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ABSTRACT

Black monkfish growth parameters of leES stock in Division VIIlc+IXa were

obtained by sex and for combined sexes , based on age reading performed

on 336 illicia. Black monkfish were caught along the Portuguese coast ,

between 1989 and 1993. Abrief description of the preparation and

oDse!"vation of the seetions 1S presented. The age of the fish was

considered at the 1st January and back-calculation procedures were applied

to infer the fish length at that time. The growth parameters were estimated

• fitting the von Bertalanffy growth model by non-linear methods. The

results show different growth pattern by sex 1 attaining females higher

body lengths. The growth parameters were estimated for combined sexes

based on the overall sampIe 1 which sex-ratio of 1:1.3 (females vs males) is

considered to be representative of that of the exploited population. Thc

results were as follows: L=101.69 cm , k=0.08 year-1 and to=-0.2 year. It is

considered that these results may contribute to improve the assessment of

this stock.
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White monkfish growth parameters of the same stock as previous species were

calculated for sexes comhined, ha~ed on age reading of 244 illicia. Fish were caught

in 1990 and 1993 in VIIlc and IXa ICES Divisions, which length were included

heetween 12 and 99 cm. The results were as folIows: Loo = 121.54 cm, K= 0.102

to= 0.032 .

It is considered that these results may contrihute to improve the assessment of these

stocks.

Introduction

In spite of hoth species of monkfish (Lophius budegassa) and (L. piscaJorius) have

an important economical value in the Portuguese and Spanish fisheries hoth in trawl

and artisanal in VIIIc ami IXa ICES Divisions, their biology is poorly known.

Black monkfish and white monk fish are landed jointly. Mean catch was near 5000

tonnes of white monkfish and 2500 tonnes of black monkfish from the southern stock

that include the ICES Divisions VIIlc and IXa.

In general white angler fish is more abundant, although in the Division IXa hoth

species are caught in similar quantities.

Growth or this spccies has bccn studied in other areas (Fulton 1902, Guillou 1978,

Tximenidis et Ondrias 1890, Dupouy et Kergoat 1985, 1986 ) but we have no

knowledge of growth studies of specimens caught in the so called southern stock.

The monkfish stocks in leES Division VIIlc+ IXa are annually assessed within the

ICES working Group for the Asscssment of Southern Shelf Demersal Stocks. Azevedo

(1992) provided, for the first time, growth parameters for the stock of L. budegassa

ohtained for comhined sexes using Shepherd ~s Robust Length Composition Analysis,

SRLCA (Shcpherd, 1987) and, for L. piscatorius growth parameters were provided

to the 1993 Working Group which estimation wa~ based on the mean length at age

observed in direct readings (Pereda com. pers.). During the 1993 WG meeting, an

attempt was made to assess these stocks using analytical stock assessment mcthods

(Annon, 1994).
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Black monkfish (L. budegassa)

Material

The analyzed i/licia were coHected on board several bottom trawl research surveys

carried out by the Portuguese Institute for Marine Research (lPIMAR). During

October/90, October/91, July/92, June/93 and November/93 the sampled area was the

entire Portuguese coast, while in June/89, July/89; February/92, April/93, and

December/93 only the southwest and south zone of the Portuguese coast (south of

Lisbon) was sampled.

• A total of 39 I black monkfish illicia were retrieved, heing also registered the

individual length, weight and sex. These specimen were mainly caught in the area

south or Lisbon.

Methods

PreparaJion and obsen'ation 0/(he seetions

All the pre-reading can be divided in three phases: setting the plates, blade sectioning
,

and the prcpaiation or rcadings. These phascs are very important in order to a<isure

the c1eamess of growth rings ohservation. For the setting of the plates, the illicia

should first be defrosted. Through previous practice it is shown that the annual rings

• are best distinguished 0.5 cm above the base of the illicium (Figure 1). Therefore it

is only necessary to put on the plate the part between 0.5 cm above the base tiU the

half point 01' the illicium.
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Figure 1: l/licium of l~blldegas..;a: a) Peduncle or

hasc, b) Stern, c) Cutaneous bulb.

All thc hlack monkfish iIlicia were mounted on plates consisting of a mixture of four

components which were resine, a black colour dye, hardener and a eatalyser. A 0.5

mm section thickness was realized with a diamond blade to have an optimal

ohservation of thc rings. To improve the observation of the rings a mixture 0[;':"

glycerin and alcohol 70% covering the section was ;,ldopted.

Readings were performed with an optical microscopy using a magnification between

100 and 120 times and a microcomputer-based ~)'stem that films and displays on a

sereen the image amplified by the microseope. This system was used to measure the

illicium and the annual rings (annuli) radius. A total o[ 336 black monkfish were

finally aged, consisting of 144 females, ranging [rom 19.4cm to 65.5cm and 192

males, thcir length ranging from 19.5cm to 56.0em. This sampie represents a sex

ratio of I: 1.3 (females l'S males).
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TreatmeIlt 0/ the rest"ls

Main difficulties in age reading appear for thc youngest and the oldest ages. In order to

verify if the al1llllli determination for thc young blaek monkfish was not biased, an

analyse ofvarianee (ANOVA) was performed to test the signifieanee ofthe differences

of the measurements corresponding to the 15t, 2nd, 3rd and 4th rings observed between

younger, where 4 rings were observed and older individuals, where 8 rings .eould be

observed. Differences between sexes \vere also tested. The statisticaI requirements of

normality, homoeedasticity and uneorrelated means and standard deviations where

verified.

To determine the period of the year when the deposition of the allllllli occurs we

analyzed, by quarter, the evolution of the distanee bet\veen the last a1111l1li and the

border ofthe il/icium. This distance was computed by subtraeting from the total radius

the last al11ll1li radius. When a new al1JllIli is being deposited this distanee should reaeh

if s annual maximum and after that it should reaeh it' s annual minimum.

Thc agc of thc fish was attributed aecording to the number of annual rings present on

thc seetion. Sinee the blaek monkfish were eaught at different seasons and the age was

eonsidered at the 1st January than the gro\\1h between the 1st January and the date of

eapture eorresponds to a eertain time interval that is not aceounted for in terms oftime

by the determination of the annual rings. This error can be passed by baek-calculating

the total length correspondent to the gro\\1h just tiJl the time of fOffilation of the last

al1JllIli (Weatherley & GiII, 1987). To do this an initial regression of the radius of the

il/icia "ith the total body length or vice versa is made (Francis, 1990). This author

refers that the relation between body length and the radius of the analyzed structure is

a central part of the back-calculation procedure and also that there are always two

functions that can be obtained by the regression of the body length (C) on the

structures radius (I) and of I on C. The author mentions further that this question·is

sometimes ignored in favour of the C on I regression with the false argument that only

this type of regression permits to calculate body length from structurc radius. In this

paper, both regressions were performed.

The von Bertalanffy gro\\1h model was fitted to estimate the grO\\1h parameters. This

fit can be performed using linear and non-linear methods. Thc non-linear methods are

almost in aJl cases the most accurate and precise (Vaughan el.al., 1982) and therefore,

the iterative non-linear method ofQuasi-Nev.10n was used.
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Results

D!Uaellces hefll'eell o/da and)'oullger illdil'iduals and sexes

Table I presents the mean a11l1llli radius (micron) and their standard deviation for
a11JllIli I to 4 in younger monkfish (4 aJ11ll1li) and for allllllli I to 8 in older monkfish
(8 a11l1llli) by sex.

Table I - Black monkfish mean a11l1ll1i radius (micron) and standard deviation by sex
(F-female, M-male) observed for individuals with 4 and 8 a11l1ll1i.

N° of Sex annlili
anlmli 1st 2nd 3rd 4th 5th 6th 7th 8th

Ntunlx:r 10 10 10 10
-I F Mcan 31.lS 58.76 86.59 Il 1.35

St. de\"o 4.70 12.87 16.43 20.18

Numlx:r 5 5 5 5 5 5 5 5
8 F Mcan 32.23 5962 9-1.59 122.67 150.75 185.05 221.69 25-1.17

St. de\"o 3.48 6.47 10.47 17.50 19.52 26.13 36.86 38.98
Numbl;.'f 10 10 10 10

-I M Mean 31.75 5·t.OO 81.63 109.82
St. de\"o 4.48 11.61 12.46 12.72
Numbl;.'f 10 10 10 10 10 10 10 10

8 M Mcan 30.58 54.24 83.05 109.43 137.14 167.57 197.05 228.31 '
St. de\". 5.33 7.49 10.77 11.35 10.45 12.07 15.51 13.16

Table 2 presents the p-values corresponding to the ANOVA tests performed on main

effects a11llllli and sex at the 5% significance level. It is therefore concluded that there

are no significant differences between a11l1llli, these results suggesting that the younger

black monkfish a11l1llli observations were unbiased. On the other hand, there are also

no significant difTerences between sexes.

Table 2 - P-values ofthe tests performed bya11l1ll1i and sex.

annllii
[ffeet Ist 2nd 3rd 4th 5th 6th

'7
th 8th

-I and 8 allnllii 0.97 0.88 0.32 0.33 -- - -- --
Sex 0.76 0.18 0.08 0.19 0.35 0.24 0.20 0.17
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Time 0/tlle year 0/deposition 0/the al1J1lIIi

The mean (mieron) and standard deviation of the differenees between the last a1l11l11i

and the illicillm border is presented in Table 3, by quarter. These results point out

higher mean differences during the 1st and 4th quarter of the year, which contrasts

".ith the lower means observed during the 2nd and 3rd quarter and suggesting two

distinet grov.1h periods.

Table 3 - Quarterly mean (mieron) and standard deviation of the differenees between
the Jast al1JltIli and the illicillm border observed in the aged blaek monkfish.

1S1 2no 3ra 4th

Quarter Quarter Quarter Quarter
Nb. 8 206 88 34

Mean 18.10 13.90 11.42 17.81
St. dev. 8.10 6.34 5.79 7.35

Planned comparison tests were performed in order to statistically validate the empirical

results referred regarding the two gro\\o1h periods. The resulting p-value was 0.0001,

which is mueh lower than the 5% significanee level adopted and therefore, the null

hypothesis of no differences between the 1\\'0 groups (1 st and 4th quarter against 2nd

and 3rd quarter) was rejeeted.

• Back-calclilation 0/the totallength

Figures 2 and 3 present the relation between the radius of the illicia (I) and the total

length of the fish (C), by sex. The visual analyses of both graphs suggests that these

relations are linear but, retrograding C in I or vice versa, with linear and non-linear

expressions it is shown that the regression that best explains this relation is non-linear

and is obtained retrograding I on C, using the following equation: I = a + b * CV
• For

the females this expression explains 90.9% of the total variance, with a regression

constant ofO.95 while for males these values where respectively 81.7% and 0.90. The

equation parameters obtained by sex are presented in Table 4, and these where used to

back-ealculate the body lcngths following the four stages implicit in the Strueture

Proportional Hypotheses (SPH) method (Francis, 1990).
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Table 4 - Parameters values obtained using the regression of I on C with the
expression: I = a + b * CV, for black monkfish females and males.

Figure 2: Relation between the bod)" Jength
(C) and the radius of the JIIicium
(I) for females.

Figure 3: Relation between the body length
(C) and the radius of the JIIicium
(I) for males.

•
Females Males

a 6!.O-t 77.72
b 0.15 0.03,. 1.84 2.22

E<;1imatioll (?f1he l-,TTOlf1h parameters

The back-calculated lengths at the 1st January where used to estimate the gro~1h

parameters by sex and for both sexes, according to the von Bertalanffy growth model

(Table 5). To estimate the parameters for the combined sexes the gro~1h model was

applied to the overall sampIe since the sex-ratio of this sampIe was considered to be

representative of the sex-ratio of the exploited population (I: 1.3 according to

Azevedo, pers.comm.). Since the minimum observed length of the black monkfish

analyzed in this study was 19.4cm, corresponding to 2 years old individuals, the

parameter to was subsequently modified to adjust the first age length. The resulting

gro\\1h curves by sex are presented in Figures 4 to 5.

•

Table 5 - Black monkfish grO\vth parameters by sex and for sexes combined.

Females Males Females +
Males

1..00 (erni 105.91 81.66 101.69
K (year- ) 0.08 0.11 0.08
to rv.."r) -0.20 -0.10 -0.20
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Figure 4: Von BertalanfTy gro\\th curve for
females.

Figllre 5: Von Bertalanfl)- gro\\th curve for
males.

•
Conclllsions

Black monkfish presents two distinct periods of grO\\1h: one in spring and summer

with a lower distance between the last aJ1llllli and the border of the illicium and the

ot,her in autumn and \\inter where the highest distance appears. The observed increase

in this distance, from the summer period to the winter, is a consequence of the black

monkfish gro\\1h that happens during the 2nd and 3rd quarters of the year. The

observed decrease from the winter period to the summer is a consequence of the

deposition ofa new a/1/llIli during the winter period oflow gro\\1h.

The relation between the body length and the radius ofthe illicia is non-linear, being a

• SPH (Francis, 1990) that shows that the radius of the illicia is a consequence of the

body length (SokaI, 1981).

The estimated gro\\1h parameters by sex indicate that females attain higher Jengths
than males (Lx:=105.9Icm for females and L::x)=81.66cm far males), presenting initially

a slower gro\\1h. This feature is also observed for black monkfish stock in leES
Division Vllb,k+VIlla,b where the range of the growth parameters, estimated by
Dupouy et. al. (1986) also based on age reading, are as folIows: Lx:: 105-111 cm, k:

0.07-0.08 year- l and to: 0.50-0.70 year for females and Lx:: 76-85 cm, k: 0.10-0.11

year- 1 and to: 0.56-0.80 year for males. The maximum black monkfish length observed

between 1988 and 1993 in Portuguese waters was around 98cm, being this specimen a

female.
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White monkfish (L. piscatorius)

Material

The illicia were collected in the market of Santander along the
year 1990 and 1993. The white monkfish were caught in The
Cantabrian Sea, VIllc ICES Division.

Length composition were from the catch made during several bottom
trawl surveys carried out by the "Instituto Espaiiol de
Oceanografia" from 1983 until 1993. All the surveys were carried
out in autumn in the Cantabrian Sea and Galician coast.

Methods

The methodology was based on the described by Dupouy and Kergoat
(1986) modificated and adapted to the means of our laboratory.

The illicia were cut completed with the help of a scissors and
kept into an envelope individually. For each illicia name of the
specie, length, sex, date, area, etc were recorded.

In the laboratory the each piece was skinned and the 2 cm part
near the base was stocked. The pieces were mounted in resin black
coloured into small moulds made of cardboard. Once the moulds
were dried and were cut in slices of 0.5 mm approximately. Each
slice was cut in duplicate. Slices were preserved into a solution
of alcohol (70%) with glycerine and water in the same proportion.
This conservation liquid clarified the cuts for the
identification of growth rings. .~

•

The lecture was made with a binocular microscope using~a
magnification of 50 and trasmited or reflected light. A video
monitor was adopted to the microscope which easy the lecture of
the rings.

The interpretation of the rings was made following the criteria
adopted during the French-Spanish Work Shop of ageing of monk and
megrim Annon 1991. •

Length distribution of the white monkfish caught during annual
bottom trawl surveys carried out by the Spanish Institute of
Oceanography in autumn (September-October) from 1982 to 1993
(exception 1987), employing a standardized stratified random
sampling design (Pereiro et al 1991) were plotted and split into
theoretical components, when possible, using Harding method (
Harding 1949 in Pereiro 1982).
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Rcsults

Results of direct lectures of the illicia cuts for the first ages
were as folIows:

AGE MEAN OBSERVED LENGTH Ner OF SAMPLES

1.5 17.5 20

2.5 30.1 64

3.5 36.5 27

4.5 42.9 10

5.5 50.0 5

6.5 58.0 16

7.5 64.6 14

From this lectures the following growth parameters were stimated:

L1nt = 137cm K = 0.09 t o = 0.19

L1nt value seemed excessively high if we take into account the
biggest lengths observed both in the catches of the commercial
fisheries and in those of the bottom trawl surveys, between 1988
and 1993 the maximum length landed was not superior of 127 cm.

When we fixed the value of L1nf

parameters resulted more robust.
previosly the new growth

Last growth parameters are considered as preliminary if we take
into account the reduced number of ilicia observed in comparison
with the wide range of length that thls species presents.

•
L1nt = 121.54 cm K = 0.102 t o = 0.03

The Spanish Institute of Oceanography carry out bottom trawl
surveys annually, Iength distribution of white monkfish caught
during this surveys from year 1982 to 1993 (except 1987 when the
survey did not take place an 1991 due to the reduced number of
white monkfish caught) are represented in figures and

This source of information is also Iimited because of the scarce
number of specimens witch length over 40 cm and cast light on the
first ages growth only. On the other hand the number of white
anglerfish vary enormously from year to year, taking pIace a
considerable reduction of the catches of this species along the
series.
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Two modes can be identified in the length distribution, the first
nearby 17 cm, (between 15 cm and 21 cm), and the second around
30 cm (between 28 cm and 33 cm). In the table below are the
recognized modes of the distribution represented in the
aforementioned figures and the mean length and standard
deviations of the respective distributions.

I 1982 1983 1984 1985 1986 1988 1989 1990 1992 1993
1st Mean length 17 20 15 16 18 17 17 16 17.51 16
Standard deviation 2.5 3.5 3 31 4 1 2.5 1 4 2.5
1st Mode 17 19 15 16 18 17 16 17 211 17

2nd Mean length 31 32 33 27 30 32
Standard deviation 3 6.5 3.5 5 4 6.5
2nd Mode 29 30 31 I 28 30 33

•
Mean length and modal length resamble to the mean length obteined
fron the direct lectures.

Conclusions

Black monkfish presents two distinct periods of growth: onein
spring and summer with a lower distance between the last annuli
and the border of the illicium and the other in autumn and winter
where the highest distance appears. The observed increase in this
distance, from the summer period to the winter, is a consequence
of the black monkfish growth that happens during the 2M and 3rd

quarters of the year. The observed decrease from the winter
period to the summer is a consequence of the deposition of a new
annuli during the winter period of low growth.

The relation between the body length and the radius of the •
illicia is non-linear, being a SPH (Francis, 1990) that shows
that the radius of the illicia is a consequence of the body
length (Sokal, 1981).

The estimated growth parameters by sex indicate that fenales
attain higher lengths than males (L=105.91cm for fenales and
L=81.66cm for males), presenting initially a slower growth. This
feature is also observed for black monkfish stock in leES
Division Vllb,k+Vllla,b where the range of the growth parameters,
estinated by Dupouy et. al. (1986) also based on age reading, are
as follows: L: 105-111 cm, k: 0.07-0.08 year-1 and t o: 0.50-0.70
year for fenales and L: 76-85 cm, k: 0.10-0.11 year-1 and t o:
0.56-0.80 year for males. The maximum black monkfish length
observed between 1988 and 1993 in Portuguese waters was around
98cm, being this specimen a fernale.

The following parameters were obtained for cornbined sexes: L=
101.69 cm, k=O. 08 year-1 and to=-O. 2 year. Validation of age
assessment is an essential and routine part of every study that

12
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involves the extraction of age data from calcified structures of
fish (Weatherley & Gill, 1987). By comparing these values with
the parameters obtained by Azevedo (1992) for this stock (L=96
cm, K=O. 06 year-1

, to=-O' 2 year) i t is seen that small differences
occur. These were obtained using a length-frequency data analysis
method (SRLCA) and although this method is accurate within
certain constraints (Basson et. a1., 1988) it is considered that
the results can be usefull to test the accuracy of the age
determination.

Finally, it is suggested that the growth parameters presented in
this study shou1d be used in the black monkfish stock assessment

Growth parameters were obtained for white monkfish: L1nt= 121.54
cm, k= 0.102, to= 0.03.

A tentative of validation for the first two ages showed that
directs lectures made on illicia cuts are in agrement with the
age groups identified in the length frequency distribution from
bottom trawl surveys •

We are conscious of the preliminarily of the results, however we
suggest, as for the previous species, that the growth parameters
presented in this study should be used for the assessment of the
stock of white monk fish from the Vlllc and IXa ICES Divisions.
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Bottom trawl surveys, Vrrlc and IXa

1989
N= 591

100;----------------------,

80

<0

20 ~

o '
5 10 15 20 25 30 35 <0 <5 50 55 80 85 70 75 80 85 90 95 100

Lenglh

1990
= 303

30,..---------------------,

20

1992
=301

N50,--------------------,
<0

30

20

JO

10 15 20 25 30 35 <0 <5 50 55 80 85 70 75 80 ~ 90 ~ 100

Lenglh

1993
=134

N25,..------------- -,

20

•

•
15r
10 ~

I
5

oLJ I '

15

JO

5 10 15 20 25 30 35 .0 <5 50 55 80 85 70 75 80 85 90 95 100 10 15 20 25 30 35 .0 <5 50 55 80 85 70 75 80 85 90 95 100

Lenglh Lellgth

Fig. 7 Lenglh distribution of 'white monk fi h.

16


