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ABSTRACT

Keys for converting of length distribution into age one have
been made using Mocrourus berglax age samples, ccllected by a
Lobttom trawl ot 610=1240 m depths in Divs.?K, OB, 2G and 2H in
1985, Age structure of catches from the Divisions mentioned
occurred to be similar, Macrourus berglax were aged by scale
using polarized transmitted light. Linear growth is expressed
by exponential function and von Bertalanf{fy formula and weight -
by exponential function and Gomperts formula. Length-weight re-
lationship is satisfactorily descrived by exponential function .
The materials confirm the relatively slow growth and multiaged
gstructure of Macrourus berglax populations.

INTRODUCTION

It is more difficult +to age deepwater fishes, specifically
Macruridae, than thosé from the upper ccean layers, since the rings
are hardly visible on their registrating gtructures {scales, oto-
liths, gill covers). According %o opin;on of most investigators the
reagson for this is poor proncuncing of seasonal phencomena at large
depths, However, when using special methods (polarizea light, che-
mical influence upon registrating structures) the rings are eluci-
dative (Savvatimsky et al., 1977). French investigators manifested
that the rings also exist on otoliths of fish caught at 4700 m
depth (Rannou, 1975). Otolith structure of bathypelagic macrourus
Coryphaenoides guntheri , studied by electronic microscope, turned
to be similar to the otolith structure of fish from upper layers;

the rings showing rhytiuical variations in growbth and. corresponding
to seasonal cycles, are visible.

The rings on Macrourus scales, which are regarded as yearly ones,
are distinguishable when using polarized transmitted iight. Accor-
ding %o opinion of the investigabtors, having applied different me-
theds fer ame determination, Macrourus berglax has a prolonged life
cycle and multiaged populational structure, which are typilcal for
deepwater fishes (Hureau et al., 1979). Howeveér, information on
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Maecrourus berglax age and growth is fragmentary and dees not give
clear idea -of age populational structure.

K.P.Yanulov (1962) reports that a female of this species (70.5 em
long), caught at the northern coust of Neorway, was at age 16. The
Horwepian investigators regard the Macrourus berglax to reach the
age of 25 (Eliassen, 1983) and %0 (Bakken et al., 1975). According
to our data fish 48-70 cm long, caught by a bottom trawl in Decem-
ber 1982 in the Lofoten Isls area , were at age 8-17 (Bavvatimsky,
1986).,

Females of this species, €7-89 cm long and 1950-4700 g in weight,
from Iceland area, were at age 17-25 (Savvatinsky, 1971).

Fish 41-86 cm long at ege 8-18, with the specimens €2-75 cm long
at age 12-15 predominant, were found in catches, taken on the Dohrn
Bank, not far from the eastern coast of Greenland (Kosswig, 1979).

Few information on age and growth rate of Macrourus berglax, inha-
biting the Northwest Atlantic, are available in scientific litera-
ture. Such informabticn is based on minor material, besides, the sci-
entists applied different methods for growth estimation, which , in
our eopinion, determine some discrepancies in the resulits obtained.
According bto the data of scientists from Poland (Chrzan, 1969),
analysis of 203 otoliths of Macrourus berglax, caught in the area

of the Funk Tsland (Div, 3K) and Belle Isle {(Div, 2J) Banks in May-
June 1968, indicatéd the fish 31-85 cm long to be, supposedly, at
age 2=17, According to our data Macrourus berglax caught in March
1959 by a bottom trawl in the northeastern siope of the Grand Bank
(3L) at age 3-16, was 26-66 cm long, however, in total 28 males and
63 females have been analysed (Savvatimsky, 1971). A specimen of
macrourus, caught by a long-line on the Grand Bank (Divs. 3L, 30) in
summer 1982, was much larger. Its length made up 40-87 cm and age -
&6-23% {(Savvatimsky, 1984).

In the paper pgiven an attempt hus been undertaken to add the
information available on age, to elucidate the growth pattsrns, to
obtain an idea of Macrourus berglax age strucbure, inhabiting the
Northwest Atlantic,

MATERIAL AND METHODS

Macrourus berglax age samples have been collected by RV "Nikolai
Kononov'" (MB-0422} in October-December 1985 when conducting the
bottom trawl survey for stock assessment of botbtom fishes in the
areas of the Baffin Land, Labrador and Notre Dame Bay (Table 1,
Fig.1).

L




?ish.were weighed accurate te 10 g. Scales were taken between fish
dorsul fins, somewhat higher above lateral line. Age was determined
by scules, keeping them bebween two polarized filters, Alternating
dark and light rings were considered as yeurly rings since their
number coincided with a number of those found by another methods
not only in Macrouridae, but also in other fighes (Savvatimsky,
1971). The rings were counted on lateral sides of scales free of
small thorns and combs (Fig. 2).

It should be noted that a preliminary socaking of scales in AgNO5
solution promotes to elucidate rings (Fig.3) and more precise age
reading.

Macrourus berglax were measured from tip of snout to the end of
tail accurate to 1 cm. For convenience of statistical processing
of materials the undamaged specimens of fish with unbroken tails
were taken from catches. Fish were pooled by length into classes
of 3 cm (21-2%, 24-26 etc.), by which mean values for weight were
found in age samples. Mean length (cm) and weight (g) from each
ame class were also measured. Linear growth has been estimated
by von Bertalanffy formula and exponential relationship and that
of linear - by the exponential relationship and Gomperts formula
(Ricker, 1979); length and weight/relationship - by the exponen-
tial relationship (formulae are given in tables and figures),
Yearly length and weight increments have been obtained as a dif-.
ference between length and weight calculated for two adjacent
year classes.

Age composition of catches for Macrourus berglax from Divs,.0B,
2GH and 3K has been estimated by summarized length frequencies
for 1969-1989, using the length-age keys (Tables 2, 3 and 4). The
keys have been made by age samples for 1985.'

Designation of the areas surveyed in the text, tables and figures
corresponds to NAFO Divisions.,

RESULTS AND DISCUSSION

The difficulties, arising when reading Macrouridae age by otolijhs
and scales, have been already mentioned earlier (Savvatimsky,1971;
Savvatimsky, 1984; Savvatimsky et al., 1977). It is not difficult
to count rings by otoliths and scales in small fish, however, age
reading in average and large fish is more complicated since a lot
of rings are availeble and they are close to each other. Besides,
the rings in the central part of scales may constitute 1-2 years
when resding age especially in large fish, ' '

Age of small number of fish caught in different areas at Canadian
coast has Deen determined (Table 1, Fig.1). Having compared the
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growth rate (age curves), separately females end males of Macrourus
by different areas, no reliable differences have been found, there-
fore, all age samples have been pooled inte one, including 459
males and 745 females. Using this single caumple the Keys were made
(Tables 2-4) for'subsequent converting of length distribution
{Table 5) inte age one and for analysing of age structure of
Macrourus catches in Divs. OB, 2GH and 2K (Table 6), Age structu-
re ococcurred to be similar. Mean age for males in these Divs. make
up 7.7, 8.6 and 8,5, for females - 1C.9, 10.4 and 10,7, respective-
ly. A difference is that age compogition of catches (both males and
females) from Div., OB, has ® -single-topped frequencies, and two~top-
ped - for that from Divs.2GH and 2K, The reasons are not known.

It is necessary to note that the length-azge keys and size composi-
ticn of catches should be taken from the same sbock and in the same
Yyear, since the growth rate may change. Here the length composition
of catches has been used for a prolonged period (1969-1989), there-
fore, only general idea of age populational structure is pbssible

to have, moreover, Tish trawl selectivity is not considered, Plot

of linear grewth, i.e. the relaticnship between fish length and age
is usually & curve in a shape of 8 and in order %o describe this
relationship von Bertalanffy formula is used. If a relatively short
age frequency is taken (as in this case}, then a simpler exponential
function is applied and similar results are obtained (Tables 7-10,
Pig.h).

Fish weight growth is frequently expressed by the exponential func-
tion by scientists, especially when analysing a short age frequency,
ceonsisting of fish mean by age. In case of complete ages frequency,
including all or nearly all age classes in a population , the formu-
lae of von Bertalanffy or Gomperts are necessary to be applied,
since growth is aliometric, Age frequencies for Macrourus studied
are described by both the exponential function and Gomperts formula
(Tables 11-14, Fig.5), probably because the sample includes rather
short age frequencies.

The relationship between fish length and weight is assumed to dbe
expressed by the exponential function. Some differences by this sign
are noted in Macrourus males and females ; the weight is somewhat
larger specifically in small males at similar length compared to fe-~
males (Tables 15 and 16; Fig.o). But these differences are not re-
iiable, since the lengbth frequency for males is very short.

To judge by the samples available the growth of Macrourus corresponds
to meneral regularities for fish growth. Decrease in increments of
lenmth and increase in those of weight are noted with age both in
nales and females,




In order to elucidate the differences available in males and females
growth, the length and weight of fish of similar age classés at age
3-13 have been compared. Males occurred %o grow slower thon females, -
as 1t has been noted earlier (Savvatimsky, 1984), For example, accor-
ding %o calculated data , in males at age 9-10 increments in length
make up 2.7 -~ 2.9 cm and those in weight - 113-114 g; in females -
3.5-3.7 cm and 128-152 g (Table 17).

The impression is that the length and weight of Macrourus males,
compared toc females, are larger at early age (3-5 years), as it was
registered in Greenland halibut (Reinhardtius hippoglossoides) from
the Northeast Atlantic (Nizovtsev, 1991). However, the. amount of
younger fish is miserable in the sample obtained and this hypothesis
should be tested using more representative material.

The materials presented here conflmm a relatively élow growth of
Macrourus berglax and multiaged structure of its populations.

REFERENCES

BAKKEN,E., J.GJOSAETER, and J.LAHN—JOHANNESSEN. M5 1975,
Demersal fish on the continental slope off Norway. ICES CM
Doce, No. F:29, 15 p.

CHRZAN F. 1969, Polish research report, 1968 IGNAF Hedbook,
part 2, p. 63-75,

ELIASSEN J.E. M5 1983, Occurrence, gonad development and age
distribution of the roughhesad grenadier (Macrourus berglax
Lacepede) in relation %o hydrographical conditions along. the
continental slope of northern Norway. ICES OM Doc., No. Gii1,
19 p.

HUREAU,J.-C, P.GEISTDOERFER, and M,RANNOU. 1979. The ecology of
deep-sea benthic fish. Sarsie, 64(1-2): 103-108,

KOSSWIG K, M3,1979. A note on the age and growth of the roughhead
grenadier (Macrourus berglax Lacepede) at East Greenland
(Dohrn Bank) in 1978, ICES CM Doc., No. G:59, & p.

NIZOVTSEV G.P. 1991, Growth patterns of Greenland halibut (Rein-
hardtius hippoglossoides) in the Northeasst Atlantic. NAFO Sci.
Coun.Studies, 15: 35-41,

RANNOU M, 1975, années nouvelles sur l'activité reproductrice
cycligue des poissons benthiques bathyasux et abyasaux,
Bioclogie Marine, C.R.Acad.Bc.Paris, t., 281, Serie D, 1023~
1025. '

RANNOU M. et THIRIOT-QUIEVREUX. 1975, Structure dea otolithes
d'un Macrouridse (Poisson, Gadiformes), Bathynl stude au
microscope electronique a baleyage. Ann.Inst.oceanocgr.,
Parim, 51(2), p. 195-201.



- 5 -

RICKER W.E. 1979, Computation and Interpretation of Biological
Statistics of Fish Populations. Pischevaya Promyshlennost,
Moscow, 408 p (in Russian).

SAVVATINSKY P.I. 1971, On age reading in grenadiers {(Macruri-
formes). Vopr.Ikhtiol., 11(3): 495-501 (in Russian).

1984, Biological aspects of roughhead grenadier

{(Macrourus berglex} from long~line catchea in the eastern
Grand Bank ares, 1982, NAFO Sc¢i.Coun.Studies, 7: 4551,

1986. Distribution, Length-age composition,
food, and fat content of roughhead grenadier (Macrourus berg-
lax) off Lofoten. ICES Ann.Biol., 40: 177-179.

SAVVATIMSKY P.Il., H,KOQOH, and P.ERN3T, 1977. On compsrison of
methods on age determination of grensdiers: (Macrouriformes,
Pisces) of the North Atlantic, Vopr.Ikhtiol., 17: 364-%66
{(in Russian).

YANULOV,K.P. 1962. On the reproduction of the roughhesd grena-
dier (Macrourus berglax Lacepede). Zool.Zho, #1(8): 1259
1262 (in Russian),

Table 1. Areas, terms and depth of collecting the age samples
of Macrourus berglax in 1985 ( only the fish with age
determined are mentioned)

Div, : Month ¢ Depth, m : No.of males,: No.of females,
H H H sSpec, : spec.

3K October  -930-1100 174 125

B November 640=-850 100 283

26 December  670-1150 80 170

°H December  705-1240 105 167

Total Oct ~ Dec ©&10-1240 459 745
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Table 7 Liﬁeaf growth of Macrourus berglax; 1985

Model s van-Bertalanffy Growth Function
Farmul a: Lit) = Lo {1 - ekpi-EKit-t@®13:

fmtimatass of Qrowth parameters ‘ Males

Faram. Eetimate ctg.dev canfidence limits

o

L 6% . 71546 1. 26846 6744506 . 77.3B58%
" B. 12748 G. 00567 D.11237 9. 13460
to ~ @.04TIE @.1195@ - B.27657 B.19189

Ohserved Obssrved Number of Calculated Deviation
ange Tenath observations lengtn (Obs.-calc.)
4 ) Ti.6 4.4Q
’ 4 @.32

5 =@ SELA ~ @20
& ; 75 4. T IR Y
7 P 4@, b - @.71
& : %4 44, 1.28
5 ; S 47.0 2.87
19 ' =1 39,6 - @.48
11 I S ~ 1.03
1z j 14 S4.1 - 1.2t
13 3 5.9 .05

m

rt
bt

stimates of growth parameters Femal es

Faram. Estimate std. dev coniidence limits
& 2. 81839 17.97728 258. 3646Y1 SE7 26980
. [ TD.D1I4E9 B.@Biﬁé D.BI2EG B.A01648
to ~ T.17964 9.89178 - 5.I5954 - 2.99973

Jbserved. Ubserved Numper of Calculated Deviation
aneE length observations length {(Obs.—calc.!

- B.92
- 1.45

e
w o

@15
&. 31
1,36
@ B
- 1.1@
~ @26

2.a1

e
)

- R.34

7 ~- B.53
17 : 73.5 132 ~ @.32
18 i 76.F i 8 L B.05
19 R 85.5 'E 2 545
20 } g85:2 ] 2,11
nz | I ;2

.96
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Linear growth of Macrouwrus berglaﬂ, 1985

Model : von Bertalantfy Growti ?ungf}on
Formuia: Lt = Le 1 - gyp i~ Lt BIs S

Estimates of growth parameters Males+temales

Faram. Estimate std.dev confidence limits
L& oS, 1804 17. 959928 I57.F6R40 325, 2L0T0
) B.@14572 D.d@d1113 PD.01z335 . 0.016780
120 - TL2718s G.AT17Y — A,A517E - 3.09194
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Table § Linear growth of Macrourus bergla,.

Allometry equation

lE-r'ugth,

+ o

Growth parameters maies
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Table 10

Linear growth of Macrourus berglax, 1985
Allometry equation

L= a g

R-Square: B.99117
Growth paramsters for iengtn, males+fenales Adiusted R-Bquare: g, 9g9pay

Farameter Estimate Asymptotic Std Srror ’ ' N
a = SR bl . S.141E-@0 5. 207E-82
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Weight growth of Macrourus berglax,

Allometry equation

W = a A™b

Growth parameierg for weight, males

Farameter Ezstimate

a’ G.65R1E+00
=} 1. 82EE+08

S A e S T T Y
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Growth parameters for weight, females
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Table 12

Weight growth of Macrourus berglax, 1985
Allometry equation

F-Sguare: ?.98987

E s e f o ight., males+females = -
Growth parameters for weight, _ Adiusted R-Square: @.98560 -

g ) e et imale ' GEymptotic Std HErroro oV

& 2. O65E-B1 L. RETE-9

] 1.0346-81 I.6E7E-0E -

D e ] . e Tmegi A

WATA MATHIX Obser ved Obsat ver Caleoul ated : E-)E“fl atiaon
age welght weiaght (Obs.-calo.)

Case : n : '

Yh.5 - T 20,4 : 76.09
117.8 45, 7 72.08 .
177.0 g85. 4 Ty.53
TS, ' 142, 1Q7.7
24, 219.5 104.7
467. 4 319, 168,12
6012 444,27 156.98
6621 596.8 : 65. 20
‘ 839.5 _ 779.7 59.73
12 ' 1072. o 995.% 77.5
e ' 42, 1245, & 97.@
43. 373

b i

0 m~ o

14 1582. 2
1870. &
225,09
24597
27711
2770,
7910.2

|

e
i A L= ‘_||

R B ol 0 N SRR 5 R

ity

-0 0 s s 00

e

o el B N R U IR
-

| A e e

-

bt



- 18 -

Table 13
Weight growth of Macrourus berglax, 1985

Model : Gompertz Growth Function _
Formul &: Wit) = WA ¥ exp (G(i-exp(-gt?))
Growth parameters for weight, males R-Square: 0.96407 :
- . - Adiusted R-SBguare:r ?.94871
Farameter Ecstimate Asymptotic Std Error ' Y
W 4. 41 6E+@1 SR 2. 44E+EL  7.810E-01 ;
G 6. AZBE+D0 . R4RE+0a 4., 292E~@1
o S.TRrE-0E & AT 1.@a57E+00
DATA MATRIX _ o
pRTR T ’ Observed (fibservet Caleul ated Deviation
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3 | 114, : -1.@7
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4 & ’ | Zq@. b6 -17
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3 HE i I ; &334 H24:.04 i 9.94
9 11 72,9 - ' Ta5.8 | -S52.92
10 17 : 782.9 F05. 1 ~-122.6%
11 13 1161.7 1@73.2 - @ 88. 40
Growth parameters for weight, females R-Square: 0.97462
: S Adjusted R-Sguare: ©0.993355
Farametear Estimate Asymptotic Std Error cv
We 7.896E+01 T 2.46DE+B1 I.116E-01
G T 1.124E+01 : I.414E+00 3.838E-21
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1




Table

- 19 -

Weight growth of Macrourus berglax, 19835

Model s
Formul as

Growth parameters for weight, males + females

o At e '

Wi
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Length - weight relationships of Macrourus berglax, 1985 Table 15

- 20 -

Model g Allometry Equation
Farmula: W= a L™
Berglax, males ( py average length) L. oduare: 2.79794
- : 7 Adiusted R-Square: g, 9975z
Farameter Estimate Asymptotic Std Ervor cv
& 1.681E-02 . 972E~-04 Z.363E-01
& 3. Z79E+00 5.818E-02 1.774E-@2
DATA MATRIX _
Observed Obzerverd . Calculated Deviation
Case length HWEight welght (Obs.-calc.)
1 75 Y [ | 64,73 5. 60
2 29 115.7 GE.I 25.32
z = 129, 13@. 3 8. 94
4 = 17%. 2 176. 4 2.7
S z 234, 0 ZEZ2.6 ' 1.15
o 4 Ll I20. 6 KTy
7 47 7S, B -5.%0
o 48 467. 4 475. 8 -7.351
K4 49 585, 584.8 4,47
i@ Sz &97. 7 718. 6 -12.9%
11 5 815.@ B54.0 ~35. 08
12 sg; 1835. 0 1016.5 18. 46
12 64! 1415.0 14837 11.25

LGergiax, females ( by average length R-Square: @.98012

Ad justed R-Square: g.9782%

Farameter Estimate Asymptotic 5td Error oV
a 2.414E-04 . . 1.BB&E-04 7.479E-01
o I.743E+00 S 1. ETE-BY 4. A444E-B2
DATA MATRIX
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7 4@: QT & &%, 44
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i1 S5z 764, % 175,81
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20 79 2763.4 -290.10

2 a2 3224. ¢ —-286. 21
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Table 16

Length — weight relationships of Macrourus

oerglax, 1985
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