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ABSTRACT

With a monthly sampling frequency between 2010 and 2013, 4238 fish were collected and
their gonads were macroscopically and microscopically staged. The percentages of error
encountered with the macroscopic assignments were analysed by sex, length class and month,
both for all stages together and for stage 1 separately, where the highest percentages of error
are found on the identification of the immature stages that in fact were already mature. When
considering all the individuals the highest errors occurred in the females (11%), in the length
classes of 28 and 40 cm (26% and 25%, respectively) and in June (17%). The greatest
misidentifications of maturity stage 1 were verified in males in length classes under 32 cm
(92%) and over 57 cm (100%) and in the months of June, July and October (100%). The Lsg
decreased 8.1 cm (from 34.4 to 26.3 cm) with the microscopic identification, considering
combined sexes and 2.3 cm (from 40.6 to 38.3 cm) only in females.

Key words: Hake, histology, length-at-first maturity.

RESUMO

Titulo: Porque fazer histologia das génadas de pescada (Merluccius merluccius)? O caso
portugués

Com uma amostragem mensal entre 2010 e 2013 foram recolhidos 4238 exemplares e foi
atribuido o seu estado de maturagdo macroscopico e microscopico. As percentagens de erro
encontradas na identificacdo macroscépica foram analisadas por sexo, classe de comprimento
e més, para todos os estados de maturacdo em conjunto e para o estado 1 em separado, tendo
as maiores percentagens de erro sido encontradas na identificacdo dos estados imaturos em
gbénadas que na realidade ja estavam maturas. Considerando todos os individuos, os maiores
erros ocorreram nas fémeas (11%), nas classes de comprimento dos 28 € 40 cm (26% e 25%,
respectivamente) e em Junho (17%). O maior erro na atribui¢do do estado 1 verificou-se nos
machos (92%), nas classes de comprimento abaixo dos 32 cm (92%) e acima dos 57 cm
(100%) e nos meses de Junho, Julho e Outubro (100%). O Lsy decresceu 8.1 cm com a
identificacdo microscdpica, de 34,4 para 26,3 cm, considerando os sexos combinados e 2,3
cm nas fémeas, de 40,6 para 38,3 cm.

Palavras-chave: Pescada, histologia, comprimento de primeira maturagao.
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INTRODUCTION

Knowledge of the dimension of the reproductive stock is essential for the assessment of the
state of exploitation of fish resources (Bromley, 2003). This evaluation is based on the
combined modelling of biological information (reproduction, growth, feeding habits, among
others) and fisheries (fishing effort, catches, landings and discards) (Rothschild et al., 1987,
Sparre et al., 1989; Shepherd, 1993). However, the biological characteristics must be the
fundamental basis for the conservation and management of marine living resources (Cadima,
2000). In any reproductive study the first step is the identification of the sex of the individual,
and the identification of the level of maturation is the subsequent one (Vazzoler, 1996). West
(1990) points out that the identification of the reproductive cycle of a species is made by
classifying the development of the gonads and Guerra and Sanchez (1998) state that the study
of the maturation of the gonads is an essential item for the identification of reproductive seasons
and areas, of the achievement of the gonads’ first maturation and of fecundity. One of the main
criteria for assessing the state of exploitation of a fishery relies on the knowledge of spawning
stock biomass (SSB) (Bromley, 2003), forwhich the maturation stage is its principal
component. To know the spawning season and the number of mature and immature fish of a
certain species, information about the maturity stages of those individuals is necessary. To
obtain the maturity ogives it is necessary to correctly identify maturity stages which present
specific characteristics of oocyte developmental status in the case of the female gonads and
spermatozoa in the male gonads. The correct assignment of the maturity stage is extremely
important since errors in its determination may lead to an incorrect estimation of the spawning
biomass and therefore of the exploitation status of the stock. Gonad maturity stages are
usually assigned by macroscopic observation of their external characteristics. This
methodology allows the analysis of a great number of individuals with a reduced effort and in
a very short time period. However, doubts raised by some experienced observers justified a
review of the maturity scale by contrast to histological observation. In particular, doubts were
raised regarding the occurrence of immature individuals much larger than expected for first
maturity, which therefore may be resting, and externally present gonads of characteristically
immature individuals (Morgado and Gongalves, 2007). These issues led to the development of
a microscopic maturity scale formerly with five stages (Gongalves et al., 2004) and finally
converted to four stages (Morgado and Gongalves, 2007), which must always be applied in
order to correctly distinguish between mature and immature individuals.

The aim of this paper is to demonstrate the need of histology to assign maturity stages to hake

gonads, and the implications of its application in the correct definition of the spawning season



and in the determination of length at first maturity.

MATERIAL AND METHODS

This study is based on the observation of 4238 individuals (1233 males, 2870 females and 135
indeterminate specimens) caught from 2010 to 2013 by the fishing fleets that land on the
Portuguese coast in Povoa do Varzim, Matosinhos, Peniche and Olhdo. The characteristics of
the samples studied each month are indicated in Table 1. All fish were measured (total length
in cm), weighted (total weight in g), sexed and the maturity stage was assigned according with
the four stage maturity scale (ICES, 2007). Gonads were removed and fixed in 10%
formaldehyde neutralized with phosphate salts for subsequent histological processing.
Sections of 3-5 pm were stained with hematoxylin-eosin and analysed under a light
microscope to determine microscopic maturity stage according to Morgado and Gongalves
(2007). The macroscopic and microscopic characteristics of each maturity stage are given in
Table 2. The error in the macroscopic identification was evaluated by sex, length class and
month, not only taking into account all fish sampled but also considering only macroscopic
stage 1, which correct identification is crucial to get the real percentage of mature and
immature specimens. Due to the importance of knowing the error in the length at first
maturity induced by incorrect determination of maturity, macroscopic and microscopic
maturity ogives were designed considering only the females and both sexes combined (the

current method used in hake assessment).

Table 1 - Number of fish sampled per month
Tabela 1 - Nimero de peixes amostrados por més

Month Length

Year Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec range (cm)
2010 51 98 119 178 131 24 52 128 178 41 239 1239 20.7-76.7

2011 191 49 89 120 187 52 103 38 93 5 163 44 1134 25.0-76.5
2012 167 101 62 36 76 41 95 34 69 80 119 70 950 23.0-92.0

2013 172 91 75 32 179 15 46 57 23 50 60 115 915 23.0-86.1




Table 2 - Macroscopic and microscopic characteristics of each maturity stage

Tabela 2 - Caracteristicas macrosc
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RESULTS

The results of the comparison between macroscopic and microscopic assignment highlight
differences in the macroscopic identification of immature fish which have been found to be
mature when analysed microscopically. The highest error occurred in females, 11%, against

6% in males, which results in a 10% error when considering all individuals sampled (Figure

1).

Yo eror
(=%
,
}

N d 1 ]

Famales Ilales Total
|01 >0 OM->1 |

Figure 1 - Percentage of error of macroscopic identification by sex (all stages considered)
Figura 1 - Percentagem de erro na identificacdo macroscépica por sexo (considerados todos os
estados)

Since, as explained above, the macroscopic distinction of mature and immature stage 1 is
difficult, the analysis was repeated taking into account only the macroscopic stage 1
assignements, which lead to different results, as shown in Figure 2. In this case the percentage

of error was extremely high 84% with sexes combined, 82% for females and 92% for males.
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Figure 2 - Percentage of error of macroscopic identification by sex (stage 1)
Figura 2 - Percentagem de erro na identificacdo macroscopica por sexo (estado 1)



The analysis by length class show highest percentage error between 26 and 45 cm, with a
maximum of 26% and 25% in the 28 and 40 cm length classes, respectively. Individuals under

26 cm and over 63 cm were all correctly identified (Figure 3).
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Figure 3 - Percentage error in macroscopic identification by length class (all stages)
Figura 3 - Percentagem de erro na identificacdo macroscopica por classe de comprimento
(todos os estados)

Considering once again only macroscopic stage 1, the distribution of errors is very different
(Figure 4): all fish bellow 32 cm and above 57 cm were identified as immature but in fact they
were all mature. On the other hand, 47, 53 and 54 cm length classes contained no mature

individuals although identified as such macroscopically.
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Figure 4 - Percentage of error in macroscopic identification by length class (stage 1)
Figura 4 - Percentagem de erro na identificagdo macroscépica por classe de comprimento (estado 1)



About the monthly distribution of all maturity stages there is a great similarity between

macroscopic and microscopic identifications (Figure 5), although the latter showed smaller

percentages of immature fish in the samples.
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Figure 5 - Percentages of mature and imature individuals (macroscopic (a) and microscopic
(b) identification)
Figura 5 - Percentagem de individuos maturos e imaturos (identificagdo macroscépica (a) e
microscépica (b))
To understand the error introduced in these identifications the analysis of Figure 6 shows that
in both cases the highest errors occurred out of the spawning season (17% in June and 14% in
July for all stages), reaching 100% in June, July and October when considering only

macroscopic stage 1.

07 120 T

- 100 4 - - -

o 80

%13" 5 A0 A

40
" 20
0 1 _ o

FoGTICn

o

I
1
95 s
= wz

Do
Jan
Feh

Inl

Mg

Z

=M
o
o

Jun
Ot
Do

Py
Moy

]
=

How

[O1 =11 By =1 | [O1 - =g B3 =] |

Figure 6 - Percentage of error of macroscopic identification by month of all stages
(left) and of stage 1 alone (right)
Figura 6 - Percentagem de erro na identificacdo macroscépica por més de todos os estados
(esquerda) e apenas do estado 1 (direita)

The analysis of the distribution of the maturity stages by month (Figure 7) shows that there is

no great discrepancy between macroscopic and microscopic identifications for males. On the



other hand, regarding the females the microscopic identification reveals some data not
displayed with the macroscopic staging: the macroscopic maturity stage 1 (immature) actually
includes not only immature individuals but also resting ones (mature); in August and
September there were fish spawning (Stage 3A), which were not identified macroscopically
and the post-spawning fish (Stage 3B) occurred all year round and not only during the
spawning season; the high percentages of resting fish (Stage 4) which were identified just

prior to the spawning season were not found by microscopic analysis.
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Figure 7 - Monthly distribution of macroscopic and microscopic maturity stages
Figura 7 - Distribuicdo mensal dos estados de maturacdo macroscépicos € microscopicos
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Length at first maturity also showed differences, not only between determinations made from
all individuals (males and females) versus only females, but also between the ones obtained

under, macroscopic and microscopic observations, as shown in Figure 8 and Table 3.
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Figure 8 - Macroscopic and microscopic maturity ogives of combined sexes (N =4103) and
only females (N = 2870)
Figura 8 - Ogivas de maturagdo macroscépicas e microscopicas de sexos combinados (N =
4103) e s6 fémeas (N = 2870)

Table 3 - Parameters of the maturity ogives of combined sexes and only females
Tabela 3 - Parametros das ogivas de maturac@o de sexos combinados e s6 de fémeas

Macroscopic identification =~ Microscopic identification

Sexes combined Females Sexes combined Females

a 4.5156 11.1032 2.3670 9.6926
b 0.131 0.273 0.090 0.253
R 0.952 0.994 0.921 0.994
Lso 34.4 40.6 26.3 38.3

The correct identification of mature and immature fish through the microscopic observation
leads to an Lsplower than the one obtained under macroscopic identification - 8 cm for sexes

combined and 2 cm for females only.



11

DISCUSSION

The maturity scales proposed by Lucio er al. (2000) and Gongalves et al. (2004) do not
separate immature from resting individuals since they are not distinguishable macroscopically,
which may lead to an underestimation of the spawning biomass. Adult hake which at the end
of the spawning season are resting (macroscopically similar to the immature stage), will not
be considered in the determination of SSB, although they have contributed to the reproductive
potential of that year. Similarly to other species, such as Gadus morhua (Vitale et al., 2006),
this is a common issue also to other species of the genus Merluccius, for which the use of
histology is essential for the correct identification of the immature and resting maturity stages,
as referred by Honji et al. (2006), Louge and Christiansen (1993), Louge (1996) and
Vaz-dos-Santos et al. (2005) for the argentine hake (Merluccius hubbsi). The application of
histology to the gonads of adult individuals of different geographic areas and periods
combined with the distribution of eggs and larvae of the species can at the same time provide
some important information about the migratory behaviour of that species (Christiansen et al.,
1986). At the same time, histology also allows a verification of the synchrony or asynchrony
of ovarian development, which is valuable information to characterise a multispawner species,
as reported by Balboutin and Fischer (1981) and Goldberg (1985) for Merluccius gayi gayi.
Regarding stock management, the error introduced by the incorrect assignment of the mature
and immature stages may have a strong impact on stock size progression estimates.

This work shows that the monthly distribution of maturation states and consequent
identification of spawning season is not much different considering macroscopic and
microscopic identifications. The value obtained macroscopically for the length at first
maturity of females, 40.6 cm, is slightly lower than the ones indicated in other references
(41.1 cm in Martos et al., 1996, for the Northwest African waters; 44.1 cm in Cardador,
unpublished, for the Portuguese waters; 45.4 cm in Pifeiro and Sainza, 2003, for the
Northwest Iberian Peninsula; 47.1 cm (in 2003) and 45.7 cm (in 2004) in Dominguez-Petit,
2006, on the Galician shelf; 46.5 cm in Dominguez-petit et al., 2008, for Galicia and the Bay
of Biscay; 32.5 cm in Al-Absawy, 2010, for Egyptian Mediterranean waters; 45-50 cm in
Murua, 2010, for Galicia and the Bay of Biscay; 41.3 cm in Costa, 2014, for the Portuguese
coast and 21.5 cm in Soykan et al., 2015, for the Central Aegean Sea, Turkey), as well as the
34.4 cm for sexes combined (36.0 cm in Cardador, unpublished; 37.9 cm in Pifieiro and
Sainza, 2003 and 34.5 cm in Costa, 2014). However, the microscopic analysis corrects these
figures allowing a more accurate assessment of the Iberian hake stock.

So, the results obtained with this study seem to indicate that in order to get a good assessment
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of the stock of hake all states considered immature macroscopically should be examined

histologically.
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