocols

Age reading procedures and methods were discussed and compared at length between the three labs. Thin sectioned otoliths prepared by NEFSC and DMR were displayed and discussed as to their use in determining landmarks and verification of reading whole otoliths. Although the thin section method might be used as a tool the group was not impressed with the quality and the ability to track annuli throughout the sections. It was recommended that sectioning might be a useful tool with better preparation and comparison to the whole otolith. 

A great deal of discussion was focused on the otolith morphology and landmarks that were used to discern annuli. Selected otoliths from the 1st Exchange were displayed and discussed. The first set was obtained from SABS Canadian samples and the second set was obtained from DMR commercial samples. The first discussions were on otoliths with age agreement between the three labs starting with age two and progressing to age ten. This was done to review how the three labs came to the same decision and to describe methods (which part of the otolith to read) and identify landmarks (nucleus, rostrum, anti-rostrum, outer edge, checks, winter and summer growth, etc.) in estimating the age.

The group then explored the exchange sets of otoliths where there was no agreement for at least one lab. During some intense discussion otolith artifacts such as a check between annulus one and two and how to define tightly grouped annuli near the otolith outer edge were accepted by the group.

Otolith Exchange

The group decided to continue the workshop with a second otolith exchange (2nd Exchange). Approximately 200 otoliths were selected from the DMR samples that included otoliths from each month during 2004-2005. SABS and NEFSC were each given half of the otoliths to determine age estimations. After completing their half the otoliths were swapped then finally returned to DMR where they were read again by DMR. The 2nd Exchange otoliths had been previously read by DMR but with new knowledge gained from the workshop it was decided to re-read the sets again. Figure 4 shows the results of the before and after readings by DMR. There was 76% agreement and significant bias toward older ages from the second reading.

Analysis of NEFSC versus DMR is shown in Figure 5.  The DMR ages agreed 54% and had a significant bias toward younger ages at progressive NEFSC older ages. This is compared to the 1st Exchange (Figure 1) showing an 85% and no significant ageing bias. NEFSC had a different reader for the 1st verses 2nd Exchange while DMR had the same reader for both exchanges.    

The comparison of NEFSC vs. SABS (Figure 6) showed a 39% agreement with a strong bias toward under-ageing starting at age 4+.  These results were poorer than for the 1st Exchange (Figure 2) where there was a 76% agreement and a non-significant age bias. SABS had one reader for the 1st Exchange and that same reader read only a portion of the 2nd Exchange with another reader processing the remaining otoliths. 

Figure 7 shows the comparison between SABS and DMR. The 58% agreement was better than compared to the NEFSC vs. DMR (54%) but considerably less than in the 1st Exchange of 78% (Figure 3). There was a significant over-ageing bias for the DMR reader for 5+ ages.

Conclusion

The poorer results of the 2nd Exchange compared to the 1st were a surprise and somewhat disheartening for the group. The otolith comparisons and discussions during the workshop were positive and everyone felt optimistic about the 2nd Exchange resulting in better agreement and less bias compared to the 1st Exchange. Reasons for the poor results could have been caused by 1) change in readers and possible ageing continuity loss at the NEFSC and SABS laboratories, 2) unfamiliarity of trying to read otoliths that another laboratory has processed and mounted, and 3) being presented with fish of different populations, growth rates than the usual fish that the particular laboratory processes. The group realizes that more work needs to be done to minimize the differences between agers through methods of corroboration, validation and verification.

Recommendations

· To continue collaboration between laboratories to develop like age estimations using herring otoliths.

· More and regular otolith exchanges and analysis.

· Acquire useful and efficient validation methods.

· The establishment of a permanent and dynamic herring otolith reference collection developed by all ageing partners.
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Figure 1. 1st Exchange, NEFSC vs. DMR.

[image: image10.wmf]Ager

US-1

Can-1

2

3

4

5

6

7

8

9

Total

2

30

30

3

78

7

85

4

3

9

4

16

5

2

18

6

26

6

4

4

11

19

7

1

5

17

7

30

8

1

5

6

9

1

1

Total

30

81

18

27

15

29

13

213


Figure 2. 1st Exchange, NEFSC vs. SABS.
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Figure 3. 1st Exchange, SABS vs. DMR.
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Figure 4. 2nd Exchange. Before and after age estimations for DMR of DMR otoliths.
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Figure 5. 2nd Exchange. Atlantic herring DMR otolith age comparison. NEFSC vs. DMR. 
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Figure 6. 2nd Exchange. Atlantic herring DMR otolith age comparison. NEFSC vs. SABS.
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Figure 7. 2nd Exchange. Atlantic herring DMR otolith age comparison. SABS vs. DMR.
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Appendix I

Atlantic Herring Working Group Meeting to Assess Discrepancies in Otolith Age Estimation.

January 10-11, 2006.
Maine Dept. of Marine Resources Laboratory
West Boothbay Harbor, ME 04575.

Terms of Reference:

· Assess evidence of discrepancies in Canada / US age comparisons;

· Assess herring otolith processing and age determination among laboratories;

· Assess a single method protocol in herring otolith age determination;

· Develop recommendations for future assessing of aging among laboratories; and

· Record workshop proceedings and report to 2006 Transboundary Resource Assessment Committee (TRAC).

AGENDA

Tuesday: January 10th,

Convener: David Libby





Rapporteur: Lisa Pinkham

1200 – Catered Lunch 

1300 – Conference Room

Welcome (David Libby)

Introductions

Housekeeping

1330 – Why are we here? (David Libby)
Background: NMFS, DMR and DFO otolith exchange.
Review: Northeast Fisheries Science Center Reference Document 04-06: 6.0.  Canada/US Age comparisons, pp 26-27. http://www.nefsc.noaa.gov/nefsc/publications/crd/crd0406/
1400 – Report analysis (Gary Melvin, Matt Cieri)

Terms of Reference (see above)

1430 – Otolith removal and preparation (NMFS – Jay Burnett, DFO – Mike Power, DMR – Eileen Brewer)

1500 – Break

1530 – Otolith reading/counting annuli presentations: (NMFS – Jay Burnett, DFO – Mike Power, DMR – Eileen Brewer)
Comparison of whole vs. thin sectioned otoliths. [validation comparison]
1700 – Adjourn

Wednesday, January 11th
0830 – Group otolith age estimations using previously exchanged otolith sets.

1100 – Discussion of the Terms of Reference:

Reviewing methods causing the disassociated age estimations in exchanged otolith sets.

Future methods for otolith age determination.

1200 –
Catered Lunch

1300 – Adjourn

Participants:


DMR - 



David Libby
207-633-9532 david.a.libby@maine.gov


Matt Cieri
207-633-9520 Matthew.Cieri@maine.gov


Eileen Brewer
207-633-9506
eileen.brewer@maine.gov


Lisa Pinkham
207-633-9545
lisa.pinkham@maine.gov

NEFSC – 



Jay Burnett
508-495-2286
jay.burnett@noaa.gov


Blanche Jackson 

blanche.jackson@noaa.gov

SABS– 



Mike Power
506-529-5881
 PowerMJ@mar.dfo-mpo.gc.ca


Jack Fife
506-529-8854
FifeJ@mar.dfo-mpo.gc.ca


Gary Melvin
506-529-5874
MelvinG@mar.dfo-mpo.gc.ca

ASMFC – 



Joseph Grist
202-289-6400
jgrist@asmfc.org
Appendix II

Standardization of Age Reading Terminology
The Workshop reviewed the glossary for otoliths (Secor et al. 1995) and agreed to use the following definitions when making reference to Atlantic herring otoliths:

1) Accuracy – the closeness of a measured or computed value to its true value.

2) Age estimation, age determination – these terms are preferred when discussing the process of assigning ages to fish.  The term ageing (aging) should not be used as it refers to time-related processes and the alteration of an organism’s composition, structure and function over time.  The term age estimation is preferred.

3) Age group – the cohort of fish that have a given age (e.g. the 5-year-old age-group).  The term is not synonymous with year-class or day-class.

4) Annulus – one of a series of concentric zones on a structure that may be interpreted in terms of age.  The annulus is defined as either a translucent or opaque zone that can be seen along the entire structure or as a ridge or a groove in or on the structure.  In some cases, an annulus may not be continuous or obviously concentric.  The optical appearance of these marks depends on the otolith structure and the species and should be defined in terms of specific characteristics on the structure.  This term has traditionally been used to designate year marks even though the term is derived from the Latin “anus” meaning ring, not from “annus”, which means year.  The variations in microstructure that makes an annulus a distinctive region of an otolith are not well understood.

5) Annual growth zone – a growth zone that consists of one opaque zone (summer) and one translucent zone (winter).

6) Check – a discontinuity (e.g. stress-induced mark) in a zone, or in a pattern of opaque and translucent zones, or microincrements.  Microstructural checks (e.g. hatching checks, settling checks, spawning checks) often appear as high-contrast microincrements with a deeply etched D-zone or an abrupt change in the microstructural growth pattern.  If the term is used, it requires precise definition.  Such rings are distinguished by the width of the zone relative to annuli, and incomplete formation or poor definition.

7) Cohort – a group of fish of a similar age class that were spawned during the same time interval.  Used with age-group, year-class, and day-class.

8) Corroboration – a measure of the consistency or repeatability of an age estimation method.  For example, if two different readers agree on the number of zones present in a hard part, or if two different age estimation structures are interpreted as having the same number of zones, corroboration (but not validation) has been accomplished.  The term verification has been used in a similar sense; however, the term corroboration is preferred as verification implies that the age estimates were confirmed as true.

9) Hyaline zone – a zone that allows the passage of greater quantities of light than an opaque zone.  The term hyaline zone should be avoided; the preferred term is translucent zone.  Alternatively, it is known as the winter growth zone.

10) Increment – a reference to the region between similar zones on a structure used for age estimation.  The term refers to a structure, but it may be qualified to refer to portions of the otolith formed over a specified time interval (e.g. subdaily, daily, annual).  Depending on the portion of the otolith considered, the dimensions, chemistry and period of formation can vary widely.  An annual increment comprises an opaque zone and a translucent zone.  Annual increments can be complex structures, comprising multiple opaque and translucent zones.

11) Marginal increment (edge) – the region beyond the last identifiable mark at the margin of a structure used for age estimation.  Quantitatively, this increment is usually expressed in relative terms, that is, as a fraction or proportion of the last complete annual or daily increment.  Precision is required when determining edge type, as qualitative errors may occur.

12) Nucleus, kernel – collective term used to indicate the primordia and core of the otolith.  These collective terms are considered ambiguous and should not be used.  The preferred terms are primordium and core.

13) Opaque zone – a zone that restricts the passage of light when compared with a translucent zone.  The term is relative because a zone is determined to be opaque on the basis of appearance of adjacent zones in the otolith (see translucent zone).  In untreated otoliths under transmitted light, the opaque zone appears dark and the translucent zone appears bright.  Under reflected light, the opaque zone appears bright and the translucent zone appears dark.  An absolute value for the optical density of such a zone is not implied.  It is also known as the summer zone.  See translucent zone.

14) Precision – the closeness of repeated measures of the same quantity.  For a measurement technique that is free of bias, precision implies accuracy.

15) Reflected light – light from above used to illuminate objects below it.

16) Sagitta – one of the three otolith pairs found in the membranous labyrinth of osteichthyan fishes.  It lies within the sacculus (“little sack”) of the pars inferior.  It is usually compressed laterally and is elliptical in shape; however, the shape of the sagitta varies considerably among species.  In non-ostariophysan fishes, the sagitta is much larger than the asteriscus and lapillus.  The sagitta is the otolith used most frequently in otolith studies.

17) Sulcus acusticus (commonly shortened to sulcus) – a groove along the medial surface of the sagitta.  The thickened portion of the otolithic membrane lies within the sulcus acusticus.  The sulcus acusticus is frequently referred to in otolith studies because of the clarity of increments near the sulcus in transverse sections of sagittae.

18) Transition zone – a region of change in otolith structure between two similar or dissimilar regions.  In some cases, a transition zone is recognized due to its lack of structure or increments, or it may be recognized as a region of abrupt change in the form (e.g. width or contrast) of the increments.  Transition zones are often formed in otoliths during metamorphosis from larval to juvenile stages or during significant habitat changes such as the movement from a pelagic to a demersal habitat or a marine to freshwater habitat.  If the term is used it requires precise definition.

19) Translucent zone – a zone that allows the passage of greater quantities of light than an opaque zone.  The term is a relative one because a zone is determined to be translucent on the basis of the appearance of adjacent zones in the otolith (see opaque zone).  An absolute value for the optical density of such a zone is not implied.  In untreated otoliths under transmitted light, the translucent zone appears bright and the opaque zone appears dark.  Under reflected light, the translucent zone appears dark and the opaque zone appears bright.  The term hyaline has been used, but translucent is the preferred term.

20) Transmitted light – light from below an object used to shine up through the object for illumination purposes.

21) Validation – the process of estimating the accuracy of an age estimation method.  The concept of validation is one of degree and should not be considered in absolute terms.  If the method involves counting zones, then part of the validation process involves confirming the temporal meaning of the zones being counted.  Validation of an age estimation procedure indicates that the method is sound and based on fact.

22) Verification - the process of establishing that something is true.  Individual age estimates can be verified if a validated age estimation method has been employed.  Verification implies the testing of something, such as a hypothesis, that can be determined in absolute terms to be either true or false.

23) Year-class – the cohort of fish that were spawned or hatched in a given year (e.g. the 1990 year-class).  Whether this term is used to refer to the date of spawning or hatching must be specified as some high-latitude fish species have long developmental times prior to hatching.

24) Zone – region of similar structure or optical density.  Synonymous with ring, band, and mark.  The term zone is preferred.
Appendix III

Northeast Fisheries Science Center Reference Document 04-06
Stock Assessment of the Gulf of Maine - Georges Bank Atlantic Herring Complex, 2003
W.J. Overholtz, L.D. Jacobson, G.D. Melvin, M. Cieri, M. Power, D. Libby, and K. Clark
6.0. Canada/US Age comparisons
Consistent and comparable aging is critical when data are being combined from two independent sources. To investigate potential difference or biases in aging, 213 otoliths from the Gulf of Maine were selected for aging by readers from both countries. Three independent agers, one from the NMFS Northeast Fisheries Science Center (US-1), one from the Maine Department of Marine Resources (US-2), and one from the DFO St. Andrews Biological Station (Can-1), read each otolith.
Age determinations between the two US readers were very consistent; percent agreement between the two agers was 85% with a slight bias toward under-aging (10%) vs. over-aging (5%) by US-1 relative to US-2 (Table 6.1). However, significant differences (P<0.01) were detected between the age determinations of the Canadian reader and both US readers (Tables 6.2 and 6.3). Percent agreement was 76% with US-1 and 78% with US-2. In both cases, there was a tendency for the Canadian reader to under-age (16% and 18%) rather than over-age (8% and 4%) relative to US age readers. Beyond age 6, the disagreements exceeded 50%.
Differences between the Canadian and US age reading are of concern and will require some time and effort to resolve. An aging workshop amongst the readers from both countries will be convened during 2003 to address this issue. In the interim age-length keys will be applied according to the data origin. That is, data collected by the US will use US ages and Canadian data Canadian ages. While this may affect the catch-at-age matrix and age-disaggregated indices of abundance, mixing of the data sources would further complicate the issue.
Table 6.1.  Comparison of otolith ages from the US National Marine Fisheries Service (US-1) and the Maine Department of Marine Resources (US-2).
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Table 6.2. Comparison of otolith ages from Canadian Department of Fisheries & Oceans (Can-1) and the US National Marine Fisheries Service (US-1).
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Table 6.3. Comparison of otolith ages from Canadian Department of Fisheries & Oceans (Can-1) and the US National Marine Fisheries Service (US-1).
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