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Abstract

Growth rates for the Georges Bank and Gulf of Maine areas were estimated by fitting a
von Bertalanffy growth curve to pooled length at age data from research vessel survey cruises for the
years 1970 to 1974, The values obtained for the Georges Bank area were: K = .120, L, = 148.1, and
to = -0.616. For the Gulf of Maine area, the values obtained were: K = ,116, Ly = 146.5, and tg =
0.285. Total instantaneous mortality rates for these areas were estimated from research vessel survey
data from 1970 to 1974. An average of the estimates given by a linear regression analysis of the catch
curve and a Robson-Chapman analysis of a segment of the catch curve gives a 2 of .56 for Division 5Z
and .68 for Division 5Y,

Introduction

This paper presents the results of initial studies of growth and mortality rates for cod in
ICNAF Subarea 5. The first assessment of cod in this area was done for Division 5Z in 1972 {(Brown and
Heyerdahl, 1972). At that time, very little age data were available and estimates of mortality were
not calculated. An assessment of the cod from Division 5Y has not yet been done. These preliminary
studies of growth and mortality rates for both Divisions 5Z and 5Y were begun in order to improve the
assessment of the status of the fishery in these areas, The data for these studies were collected on
the annual US spring and autumn bottom trawl surveys from the spring of 1970 to the spring of 1974,

Areas of study

The areas chosen for growth studies were based on those suggested by Wise (1962), He proposed
the existence of four separate groups of cod in the New England area (Fig. 1): 1) cod of Georges Bank;
2) cod of the Gulf of Maine; 3) cod of Southern New England and the South Channel (the area called
South and Nauset in this paper); and 4) New Jersey coastal cod which spend the summer in Southern New
England. Because of the difficulty of separating the New Jersey cod from the Nauset cod in the fall,
all of the data from Chesapeake Bay north to Long Island were combined with the South and Nauset data
in the growth analysis. Areas in the Gulf of Maine of depth greater than 100 fathoms were not included
in any of the analyses since not many cod are caught there.

Mortality rates were estimated for only two areas: ICNAF Division 52 {comprising the Georges Bank
and the South and Nauset areas) and Division 5Y (the Gulf of Maine area).

Collection of data

During the years 1963 to the present time, routine surveys of the area between Cape Hatteras and
Halifax have been conducted by the R/V Albatross IV two or three times a year. A Number 36 Yankee trawl
with a 4%-inch mesh and a }s-inch mesh liner in the cod end was used on all cruises except the 1973 and
1974 spring cruises., On these two cruises a Number 41 Yankee trawl was used, Because of the difference
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in fishing power of these two nets, adjustments were made in the estimated mean catch per tow figures
for the Number 41 Yankee trawl. The survey cruises employed a stratified random sampling design with
strata based on depth and geographical subdivisions. The number of stations per stratum were allocated
roughly proportional to the area of the stratum. All hauls were 30 minutes in duration. (For a
detailed account of the survey methods, see Grosslein, 1969.)

On the survey cruises, length frequencies of the catch were recorded and otoliths for age
determination were collected routinely. In most cases the entire catch of cod was measured; but in
those instances where the catch was quite large, a representative subsample was measured and then the
length frequency of the entire catch was estimated. The fish from which otoliths were taken were
usually subsamples stratified by length, except where catches were small enough to permit total

sampling.

The otoliths were prepared for aging by baking them at about 270° C (5200 F) for 6 minutes. The
baking enhances the visibility of the annuli by turning the hyaline zones brown while the opaque zones
remain white. The otoliths were then broken in half at the sulcus and aged under a binocular dissecting
microscope at a magnification of about 15X.

Determination of age and length composition

Age-length keys were determined for each of the surveys from the spring of 1970 to the spring

of 1974. Since the age data collected on these cruises were stratified by length, age-length keys were
used to assign ages for the total length frequency of all cod caught by the research vessel. Tables 1
and 2 contain data on the total number of cod caught and the total number aged for each age with cruise
data pooled over seasons. The majority of the fish which were not aged were in the age 1 to age 4
groups, for which the sample sizes were quite large., There were cases where lengths of fish in the age
samples did not include every length class of all fish caught. The age of those fish in length classes
for which age data were not available was determined by using the estimates of neighboring classes,

Mean length at age comparisons

After assigning ages to the length frequency of the total catch for each cruise, the data were
pooled over years for each season (five years for spring and four years for fall), and mean lengths at
age were calculated for the spring and for the fali for three areas: South and Nauset (including data
from Long Island to Chesapeake Bay), Georges Bank, and the Gulf of Maine (Table 3). Table 3 shows that
the Gulf of Maine fish are consistently smaller at age than either the South and Nauset fish or the
Georges Bank fish, with the Georges Bank fish consistently larger than the fish from the other two
areas., An analysis of variance on the mean length at age for ages 1 through 3 shows highly significant
differences among these three areas. To test the individual differences, ranked mean lengths at age
were compared using Duncan's new multiple range test (Steel and Torrie, 1960) modified for unequal
sample sizes as proposed by Kramer (1956) (Table 3)., This test showed highly significant differences
between the areas except for the age 3 fall comparison between the Georges Bank and the South and Nauset
areas which was not significant. From this age on, the mean lengths at age for the Georges Bank and
the South and Nauset areas are very similar. The Georges Bank growth rate can be used, therefore, to
estimate growth for the South and Nauset area after age 3.

Growth rates

Preliminary estimates of growth rates were calculated for the Georges Bank and the Gulf of Maine
areas, A growth rate was not estimated for the South and Nauset area because of the lack of older fish
in the samples. Von Bertalanffy growth curves were fitted by least squares to the pooled mean length at
age data from age 1 on using Allen's (1966) method:

S

where 1, is the body length estimated for time t, Ly is the average maximum length of the fish, K is a
constant determining the rate of change in length increment, and t, is the theoretical time when the
body length is zero. Mean lengths were calculated only if there were at least two fish for that age,
Zero age group fish were not used because of possible bias due to incomplete recruitment of these fish.
The values used in the analysis for the Georges Bank area are given in Table 1 and the resulting growth
curve is shown in Figure 2. In Table 1, the ages are given in years plus the proportion of the year
from January 1 until the date the fish were caught. For example, 3.10 refers to age 3 fish caught on
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an early spring cruise, 3.25 refers to age 3 fish caught later in the spring, and 3.80 refers to age
3 fish caught in the fall, The early spring values {e.g., 3.10) are based on only one cruise--a
special survey made of the Georges Bank area in the early spring of 1972. ‘The data from this cruise
were used only in the growth rate studies. They were not used in determining mortality rates because
the stations were not randomly selected, but were chosen because of fishing activity in the area.

In Figure 2 (and also in Figure 3), the asterisks show the mean lengths at age through which
the growth curve was fitted, each dot represents one or more fish and indicates the range of fish
lengths about the means, and N refers to the mmber of fish used in the analysis.

The values used in the analysis for the Gulf of Maine area are given in Table 2 and the growth
curve is shown in Figure 3. In this table, 3.30 refers to age 3 fish caught in the spring and 3.85
refers to age 3 fish caught in the fall.

The values obtained from fitting the von Bertalanffy curve to the Georges Bank data were:
K=,120, Lo = 148.1, and t = -0.616. The standard deviations of these values were: for K, 0.015;
for L,, 7.417; and for t,, 0.276. The values obtained for the Gulf of Maine area were: K = .116,
le = 146.,5, and t, = 0.285. The standard deviations of these values were: for K, 0.011; for L.,
6.167; and for t,, 0.187.

Because of the similarity of the growth rates for the Georges Bank and Gulf of Maine areas,
and the previously noted similarity between the South and Nauset and Georges Bank areas, a growth
curve was fitted to pooled data from all three areas. The values obtained were: K = .123, Lo =
142,0, and t, = ~0.357. The standard deviations of these values were: for K, 0.012; for L., 5.202;
and for t,, 0.240.

The only other information available on growth rates in these areas is from Schroeder's (1930)
data from the summer of 1923 for the Southern New England area. An analysis of his data using Allen's
method gives an estimate of K = ,177 and L» = 123.1. There are two factors which may account for the
differences between the Southern New England growth rate calculated from Schroeder's data and the
Georges Bank growth rate presented here. One is the lack of older fish in his samples and the second
is that his data are based on scales which are very difficult tc interpret after the age of 6 or 7.

Mortality estimation procedures

Preliminary estimates of the total instantaneous mortality rates for ICNAF Divisions 5Z and 5Y
were calculated, Only data from spring cruises were used because of the longer series (five years)
and also because lower catches in the fall do not give sufficient data for analysis. Using the
survey data from the five spring cruises from 1970 to 1974, stratified means of numbers caught per
tow, per 3 cm length interval, per age group were estimated for the two areas, Estimates of the mean
catch per tow for each age group and each cruise were then obtained for each area (Tables 4 and 5).
Because of the difference in fishing power between the No. 36 and No. 41 Yankee trawls, adjustments
were made in the estimated mean catch per tow figures for the 1973 and 1974 c¢ruises. Gear comparison
studies (unpublished data in the files of the National Marine Fisheries Service, Northeast Fisheries
Center, Woods Hole, Massachusetts) have indicated a ratio of 3:1 in the catches of groundfish between
the No. 41 and No, 36 trawls, Therefore, the mean catch per tow for the 1973 and 1974 cruises was
estimated as being 1/3 of the actual catch per tow of these cruises,

Total instantaneous mortality rates (Z)} were determined from the ratios of the catch per tow
in one year to the catch per tow of the previous year for a given year class. The equation used was:

Z=- logg [%i+1=j+£],
Ni j

where Nj j is the estimated catch per tow for age-group j and year i, These estimates of Z for
Bivision %Z (Table 6) show that recruitment is essentially complete at age 3. After age 9 there is
insufficient data, and therefore, only data from ages 3 to 9 were used to estimate mortality rates
for Division 5Z. Table 7 gives estimates of Z determined from ratios for Division 5Y. These
estimates show that recruitment in this area is essentially complete at age 4. Only data from ages
4 to 10 were used to estimate mortality rates for 5Y because of insufficient data after age 10.

The natural logarithms of the mean catch per tow for each year class were plotted against age
(Ricker, 1958) (Figures 4 and 5) and then the total instantaneous mortality rate (2) for each area
was calculated for each year class by least squares linear regression of the points from age 3 to 9
for Division 5Z, and of the points from age 4 to 10 for Division 5Y .(Tables 8 and 9). Estimates were

Fa
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calculated only for year classes with at least three data points. Correlation coefficients are given
in the tables.

Estimates of Z for each year class were calculated using the Robson-Chapman (1961) analysis of

a segment of the catch curve (Tables 8 and 9). The segments used were ages 3 to 9 for 5Z and 4 to 10
for 5Y. Again, estimates were calculated only for year classes with at least three years of data.

Results of mortality rate analyses

For Division 5Z, the linear regression analysis of the catch curve gave an average over year
class estimates of Z = 0.60, and the Robson-Chapman analysis gave an average over year class estimates
of Z = 0.53. The average of these two estimators gives a total instantaneous mortality rate for
Division 5Z of 0,56.

For Division 5Y, the linear regression analysis of the catch curve gave an average over year
class estimates of Z ='0.72, and the Robson-Chapman analysis gave an average over year class estimates
of Z = 0,65. The average of these two estimators gives a total instantaneous mortality rate for
Division 5Y of 0,68,

Assuming a natural mortality rate of 0.2, gives an estimate of F = 0,36 for Division 5Z and
F = (.48 for Division 5Y,
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Tanle 1. Deta used to fit the von Bertalanffy growth curve for cod
from the Georres Bank area with a summary of the estimates obtained.

Hean Length at Standard Total Number Number Fitted
Aze Age (in cm.) Deviation Caught Aged Length
1.25 22.43 h.31 262 191 29.76
1.80 34,96 443 309 223 37.33
2.10 42,89 3.50 89 65 41,26
2.25 i, 09 4.15 2351 692 43,17
2.80 52.03 4.83 242 196 . 49.88
3.10 56.92 L.66 178 136 53.36
3.25 57,95 5:25 734 L&7 55.05
3.80 £3.33 4,93 109 79 61.00
4,10 66.94 6.64 3 30 4. 09
L,25 66.50 5.89 59 269 65.59
4,80 70.17 6.4 88 68 70.87
5.10 75.33 6.26 15 13 73,60
5.25 74.87 7.18 160 138 74,94
5.80 78.73 8.71 22 22 79.62
6.10 83.67 6.72 b3 37 82.04
6.25 79.78 7.87 91 75 83.22
6£.80 8%.80 741 5 5 87.37
7.10 95,40 7.91 5 5 89.52
7.25 86.93 8.33 68 59 90.57
7.80 100.33 6.02 3 2 94,25
8.10 91.43 7.80 23 20 96,15
8.25 93,20 7.98 Ls 41 37.08
8.80 102.33 7.59 3 2 100,34
9.10 98.05 8.77 20 20 102,04
9.25 103.10 8.27 30 24 102.86
9.80 102.50 2,50 2 1 105.75
10,25 104,56 8.55 18 16 107.98
11.25 117.29 5.01 7 7 112.52
12,10 107.50 11.50 2 2 115.97
12.25 122,14 5.91 7 6 116.55
13,10 112,00 2.94 3 3 119.61
14,10 123.50 6.50 2 2 122.83
1h.25 128.40 774 5 5 123.28
15.25 131.50 4,50 2 2 126,09

K = .12026 Standard deviation = 0.01496

Lo = 148.05838 Standard deviation = 7.41717

t, = -0.,61611 Standerd deviation = 0.27606
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Table 2. Data used to fit the von Bertalanffy growth curve for cod
from the Gulf of HMaine area with a summary of the estimates obtained,

Mean Length at Standard Total Number Number Fitted
Age Age (in cm,) Deviation Gaught Aged Length
1.30 14.94 3.62 70 39 16.27
1.85 23.12 4.92 42 113 24,32
2.30 26.85 4,08 327 106 30.54
2.85 37.21 7.17 222 159 37.71
3.30. 39.63 6.97 338 222 43,24
3.85 54.53 8.55 101 84 49 .63
4.30 57.87 7.85 97 85 54.55
4,85 68.10 7.83 69 60 60,24
5.30 68.04 9.15 57 49 64.63
5.85 70.35 11.14 52 46 69.69
6.30 76.09 8.80 44 37 73.60
6.85 78.89 794 36 31 78.11
7.30 78.18 10.83 50 4y 81.59
7.85 83.32 13.07 34 32 85.60
8.30 86.82 8.03 38 36 88,70
8.85 93,57 9.61 21 19 92.27
9.30 o4, 17 9.43 35 34 95.03
2.85 97.29 9,24 14 14 98,22
10,30 97.95 9.81 21 20 100.67
10.85 100,43 10.94 7 7 103.51
11.30 102.47 5.28 15 14 105.70
11.85 101.33 7.36 3 3 108.22
12.30 107.54 7.24 13 12 110,17
12.85 119.00 1.00 2 2 112.42
13.30 113,80 4.75 10 8 114.15
14,30 119.50 1.12 i 3 117,70
16.30 128.33 3.86 3 3 123.67
17.30 127.00 3.00 2 2 126,17

K= ,11599 Standard deviation = 0,01133

L= 146.53571 Standard deviation = 4.14723

to'= 0.28517 Standard deviation = 0.18718

F7



-7-

. o0 o0 ol o . QUTE JO JTNY
01> 01> Z0°1 > $0*1> #0°1> #0'T> jesney ¥ yinog

. - . ine . asneg o
206 %0°1> 201> W01 %12 %1 e §arons
. au (o] T
20°1> 201> 2T %'y 20Ty %0°1) e SoSiees
1Ted Furads 1Ted Jutads ITRd Butads 191TNS8I 1999 oSuBI
JUSISIFITP IOU 9I® SBAIE OM1 9y} WOIF pPOD 'YL sT8A9T L3TTTqRqOIq aTd13TNU MeU §,uwoUN(
1007 100> F00°» 100* 100> 100" eouwlIBA JO STSATBUR WOIJ
d JO ST2A8T £1711qmY02J
GG 9° 6L rAFAS 892 1°€2 64t U JO JINH
6'29 £°9¢ 6'9% 1ot , 662 £°61 3esney % yjnog
£€9 6745 0'2s 1y 0S¢ ee Juey sedIoen
TTed suradg TTad sutadg TR Futadg BOTY
£ o&y ¢ oay 1 es8y

Amhmpmsﬂpmmu ur) 95 9% syjfusl UBAW pop

1597 sBuBX eTd[3Tnu MOU §,UwOUNQ

PU® SOURTIBA JO STSATeuUw woll sTaAo] £3TTiqeqoad yiTs sFe 1w syjduer uwew pop ¢ aTuml

F8



-8-

22 2

$00°
610"
110
Exo*
120°
¢90°
gée”
g1t
216"
859"
50
L10°
T 6T

1198
#00*

€00°*
00!
£00"
600*
erg’
g20°
I€0°
430°
Glo0°
260"
oFi*
Far N
026*
642'9
840"
800°
€267

St

(10}

gio*
900"
geo’
850°*
691"
090°
geze
L1
g61"
G92'1
2h6°
121
#20°
BT

888° 1T

Tro’

Z10°

6£0°
g10°
090"
161"
97
£60*
ggn
991°
612"
601"
1Y%
£r0°
THET

gen'e

§oo*

€20°
€10

" 900"
890"
840"
%
79€"
eer:
258"
42"
€see
061°

0Z67

Te30]

O - NN NN
R B S SR R

[ T R A S A T B ¢ B o S & B & )

dnozs-e5y

(*4&1uo sesnIo Butadg) *Z6 UOTSTATQ JVNDI wOIF POO I0F dnoxZ-o8e zod :op\sopdo uesu POGEUTISE 4 STqR]L

F9



-9-

6621 109°€ 244 964 1 1942
810°
810" 600"
. 900" £2o"
800" B1O*
£50"
- 620° €ho* 050°* 920" 150"
o’ Ok o’ £eo" 297"
0go0" $go" o 640" v
Ss10° 941 cer 902" 80°
120° £60° L2 692" Tz1°
Zro° 80" 50° 2ge" €44
1€0° 80" 2o et 260"
980" 801" Ller 0" 1) 9
1ere 62’ 09e" £1¢” PAY
19 - Tty 12TA 691° 950°
£co® 821°'2 Lzt A0S 61"
1€2° 600" ges 8o’ Lez:
T HL8T T elgT T elet T 1ZeT o6t

19307

O ~ O OO WO -0 O

dnoIs-60y

(*4£Tuo sesEnao Butadg)»1¢ uoTSTATA JYNDI woxy poo xoF dnoxB-sfe xod zop\so#do uwew PajeuUTISY ¢ OTqQRL

F10



-10-

sPeasay

06 06~
69°1- @gT°T  9lL° 99°1
130 G - sLe 25
- 96 ol-1

9%T BT 0BT TBT 98T THET  woBT

3.
1©e'T
£
Lz

G98T

IS
ET'T 05T
09 e
AN
Bt*
996T  IoéT
%10 T9

L&

ot

8961

91°1

o <oz

£T°t- 20 €61

9ls-  #T-2- 95°1- 4T'2-
0 -  LT°T-

ST-4T
HT-£T
ET-g1
2r-T1
T1-0T
ot-6
6-g
g-L
L9
9-5
&1
-t
£-2
21

Lore-  1-0

€6t olet TI&T & T H

*HARTY JIRAA UIAT
A01/U3390 T3 JO OTIRI 3N} WOJJ PIUTRIASD 26 WoIRIME JVNOT J0T {z)

? v 107 awal snojasad auy Jo Sp\:opnu g3 03 Jeak suwo Uy
#3392 L3TTRIION FNOJUVITWIEUT THR0T JO 9aqwmlleg *g #1qu]

F 11



-11-

ST°T

60°2

Ly

£0°T

3.

1

19°

90

eet -

TO° 1~

aFeIoAY

g6°
ST 1

6072

Zzr-

28T oy -

2T

IS6T &%8T 098T T8t 29T E96T

gt
Wor -

Eo*
291
€G-

L
on°
89°
901

65°1
wee- o 01

95  lgr LU= 96T
s6* 90°T 61T £2°1
S e o6
981~ G-
st

6T %96 98T I98T B8t

SENTD JwaL

218
%"
e T-
o

96T

621
99°- 021
6L°T- o1~ EE°T-

olét et Zet et

9T-41
ST-#T
HT-£1
£1-21

TT-0T

o1-6
6-8
g-1
L9
9=5
S-n
-t
t-2
2T
1-0

Fo

A0%/U239D ) JO OT4NI 3 WOLJ PHITWIFSIP XC WOISIME JYHDI JoF (Z) S#3ux 3779100 enOSTWIUWIeU] T8107 JO saysuijed *L SIQ%lL

»eguT> Iwak uwaard w J0J Jwal snoTalxd YL JO »Ea\auudu g3 03 Jwak auwo Uy

F12



<12-

09°*
56
el
e
ot*
[A*h

——

£37Te3a0y

8AIN) Ud1e) JO Jusudeq
e Jo sysdrauy usudeyp

-UoSqOY WOIJ Sa}BTUTISH

gG* eSelsar TTRISAQ

$97WWISH 98Ul JO eFersry

09*

18- e

26" - TL*

L6 - 9"

66° - 94°

26" - T

96° - eq’

6" - 2L
§JUeT01J 190D (Z)

UOT3BTSIIO) £37TRIIOH

AN Uo38] JO
gsiTeuy uclsssIdey

IWOUY] WOXJ So}Bul}sSH

6°g*4 €961
6°g'4'9 7961
6'8°4'9'¢ G961
g'4'9c 'y 9961
499" w'¢ 4961
9'g'y'E 8961
S'n'e 6961
USTd JO 505y SS[) X€of

"ZG UOTSTATQ JVNOL 07 (Z) Se3ea £3T[@}I0U SNOBUBIUBSUT [10} JO SOIBUTIST *Q STqEL

F13



gg* eSersar TTeIOAQ

69 24t S079UT}Se Oy} JO 958I9AY
1% 9= 2% 01'é6'e 2961
(4% gé* - |7 01'6‘8%4 €961
2 % 6"~ 19" 01648449 961
£9° 06"~ w* 6'8'49'S G961
U 46" - AN gL'9'G 9961
€L ©6" - 60°1 L'9'4'n L961
107 66° - 50°1 9G4y 8961
—(zy S3Ua101JJ00D —zy Ustd JO Sesy SSU[ LE5)
£3TTe3I0H UOT3ETIIION £7TRHIOK
SAIN;) UOTE) JO Fuduses SAINY) yoyey Jo
® Jo sTsAreuy weudeyy STSATRUY UOTSSSIZey
-uosqoy WOIJ S9IBUTISH JESUTT WOIJ SO}PUTISH

76 UOTSTATQ &YNDI I0F (7) 5938 A3TTU3IOU SNOSUBIURISUT Te30% JO $83BUTISH *6 °T4A®L

F 14






