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INTRODUCTION

As part of the analytical assessment procedure for Georges Bank (5Zhjmn) yellowtail flounder, an age-structured virtual population analysis is used to determine the population abundance and exploitation rate of this stock.  The validity of this approach relies upon precise age determination of fish samples.  Canada and the US share information on commercial catches and research surveys to evaluate the status of this stock.  However, all of the age data used to construct the catch at age and age-specific indices of abundance are based on scale age determinations from samples collected during National Marine Fisheries Service (NMFS) groundfish surveys and US commercial port sampling. For several years, the Transboundary Resource Assessment Committee (TRAC) has recommended that a separate yellowtail flounder aging program be developed at the Biological Station in St. Andrews (SABS).
Recently, an evaluation of Georges Bank yellowtail flounder age interpretations using otolith thin sections collected from Department of Fisheries and Oceans (DFO) surveys and commercial port samples was conducted by Stone and Perley (2002).  In this study, age interpretations made within and between DFO and NMFS fisheries research laboratories were compared using several methods. The authors concluded that precise age determination was hampered by the presence of weak, diffuse or split opaque zones and strong checks that made interpretation of annuli subjective and difficult. They also concluded that “in the absence of an accurate age validation process that provides accurate age confirmation for Georges Bank yellowtail flounder otolith sections, there is currently no way of knowing exactly whether age interpretations by the DFO agers or the NMFS agers are correct and commented that “implementation of a production aging program at SABS is not advised until differences in age determinations between labs have been resolved”. 
One of the differences observed at the time this study was conducted was that the NMFS ager may have applied scale pattern proportionality to otolith patterns by placing the second annulus further out on the sectioned otolith.  Stone and Perley (2002) recommended that further comparative analysis be done at both labs (St. Andrews and Woods Hole) using scale and otolith sections from the same fish.  This report summarizes new information on yellowtail flounder age interpretations based on scales and otolith sections from the same fish and provides within and between lab comparisons of age interpretations from these structures.  
The Centre for Environment, Fisheries and Aquaculture (CEFAS) in Lowestoft UK has developed an otolith staining procedure that can significantly improve the readability of several North Sea flatfish species including sole, brill, turbot and dab.  This technique, which uses a neutral red stain, was applied to Georges Bank yellowtail flounder otolith sections to determine if zonation patterns could be enhanced to improve otolith readability.  Comparisons of age determinations between labs (Lowestoft and St. Andrews) using stained and unstained sections are summarized his report.
 A benchmark assessment for Georges Bank yellowtail flounder has been proposed for 2005.  An alternative approach for generating survey abundance at age was explored by using the iterative age length key (IALK) method of Kimura and Chikuni (1987).  The IALK method has been presented as a potential solution to the problem of applying age length keys to length frequency distributions with different time and space characteristics and therefore potentially different underlying age distributions.  This method, which combines an age length key and distribution mixture methods for the resolution of lengths to ages, was applied to Georges Bank yellowtail flounder catch at size data and growth templates from NMFS spring and fall surveys (1999-2003) to generate age-specific indices of abundance.  Results were compared with the abundance at age determined using the conventional age length keys from these surveys.
METHODS

Yellowtail flounder otolith pairs collected during the February 2002 DFO groundfish survey on Georges Bank were used for age interpretation and evaluation by age readers within and between labs (DFO, NMFS, CEFAS). In addition, a special collection of 200 scales was also obtained during the 2002 RV survey for a comparison of age interpretations with otolith thin sections from the same fish. Information on fish length and sex was made available for reference during reading.
Otolith Staining
Otolith pairs from 50 male (14-48 cm TL) and 50 female (22-53 cm TL) yellowtail flounder were sent to the fish age determination lab in Lowestoft, UK (CEFAS) for mounting, sectioning, staining and age interpretation.  One of the otolith pairs was embedded in black polyester resin and sectioned through the nucleus using an Accutom cutting machine fitted with a metal bonded diamond blade.  Two 0.5 mm sections were obtained, one of which was stained for 30 minutes in a Neutral Red solution and the other mounted onto a glass slide and covered in a clear resin with a glass cover slip. The strips containing stained and unstained otolith sections were examined under a binocular microscope using reflected light at 25-50x magnification after covering with a layer of water to enhance zonation patterns. 
 Ages were determined by the CEFAS ager and two DFO agers (primary ager: P. Perley; secondary ager: H. Stone) by counting periodic structures (dark hyaline bands under reflected light assumed to be annuli) along the edge of the sulcual groove (usually the region with greatest clarity) or longitudinally along the dorsal or ventral axes of the section (after Stone and Perley 2002).  For Georges Bank yellowtail flounder, the birth date for aging purposes by convention is assumed to be Jan 1st, therefore, because our survey is conducted in February, the outer edge of the otolith section for these samples is considered to be an annulus (winter growth zone). Twelve of the female otolith sections were damaged during cutting so that only 88 sections were available for age determinations.  One age reading was made by each of the age readers for the stained and unstained sections and results were compared using age frequency tables and percent agreement (PA=(nagree/n)x100).
Comparison of Scales and Otoliths
Otolith sections from 200 yellowtail flounder (with matching scale samples) were prepared at the DFO lab using the method of Strong et. al (1985) by setting left and right otoliths (sulcal groove side down) in a polyester resin and cutting a 0.8 mm strip through the core using a surface grinder adapted to accommodate a diamond edged blade.  In this sample, males ranged from 22-41 cm TL (n=108) and females ranged from 27-52 cm TL (n=92).  The strips containing left and right otolith sections were examined under a binocular microscope using reflected light at 25-50x magnification after covering with a layer of soapy water to enhance zonation patterns. Scale impressions from the same 200 fish were made from 5-6 scales/fish on laminated plastic slides using a roller press (after Pentilla 1988) and viewed on a Bell & Howell microfiche projector with transmitted light.  After examination, 173 otolith sections and 192 of scale impressions were readable. For the otolith sections, two age readings were made by the primary and one by the secondary DFO ager, as well as final consensus reading by both agers.  For the scales, two age readings were made by H. Stone along with a final consensus reading. The scales and otolith sections were each read once by the NMFS ager.  Age interpretations made within and between labs were compared using age frequency tables and percent agreement (PA=(nagree/n)x100).
Application of the Iterative Age-Length Key
Exploratory analysis using the iterative age length key method of Kimura and Chikuni (1987) was conducted using aged samples of yellowtail flounder from the NMFS spring and fall surveys for 1999 through 2003.  The mean age at length and mean length at age for spring and fall surveys were first examined for consistency in age interpretation across years.  Following this, growth templates were developed for spring and fall surveys for ages 1-6+ using combined survey abundance at length by age group for 1999-2003.   For some ages, abundance values were assigned to lengths with missing abundance information to complete the abundance at length distribution. Abundance at length was converted to proportion at length for each age group and used as the growth template for the model.  The growth template was then used iteratively to generate an age length key which in turn was applied to abundance at length data from the 1999-2003 spring and fall surveys to generate age-specific indices of abundance.  These were then compared with the same year survey indices calculated using the standard age length keys from the surveys.
RESULTS AND DISCUSSION
Otolith Staining
Images of unstained and stained otolith sections prepared at the CEFAS lab are illustrated for females and males in Appendices I and II.  The CEFAS ager commented that the stained otolith sections were quite variable in structure and in ring visibility while the unstained sections were very transparent with little definition between hyaline and opaque zones. He also noted that the first ring did not stain at all and the second ring was indistinct. Consequently, the younger/smaller fish proved difficult to age (see Appendix II: male 14 cm).  For older fish, the outer rings stained quite well but it was difficult to pinpoint the location of the second annulus (which did not stain well).  Several comparisons were made between the CEFAS and DFO age interpretations (Table 1). Agreement between the CEFAS ager and the DFO agers was very low for both the stained (36-51%) and unstained (34-61%) sections and generally, the CEFAS ager had a tendency to assign older ages after age 3 (Fig. 1). Age frequency distributions also indicate a higher proportion of older ages assigned by the CEFAS reader compared to the DFO agers (Fig. 2). A comparison of the two methods (stained vs unstained) by all three readers yielded low agreement (53-70%).  The staining procedure and smooth cuts made by the Accutom cutting machine may enhance the appearance of splits and checks in the otolith section, further adding to overestimation of ages by the less experienced CEFAS ager.  Overall, the comparisons between age readers from the two labs yielded poor results and reflect the poor clarity of marks and resulting subjectivity in determining ages from otolith sections.  It was concluded from this experiment that while staining may improve the clarity of some of the growth rings, it does not appear to be that helpful for age determination of Georges Bank yellowtail flounder.
Scales vs Otoliths
Results (percent agreement) of several comparisons of DFO and NMFS age determinations are given in Table 2.  Overall agreement between labs for comparisons of otolith section and scale age determinations was low (48 % and 47%, respectively), with 53-61% agreement out to age 4 for otolith sections and 52-66% agreement out to age 4 for scales (Fig. 3).  Age frequency plots comparing age estimations from otolith sections show that the NMFS age reader assigned a higher number of older ages at ages 2 and 3, and a lower number of older ages at ages 4 through 8 compared to the DFO agers (Fig. 3A).  This pattern was also apparent for scale ages estimated by the NMFS age reader (Fig. 3B). Age frequency plots for within-lab comparisons of otolith section and scale ages from the same fish show that both labs have a tendency to assign more older ages for scales out to age 3 and then more younger ages for ages 4-7 compared to otolith sections (Fig 4).  For these comparisons, overall agreement was 67% and 68% for the NMFS and DFO age readers, respectively, with 70-75% agreement out to age 4 for the NMFS ages and 79-80% agreement out to age 4 for DFO ages.  A similar pattern of bias was noted by Dwyer et al. (2001) who found that scales had a tendency to underestimate the ages of older fish compared to otolith thin sections from Grand Bank yellowtail flounder.  However, these are much slower growing fish and live considerably longer than Georges Bank yellowtail flounder.  
Overall, the NMFS ager assigned a much higher percentage of fish to ages 3 and 4 and a lower percentage to ages 5 through 7 for both scales and otolith sections compared to the DFO agers (Fig. 5).  Consequently, the mean length at age from NMFS age estimations for scales and otolith sections is smaller at ages 2 and 3, and larger at ages 4 and older for both males and females (Fig. 6). These results illustrate the difficulties associated with inter-lab comparisons particularly in relation to differences in the interpretation of growth patterns. As noted by Stone and Perley (2002), “In the absence of an accurate age validation process that provides accurate age confirmation for otolith sections, there is currently no way of knowing exactly whether age interpretations by the DFO agers or the NMFS agers are correct”.

A within lab comparison of age interpretations was conducted to examine consistency within and between DFO age readers.  There was a tendency for the secondary DFO ager (H. Stone) to age fish younger than the primary ager (P. Perley) (Fig. 7A). Agreement between the two DFO age readers was 63 % over all ages (2-9), and 70-74% out to age 4.  Age frequencies of the first and second readings by the primary ager (P. Perley) show a slight tendency to age fish older at ages 2-5 during the second reading (Fig. 7B).  Agreement between the two age readings for the primary ager was 61% for all ages and 68-73% out to age 4.  Whether this is acceptable for assessment purposes remains to be determined by the TRAC.  Noteworthy is that in most instances it was necessary to have information on fish length and sex during age reading.  Poor clarity of annular marks on otolith sections continued to hamper the achievement of good results for age determination studies.
Application of the Iterative Age-Length Key
The mean age at length for Georges Bank yellowtail showed similar patterns for the 1999-2003 NMFS spring and fall surveys with a progressive and fairly smooth increase in age with total length (Figs. 9 &10). However, trends in mean age at length for the 1994-1998 surveys were somewhat more variable, especially the for fall series (Fig. 10, lower panel).  The mean length at age for NMFS spring surveys conducted from 1992-2003 was relatively flat with no crossover among age groups after 1993 (Fig. 11).  Similarly, the mean length at age for NMFS fall surveys did not cross over among age groups, although a slightly increasing trend was evident after 2000 for ages 3-5.  Given the consistent trends in mean age at length and mean length at age over the past five years, a growth template was developed for the spring and fall survey series by combining total stratified abundance at length by age group for 1999-2003 (converted to proportions at length by age group) for ages 1-6+ (Fig. 12).  While the growth template for spring surveys shows separate and distinct modes in the proportion at length for each age group, there is considerable overlap and variability among age groups, which is even more pronounced in the fall survey growth template.  
Results from applying the spring survey IALK to the NMFS spring, DFO spring and NMFS fall survey abundance at length for 1999-2003 for ages 4-6+ were compared with index values currently used in the assessment (i.e. using standard ALK method) (Fig. 13).  Trends in abundance using the IALK method differed from those generated using standard ALK’s and had a tendency to be slightly more optimistic for recent years showing a less pronounced decline in abundance for both the NMFS and DFO spring survey series.  This scenario might be expected since effort has been greatly reduced in the GB yellowtail fishery since 1995, which should result in an increase in abundance of older fish.   Results from the IALK method applied to NMFS fall surveys also show slightly higher levels of abundance for ages 5 and 6+ for 2003, but exhibit a very different pattern in abundance for age 4 compared to the ALK method, and show a very large decline in the 2000 abundance value.  While the reason for this decline is unclear, the size composition of yellowtail flounder in the 2000 NMFS fall survey shows a large decline in abundance at 44 cm TL, which may results in fewer age 4 fish when the IALK is applied to the stratified total abundance at length (Fig. 14).  Also, there is considerable variability and overlap in the proportion at length for ages 3 through 5 in the fall survey growth template which may be difficult to separate out when the IALK algorithm is used to calculate the corresponding age length key.
It is not clear whether the IALK approach will be a viable option for generating reliable age-specific indices of abundance for the survey series.  Ages from the NMFS fall surveys in combination with the US commercial fishery ages are currently used in age length keys to construct the Canadian fishery CAA.  A growth template based on theses ages which has considerable overlap in the proportion at length between age groups could yield results that are considerably different from the current CAA developed using conventional age length keys.
CONCLUSIONS
Between Lab Comparisons

· While staining may improve the clarity of some of the growth rings, it does not appear to be that helpful for age determination of Georges Bank yellowtail flounder. The staining procedure and smooth cuts made by the Accutom cutting machine may enhance the appearance of splits and checks in the otolith section, further adding to overestimation of ages by the less experienced CEFAS ager.

· The comparisons between age readers from the NMFS and DFO yielded poor results and reflect the poor clarity of marks and resulting subjectivity in determining ages from GB yellowtail flounder otolith sections and scales. 

· Differences in the interpretation of growth patterns between labs also account for low agreement.  In the absence of an accurate age validation process that provides accurate age confirmation for otolith sections, there is currently no way of knowing exactly whether age interpretations by the DFO agers or the NMFS agers are correct.  

Within Lab Comparisons

· Agreement between the two age readings for the primary DFO ager was 61% for all ages and 68-73% out to age 4.  Whether this is acceptable for assessment purposes remains to be determined by the TRAC.  Noteworthy is that in most instances it was necessary to have information on fish length and sex during age reading.  Poor clarity of annular marks on otolith sections continued to hamper the achievement of good results for age determination studies.

IALK Method

· It is not clear whether the IALK approach will be a viable option for generating reliable age-specific indices of abundance for the survey series.  
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Table 1.  Percent agreement (precision) in yellowtail flounder age interpretations between DFO agers (1=P. Perley; 2=H. Stone) and the CEFAS ager for stained and unstained otolith sections. (n=88 for all comparisons).
	Comparison
	Percent Agreement

	
	

	Stained vs unstained
	

	CEFAS vs CEFAS
	58

	DFO1 vs DFO1
	53

	DFO2 vs DFO2
	70

	
	

	Stained vs Stained
	

	CEFAS vs DFO1
	36

	CEFAS vs DFO2
	36

	DFO1 vs DFO2
	51

	
	

	Unstained vs Unstained
	

	CEFAS vs DFO1
	34

	CEFAS vs DFO2
	38

	DFO1 vs DFO2
	61

	
	

	Comparison
	Percent Agreement
	Sample size

	
	
	

	Otoliths vs Otoliths
	
	

	PP1 vs HS1
	63
	173

	PP1 vs PP2
	61
	173

	PP1 vs NMFS
	53
	167

	PP2 vs NMFS
	46
	167

	HS1 vs NMFS
	50
	167

	DFO(con) vs NMFS
	50
	167

	
	
	

	Scales vs Scales
	
	

	HS1 vs HS2
	79
	197

	HS1 vs NMFS
	48
	192

	HS2 vs NMFS
	47
	192

	DFO(con) vs NMFS
	50
	192

	
	
	

	Scales vs Otoliths
	
	

	HS1 (sca) vs HS1(oto)
	69
	173

	HS2 (sca) vs (HS2 (oto)
	65
	173

	HS1(sca) vs PP1(oto)
	50
	173

	HS2(sca) vs PP2(oto)
	60
	173

	NMFS(sca) vs NMFS (oto)
	67
	161

	DFO(sca) vs DFO(oto)
	68
	173

	
	
	


Table 2.  Percent agreement (precision) in yellowtail flounder age interpretations between DFO agers (PP=P. Perley; HS=H. Stone; DFO(con) = consensus age reading) and the NMFS ager for scale impressions and otolith sections.
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         A)  Stained Otolith Sections
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        B)  Unstained Otolith Sections
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Fig. 1.  Age frequency plots comparing Georges Bank yellowtail flounder age interpretations by the CEFAS age reader (M. Easey) and DFO age readers (P. Perley and H. Stone) using stained (A)and unstained (B) otolith thin sections. 
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Fig. 2.  Age frequency distributions of Georges Bank yellowtail flounder determined by three age readers (M. Easey, CEFAS; P. Perley and H. Stone, DFO) for stained (upper panel) and unstained (lower panel) otolith thin sections.

A) Comparison of age determinations from otolith sections
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B)  Comparison of age determinations from scales
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Fig. 3.  Age frequency plots comparing Georges Bank yellowtail flounder age interpretations by NMFS and DFO age readers using otolith thin sections (A) and scales(B).

A) NMFS - Scales vs otoliths
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B) DFO - Scales vs Otoliths
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Fig. 4.  Age frequency plots comparing Georges Bank yellowtail flounder age interpretations from scales and otolith thin sections by NMFS (A) and DFO (B) age readers.
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Fig. 5.  Age frequency distributions of Georges Bank yellowtail flounder determined by NMFS and DFO age readers for scales and otolith thin sections.
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Fig. 6.  Mean length at age for Georges Bank yellowtail flounder by sex based on scale and otolith thin section age interpretations by DFO and NMFS age readers.

A) DFO - Primary vs Secondary Ager

[image: image8.wmf]Count of hs1

pp1

hs1

2

3

4

5

6

7

8

9

Grand Total

% agreement

2

25

7

32

78

3

40

15

55

75

4

1

21

11

2

35

70

5

7

14

6

1

28

67

6

2

4

5

11

65

7

1

2

3

6

63

8

1

1

2

4

63

9

2

2

63

Grand Total

25

48

43

27

13

9

4

4

173

% agreement 

100

89

74

70

67

64

63

63

63


B) DFO - Primary vs Primary Ager

[image: image9.wmf]Count of pp2

pp1

pp2

2

3

4

5

6

7

8

9

Grand Total

% agreement

2

23

6

29

79

3

2

32

8

42

77

4

8

24

5

37

73

5

2

9

13

6

30

67

6

2

8

5

3

18

62

7

1

2

4

1

8

62

8

1

1

61

9

1

3

4

8

61

Grand Total

25

48

43

27

13

9

4

4

173

% agreement

92

75

68

64

62

61

60

61

61


Fig. 7.  Age frequency plots comparing Georges Bank yellowtail flounder age interpretations between the primary and secondary DFO age readers (A) and consecutive readings of the primary age reader (B) using otolith thin sections.
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Fig. 8.  Age frequency distributions of Georges Bank yellowtail flounder determined by primary and secondary DFO age readers for otolith thin sections. (PP1: P. Perley, 1st reading; PP2: P. Perley, 2nd reading; HS1: H. Stone1st reading).
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Fig. 9.  Mean age at length for yellowtail flounder (combined sexes) from NMFS spring groundfish surveys on Georges Bank, 1994-2003.
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Fig.  10.  Mean age at length for yellowtail flounder (combined sexes) from NMFS fall groundfish surveys on Georges Bank, 1994-2003.
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Fig. 11.  Stratified mean length at age for yellowtail flounder from NMFS spring (upper panel) and fall (lower panel) groundfish surveys on Georges Bank, 1992-2003.
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Fig. 12.  Growth templates (proportion at length by age group) for NMFS spring and fall surveys based on data from 1999-2003.
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Fig. 13.  Stratified mean number/tow for Georges Bank yellowtail flounder ages 4, 5 and 6+ determined using the conventional ALK method and the IALK method for NMFS spring, NMFS Fall and DFO spring surveys, 1999-2003. 
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Fig. 14.  Stratified length frequency distribution of Georges Bank yellowtail flounder from NMFS spring, NMFS Fall and DFO spring surveys, 1999-2003.
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Appendix I.  Unstained and stained otolith sections from female yellowtail flounder captured during the 2002 February DFO groundfish survey on Georges Bank.  Sectioning and staining was done by CEFAS, Lowestoft, UK.
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Appendix II. Unstained and stained otolith sections from male yellowtail flounder captured during the 2002 February DFO groundfish survey on Georges Bank.  Sectioning and staining was done by CEFAS, Lowestoft, UK.
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