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Executive s u m m a ry

Since 1992, northern  and southern hake (Merluccius merluccius) stock assessments 
have used age data based on otolith analysis. Age data for stock assessm ent is p ro ­
vided by different institutions, w hich implies a quantification of age-reading preci­
sion to estim ate assessment quality indicators. During this period, considerable effort 
has been m ade to im prove the precision of age data by m eans of successive age- 
reading calibration exercises, exchanges, and w orkshops in 1997, 1999, 2001, and 
2004. This goal was partly achieved, and experts recently agreed on standard  criteria 
(Piñeiro and Sainza, 2003) that allow ed an acceptable precision to be reached for ages 
up  to 3 years (Piñeiro et al., 2004). However, these criteria have never been validated, 
and recent m ark -recap tu re  experim ents are not in  line w ith ageing results based on 
the standard  criteria.

Given the im pact of bias in age estim ation on stock assessm ent results, consequent 
m anagem ent advice, and concern about the state of the hake stocks (ICES, 2007a, 
2007b), a report on the current state of the art is needed. The m ain goal of this report 
is to present a synthesis of the w ork carried out over the years by researchers in­
volved in providing age data for stock assessment, m ainly on age-reading calibration 
exercises, and current knowledge regarding the grow th and ageing of this species. 
This report also includes recom m endations for future w ork aim ed at achieving vali­
dated  age-reading criteria.



H ak e  a g e  e s tim atio n

1 Introduction

The European hake (Merluccius merluccius Linnaeus, 1758) is one of the m ost valuable 
and heavily exploited dem ersal spedes in the w estern European fisheries. It is widely 
d istributed in the N ortheast Atlantic, from  Norw ay to M auritania, being m ore abun­
dant from  the British Isles to south of Spain (Casey and Pereiro, 1995) and  in  the 
M editerranean and Black seas. It is found m ainly at depths betw een 50 and 370 m, 
although its distributional bathym etric range is 30-1000 m  (Dominguez-Petit, 2007). 
H ake is a batch-spaw ner (M urúa et al., 1996; Dominguez-Petit, 2007) w ith  a p ro ­
tra d e d  spaw ning season extending throughout the entire year, bu t mainly from  De­
cember to July along the continental shelf edge.

The assessm ent of hake is undertaken annually by the ICES W orking G roup on the 
Assessm ent of Southern Shelf Stocks of Hake, M egrim, and M onkfish (WGHMM). 
Since 1978, despite the lack of a sound biological basis, ICES has distinguished two 
separate hake stocks for m anagem ent purposes: (i) the northern  stock (ICES Division 
Illa, Subareas IV, VI, and VII, and Divisions VIIIa-b); and  (ii) the southern stock 
(ICES Divisions VIIIc and IXa), split at Cape Breton Canyon (ICES, 1979). Total an­
nual landings of European hake d ed ined  from  ca. 125 0001 in  the early 1960s to the 
current level of ca. 44 0001 for the northern stock and  15 0001 for the southern stock. 
In recent years, the relatively depleted levels of both stocks have been a cause for 
concern to ICES (ICES, 2007a, 2007b).

The assessments for hake include several areas of uncertainty, such as growth, popu­
lation structure, and stock definition, w ith grow th being one of the m ost limiting fac­
tors for stock assessment. Currently, both stock assessments use age-structured 
models. Age data are provided  by different countries and follow agreed international 
ageing criteria (Piñeiro and Sainza, 2003) based on the results of successive interna­
tional age-reading exerdses and w orkshops (held in  1997, 1999, 2001, and 2004). A 
w orking docum ent presented at the 2002 WGHMM m eeting dem onstrated that the 
northern  hake assessment had  a better fit to the assessment m odel if the plus group 
were set at age 10 instead of age 8 (ICES, 2003). However, the confident ages from  the 
previous otolith age estim ation workshop ranged from  0 to 5 years and, because the 
sdentists involved in hake ageing and grow th drew  the attention of W GHMM to the 
low  reliability of age 10, the working group decided to continue to use age 8 as the 
p lus group.

The ages recorded for both stocks of hake usually range from  0 to 12 years, although 
the landing and survey data are dom inated by specimens belonging to age groups up  
to three years.

The assessment of the southern hake stock has been based on age-reading data since 
the 1999 assessment, w ith  age-leng th  keys (ALKs) from  1992 onw ards (ICES, 2000). 
The northern  stock assessment used ALKs based on otolith readings from  1992 (ICES, 
1994a). The ALKs that were applied to catch data prior to 1992 are described in the 
W GHMM report (ICES, 2007a). For both stocks, w hen the assessm ent was perform ed 
w ithout ALKs, the age com position of the catches was estim ated using a num erical 
m ethod developed by Kirnura and Chikuni (1987).

In hake, the sagitta otoliths are routinely used for ageing. The annual rings (annuli) 
have proven difficult to interpret because of the complexity of the otolith m acrostruc­
ture, and the age estim ation m ethod currently in use has not been validated. Re­
cently, however, progress has been m ade regarding the precision of age data. More
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than  five exchanges and four workshops have taken place in  the past tw o decades. 
The lack of high precision, despite these efforts, is a strong indication of the difficulty 
of hake age interpretation.

At the end  of 1990s, w ithin the fram ew ork of EU Study Contract 95/038 "Biological 
Studies of Demersal Fish" (BIOSDEF; see Anon., 1998), standard  criteria for the age­
ing of hake otoliths were developed. These criteria were adopted  by age readers from 
all the institutions involved in  hake stock assessment.

In recent years, new  relevant knowledge has been obtained concerning the grow th of 
this species, based on the m ark -recap tu re  m ethod (de Pontual et al., 2003; Piñeiro et 
al., 2007). Results based on a blind interpretation of m arked hake otoliths concluded 
that age estimates were neither accurate nor precise and  invalidated the age estim a­
tion m ethod (de Pontual et al., 2006). The results from  m ark-recap tures are not com­
patible w ith the grow th rate obtained by m ean otolith age estimation, w hich raises 
concerns about the use of potentially inaccurate age data for stock assessm ent and 
resulting m anagem ent advice. The im pact of biased age estimates on European hake 
stock assessm ent is currently under investigation (Bertignac and de Pontual, 2007).

The m ain goal of this report is to sum m arize the current status of age estim ation for 
European hake and  the w ork carried out over the years by researchers involved in 
providing age data for stock assessm ent purposes. The current know ledge of the age 
and grow th of this species will be described, together w ith  the results of recent inter­
national exchanges and w orkshops held before and after the availability of hake 
grow th inform ation from  m ark -recap tu re  program m es. In addition, guidelines are 
provided w ith a view  to furthering progress in ageing studies of this species. Consid­
ering the long history of efforts devoted to resolving this problem  and  the need to 
have reliable age-structure data for stock assessment, this review  is long overdue.
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2 Review of otolith a g e  estim ation calibration exercises: exchanges
and  workshops

2.1 Overview of otolith age-reading exchanges and workshops

A lthough several hake ageing problem s have yet to be addressed, several advances 
have taken place in the past tw o decades that have involved m any scientists from 
different countries. Table 2.1.1 sum m arizes the m ain exchanges and w orkshops car­
ried out to date. It should be m entioned that several researchers and otolith readers 
have devoted special attention to the im provem ent of age-reading precision and the 
establishm ent of an internationally agreed ageing protocol for this species. The revi­
sion of the previous calibration exercises is im portant because the outcom es and re­
ports from  these exercises have not been published and are collected in contributions 
to ICES w orking groups and project reports. The ICES Planning G roup on Com m er­
cial Catch, Discards, and Biological Sampling (PGCCDBS) provides access to reports 
on age calibration (age reading) exchanges and w orkshops via its docum ent reposi­
tory at http://w w w .ices. dk/reports/acfm/pgccdbs/PGCCDBSdocrepository.asp.

In the 1980s, the scientists involved in hake age reading for stock assessment p u r­
poses also used the data to determ ine grow th param eters, whose w ide range suggests 
that different age-reading m ethods were em ployed. To detect these differences, sev­
eral international ad hoc working groups and exchanges were conducted (FAO, 1982; 
ICES, 1983, 1984, 1986; Oliver et al., 1989). The analysis perform ed was based m ainly 
on percentage of agreement; the low  precision of the results indicated that age inter­
pretation of hake otoliths was very complex and further w ork was needed on stan­
dardization of protocols (Table 2.1.1).

A w orkshop preceded by an exchange was conducted in 1994 betw een IFREMER 
(French Research Institute for the Exploitation of the Sea) and IEO (Spanish Institute 
of Oceanography), based on the recom m endations of the ICES W orkshop on Sam­
pling Strategies for Age and M aturity (ICES, 1994b). The m ain objective of this ex­
change was to assess age-reading precision, using the recom m ended protocol 
(Piñeiro and  Meixide, 1995). At the workshop, the general criteria adopted were 
based on the num ber of annual rings (consisting of one opaque and one translucent, 
or hyaline, zone) and used 1 January as the birthday. Readers were not m ade aware 
of the length of the fish. The readings were carried out using a stereomicroscope 
(magnification x 20) under reflected light, bu t transm itted light was also used to help 
discrim inate betw een translucent and opaque grow th rings. A video camera con­
nected to a large screen was used to facilitate discussion of the interpretation criteria. 
The results indicated a low level of agreem ent betw een the tw o readers. Since that 
time, the guidelines for organizing exchanges and w orkshops, the m ethods used, and 
the analysis of the data have rem ained unchanged.

W ithin the fram ew ork of BIOSDEF (Anon., 1998), a w orkshop was organized in  1997 
(Piñeiro, 2000) to im prove the m ethod of ageing hake in countries that share the same 
stocks. Prior to the workshop, an exchange was carried out during 1995/1996. The 
otolith readers applied the protocol used at the 1994 workshop, and the analysis of 
the age-reading results was carried out using the m ethodology proposed by Eltink
(1997). Following the recom m endation given by ICES (1994), several statistical indices 
and tests were used for analysing the results:

http://www.ices
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• W ilcoxon's rank test, to assess bias betw een a pair of readers

• bias plots of the average age, ±2 s.d. (standard deviation), obtained by 
each age reader; all age reader results were plotted against m odal age, con­
sidered as the referential age

• average percentage error (APE), from  Beamish and  Fournier (1981), to as­
sess a m easure of the precision of a series of readings

• m ean coefficient of variation (CV)

• index of precision (Chang, 1982)

• box-whisker plots for visual presentation of the observations

These analyses provided inform ation on the precision of age readings by age group 
for both individual readers and all readers combined. An interpretation criterion for 
the first three ages was agreed, bu t precision levels were low  for the age-reading ex­
ercises perform ed. However, this workshop was considered to be a further step to­
w ards reaching a consensus for age-reading criteria (Table 2.1.1). It was agreed that 
m ore training was necessary to increase precision levels, and a further exchange was 
recom m ended.

Another w orkshop was carried out in 1999 to analyse results from  the exchange cir­
culated in the previous year (Piñeiro et al., 2000). This w orkshop was p lanned w ithin 
the fram ew ork of EU Study Contract No. 97/015 "N ew  Assessm ent and Biology of 
the M ain Commercial Fish Species: Hake and  Anglerfish of Southern Shelf Demersal 
Stocks in the South W estern Europe" (DEMASSESS; see Anon., 2000). N ew  readers 
started to be involved in hake otolith ageing, and their participation at the w orkshop 
was considered w orthw hile in  facilitating their understanding of the ageing criteria. 
Two otolith samples prepared  by the IFREMER and IEO laboratories w ere read du r­
ing the exchange, and a copy of the protocol used at the last w orkshop (1997) was 
provided to all participants. Fish length inform ation from  IEO otolith collections was 
available and digital images of sectioned otoliths were used and circulated for the 
first time. For the age-reading analysis, a m ore extensive study was perform ed to 
com pare the age interpretations of the readers. However, the Wilcoxon's rank test 
was not used because it was considered inappropriate to perform  m ultiple paired 
com parisons w hen m ore than tw o readers were involved in ageing the same collec­
tion (Zar, 1996). In order to determ ine w hich groups of readers show ed the higher 
levels of agreement, cluster analysis and m ultiscaling dim ensions w ere used.

For reproducibility m easures (APE and  CV), the values for all readers in general had 
decreased since the last exchange, particularly for the IFREMER sample. The CV of 
the expert readers was reduced, bu t the APE index rem ained the same (Figure 2.1.1). 
It should be em phasized that these m easures of agreem ent should be interpreted 
w ith caution because of the influence of sam ple size and, in particular, of younger 
ages in CV calculations. At the 1999 workshop, it was recognized that the level of 
reader experience is an im portant aspect of the achievem ent of higher precision for 
hake age reading, particularly in the identification of false (non-annual) rings. Results 
indicated that it is possible to use the annual ALK instead of num erical m ethods to 
estim ate age com position of catches for the southern hake stock assessment, taking 
into account the observed agreem ent betw een the readers involved.

Until this time, the age-structure com position of the northern  hake stock catches had 
been based solely on IFREMER ALKs. However, in light of the agreem ent on age 
reading that was reached, the possibility of applying ALKs from  AZTI-Tecnalia (the 
Basque Technological Centre for M arine and Food Investigation) in addition to those



H ak e  a g e  e s tim a tio n

from  IFREMER was recom m ended. The agreem ent betw een readers for ages 0 -4  was 
im proved com pared w ith the previous w orkshop (1997), mainly in the identification 
of the first annual ring. Despite im provem ents in precision for all readers, the results 
continued to highlight the difficulties in interpreting the age of hake, and it was rec­
om m ended to hold  another exchange and w orkshop in tw o years. Furtherm ore, it 
was recom m ended that alternative techniques (tagging, microchemistry, etc.) for 
validation of the age estim ation of this species be explored.

U nder EU Contract No. 99/009 "Im proving Sampling of W estern and Southern Euro­
pean Atlantic Fisheries" (SAMFISH), an otolith exchange on hake was undertaken in 
2001 (Piñeiro and Sainza, 2002) from  both northern and southern ICES stocks in order 
to calibrate the age readings and to estim ate the precision level. The terminology, 
guidelines, and tools used for age-reading com parison were carried out according to 
the recom m endations of Eltink et al. (2000). Readers had  access to the collection of 
otoliths used in the exchange and to the digitized images from  the otolith sections. 
Inform ation on catch date, sex, and total length were available to the readers. The 
same procedures as for the previous exchange were followed (1998), and the explora­
tory and statistical analyses revealed the highest level of agreem ent in the location of 
the first three annual rings as a result of the adoption of the ageing criteria. The re­
sults indicated that, although an im provem ent in  precision was evident for almost all 
readers, the estim ation of older fish (> 5 years) appeared to be the major difficulty. 
The latter result justified the need for another exchange am ong readers that provided 
stock assessm ent age data, w ith  particular focus on higher ages.

In 2002, the ICES WGHMM dem onstrated the difficulties in  the assessm ent of hake 
that result from  uncertainty in  age estim ation for older fish, which led the working 
g roup to use a plus group at age 8. To deal w ith  these problems, an otolith exchange 
focusing m ainly on older fish was conducted in 2003 betw een readers involved in the 
assessm ent (Piñeiro et al., 2004). In contrast to the previous exchange (2001), no in­
form ation on fish length was available to the readers. The exchange results indicated 
that the precision of age readings had  decreased. The com parison of the results ob­
tained from  this exchange (2003) and the previous exchange (2001; Figure 2.1.1) high­
lights the difficulty of hake age estimation, and it was recom m ended that an 
international w orkshop specifically aim ed at solving these problem s should be held.

The 2003 exchange dem onstrated a strong bias in age estimations of older fish. The 
precision (CV) of age estim ation had  decreased from  ca. 17 to 32% for the ALK read­
ers betw een the previous tw o exchanges (2001, 2003) for otolith collections w ithin the 
same fish length range (Figure 2.1.1). The age range regarded by age readers as con­
fident also dropped: from  0 -5  years to 0 -3  years. This negative result was a conse­
quence of the difficulty of hake otolith reading using non-validated age 
determ ination criteria. The lack of knowledge of fish length in this exchange, in con­
trast to the availability of fish length inform ation during the 2001 exchange, could 
also contribute to the reduction in precision and the "confident" age range. This 
m ainly affected less experienced readers, w ho were not accustom ed to m easuring 
ring radius w hen they perform ed routine hake age readings.

An international age-reading w orkshop was conducted in 2004 to tackle the problem  
of providing age estimates of fish older than 5 years (see Section 2.2).
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o J---------------------------------------------------------------------------------------------------------------

Exchange 1995-1996 Exchange 1998 Exchange 2001 Exchange 2003

— ♦ —  All p articip ants ' 
readers (APE)

. .  .E —  ALK readers (APE)

— 0 —  Expert readers (APE)

- All p articip ants ' 
readers (CV)

-A LK  readers (CV)

-Expert readers (CV)

Figure 2.1.1. Average percentage error (APE) from Beamish and Fournier (1981) and coeffi­
cient of variation (CV) for exchanges between 1995/1996 and 2003 for all participants, readers 
that provided age data for stock assessm ent purposes (ALK readers), and expert readers.



Table 2.1.1. Overview of hake age estimation events conducted during the past three decades, w ith information on sample sets read, objectives, and achievements.

Y e a r E v e n t

P a r t i c i p a t i n g

c o u n t r i e s A r e a

No. O F
R E A D E R S

S a m p l e : n o . 
o t o l i t h s  &

L E N G T H  R A N G E  (TL 
C M ) O B J  E C T I V E S M a i n  r e s u l t s

1981 Workshop 
methodologies 
used for fish 
age reading

France, Italy, 
Morocco, 
Senegal, and 
Spain

Mediterranean 
NE Atlantic

14 Compare preparation 
techniques and reading 
methods

No standard method agreed

1983 Workshop France, Spain NE Atlantic 4 Preparation techniques •  Standard preparation technique adopted using transversal sections of otoliths
1984 Ad hocVJG Canada, 

France, and 
Spain

NE Atlantic 5 selection and agreed 
age-reading criteria •  Improvement In agreement on otolith Interpretation, but no standardization

•  Identification of three sources of different Interpretation:

1986 Ad hocVJG Canada, 
France, 
Portugal, 
Spain, and 
UK

NE Atlantic 14 •  difficulty in locating first annulus

•  discrimination of tme rings from checks

•  Interpretation of the edge

1989 Workshop France, 
Greece, 
Spain, and 
Italy

Mediterranean 9

1994 Exchange and 
workshop

France and 
Spain

NE Atlantic 2 95

(15-67)

Assess age-reading 
precision

•  Main difficulties related to correct Identification of first annulus

•  No difference In growth pattern between otoliths from northern and southern stocks

A g r e e m e n t  b e t w e e n  f i r s t  a n d  s e c o n d  
R e a d e r s  r e a d i n g

CV (%)
( I N T R A - R E A D E R )

Spanish
43 98

75

French 50

1995-
1996

Exchange France, 
Portugal, 
Spain, and 
UK

NE Atlantic 7 192

(16-55)

Assess age-reading 
precision and agreed 
age-reading criteria APE (%) CV (%)

All readers 35 50



Y e a r E v e n t

P a r t i c i p a t i n g  
c o u n t r i e s  A r e a

N O .  O F
R E A D E R S

S a m p l e : n o . 
o t o l i t h s  &

L E N G T H  R A N G E  (TL 
C M ) O B J  E C T I V E S M a i n  r e s u l t s

1997 Workshop France, NEAtlantlc 
Portugal,
Spain, and 
UK

9 95

(16-55)

Assess age-reading 
precision and agreed 
age-reading criteria

•  Otolith Interpretation criteria agreed forfirst three ages

•  No difference In growth pattern between otoliths from both stocks

•  Reference factor adopted to locate first annulus
•  Two or three checks before first annulus

•  Difficulty Interpreting otolith edge

APE (%) CV (%)

All readers 16 21

ALK read­ 11 16
ers

1998 Exchange France, 
Portugal, 
Spain, and 
UK

NE Atlantic 11 100 (IE0) 
(12-69) 

107 
(IFREMER)

(19-102)

Assess age-read Ing 
precision and agreed 
age-reading criteria APE (%) CV (%)

Sample
sets

IEO IFREMER IEO IFREMER

All readers 37 33 53 44

ALK read­
ers

13 19

1999 Workshop UK, France, 
Ireland, 
Portugal, and 
Spain

NE Atlantic 11 54 (IEO) 

(12-69) 
41 (IFREMER) 

(20-76)

Assess age-reading 
precision and agreed 
age-reading criteria

Adoption of ageing criteria for ages 0 - 4

High level of variability between readers for ages greater than 5

High agreement In locating first annulus

Precision level highly related to ageing experience

Difficulty Interpreting age patterns on hake otoliths justifies need for periodic exchange exercises

APE (%) CV (%)

Sample
sets

IEO IFREMER IEO IFREMER

All readers 29 21 42 31

ALK read­
ers

13 10 13 14

ICES 
C
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R
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R

eport, 
N

o. 294



Y e a r E v e n t

P a r t i c i p a t i n g

c o u n t r i e s A r e a

S a m p l e : n o . 
o t o l i t h s  &

No. O F  L E N G T H  R A N G E  (TL 
R E A D E R S  C M )  O B J E C T I V E S M a i n  r e s u l t s

2001 Exchange UK, France, 
Ireland, 
Portugal, and 
Spain

NE Atlantic 12 199

(11-83)

Assess age-reading 
precision and 
Improvement In agreed 
age-reading criteria; 
new readers started to 
be In-volved In otolith

Highest level of agreement obtained so far In location of first three annu/ias result of using estab­
lished ageing criteria

Highest level of agreement (%) achieved for first 5 age groups 

APE and CV Indices for all readers are best from all exchanges 

No significant differences between otoliths from both stocks (p > 0.05)

R e a d e r s  A g r e e m e n t  (%) APE(%) CV (%)

All 58 28 40

ALK 75 13 17

Expert 84 6 9

2003 Exchange UK, France, NEAtlantlc 
Ireland,
Portugal, and 
Spain

13 200

(11-84)

Assess age-reading 
precision and 
Improvement In age- 
reading precision of

•  Decrease In level of agreement for ALK readers

•  Strong bias found In age estimates of olderflsh

•  High level of agreement In locating first three annuU
ages >5 years •  Consensus ageing methods for ages > 5 years to be established at next workshop

R e a d e r s  A g r e e m e n t  (%) APE(%) CV (%)

All 47 41 45

ALK 57 24 32

Expert 57 21 29

2004 Workshop Belgium, NEAtlantlc 
Denmark, UK,
France,
Ireland,
Portugal, and 
Spain

14
(70)

SI: 127 

(11-59) 
S 2 :187 

(10-58) 
S3: 70

Try to establish ageing 
criteria for older fish; 
checking precision and 
relative bias of ALK 
readers; Incorporation 
of new readers

•  No agreed criteria for olderfish

•  Difficult to maintain precision forflsh olderthan 3 years

•  Confident age range dropped from 5 to 3 years from 2001 to 2003 exchanges, respectively

•  Studies on hake growth presented at workshop Indicate that actual ageing criteria not accurate

(14-87) R e a d e r s  S a m p l e  A g r e e m e n t  ( % ) APE (%) CV (%)

All S3 2 4 -2 4 32 -3 1

ALK S1-S2 72 - 60 19 -3 5 2 5 -4 8

ALK S3 2 0 -1 5 2 5 -2 0

Expert S3 2 2 -1 5 31 -2 0

H
ake 

age 
estim

ation
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2.2 Summary of the most recent (2004) hake otolith workshop report

A lthough the 2004 w orkshop report is available via the PGCCDBS docum ent reposi­
tory on the ICES website, we sum m arize it here because of the extent of the conclusions 
com pared w ith  previous w orkshop reports. See http://w w w .ices.dk/reports/ 
acfm/pgccdbs/PGCCDBSdocrepository.asp

2.2.1 Introduction

In 2002, the W GHMM (ICES, 2003) recom m ended addressing hake ageing problem s 
by m eans of (i) a hake otolith exchange program m e (scheduled for 2003) focusing 
mainly on older fish and (ii) a subsequent w orkshop to discuss the results (scheduled 
for 2004). The results of the 2003 otolith exchange program m e indicated a decrease in 
the precision of age readings com pared w ith  the precision of the 2001 exchange and a 
strong bias in the estimates for older fish.

The m ain goals of the 2004 w orkshop were to increase the precision of European hake 
otolith age estim ation reached in previous exchanges (in 1997, 1999, 2001, and  2003) 
for ages up  to 5 years and to im prove the confidence in  age estim ation for older age 
groups (> 6 years).

The initial term s of reference (ToRs) for the 2004 w orkshop were changed as a result 
of recent advances reported  in age and grow th estim ation from  tagging experiments. 
The revised ToRs were:

• discussion of the results of the fourth otolith exchange (2003)

• discussion of new  inform ation regarding the estim ation of age and grow th
and alternative m ethods of obtaining age-leng th  keys (ALKs) for assess­
m ent purposes (e.g. elaboration of synthetic ALKs)

• checking the precision and bias of age readers involved in  stock assess­
m ent

• discussion of age-reading criteria and problem s identified for young 
and/or old fish

• incorporation of new  readers in hake age estim ation

2 .2 .2  M ateria l a n d  m ethods

The w orkshop was held from  18 to 20 October 2004 in Vigo (Table 2.1.1). A subset of 
70 otoliths (S3) from  an exchange of the 2003 collection was read in this w orkshop in 
the absence of inform ation on fish length. This subset was selected to include otoliths 
that represented the full range of agreem ent obtained in the previous exchange
(2003).

At the 2003 exchange, an ageing protocol was circulated together w ith  a CD-ROM 
containing digitized images from  otolith sections and the adopted ageing criteria 
(Piñeiro and Sainza, 2003). All readers were asked to m easure the distances between 
the nucleus and (i) the first three translucent rings considered to be annuli, (ii) the 
check ring, and (iii) the edge. These m easurem ents were m arked on the images. This 
was to determ ine w hether readers were counting the same translucent rings. In order 
to m ake analytical comparisons, the readers were split into three groups based on 
their level of experience: ALK readers, expert readers, and  all readers.

Digital images, projected on a screen using a com puter running TNPC Image Analy­
sis Software, w ere used to facilitate individual interpretations and discussions be­
tw een the readers.

http://www.ices.dk/reports/
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Two analyses w ere undertaken:

1 ) com parison of readings from  the 2001 exchange (SI) and the 2003 ex­
change (S2) for ALK readers, excluding otoliths from  fish larger than 
60 cm, in order to assess reader bias

2 ) com parison of the age-reading results from  a subset of 70 otoliths (S3) w ith
the 2003 exchange collection (S2; Table 2.1.1, last row)

The w orkshop analyses of the age-reading results were perform ed using the "G uide­
lines and Tools for Age Reading Com parisons" (Eltink et ah, 2000). Several indices 
and tests were used to assess the age-reading consistency of several readers from  the 
same calcified structures, as recom m ended by C am pana (2001):

1 ) The percentage of agreement is the ratio (as a percentage) betw een the
num ber of coincident readings and the total num ber of readings and is one 
of the sim plest m ethods available. However, Beamish and Fournier (1981) 
recognized that this percentage d id  not take into account the absolute age 
of the fish. Coefficient of variation (CV) and average percentage error 
(APE) are now  preferred for the study of age-reading precision.

2 ) The average percentage error (APE; Beamish and Fournier, 1981) is an in­
dex of reading precision that is very useful for com paring series of obser­
vations. It is defined as

where n is the num ber of otoliths, r is the num ber of readings for each otolith, 
xtj is the j  value of age estim ation for otolith i, and X( is the m ean age of oto­

lith i. W hen averaged across m any fish, it becomes an index of m ean APE.

3 ) The coefficient of variation (CV) describes the precision errors in age 
reading by age group. It is statistically m ore robust and  flexible than APE.
It should be rem em bered that CV is very sensitive to low  age values.

where n is the num ber of otoliths, o  is the standard  deviation for the otolith i, 
and V is the m ean age of otolith i.

Because no validated ages are available, the reference age assum ed is the m odal age 
from  readers w ho provide ALKs for stock assessment. In the case of bim odality, the 
estim ate of m odal age was based on data from  the m ost expert readers.

The first three annual rings and  check ring m easurem ents were analysed using box- 
w hisker plots by age and reader. Age-bias plots dem onstrate both types of age- 
reading errors (precision and accuracy); however, because known-age m aterial was 
not available, the bias in  age reading was only assessed by precision.

Moreover, evidence from  m ark -recap tu re  experiments, daily growth, and elabora­
tion of synthetic ALKs (Annexes 6, 7, and 8 respectively of the 2004 w orkshop report; 
see Piñeiro et ah, 2004) were available and were presented during the workshop. This 
evidence gives insight into differential growth; thus, relevant results on grow th con­
tribute to the m ain conclusions that are crucial to assessm ent and m anagem ent of the 
hake stocks.
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2 .2 .3  Results a n d  discussion

2.2.3.1 Comparison of results from the last two exchanges: 2001 (SI) and 2003 (S2)

The results revealed that, betw een the 2001 (SI) and  2003 (S2) exchanges, agreem ent 
d ropped  from  72 to 60%, whereas the APE increased from  19 to 35% and the CV in­
creased considerably from  25 to 48%. The values obtained from  the APE and CV in­
dicated that precision of age estim ation has decreased betw een both exchanges 
(Figure 2.1.1).

2.2.3.2 Comparison of results from the 2003 exchange (S2) and 2004 workshop (S3)

In general, the majority of readers tended to give lower ages for S3 than for S2. The 
ages assigned by readers to fish older than 3 years dem onstrated a higher level of 
variability. The results indicated that it is difficult to m aintain precision for fish older 
than  3 years (reference -  or m o d a l-a g e , not true age). In the S3 readings, the am pli­
tude of confidence intervals generally decreased for all readers, and they tended to 
underestim ate ages above 3 years (Figure 2.2.1).
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Figure 2.2.1. Age-bias plots for the same readers involved in the 2003 exchange (S2) and the 2004 
workshop (S3). Mean age recorded ± 2 s.d. (standard deviation) are plotted against the modal age.

2.2.3.3 Analysis of fish less than 60 cm total length (S4)

The values obtained for APE and CV dem onstrated hardly  any im provem ent for the 
three groups of readers.

The radius m easurem ent for the first three annual rings and the check ring indicated 
that all readers can clearly distinguish betw een these rings because similar m edian 
distances for these rings w ere obtained (Figure 2.2.2). This indicates the consistent 
nature of the ageing criteria for these first rings.

The classification of the otolith edge (opaque or translucent) was also discussed. Most 
of the confusion was caused by the frequent occurrence of a translucent edge through 
the whole year in  young fish.

Considering the incorporation of new  readers in hake age estimation, the results of 
this w orkshop dem onstrate the difficulties in  applying the established ageing criteria 
and reflect the im portance of training in otolith age reading.
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Figure 2.2.2. Ring measurement (mm) from the nucleus to the end of the translucent band for the 
following rings by all readers who provided stock-assessment age data: first annual ring (ring 1); 
check; second annual ring (ring 2); third annual ring (ring 3).

2 .2 .4  Conclusions

The ages assigned by readers to fish older than  3 years dem onstrated a higher level of 
variability com pared w ith those for younger fish. Taking into account the low  preci­
sion obtained for those lengths, no agreed criteria were established for older fish.

The results of studies on hake grow th presented at the 2004 w orkshop indicate that 
the ageing criteria are inaccurate.

The results from  m ark -recap tu re  experim ents provide evidence that ages are overes­
tim ated w hen using the internationally agreed cri teri ¿i (de Pontual et al., 2003).

2 .2 .5  Recom m endations

Taking into account the loss of precision in the last exchange (2003) and workshop
(2004), and  the inaccuracy of ageing criteria evidenced by tagging experiments, 
w orkshop participants recom m ended that the supply of age-reading data for the 
elaboration of ALKs for stock assessment purposes should be in terrupted  in order to 
reallocate effort to the establishm ent of validated ageing criteria.

Validation studies are essential to the progress of hake ageing studies. Taking into 
account the recapture rate obtained in  recent studies (de Pontual et ah, 2003), tagging 
is a veiy prom ising m ethod for validating hake ageing.

In the meantim e, the effort (for both tim e and  people) that, until now, has been ex­
pended  on the reading of otoliths should be allocated to other tasks, such as:

• tagging surveys, financed by national data collection and m anagem ent 
program m es, in order to provide the reference m aterial essential to the de­
velopm ent of accurate age criteria that will yield reliable ALKs

• creation of a database of otolith images, weight, and other com plem entary 
biological inform ation

• otolith m icrostructure studies (daily growth, etc.)
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• length distribution analysis of surveys and available commercial catches

• research studies of the m acrostructure pattern  of otoliths in  order to estab­
lish an understanding of the typology of the rings (annual rings and 
checks) and the m echanisms that control their deposition

W orkshop participants recognized that these recom m endations represent a turning 
point in  the stock assessm ent of this species. In light of the results obtained in this 
workshop, as well as the recent advances in hake age validation (m ark-recapture 
experim ents, daily growth), it is im portant to avoid expending time in obtaining age 
data w ithout assurance of its precision.
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3 Sum m ary of curren t know ledge

Over the years, m any initiatives have been launched to address the problem s of age 
determ ination of European hake. These have been reported  in the scientific literature 
and very frequently in "grey literature", available in  the public dom ain but not 
w idely distributed. This section describes im portant recent studies that have contrib­
u ted  directly or indirectly to a better understanding of hake growth.

Initial attem pts at studying the grow th of European hake were m ade using 
m ark -recap tu re  m ethods (Belloc, 1935) and reading of scales (Birtwistle and Lewis, 
1925; Belloc, 1929). Subsequently, m ost researchers have relied on the interpretation 
of rings in bony structures (otoliths) and on analyses of length-frequency distribu­
tions, such as m odal progression analysis and the separation of m odal components 
(Gulland and Rosenberg, 1992). Daily grow th of this species has also been studied 
and has yielded im portant inform ation about first-year grow th (M orales-Nin and 
Aldebert, 1997; Arneri and M orales-Nin, 2000; M orales-Nin and  M oranta, 2004; 
Kacher and Amara, 2005; Belcari et ah, 2006; Piñeiro et al., 2008). Recent 
m ark -recap tu re  experim ents are an im portant tool in im proving the current status of 
know ledge of European hake growth. A lthough independent studies m ay indicate 
grow th rates different from  the ones inherent in standard  age-reading criteria, 
m ark -recap tu re  results have been the driving force behind the general discussion on 
the hake fast-growth hypothesis.

Over the years, several techniques for m aking hake otoliths easier to examine have 
been em ployed (Christensen, 1964; Albrechtsen, 1968; Nichy, 1969) but even so, all of 
the researchers have encountered difficulties in  interpreting the pattern  of grow th 
ring form ation on otoliths of this species consistently. Therefore, studies on annual 
g row th have reported  veiy different grow th estim ates for hake in both the Northeast 
A tlantic and the M editerranean Sea (Hickling, 1933; Bagenal, 1954; Meriel-Bussy, 
1966; Robles et ah, 1975; Iglesias and  Dery, 1981; Goñi, 1983; Goñi and  Piñeiro, 1988; 
Guichet, 1988; L udo  et al., 2000; Godinho et al., 2001; Piñeiro and  Sainza, 2003; ICES 
2000, 2008a). Figure 3.1.1 shows the w ide range in  total length by age dass and sexes 
combined. To minim ize bias caused by different sam ple size and range, the estim ated 
sam ple m ean lengths-at-age are presented as the only com parable grow th inform a­
tion available throughout the studies reviewed. It is im portant to assess w hether such 
a variety of results is a consequence of diverse biological growth, an outcom e of bias 
and inaccuracy in the age estim ation m ethods, or a com bination of both these factors.

3.1 Age-reading criteria

In order to standardize age-reading procedures, otolith preparation and  ageing 
m ethods were agreed at tw o workshops cond u d ed  in 1997 and 1999 w ithin the 
fram ew ork of the EU projects BIOSDEF (Anon., 1998) and DEMASSESS (Anon., 
2000). The m ain achievem ent of these w orkshops was a set of internationally ac­
cepted interpretation criteria for hake otoliths up  to the age of 5 years, allowing oto­
lith readers from  the various institutions involved in stock assessm ent to age hake 
consistently. The elaboration of these ageing criteria was a direct consequence of p re­
vious research studies on the grow th pattern  of hake otoliths, which were carried out 
by a g roup of experts on hake otolith patterns and biology. The agreed criteria rely on 
the experience obtained from  previous hake ageing studies (Goñi and Piñeiro, 1988; 
Piñeiro and  H unt, 1989; Piñeiro et al., 1992; Piñeiro and Pereiro, 1993). Additional in­
form ation was also em ployed, nam ely length-frequency distributions from  research
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and discard surveys (Piñeiro et al., 1992; Pérez et al., 1996). However, these criteria 
were never validated (Piñeiro and Sainza, 2003).

Bagenal (1954)
Godinho etal. (2001) 
Goñi (1983)
Goñi and Piñeiro (1988) 
Guichet (1988)
Hickling (1933) 
Hickling (1933)
ICES (1999)
Robles etal. (1975)

Scotland
N and NW Iberian waters 
Morocco
N  and NW Iberian waters
Bay of Biscay
Scotland
Ireland
SS
N and NW Iberian waters

ICES (2000)
ICES (2000)
ICES (2008a)
ICES (2008a)
Iglesias and Dery (1981) 
Lucio et al. (2000) 
Meriel-Bussy (1966) 
Piñeiro and Sainza (2003)

SS
NS
SS
NS
N and NW Iberian waters 
Bay of Biscay 
Bay of Biscay 
SS

Figure 3.1.1. Mean length-at-age (sex combined) obtained by mean otolith age readings from dif­
ferent authors in Northeast Atlantic waters (NS, northern stock; SS, southern stock).

The standard  age estim ation criteria are derived from  hake otolith sections, which 
have a concentric pattern  of translucent and opaque bands around the nucleus w hen 
view ed under reflected light. One annual grow th zone, or annulus, consists of one 
opaque and one translucent ring or band. Counts of annual translucent rings, pref­
erably on the ventral region, are used to estim ate ages. The first annual ring (1) is 
identified despite the presence of checks (-3, "larval"; -2, "pelagic"; -1, "dem ersal") 
around the nucleus (Figure 3.1.2). Grow th during the first and second years is great 
com pared w ith subsequent annual increments. A lthough the position of the first an­
nual ring varies, its recognition is aided by the frequent presence of a w ell-m arked 
translucent ring along the dorso-ventral axis of the section betw een the tw o first an­
nual bands. This check is frequently found on the section otolith at ca. 1.57 m m  (mean 
value +0.13, «=608) from  the nucleus. The pattern  of otolith grow th presents two 
translucent rings per year during the first 3 years of life and thereafter only one, 
w hich has been associated w ith the process of sexual m aturation.

Classification of the otolith edge type (translucent or opaque) tends to be complicated 
by the high incidence of false rings. Translucent edges appear year-round. On aver­
age, m ore than  60% of the otoliths presented translucent edges, indicating a high in­
cidence of checks, particularly in sum m er (Piñeiro and Sainza, 2003). In general, tw o
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peaks of translucent edges per year were observed. The m ost im portant peak was in 
w inter (November) and  the secondary peak was in sp ring -sum m er (A pril-June). 
Nevertheless, it is assum ed that otolith edges follow the predom inant pattern  of 
translucent-in-w inter and opaque-in-sum m er; by convention, an otolith w ith a trans­
lucent edge is not considered to be one year older until 1 January of eveiy year.

Figure 3.1.2. Transverse sections of sagitta  otoliths of two hake specimens collected in Iberian 
Atlantic waters in 1997. Top: a male of 30 cm total length caught in October and aged 2 years. Bot­
tom: a female of 47 cm total length caught in April and aged 5 years. Photographs (x 20, reflected 
light) show central area around the nucleus (N) where three false rings (-1, -2, and -3) are visible 
before the first annulus and one (check) between the first and the second annulus (1 and 2). An­
nual rings are visible as translucent zones (white dots). (Da = dorsal apex; Va = ventral apex; 
S = sulcus; AS = antisulcus; from Piñeiro and Sainza, 2003).

3.2 Reproductive behaviour

One of the key issues in  relating length and age for hake is the extended spaw ning 
period. Spawning of hake in the N ortheast Atlantic has been studied by several au­
thors (Ludo et al., 2000; Piñeiro and Sainza, 2003; Lannin, 2006; M urúa, 2006; M urúa 
et al., 2006; Dominguez-Petit, 2007). Results from  these studies indicate that spawning 
takes place over an extended period and occurs earlier in  m ore southerly latitudes 
and progressively later tow ards the northern latitudes. It is possible to find m ature 
spedm ens throughout the year, bu t prolonged spaw ning is m ore evident in  females 
(M urúa and Motos, 2006; Table 3.2.1). Spawning is one of the m ore im portant bio­
logical aspeds that will be reflected in  the otolith grow th patterns if this spedes regis­
ters the energetic effort of spaw ning as rings in the otoliths (Morales-Nin and
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M oranta, 2004). In the M editerranean Sea, Oliver (1991) also reported  a long spaw n­
ing season for this spedes, w ith peaks in spring and au tum n dem onstrating a m arked 
interannual variability related to individual grow th variability. M orales-Nin et al.
(1998) also reported  that the ring pattern  depends on sex and  sexual adivity.

The European hake is a batch-spaw ner w ith indeterm inate fecundity. R eprodudive 
m odality of this species is highly asynchronous, both at the individual level, namely 
oocyte developm ent, and at the population level, nam ely spaw ning pattern  (M urúa, 
2006; Dominguez-Petit, 2007). These fluctuations m ay increase the chances of survival 
of the offspring and  decrease the natural m ortality of the cohorts (M urúa et al., 1996). 
The extended spaw ning season also indicates the occurrence of individuals of veiy 
different sizes belonging to the same year dass (born in the same calendar year). 
These size differences will be greater w ith faster grow th rates. This fad o r will always 
be an obstade to accurate age estim ation for hake.

A study of whole and sed ioned  hake otoliths from  G alidan w aters and the Can­
tabrian Sea, based on ring m easurem ent analysis, found that otolith ring pattern  was 
a function of hatch date (Piñeiro and  H unt, 1989). So, for average total length at age 1 
(which can vaiy  from  10 to 20 cm), tw o extreme otolith types were evident, corre­
sponding to early and late hatching.

In relation to the spaw ning areas, available studies dem onstrate that hake m igrate to 
spawn, although spaw ning behaviour appears to vary w ith  latitude. Belloc (1935) 
and Hickling (1933) observed that m ature adults concentrate in deep w aters but 
spaw n in shallower waters. Males reach first m aturity at a shorter length and 
younger age than females. Therefore, in the N ortheast Atlantic, the northern  stock 
has a m ean length and age at first m aturity of ca. 39 cm and 3.4 years for males and 
47 cm and 4.2 years for females (Lucio et al., 2000; ICES, 2007a). For the southern 
stock, Piñeiro and Sainza (2003) reported  ca. 33 cm and 2.5 years for males and  45 cm 
and 4.4 years for females. Males grow  slightly faster than  females u p  to age 2 years, 
bu t from  age 3 years onw ard, female grow th rates surpass those of males. Females 
also grow  to larger sizes and live longer than  males. The difference in grow th rate 
coincided w ith the onset of sexual m aturity.

Table 3.2.1. Hake spawning season and their main peaks found by study (dark grey = main peak 
of the spawning season; light grey = peak of the spawning season).

M o n t h

A rea Study i 2 3 4 s 6 7 8 9 10 11 12

Bay of Biscay Lucio etal. (2000)

Bay of Biscay Álvarez etaL (2004)

Bay of Biscay Murúa and Motos (2006)

Celtic Sea Fives eta /  (2001)

Celtic Sea Lannln (2006)

Galician waters and Cantabrian 
Sea

Alcázar eta! (1983); Pérez and Pereira 
(1985)

Galician waters and Cantabrian 
Sea

Piñeiro and Sainza (2003)

Galician waters Dominguez-Petit (2007)

Gulf of Cadiz Silva eta!. (2007)

Mediterranean Sea Oliver (1991)

Adriatic Sea Arneri and Morales-Nin (2000)

Mediterranean Sea Morales-Nin and Moranta (2004)

Greek waters Mytlllneou and Vassllopoulou (1988)
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3.3 Length-frequency analysis

The analysis of length-frequency  distributions can provide useful estim ates of rela­
tive age and grow th of fish. Several studies have been carried out using len g th - 
frequency distributions of hake in  the Atlantic (Hickling, 1933; Bagenal, 1954; 
Guichet, 1988; Piñeiro and Pereiro, 1993; Godinho et ah, 2001) and the M editerranean 
(Orsi-Relini et ah, 1989; Recasens, 1992; A lemany and  Oliver, 1995; M orales-Nin and 
Aldebert, 1997; Garcia-Rodriguez and Esteban, 2002). The m ost commonly used 
length-based m ethod is the relationship betw een otolith radius and fish size (Goñi, 
1983; Goñi and Piñeiro, 1988; Piñeiro and  H unt, 1989; Recasens, 1992; Table 3.3.1). 
However, the extended spaw ning period and the influx of new  recruits throughout 
the year make the length-progression analysis difficult to interpret because m odal 
age groups m ay not be distinguished and/or m ore than  one m ode m ay belong to the 
same year class (Goñi, 1983; Piñeiro and H unt, 1989; G odinho et ah, 2001; Domin- 
guez-Petit, 2007).

Table 3.3.1. Overview of European hake length-frequency analysis studies: growth rate in first 
year and total length (TL) for age 1 by author, area, and method.

S t u d y A r e a

G r o w t h  r a t e ,  f i r s t

Y E A R ,  ( C M  M O N T H 1 )

H a t  a g e  1

( C M ) M e t h o d

Hickling (1933) West of Ireland 10.5 Petersen (1891)
Bagenal (1954) Scotland 22.3 Petersen (1891)

Goñi (1983) NW African Shelf 13-16 .4 Backcalculatlon

Goñi and Piñeiro (1988) Galician waters and Cantabrian Sea 15 Backcalculation

Guichet (1988) Gulf of Biscay 24.1 N0RMSEP

Piñeiro and Hunt (1989) Galician waters and Cantabrian Sea 1 0 -20 Backcalculation

Orsi-Relini etal. (1989) Ligurian Sea 0 .8 -1 .2  (spring) 
0 .7 -0 .9  (autumn)

Modal progression analysis

Recasens (1992) Catalan Sea 1.1 Modal progression analysis

Piñeiro and Pereiro (1993) Galician waters and Cantabrian Sea 20 Petersen (1891)
Alemany and Oliver (1995) Balearic Sea 1.8 (only females) Bhattachaiya (1967) FISHPARM software 

package
Morales-Nin and Aldebert 
(1997)

Gulf of Lion 1.15 14.7 MIX (MacDonald and Pitcher, 1979)

Godinho eta!. (2001) Portuguese continental waters 14.4-
21.8

Bhattachaiya (1967) FiSAT software 
package

3.4 Growth parameters

The literature on European hake grow th abounds w ith estimates of m ean lengths-at- 
age and grow th param eters obtained for different geographic regions using a variety 
of ageing methodologies. Almost all studies on hake grow th deal w ith fitting von 
Bertalanffy (1938) or other grow th functions to length-at-age data, w here the age data 
are inferred either from  calcified structures or by length-frequency  distributions. 
They are difficult to assess and  com pare because their estim ation depends greatly on 
the size and  age ranges covered in the study. Veiy few of these studies use validated 
ages. A sum m ary of grow th param eters estim ated by sex, both separately and com­
bined, is presented in Table 3.4.1. It is difficult to m ake consistent com parisons be­
cause of differences in the sam pling design, age estim ation m ethod used (e.g. otolith 
age estimation, length-frequency  analysis), calcified structure (e.g. otoliths, scales) 
and param eter estim ation procedures (e.g. assum ed asym ptotic length). The w ide 
range of results m ay be a consequence of the m ethods used for age estim ation 
(bias/inaccuracy) or attributable to biological factors, such as the complexity of otolith 
pattern.
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T a b le  3.4.1. G ro w th  p a ra m e te rs  o b ta in e d  b y  v o n  B e rta la n ffy  g ro w th  fu n c tio n  (K, L«, a n d  to) in  d if fe re n t  
s tu d ie s  b y  sex  (m  = m ales ; f = fem ales; c = c o m b in e d  sexes), ag e  e s tim a tio n  m e th o d , s to c k  
(M  = M e d ite rra n e a n  S ea; N  = A tla n tic  n o r th e rn  stock ; S = A tla n tic  so u th e rn  stock ), a n d  g e o g ra p h ic  area .

K ( C M

S t u d y S e x M e t h o d S t o c k A r e a Y E A R “ 1 ) Lo: ( C M ) T o  ( Y E A R )

Belloc (1929) c Scales - Africa 0.078 56.6 -0 .586

Hickling (1933) c Otoliths N S Ireland 0.087 128.6 -
Bagenal (1954) c Petersen N Scotland 0.710 126.4 -

c Otoliths 0.204 125.9 -
Meriel-Bussy (1966) c Otoliths N Bay of Biscay 0.059 171.8 -
Guichet etal. (1973) m Otoliths N NE Ireland 0.069 124.0 -

f 0.070 124.0 -
Guichet e t a! (1974) m Otoliths N NE Ireland 0.024 268.2 -

f 0.087 123.7 -
Robles etal. (1975) c Otoliths S Galician waters and 

Cantabrian Sea
0.070 125.4 -

Descamps and Labastle m Otoliths N Bay of Biscay 0.148 83.0 -0 .420
(1978) f 0.098 116.0 -0 .510
Iglesias and Dery (1981) c Otoliths S Galician waters and 0.060 99.9 -2 .740

Cantabrian Seam 0.150 63.4 -1 .030
f 0.060 99.8 -2 .360

Goñi (1983) c Otoliths/ S NW African Shelf 0.064 110.0 -0 .760
m Back-calculated 0.067 100.0 -1 .090
f 0.065 110.0 -0 .820

ICES (1991) c Otoliths S Galician waters and 
Cantabrian Sea

0.080 100.0 -1 .420

Alemany etaL (1993) f FISHPARM/
Bhattachaiya

M Balearic Sea 0.214 113.2 0.311

ICES (1993) c Otoliths N Bay of Biscay 0.073 127.5 -1 .130
Aldebert and Recasens 
(1995)

m FISHPARM/ M Gulf of Lion 0.149 72.8 -0 .383
f Bhattachaiya 0.124 100.7 -0 .350

Alemany and Oliver (1995) c FISHPARM/
Bhattachaiya

M Balearic Sea 0.184 126.9 0.035

Garcia-Rodrlguez and Esteban c Petersen M Mediterranean Sea 0.123 113.2 0.137
(1995)
Lucio etaL (2000) e d i Otoliths N Bay of Biscay 0.124 110.0 -0.452

ml« 0.181 80.0 -0 .724
pu 0.122 110.0 -0 .619

Godinho eta1 (2001) c Otoliths S Portuguese continental 
waters

0.08 110 -0 .97

Garcia-Rodrlguez and Esteban m FiSAT (subp. ELEFAN) M Mediterranean Sea 0.20 93.0 -0 .091
(2002) f 0.21 108.0 0.115

c 0.21 108 0.115
Piñeiro and Sainza (2003) e d i Otoliths S Galician waters and 0.07 120.5 -1 .72

Cantabrian Seac 0.13 88.01 -1 .17
m 0.18 70.06 -0 .97
f 0.13 89.04 -1 .1 5

de Pontual eta!. (2006) c Mark-recapture N Bay of Biscay 0.362 89.9 -
edi 0.250 110 -
md> 0.436 80 -
fdi 0.261 110 -

¿ „ f ix e d .
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3.5 Bioenergetics studies

In the N ortheast Atlantic, the hake is an ichthyophagous species. A dults feed on fish, 
m ainly blue whiting, other gadoids, and  pelagic fish, whereas juveniles prey mainly 
upon planktonic crustaceans (mainly euphausids, copepods, and am phipods). Can­
nibalism  of juveniles by adults has also been reported  (Velasco and Olaso, 1998).

In Galician w aters and the Cantabrian Sea, the hake is one of the top predators of the 
dem ersal com m unity and occupies one of the highest trophic levels (Velasco et ah, 
2003). The variability in diet depends mainly on tw o factors: length and depth  
(Velasco, 2007). Velasco (2007) indicated an im portant change, which occurs at a fish 
length of ca. 18 cm, from  a benthic diet based on crustaceans to a pelagic and mesope- 
lagic diet based on small fish. This change m ay be responsible for the characteristic 
check found in the ring pattern  of hake otoliths described by several authors (Goñi 
and Piñeiro, 1988; Piñeiro and Hunt, 1989). The presence of this check (ca. 1.5 mm; see 
Section 3.1), w hich appears to be well m arked in the otolith (Piñeiro and  Sainza, 
2003), m ay be linked to some biological or behavioural event, such as a dram atic 
change in  diet. Velasco and Olaso (1998) noted  that, in the Calabrian Sea, the diet of 
hake betw een 15 and 20 cm in length changed from  88% invertebrates to 97% fish. 
This m ight explain the presence of the check because it appears to be independent of 
season and occurs w hen the fish attain ca. 19 cm in length (Goñi and Piñeiro, 1988).

A study conducted by Riis-Vestergaard et al. (2000) on the rate of food consum ption 
by hake, w ith estim ates based on a bioenergetic m odel and  gastric evacuation m eth­
ods, revealed that the grow th rate m ay be underestim ated. A lthough bioenergetics 
studies do not perm it accurate age estimation, they can be used as an external sup­
port for age estimation.

3.6 Daily growth

The study of daily grow th increm ents is a useful tool for the exam ination of grow th 
and length-at-age of young fish (Pannela, 1971; M orales-Nin and Aldebert, 1997). 
This m ethodology has been indirectly validated in larvae and  juvenile European hake 
in the Adriatic Sea (Arneri and M orales-Nin, 2000) and in  experim entally reared con­
ditions in  N orw ay (M orales-Nin et ah, 2005). O tolith m icrostructure analysis has been 
used to estim ate juvenile grow th rates and to determ ine the length corresponding to 
the first year of life of hake in different areas of the M editerranean Sea (Morales-Nin 
and Aldebert, 1997; Arneri and M orales-Nin, 2000; M orales-Nin and  M oranta, 2004; 
Belcari et ah, 2006) and  in Atlantic waters (Kacher and Amara, 2005; Piñeiro et ah, 
2008). This m ethod was also used to study larval grow th and  developm ent, and m or­
tality rates, in both the Atlantic (Alvarez and Cotano, 2005; Bjelland and Skiftesvik, 
2006) and the M editerranean (Palomera et ah, 2005).

Hake grow th during the first year of life is characterized by the occurrence of differ­
ent check rings in  the otolith. These are probably related to physiological and  envi­
ronm ental events and make it difficult to locate the first annual translucent ring 
(M orales-Nin et ah, 1998; Piñeiro and Sainza, 2003). Erroneous interpretation of these 
rings could be the source of the differences in the length estim ated in  the first year in 
several studies (M orales-Nin et ah, 1998; Piñeiro and Sainza, 2003). M orales-Nin and 
Aldebert (1997) noted that, in the Gulf of Lion, hatching occurred throughout the 
year, indicating that irregular grow th during the first year of life m ay be related to 
seasonal variations in the times of hatching and recruitm ent to the bottom  producing 
different grow th rates. M orales-Nin and M oranta (2004) found hake recruits year- 
round  in the M editerranean Sea, w ith m odes betw een 7 and 11 cm total length (TL),
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depending on the season. O tolith analysis indicated m onthly variations in  grow th 
rates (1.2-2.5 c m rrr1), w ith  a m axim um  in sum m er corresponding to fish hatched the 
previous autum n. Arneri and M orales-Nin (2000) studied the early developm ent of 
hake otoliths and obtained a m ean total length of 15 cm at the end of the first year, 
w ith m onthly variable grow th rates (1.1-1.6 cm m onth-1). Kacher and Am ara (2005) 
note that, in  age 0 hake (age < 365 d) in the Bay of Biscay and Celtic Sea (northern 
stock area), tw o hyaline rings w ere observed and, in one individual of 22.5 cm, a third 
ring corresponding to 329 d  from  the accessoiy grow th centre was detected. They 
found that juvenile hake reach daily grow th rates ranging from  0.71 m m  d -1 to 
0.74 m m  d -1. These results suggest that juvenile hake grow th rates are faster than 
previously thought for this species (Table 3.6.1) and are consistent w ith the grow th 
rates from  tagging studies. The size at first year estim ated by Kacher and Am ara 
(2005) is close to the size w hen hake lay dow n their second-year ring (age group 1), 
according to the age data obtained by Descamps and Labastie (1978), Goñi and Pi­
ñeiro (1988), and Piñeiro and Sainza (2003).

A daily grow th study using hake otoliths from  the northw est M editerranean ob­
tained a m ean total length of 18.3 a n  at the end of the first year of life and a m ean 
grow th rate of ca. 1.5 cm m onth-1 (Belcari et al., 2006). A new  approach to the estim a­
tion of daily grow th in Atlantic juvenile hake, based on both sagittal and  transversal 
otolith sections (Piñeiro et al., 2008), found that, by the end of the first year, hake from 
northw est Iberian w aters m ay attain a length of 25.3 cm, dem onstrating an average 
individual grow th rate of 0.66 m m  d -1± 0.06 (Table 3.6.1). These authors observed 
that the transversal section used to study the juvenile phase presented a particularly 
clear sequence of m icro inaem ents which, at m aaoscop ic scale, consisted of succes­
sive w ide opaque zones (OZ) and  thinner translucent zones (TZ), as depicted in Fig­
ure 3.6.1. The latter zones correspond either to seasonal grow th structures or to fish- 
specific responses to endogenous or environm ental factors (Courbin et al., 2007).

Figure 3.6.1. Bottom: hake otolith, sectioned on the transversal plane (under transmitted light, 
X 200 magnification), demonstrating a central zone with the nucleus (N) and accessory-growth 
centres (AC). The daily growth increments visible on the ventral axis (VA) are used for counting. 
Top: detail of a sequence (x 400 magnification) of growth increments grouping in the translucent 
(TZ) and opaque zones (OZ) and demonstrating the variation of increment widths that indicates 
seasonal growth variations.

Grow th studies based on otolith daily age estim ates have produced great d isaep an - 
cies in the estim ated grow th rates throughout the juvenile phase and, consequently,
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in the size attained at the end of the first year of life. The highest daily grow th rates 
(2.16-2.22 cm m onth-1) w ere found in Atlantic hake (Kacher and Amara, 2005), which 
w ould  result in a juvenile total length of 23.8 a n  at the end of the first year. Lowest 
grow th rates w ere observed in M editerranean hake (Table 3.6.1). Nonetheless, it m ust 
be stated that these differences m ay be the consequence of different m ethodological 
approaches, geographical location, and seasonal origin of the samples.

Table 3.6.1. Overview of hake daily growth data obtained by various studies: growth rate (GR), 
mean length (ML) at first year of life, number of otoliths sampled, total length (TL) range, and 
study area.

S tudy

GR
( C M  M O N T H " 1 )

ML A T  F I R S T  Y E A R  O F  
L I F E  ( C M )

No.
O T O L I T H S TL( cm) Area

Morales-Nin and Aldebert 
(1997)

1.15 16 81 10.5-20.7 Gulf of Lion

Arneri and Morales-Nin (2000) 1 .1 -1 .6 15 145 1.6-16.4 Central Adriatic

Morales-Nin and Moranta 
(2004)

1 .2 -2 .5 - 153 2 .5 -2 5 Mediterranean Sea

Kacher and Amara (2005) 2 .16 -2 .22*  
(0 .72-0.74 mmd-i)

23.8 107 6 -2 2 Bay of Biscay and Celtic 
Sea

Palomera et al. (2005) 0 .45-0 .57* 
(0.15-0.19 mmd-i)

” 71 0.25-0 .91 Mediterranean Sea

Alvarez and Cotano (2005) 0 .45-0 .51* 
(0.15-0.17 mm d"i)

” ” 0 .2 -1 .2 Bay of Biscay

Morales-Nin eta! (2005) 1.8 - 1 13.5 Rearing conditions

Belcarl etaL (2006) 1.3-1 .7 18.3 579 4 -2 0 Tyrrhenian Sea

Bjelland and Sklftesvlk (2006) 1.8 - - - Rearing conditions

Piñeiro eta!. (2008) 1.98 ±0.18*
(0.66 ±0.06 mmd-i)

25.2 103 3 -2 5 Galician waters and 
Cantabrian Sea

* D a t a  c a l c u l a t e d  f r o m  o r i g i n a l  s t u d y .

3.7 Mark and recapture

Age determ ination of hake is accom panied by tw o m ain sources of error: accuracy 
and/or precision (Campana, 2001). M arking (tagging) and recapturing fish is one of 
the best m ethods available for validating the periodicity of grow th increm ent form a­
tion. Validation studies on age estim ation for hake based on tagging were only ac­
com plished very recently because of the fragility of the species and its bathym etric 
distribution (Lucio et ah, 2000; de Pontual et ah, 2003; Piñeiro et ah, 2007). A n early 
experim ent carried out by Belloc (1935) recovered only one individual, w ith a grow th 
rate of 16.7 cm year-1 after eight m onths at sea. L udo  et al. (2000) reported  three re­
captures from  151 released tagged fish, bu t only one fish was retrieved after a very 
short time at liberty (23 d).

Results from  tagging experim ents (de Pontual et ah, 2006) conducted in the Bay of 
Biscay dem onstrated that the somatic grow th of the recoveries was double that ex­
pec ted  from  published von Bertalanffy grow th functions (VBGFs) for the species 
(Figure 3.7.1). The grow th rate, w hen restricted to recoveries that had  spent at least 
one sum m er and one w inter at liberty, was estim ated to be 19.82 ±1.49 cm year-1 
(n = 6). G row th underestim ation was related to age overestimation, w hich was dem ­
onstrated by tw o independent analyses: (i) results based on a blind interpretation of 
m arked otoliths by tw o experts involved in  routine hake age estim ation dem on­
strated that the age estimates were neither accurate nor precise (Figure 3.7.2); (ii) the
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predicted otolith grow th was inconsistent w ith the observed otolith grow th (Figure 
3.7.3). Both types of otolith analyses invalidated the international agreed age- 
estim ation m ethod and dem onstrate the need for further research (de Pontual et al., 
2006).

Results from  a tagging experim ent conducted off the northw est Iberian Peninsula 
indicated that hake grow th rate, w ithin the total length range studied, is about dou­
ble that derived by the standard  agreed cri teri ¿i of otolith age estim ation (Piñeiro and 
Sainza, 2003). Results from  this w ork support the fast-growth hypothesis of this spe­
cies (Figure 3.7.4). The results indicate that European hake w ould  reach a total length 
of ca. 25, 45, and  60 cm at the end of the first, second, and th ird  years of life, respec­
tively, instead of 20, 29, and 37 cm, as estim ated using the standard  agreed cri teri ¿i 
described by Piñeiro and Sainza (2003).

120 -,   Female: Lucio et al. (2000a)
  Female: this study
  Male: Lucio et al. (2000a)
—  Male: this study

100 -

80 -

60 -

40 -

20  -

0 2 4 6 8 10
Age (years)

Figure 3.7.1. The von Bertalanffy growth function (VBGF) fitted from recapture data for male 
(dashed line) and female (solid line) hake and the corresponding VBGF given by Lucio et al. 
(2000); male (dotted and dashed lines), female (dotted line). Fitting was performed using fixed L~ 
values given by Lucio et al. (2000): 80 and 110 cm for males and females, respectively (from de 
Pontual et al., 2006).

Figure 3.7.2. Transverse section of an Oxytetracycline (OTC) marked otolith observed under re­
flected light. Left: blind interpretation (age 4 +years); right: new interpretation (age 2 +years). 
Blue indicates the false rings (FR) described by Piñeiro and Sainza (2003); red indicates the winter 
rings (WR); and yellow indicates the OTC mark. The fish was recaptured 301 d after tagging (TL 
at capture, 30 cm; TL at recapture, 49 cm; from de Pontual et al., 2006).
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Figure 3.7.3. Comparative analysis of expected and observed otolith growth with respect to time at 
liberty. Otolith growth (ARv) is the distance (in mm) from the Oxytetracycline mark to the edge, 
measured on the ventral radius. Numbers above the points indicate fish lengths (in cm) at tagging 
(from de Pontual et al., 2006).
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Figure 3.7.4. Somatic growth increment (total length, cm) as a function of time since release. Black 
dots and solid line, data from southern hake stock tagging experiment (Piñeiro et al., 2007); 
squares and dashed line, data from northern hake stock tagging experiment (de Pontual et al., 
2006) restricted to comparable period (up to 500 d since release; from Piñeiro et al., 2007).

A lthough earlier tagging studies had  very low  tag return  rates (Belloc, 1935; Lucio et 
al., 2000), their findings also indicated a m uch higher grow th rate for this species 
(Table 3.7.1). The striking consistency betw een the results and somatic grow th rates 
from  tag recoveries of both  northern  and southern hake stocks (Piñeiro et al., 2007) is 
in accordance w ith  genetic studies, w hich do not find significant differences between 
the tw o stocks (C im m aruta et al., 2005).

Unfortunately, there are currently insufficient validated data to develop an alterna­
tive robust age estim ation m ethod for European hake. Direct m easures of grow th de­
rived from  m ark -recap tu re  experim ents provide invaluable data for the resolution of 
the ageing problem.
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Table 3.7.1. Summary of results of available mark-recapture studies of European hake 
(NS = northern stock; SS = southern stock; TL = total length; GR = growth rate).

T a g g i n g  e x p e r i m e n t R e c a p t u r e  r e s u l t s

S t u d y

L o c a t i o n

S t o c k

N o .
R E L E A S E D

N o .
T A G G E D

T L  R E L E A S E  
( C M )  

( M O D E )
D a y s  s i n c e

R E L E A S E
T L  R E C A P T U R E  

( C M )

G R  ( C M  D "1 
M E A N  ±  S . D . )

R e c a p t u r e  r a t e

%

Belloc (1935) SW Ireland 
NS

78 1 28.9 255 40.6 0.046 1.3

Lucio etaI (2000) South Bay of
Biscay
NS

152 1 56 24 60 0.166 1.9

de Pontual etai 
(2006)

Bay of Biscay 
NS

1307 36 21-40
(29)

1-1066 24-67 0.038 ± 
0.004

3.1

de Pontual etal. 
(2006)

Bay of Biscay 
NS

- 10* 21-33 101-
1066

34-67 0.052 ± 
0.009

-

Piñeiro etal. (2007) NW Iberian 
Peninsula
SS

527 6 29-36
(29)

29-466 31-56 0.032 ± 
0.016

1.3

Piñeiro eta!. (2007) NW Iberian 
Peninsula
SS

527 2* 2 9 -3 0 347-466 46.5-56 0.052 ± 
0.003

* F ish  th a t  w e re  > 100 d a y s  a t  sea.
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4  Key issues

The key issues concerning hake are representative of the m ain problem s encountered 
in the assessment of m any European stocks. A large num ber of otolith exchanges and 
w orkshops have been held, aim ed at im proving the consistency and precision of age 
reading for hake. Usually, the reports of these studies have not been published in 
refereed journals and  have been available only in grey literature. However, m uch of 
the w ork provides useful insights into the problem s of age determ ination in  hake 
and, as a result, some of the key findings and issues raised from  these reports are 
listed below. The report from  the m ost recent w orkshop (in 2004, sum m arized in Sec­
tion 2.2) provides detailed inform ation on the problem s encountered.

4.1 Complexity of the otolith growth pattern

The interpretation of otolith grow th m arks is often a difficult task in which subjectiv­
ity increases w ith  the complexity of the structural pattern  of the otolith, as is the case 
for hake (Courbin et al., 2007). Im proved understanding of the biological m eaning of 
grow th m arks and the developm ent of a quantitative fram ew ork aim ed at defining 
an objective procedure for otolith interpretation are com plem entary solutions to re­
ducing interpretation subjectivity, and  are especially needed for complex species 
(Courbin et al., 2007).

M acrostructures visible on otoliths m ay have different origins. The identification of 
these m acrostructures and the establishm ent of the link betw een the m acrostructure 
and an event in the life cycle represent a fundam ental step in  accurate age estimation.
Hake otolith interpretation is complex because of the presence of m any m acrostruc­
tures. There are m any thin translucent zones (TTZs) that probably correspond to 
short environm ental and/or physiological events, and the difficulty in  interpreting 
such otoliths often i nerea ses w ith the size of the fish (Courbin et al., 2007).

Goñi and  Piñeiro (1988) found an average num ber of 11 translucent rings laid dow n 
in hake otolith sections of individuals w ithin the length range 32-38 a n . If it is as­
sum ed that fish of that size w ere 3-5  years old (according to the standard  age- 
reading a ite r ia  d esa ib e d  by Piñeiro and Sainza, 2003), this w ould m ean six to eight 
false rings in addition to the true annual rings.

The complexity of hake otolith m aao stru c tu re  and  grow th variability is believed to 
be related to the long spaw ning season (Casey and Pereiro, 1995; Anon., 1998; 
Dominguez-Petit, 2007). The almost continuous recruitm ent throughout the year, as a 
result of m ultiple spawning, causes variable ring patterns. The sexual dim orphism  in 
grow th rates and different ring patterns, depending on the hatching time and geo­
graphical area, render otolith interpretation m ore difficult and contribute to the dis- 
aepancies that exist betw een different otolith readers. Piñeiro (2000) noted that the 
major difficulties in otolith age estim ation were (i) the location of the first annual ring 
(first annulus), (ii) the classification of the rings as annual or false, and  (iii) the inter­
pretation of the edge. The identification of the first annual ring is problem atic because 
of the presence of several checks associated w ith juvenile grow th (Table 4.1.1).

Piñeiro and Sainza (2003) observed that these difficulties could be related to some 
generally well-m arked false rings that very frequently occur before, during, or after 
the first annulus deposition. This m akes it veiy difficult to identify the first annual 
ring and  constitutes the m ost im portant source of uncertainty in hake otolith age
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reading. The w ide range of length-at-age estim ates given by different authors for 
European hake in 2003 was also an issue.

Casey and Pereiro (1995) held similar views and concluded that there is a large num ­
ber of different descr iptions of European hake growth, depending on the area of cap­
ture and on the interpretation of the rings on the otoliths. However, it was impossible 
at that time to determ ine w hether the reported differences were real or the result of 
difficulties in age determ ination.

Fariña and A baunza (1991) considered that the grow th interruptions m arked on hake 
otoliths could be related to depth  stratification in relation to size and age. The preda­
tory and reproductive behaviours of hake result in seasonal m ovem ents through 
habitats w ith  different environm ental conditions (Fariña and  A baunza, 1991).

Table 4.1.1. False ring distances (backcalculated) identified in hake otoliths before the first an­
nual ring in different studies.

S t u d y G e o g r a p h i c a l  a r e a F a l s e  r i n g  d i s t a n c e s  ( c m )

Descamps and Labastle (1978) Bay of Biscay 7 and 12

Iglesias and Deiy (1981) Galician waters and Cantabrian Sea Three rings (< 12)

Goñi (1983) NW African Shelf 2 ,4 ,7 ,and 10

Goñi and Piñeiro (1988) Galician waters and Cantabrian Sea 4, 7 ,9 ,and 12

Piñeiro and Pereiro (1993) Galician waters and Cantabrian Sea Hyaline band (7-10)

Courbin et al., (2007) investigated the m acrostructure pattern  of hake otoliths from 
the M editerranean Sea. U nsupervised statistical analysis of the distribution of the 
characteristics of these m acrostructures led to the definition of three m ain m acro­
structure types: (i) a w ide translucent zone close to the nucleus (WTZC), (ii) a w ide 
translucent zone distant from  the nucleus (WTZD), and (iii) a thin translucent zone or 
check (TTZ), associated w ith a large variation in distance to the nucleus. The TZZ 
type is therefore probably associated mainly w ith specific fish responses to environ­
m ental or endogenous factors. In contrast, the spatial extent of the WTZC and  WTZD 
types are m ore clearly defined, suggesting that they are relevant at a population 
level, for instance in response to seasonal variations or major ontogenetic events.

The interpretation of the otolith grow th pattern  will be a fundam ental step tow ards 
the establishm ent of validated age-reading criteria.

4.2 Lack of validated ageing criteria

Age validation is the confirmation of the tem poral m eaning of the grow th structure 
used for age determ ination. However, it is not easy because the ageing has to be vali­
dated  for the entire age range of the population and  for spaw ning stocks in different 
geographic areas. Different techniques can be used for validation (Morales-Nin, 
1997). A ttem pts w ere initially m ade using m ark -recap tu re  m ethods (Belloc, 1935; 
Fritz, 1959) for the study of European hake growth, bu t m ost researchers have relied 
on the interpretation of rings in bony structures (otoliths) and on analyses of len g th - 
frequency distributions, such as m odal progression analysis and  the separation of 
m odal com ponents (Gulland and Rosenberg, 1992). A lthough several techniques for 
m aking hake otoliths easier to examine have been em ployed (Christensen, 1964; 
Albrechtsen, 1968; Nichy, 1969), all researchers have encountered difficulties reaching 
a consistent interpretation of the pattern  of grow th ring (annual grow th zone) form a­
tion on otoliths of this species.
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The 1999 w orkshop perm itted the establishm ent of age-reading criteria (Piñeiro and 
Sainza, 2003). The decrease in age-reading agreem ent that occurred at the last w ork­
shop, although detrim ental, is obviously related to the use of hake estim ation criteria 
that have not been validated. The use of validated criteria will encourage better re­
sults because it will reduce the subjectivity inherent in  age reading, increase the con­
fidence of readers in assigning a given age, and facilitate the identification of 
m acrostructures in  the otoliths that could easily be related to life-history events. The 
lack of know ledge of hake otolith grow th patterns (see Section 4.1) m akes it im possi­
ble to establish reliable ageing criteria.

4.3 Alternative methods

A variety of m ethods or approaches has been used in grow th studies. The analyses of 
hake catch length distributions have been applied to hake age distribution (see Sec­
tion 3.3). However, results of this m ethodology are difficult to interpret ow ing to the 
difficulty in  splitting overlapping norm al distributions or establishing the correspon­
dence betw een norm al distribution and year classes. Even w here these analyses are 
possible, they are lim ited to the first age class or to the few age classes that m ake up 
the bulk  of the landings.

Prior to 1997, the ICES W orking G roup for the A ssessm ent of Southern Shelf Dem er­
sal Stocks (WGSSDS) -  previously in charge of hake stock assessments -  applied n u ­
merical m ethods (Kimura and Chikuni, 1987) to the annual length com position of 
catches in order to obtain a catch-at-age m atrix for the assessm ent of the southern 
hake stock (ICES, 1993, 1994, 1995). However, the WGSSDS considered the use of 
ALKs to be m ore reliable for obtaining catch-at-age data (Piñeiro et ah, 2000). The ap­
plication of length-frequency  analysis is problem atic because of the hake's extended 
spaw ning period. M ore than one m ode m ay relate to the same year class, and the cor­
rect identification of length m ode is subjective. Additional inform ation can be 
achieved by age validation m ethods, including both direct and indirect approaches, 
in order to reduce grow th and  age uncertainties.

The m ark -recap tu re  of w ild fish is one of the best m ethodologies to facilitate age- 
reading validation if the otoliths are chemically m arked (with OTC) w hen the tagged 
fish are released. This approach, used successfully w ith  hake, is very expensive be­
cause a large num ber of fish m ust be m arked in order to obtain sufficient returns. 
Success is highly dependent on the recapture rate, which is often very low. The major 
difficulty is related to the tagging of small hake because of the high m ortality rate 
that occurs during early life stages (Piñeiro et al., 2007). For this reason, alternative 
approaches, such as otolith m icrostructure analysis, can be very useful in  confirming 
grow th in  the first year of life.

Daily grow th increm ent analysis is also a very im portant tool for the establishm ent of 
a criterion for the identification of the first annual ring. Furtherm ore, this analysis 
provides a better understanding of the typology of hake otolith m acrostructure in 
relation to the biological m eaning and m echanisms (endogenous and  environm ental) 
that control increm ental deposition. The approach of com paring the structural pat­
tern at micro- and macroscopic scales provides a new  fram ew ork for the develop­
m ent of an alternative m ethod of age estim ation for this species.

Chemical-composition analysis of otolith grow th m arks m ay provide inform ation 
about fundam ental differences betw een opaque and translucent bands that will help 
to explain the processes governing their form ation and, therefore, aid in  their inter­
pretation (M orales-Nin et ah, 2005; Tomás et ah, 2006). An electron probe study, based
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on caldum , strontium , and  sodium , of some European hake populations has revealed 
relative changes in com position associated w ith opaque and translucent bands in 
their otoliths (Tomás et ah, 2006).

A com bination of all methodologies, the description of otolith patterns, len g th - 
frequency analysis, daily grow th increm ent analysis, and  m ark -recap tu re  results is 
necessary to establish validated criteria for reliable age reading of hake otoliths. The 
application of each individual m ethodology in isolation, w hich has been the case un ­
til now, has not perm itted  the necessary advances in hake age reading.

4.4 Fast growth vs. slow growth

The debate about w hether hake is a fast- or slow-growing species has continued since 
the 1930s (Hickling, 1933; Belloc, 1935). Results of recent m ark -recap tu re  studies 
dem onstrate that grow th is underestim ated as a consequence of age overestim ation 
(de Pontual et ah, 2006). U nderestim ation of grow th during the first year of life has 
also been recently dem onstrated, based on daily grow th increm ents (Arneri and 
M orales-Nin, 2000; M orales-Nin and  M oranta, 2004; Kacher and Amara, 2005; Belcari 
et ah, 2006; Piñeiro et ah, 2007). Bioenergetics studies also supported  an underestim a­
tion of grow th rate (Riis-Vestergaard et ah, 2000; see Section 3). The num ber of w ide 
translucent zones (WTZ) detected by Courbin et ah (2007) were m ore in line w ith a 
fast-growth rather than a slow-grow th hypothesis.

Scientists w ho provided  age data for stock assessm ent purposes assum ed a slow- 
grow th hypothesis that is inherent to the standard  criteria, w hich were agreed follow­
ing the results of several workshops. However, com plem entary and recent studies 
indicate that the slow-grow th hypothesis is less likely to be valid. Bearing in m ind 
that the age criteria used are not validated and  that the fast-growth hypothesis is con­
sistent w ith m ark -recap tu re  results, a reliable and non-subjective m ethodology that 
allows accurate results is necessary. It is clear that conventional otolith age estim ation 
needs to change in order to be consistent w ith  the fast-growth hypothesis. According 
to the fast-growth hypothesis, hake at the end of the first, second, and th ird  years of 
life w ould reach a TL of 25, 45, and 60 cm respectively, instead of 20, 29, and 37 cm 
(Piñeiro et ah, 2007), as estim ated from  otoliths using the internationally agreed age­
ing m ethod (Piñeiro and Sainza, 2003).



H ak e  a g e  e s tim atio n

5 Future work

5.1 Exchange programme

The objective of otolith exchanges is to estim ate precision and relative/absolute bias 
in the age readings m ade by readers from  different age-reading laboratories in  order 
to determ ine w hether or not these param eters are still w ithin acceptable levels (ICES, 
2008b). In this case, a new  otolith exchange has been scheduled for 2009 to identify 
the nature of the translucent rings that contributed to the decrease in the precision of 
age estim ations betw een the last tw o exchanges (2001 and 2003, w here the CV in­
creased from  25 to 48%) for fish of the sam e length range. Taking into account the 
know n discrepancy betw een the standard  ageing criteria and the results of 
m ark -recap tu re  experiments, the next exchange needs not only to assess the preci­
sion of age estim ation but also to start developing new  validated age-reading criteria. 
This can be achieved by using otoliths collected from  both tagging m aterial and p re­
vious workshop collections; it is essential to compile a collection of currently recog­
nized known-age m aterial that can be used for validation. The position of know n 
annual translucent rings on otoliths from  m arked and recaptured fish can be com­
pared w ith  translucent rings identified by individual readers as annual rings on 
raster layers of images of the otoliths.

5.2 Otolith biometrics

The purpose of inferring age from  the correlation betw een the age of a fish and oto­
lith biometrics, such as otolith w eight or two-dim ensional otolith shape, is to estimate 
the proportions-at-age w ithin a fish population rather than to assign ages to individ­
ual fish (FAbOSa, 2002; Francis and  Cam pana, 2004). The developm ent of an otolith 
grow th m odel is ham pered by the lack of validated material (m ark-recap tu re or 
other data on know n age); this prevents not only validation, bu t also the develop­
m ent of statistical m ethods to update  historical data (ICES, 2006).

Recent advances in im age acquisition and the developm ent of im age analysis tech­
niques for fish otoliths offer new  possibilities for the autom ation of aspects of image 
processing that can im prove the objectivity of reader interpretation w ithin a quality- 
control framework.

5.3 Otolith macrostructure typology

The low  levels of precision in the age interpretation of older hake otoliths are partly 
the result of the complexity of the otolith m acrostructure. Problems in age interpreta­
tion can only be resolved by establishing descriptors for the key features w ithin the 
otolith m acrostructure and developing a better understanding of their biological sig­
nificance and the mechanisms that control the deposition of the grow th rings. Cour­
bin et al. (2007) have developed a m ethodological fram ew ork that, w hen applied to a 
set of M editerranean hake otoliths, discrim inates betw een tw o types of m acrostruc­
ture that are clearly not random  and are m eaningful at a population or group level. 
However, the authors note that, although this proposed m easure of similarity of oto­
lith patterns can be applied to the patterns interpreted by experts w ith  a view  to 
quantifying interpretation differences, it w ould  rely on a predeterm ined m acrostruc­
ture typology agreed am ong experts.
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5.4 Experiments in a controlled environment

Laboratory experim ents to confirm the increm ent form ation of known-age or chemi­
cally m arked fish are common (Geffen, 1992). However, it is seldom  possible to 
m imic in the laboratory natural conditions, such as photoperiodicity, tem perature 
and feeding cycles, and vertical m igrations. Nevertheless, it can be helpful to know  
w hen im portant events, such as grow th and behaviour, occur at different stages in 
otolith grow th pattern  formation. This inform ation can only be obtained from  rearing 
experim ents. Semi-intensive culture of the eggs of European hake has allowed de­
scriptions to be m ade of larval developm ent, grow th during early life stages, and the 
influence of tem perature on developm ent and  survival (M orales-Nin et ah, 2005; Bjel- 
land and  Skiftesvik, 2006). Studies on the correlation betw een otolith micro- and mac­
rostructure and feeding, tem perature, and fish grow th require empirical observations 
in laboratory experim ents. Recently, M artinez de M urguia et al. (2005) dem onstrated 
that, w ith regular feeding, it is possible to keep adult hake in captivity for more than 
a year. This experim ent opens the possibility of future research for studying the opti­
cal signal of otolith structures and other issues concerning their biology under con­
trolled conditions.

5.5 Developing a new protocol for hake age estimation

The otolith exchange in  2009 will be followed by a W orkshop on Age Estimation of 
European Hake (WKAEH), w hich will take place at IEO in Vigo, Spain, in Octo­
ber/N ovem ber of the same year. Identification of the problem atic translucent zones 
and a better understanding of the features that m ake them  difficult to interpret are 
essential steps in the developm ent of an im proved protocol that can increase the pre­
cision of hake age estim ation for stock assessments. A com parison of the position of 
know n annual rings on otoliths from  m arked and recaptured fish, and the identifica­
tion of these rings by experienced otolith readers during the exchange, will be a key 
topic of the workshop. Otolith m icrostructure analysis and  observed grow th rates 
from  tagging experim ents will be used to inform  discussions on the im provem ent of 
the criteria required to distinguish annual grow th rings from  other rings, as will the 
results of recent research. The presence of stock assessment experts at this workshop, 
and their interaction w ith  age readers, will help lead to the provision of age data that 
can be used reliably for stock assessments.

5.6 Summary of recommendations for future work

It is clear from  the difficulties previously described that a great deal of w ork still 
needs to be done to develop stable and acceptable levels of precision for European 
hake age estimation. Recommendations include:

• an exchange program m e (2009), using a set of otoliths (images) collected 
from  both  tagging m aterial and previous w orkshop collections, for the 
purpose of intercalibration betw een age readers involved in stock assess­
m ent

• a w orkshop in 2009 to analyse and discuss the results of the exchange p ro­
gram m e betw een age-reading laboratories

• a meeting betw een international experts on grow th and age estim ation and 
scientists involved in stock assessments, aim ed at producing age data that 
can be reliably used for stock assessments
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• provision of supplem entary data in order to perform  statistical approaches 
to estim ating age distributions, including:

• otolith biometrics and weight

• historical data from  length-frequency  distribution from  surveys and 
commercial catches

• continued collection of data and  otolith for fu ture w ork

• a large-scale tagging experim ent covering both  northern  and  southern 
stocks

• continuation of daily grow th studies in order to establish seasonal grow th 
variations and to locate the first annual ring by area and stock

• establishm ent of a typology of otolith m acrostructure and  an understand­
ing of its biological m eaning, as well as an understanding of the mecha­
nisms (environm ental and endogenous) that control otolith ring (growth 
zone) deposition

• developm ent of a refined m odel of otolith formation, including grow th 
patterns and otolith shape

• production of new  validated standard  criteria for age interpretation that 
take all the above items into account
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