
OF 
AND JUVENILES IN THE OF MAINE 

TO YEAR JU,.g.~ ...... STRENGTH 

2/6/ 



DISTRIBUTION AND 
AND IN 

1 

on 

as 

John 

is based on collections 

61 

71 
72 
73 
75 

No" 

were 



area 

are given l\1:arak Colton 

(1961), Marak, 

Miller (1 1)" 

and ............. '" (1961)" Marak, Colton, 

most cases 

May 1955 

___ ~._ .... ~ __ spawning 

South Channel 

Nova Scotia.. 

measure 

UULJLLJlH of stage 

May 1 

in Figure 

Bank 

coast of 

was 

was for 

spawning 

eggs 

At 

be 

To 



53 

_!:GGS -= ~'1sTl'lGjO.eGGS 
501'11S. 
IOOfll5. 

~ © 

O~'§~8rJ' ,0 .::J~: .' 

" 00 

<> 

6 

o 
~--, 

~ n' 

'2)/5r;12r"B07?O;V OF/'VTrtL. A-/VV ~/2C-y 5/-'102: /-/·~tZJpat<.. F<zc.S 

£)vt2rA/(J, /<7:>5 /'7 ~5 y /'75(, • 
/ / 



areas: North - area O::/iI:lI..lUj../J,O::;Y n.n ...... · ..... 
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Table --Average abundance (No .. 1m3 ) of haddock eggs during February" March" April", and May 

1953" 1955.11 and 1956" 

Marc"h-May February-May 
February March April May A,verage P-verage 

Total Area . 112 " 063 €I 001 ... 058 

North ".029 " 112 ,,004 .. 048 
1953 

South " 175 .. 024 ,,066 

P,rea 21 ... 046 .. 233 " 007 .. 095 

Total Area .. 093 •. 111 .143 " 015 .090 091 

1955 North 010 .. • .. 037 .. 1 ,,081 

South .. .. 169 .062 .. 002 .. ,,093 

Area 21 .. OIO ,,054 ,,549 .051 .. 218 .. 166 

Total Area .. 096 .. 231 ,,232 .029 .. 195 ,,170 

1956 North ,,024 " .. 436 " 055 .. 172 ,,1 

South .. 145 .. 320 .. 256 .. 012 .. 196 .. 

Area " .026 .. 602 .. 066 .. 231 ,,1 
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Table --Aver-age abundance 1m3 ) haddock larvae during March,l; April and May 1 

1955 and 1 

March-May 
March May 

:5mm. ',. 7 .. 5+mm" .. 7 .. 5+mm .. ..5mm .. 5+J:Qm" 3. " 
7,. 

North III ~ 004 $ .. 002 .. 
1 3 South " 

,,007 .. " " 

Total ARea .. " 
4: ,,004 ,,001 ,,006 ,,006 

" 
North .006 .. " .. 

1955 South .. 005 .. 0 " .. 001 ,,004 ,,005 
" ! 

00 

.005 ,,004 
v 

Area .. .. .. .. ., ~ 

North ..007 ,,003 
" .. 

1956 South 3 .. .,01,0 .. 046 " ,,023 
" 

Total 0 .. 001 ,,007 .. .. 029 .. 011 .. 5 
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Maine~ on Browns Bank,. on the edge 

~~G',.. ....... '..,n were more abundant 

1 1 3 and 1 

haddock were on 

Bank or on the New 

"" ...... """",LJI a measure of the relative abundance 

and areas 

catch-par-tow was determined the area 

as was done and larval 

and Total Area). The average abundance (catch-per-tow) ----
and one-year-old each of ""'''' .. ' ..... during 1 

19 is in 



--Average abundance 
haddock the 

Area South 21 

9 1.4 7 1 3 

19 9.7 12.6 7 . 7 1955 

1.7 3.8 0.4 3 19 

1 9 16,1 19.1 14.2 1 

ONE-YEAR-

1953 0.9 0.9 1.3 

1 3 6.7 1.3 3 1 

1956 1.5 1 5 7.0 5 

1958 5 13.3 7.8 23.9 1 

-1 



average catch-per-tow zero-ring and one .. year-old haddock 

the Total Area was highest 1958, highest in 1955 lowest 

1953 (possibly due to poor I:>ClIIoJ ...... jJ, ..... There was a greater 

one-year-old haddock in every area in 1958 than in ""'1''''."" .... 

with exception zero-

1 were 

haddock more Bank and South 

Channel) than in the ~orth and ---$ In every year in which a com .. 

plete coverage was made one ... year .. old haddock were more abundant the 

North and , ~..;;...;;;.;....;.;.;;;;.. 
the South" - is noteworthy that the 

abundance of zero .. ring and one"year""old haddock fluctuated the same 

way (both in all areas 1955 and 1958 both low 1953 1 

One might conclude that this was due some sampling bias" 

with the eXception of the more limited coverage in 1953. such is 

not immediately evident.. For a discus,sion sampling 

see page __ ... _ 

On the basis of the JL~""JLi;"'.J'" abundance zero-ring ......... , .. u'U 

the relative strength of class is 



as 

" 

. . 

RELATION 

- 1 

- 1 

1 1955, 1952 

1 

1 

1 

19 

1 19 

the relative a .... ' ........ ' .. ""., .... 

EGGS 

dance eggs in. the .,. ..... ~-jHjl .... 

1929; 

1 

1 reC:iODlin.at1!ng" while 

-1 

area 

STRENGTH 

we 

basis 



abundance figures indicate that the 1955 year class was the strongestjl and 

estimates of the relative brood strengths of Georges Bank haddock based 

on the commercial catch per unit effort of 3-year"'01d haddock indicate 

only a slight variation in brood strength during these years (see Fig .. 5). 

Quantitative data on the average March- May abundance of haddock eggs on 

Georges Bank in 1940 and 1941 based on the collections of Clarke, Pierce, 

and Bumpus 943) show that haddock eggs were twice as 1941 

(2 .. 02/M3) as in 1940 (1 .. 05/M3). Yet, the commercial catch of 3"year

old haddock indicates that the relative numerical strength the 1940 

year class was over twice as great as that of 1941 (Fig .. 5). 

It possible" however, that a correlation would exist between the 

time and/or location of spawning and the abundance of zero-ring haddock .. 

For example" the non"'tidal drift in the Gulf of Maine .. Georges Bank area 

during the spawning season indicates that eggs and larvae in the Browns 

Bank area have a better chance of remaining on the continental shelf 

eggs and larvae on Georges Bank (Colton and Temple, 1961) and the dis'" 

tribution of zero-ring haddock in the fall would tend to support this hypo

theses.. A variation in spawning time could conceivably effect survival in 

several ways. The closed circulation pattern in the Gulf of Maine-Georges 

Bank area evolves with the season and is not well-defined until late April 

(Colton and Temple, 1961).. This might result in better survival of the 

progeny of April and May spawnings than of the progeny of February and 

March spawnings which would be subject to a greater offshore drift" 

Eggs and larvae produced from late spawnings would also develop warm" 

er water .. metamorphose more rapidly,. and thus be subject to passive 

a shorter period time. 

-16-



In hQwever, the locatiQn spawning did not 

years area was sampled all years maximum spawning 

place Qn GeQrges Bank (8Qut..!!) March and Qn Browns Bank 

In all years there was a greater abundance Qf eggs in ~rea 2] in 

than the South . March. There was, however a a greater n.UL.H.L-

dance eggs the South Channel in 1955 (February) 

1) and 1955 was the year which the March-May average .... u ... u

of eggs waS greater in in the~. AlSQ 

ratio of th.e average abundance ----- in April 

of eggs in March was ... ""' .... .." ...... ,~ ... 

1953 and 1956 .. 

however, that the abundance of eggs was 

areas 1956, it dOles nQt appear that the slight time 

lQcation Qf spawning. could accQunt the considerable differences 

abundance Qf zerQ .. ring haddock" It appears" as has been 

(CQlton and Temple, 1961), that there are always enQugh haddock eggs 

prQduced tQ insure a strong year class" but that it is the variability 

of larvae in the variQus areas that accQunts variability 

in the strength year Rae 953) has come CQnclu .. 

sion as regards the fluctuations broQd strength of lemon the 

NQrth Sea, i .. e.. gQQd spawning does nQt necessarily result gQod brQod 

survival and moderate numbers of larvae may I under favorable condi .. 

produce gOQd survival~ It appears then that factors 

are the to survival.. This cQnclusion is supPQrted by the fact that it 

has been with envirQnmental conditiQns (physical or biological) that 

persistant co:rr~eJ.B,tlcmS with h'l"t'ini!1 

.. 1 



We expect that there would be a correlation between the 

ClLU, .. ,_,,_.n, on bottom the and the 

numbers these same fish succeeding years.. the relative 

zero- 1955 l~year-old 1956 

demer .. 

demersal 

....... Jl,.""'#:,.l.1.' lUeJL.IIJLJIU would be 

1 

only 

like that 

seldom occur 

that 

factors which "" .... I ..... U cause 

Catastrophic changes 

caused the mass mortality tilefish 

.LlL"'-""" 'If effect a !:>,I,&L~JI~O;:;: 

during the demersal phase are predation the 

improbable that either these could effect ur" ....... '" na!:lO()CK 

a way a.s to eliminate the 

one yet 

tact.. Also young haddock areas separate 

those frequented by haddock or fished extensively the comm.er-

cial are small size that they readily pass through the 

meshes commercial which would preclude an appreciable 

fishing mortality G appears~ then" once the take the 

mortalities would fluctuate less than during the pelagic period 

a quantitative __ .... ., .... numbers this time would a 

...... " ......... c;&." ... uu. of the relative strength year e .... the 

numbers of haddock proportion 

-1 



num.ber of markets.bl-e a.ge fish. of, a: given class. 

Theoretically, zero-ring haddock are much easier to sample quan ... 

titatively than eggs and larvae, unlike the latter whose distribution is 

three demensional the young haddock are all at one (the bottom)" 

otter trawl has been shown to and quantitative consis ... 

tancy as an instrument for taking samples of fish (Schmidt, 1926; 

1929 and 1 Poulson, 1931; 1955) .. 

zero""ring haddock and the reliability of the otter trawl as a sampling 

point the feasability of estimating year class 

abundance haddock during the early benthic period 

The work of Thompson 929a} and Clark (1931) 

this mode 

on a basis of the 

Estimates the relative year class strength of Georges Bank haddock 

are based on the average S .. year-old haddock caught per 

fishing for haddock in subareas G, H, M~ N, 0" Q, and S by a selected 

group of large otter trawlers fishing out of Boston throughout the year. 

The 19S1""1 average catch per day has been given a rating of 0 and 

brood strength for individual years is prorated on this basis.. Table 4 

average catch per day ofS-year .. old haddock for 19 through 1961 

the relative brood strength for 1928 """",urn 1958 are presented .. 

Marked fluctuations in brood strength occurred during period with 

a range of 0 .. 9 in 1928 to 241J 0 1948 .. To better demonstrate these 

tuations in recruitment of Georges haddock" brood su'enf!m 

is presented graphically in Figure 

-19-
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Table 4@--Three-year-old catch per 

of haddock, 1928-1961. 

Year Index No" 

1928 9 
1929 1 6 
19 2 
1931 6.6 
19 0 

717 10 .. 8 
1934 1128 7 .. 8 
1935 1378 5,,7 
1936 1 3 
1937 1331 9.9 
19 985 7 .. 8 
19 6 
1940 ,,2 
1941 7 
1 4 
1 33 2 
1 1492 '1 .. 3 

and relative 1"\'fi" ........ <"1 strength 

Year C/D Index No .. 

1945 5 
1946 2 
1947 4 

0 
1949 8@7 
1 7 1 8 
1951 21 1 
1 1499 2 
19 2702 2 
1 879 10 .. 8 
1955 06 3 
1956 896 

1 
1958 918 
1959 851 
1960 7 
1961 2312 



Figure 6 the relative abundance of zero-ring and 

................... " .......... in 1953, 1955~ 19 1958 

haddock 

been 

compared to the 'l.;J.i:tii:liii:li strength 

this period. The average catch per tow 

a rating of 10 the catch 

on this 1U~i::;Ji,ii:li. 

The , strength of the 1 

1S1LOTIlS and 

and 1 

Geor ges Bank 

1953 .. 1958 has 

years 

on Georges 

Bank are the same "' .... ' .... n ....... i-i 

numerical strength the 1 

1 and the relative 

years 1 

dock subdivisions except .;;,.;;;.;;;...;;.;;;...;;;;.;;;. and 3-year~01d on 

Georges Eank are in the same proportion 2 

no consistent exists between the relative numerical of 

haddock the year represented in 

total area or in any the subdivisions and the numerical strength 3-

year-old haddock on Georges Bank" Actually the only strong co:rrE~.La;t10,n 

existing between survey commercial data is that 1 , 
zero-ring haddock were most in all areas which there 

more zero-ring haddock the South (Georges Bank) in (Browns 

Bank)", was the strongest year as indicated the abundance 

haddock on Georges Bank. That a better correlation was not ob-

tained undoubtedly due in part to sampling bias in the commercial 

and survey data. 

-22-
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Rounsefelll s ) was: 

commercial fleet na~:ta()CK are 

fleet spends 

Therefore$ this where the 

most time the -60 fathom 'Y'\;! ....... .l zone. 

the most 

60 fathom depth 

the number of months fished 

the haddock 

numbers can 

number 

year by the study 

fathom,t 31 and 61 + fathom depth zones 

areas the Gulf Maine ... Georges Bank area 1 

is where 

month and 

0 ... 30 

1 are plotted 'Figure 7. These are plotted terms 

"fish equals 1 1957 ><> 

were chosen for 

Ultn01CIl depth zone 

the catch per unit effort within the 31 .. 60 

ug.' ........ " ... n on Georges Bank during these 

years the basis relative numerical brood 

strength of Georges Bank haddock 1 3, 1955~ 1956, and 1958. 

The study boats did not in any depth zone 

western Gulf Maine (Subareas 

these The effort of the .:. .... 1'1"1 ... 

C" Dot E" and F, 

fleet within the 

the 

22) during 

30 fathom 

depth zone was restricted a few subareas on Georges Bank and in 

South Channel and areas were fished only a relatively few months 

of the year <> The effort within this depth zone was in direct 

amount 0 .. 30 fathom. 

The .......... ,."" .. the study boats 
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zone was concentrated a sector Georges Bank 'UJUUClLJ!. J 

and M) it was only this area that study boats 

out the 60 fathom depth zone on 

of Georges Bank (Subareas N, 0, and Q) and in South Channel 

(Subareas G and H) were for but a few U:l,VUWJI. out of year 

few number days., In Gulf Maine 

.",..." ... u boats within the ... 60 zone was 

very limited and was Subarea P an amount 

fishing took 1-' .............. . 

the + fathom depth zone the major the study 

fleet was expended H J (Area and there was in J!',<; .......... ... 

more fishing in G (Area Subareas N P ) 

than in 31 .. 60 fathom depth zone within these subarea.s~ was eon .. 

more effort expended in + fathoms depth zone in 

31-60 fathom depth zone in Area 21, but less fishing in the 61+ fathom 

depth zone than in the 31-60 fathom depth zone on 

Georges Bank (Subareas M, N.. 0>. 

To better the proportion of fishing in the 3 depth 

zones, number of days fished by the study boats the percentage 

effort depth zones of 0... and 61 + fathoms in the Georges 

area (Area Subareas GJI H. M, N, 0) in the Bank 

area (Area ,Subareas N, 

and 1961 are tabulated in 

andQ) the 1958, 1959, 



Table 5,,--Number days fished by study boats per year and percentage effort in 3 depth zones 
within subareas on Georges and Browns Bank .. 

AREA 22 (Georges Bank) 

Subarea 

G H J M N 0 TOTAL 
No .. % No .. % No .. 0/0 No .. 0/0 No .. 0/0 No .. 0/0 No" % 

0-30 fms .. 10 4 40 6 54 5 18 4 6 8 128 5 
to 
I.!? 

31-60 fros .. 73 30 Cl 79 12 559 52 379 91 53 67 1143 46 
.-I 

61+ fIns .. 164 tfW 521 82 463 43 5 20 25 1189 49 
e 

co 
eq 

0- fms .. 42 43 79 20 55 5 21 6 25 83 1 25 223 12 D 

co 31-60 :tms. 6 6 52 14 461 
I.!? 

44 276 76 3 75 798 41 
Cl 
.-I 61+ fms .. 50 51 253 66 529 51 66 18 t5 • 903 47 w. 

0-30 fros,. 32 45 28 19 12 1 30 8 5 20 107 6 

Cl 
31-60 fros .. 13 18 10 6 331 33 265 88 11 44 6 100 636 37 I.!? 

Cl 
.-I 

61+ fros" 26 37 119 75 674 66 82 22 9 36 992 57 

0-30 fma .. 1 1 50 38 30 3 50 16 9 19 140 9 
.-I 
to 31-60 fms" 20 21 28 21 411 44 166 54 25 52 2 100 652 43 Q:l 
.-I 

61+ fms .. 73 78 55 41 483 53 90 30 14 29 715 48 



Table -- (Continued) 

AREA (Browns Bank) 

Subarea 

N 0 P G TOTAL 
No" % No .. % No .. 0/0 No .. 0/0 No .. % 

co 31-60 fros" 13 8 3 8 66 33 82 
I.C 

~61+ fms .. 159 92 36 92 132 327 80 

-60 flns .. 1 61 1 11 1 
00 
i.\j 

0'.:16 
.-I im.s. 77 66 65 100 81 8 89 231 63 

0-30 fm.s@ 4 2 4 2 

0'.:1 31 
LQ 

o fms .. 89 46 89 46 
0'.:1 
.-161+ fms .. 14 100 6 1 102 .. 57 .I. 

31-60 fm.B" 7 8 16 14 23 9 

.-16 fros" 85 92 39 100 1 226 



all 4 years the fishing was 

60 fathoms Areas 

fishing effort was greatest water deeper 60 ... """'UVI' ..... "" 

subareas within Area ,with the exception 1958 .. 

maximum there were the 

and the 

maximum 

the fishing 

was greatest than 

1956.. Subareas MJ> N, the fishing effort was 

060 fathom depth zone all years" Not greater pro-

bathed 

latter 3 subareas within the contour 

deeper 

relatively warm slope water which <O!.L.B'''',,"U. 

is 

find 

intolerable. 

general" the fishing g::>TT,I"'I'I"'I" was least the 0 ... 30 fathom depth 

zone subareas. The being in Subareas G H 

in 1958 and 1 where was expended in depth zone 

-60 fathom these 2 subareas that the 

greatest ....... '1,+ ... , ....... shoaler than 30 fathoms. 

there is a direct between commercial fishing effort 

and abundance as Rounsefell) then we would 

tha.t during 4years haddock were more abundant 



.I.ClI.IoU,VJ.U.\:lO and that relative abundance 3 UCIJI..U. zones 

aI'S and locations .. Rounsefell f s 

findings based on an analysis of the trawlers 

gross tons fishing Subareas, H, M.II N, and Area 22 ......... L .... '."" 

1928-1936.. His figures showed the greatest was 

expended the -60 zone 30 

52%~ ... 125 fathoms-24%).. addition, an analysis 

statistics showed that the catch"per-unit was also 

depth zone .. 

possible reason the marked in proportion 

of effort the 3 depth zones between the 2 D.J.Jl.J''''' .... , ... ;:,:; periods is that 

excluded data from water deeper than 1 and there are con ... 

siderable fishing area, especially the northern edge 

Bank water deeper than this.. noted here 

Rounsefell's analysis indicated there was an amount of &.>ff,n-rt 

expended the 0-30 and the 61+ fathom depth zones during 

period 1928-19 fishing 4 

(Rounsefell.ll 1 272) indicate that the fishing intensity was consider ... 

ably greater in 61 + fathom depth zone period.. However II 

the most likely explanation for the differences in the 

of the 3 depth zones between the 2 periods is there has been 

a shift the area of maximum- ,abundance of marketable haddock 

years. This could be due either an movement of the 

population of haddock or a shift the age of being sought 

as a of the new mesh regUlation o;;oUI""'-" •. U"'IJU'"4' 

-31 ... 



any event, evident that:) picture one gets 

fishing in various subareas on Georges Bank 

abundance haddock in these subareas depends zones 

are included the sampling, and effort 

than fathoms should be indluded statistics 

study boat if a reasonable estimate on 

Georges Bank to be made, (3) possible "" ....... "" .... + 

(Area ,Subareas Nand P) abundance 

N, 

boat 

cannot be 

Even though the 

Georges (Area M, 

data 

the fishing effort the 

fleet indicated the study boat catch effort data from a 

depth zone serve as a reliable index of fishing 

or the on Georges Bank, it sible that 

such a restricted sampling would serve as an index the relative 

dance of certain age haddock. For example l 3 ... year-01d 

haddock tended be concentrated in the 3 1 .. 60 fathom zone during 

all seasons and years or 

in the 3 depth zones did 

their abundance in 

relative abundance of 

with seasons an estimate 

fathom depth zone would be indicative of 

abundance over the whole Georges Bank. One way to determine 

a sample from a depth zone would be compare 

the catch per effort from 3 

zones over a seasons and Unfortunately II the basic 
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an analysis not readily An aiternat 

to the distribution of 3-year-old haddock as indicated by 

cruise data with the distribution the boat in the 

number fished during periods" 

Such a comparison made in Figures 8, 9, and 10 which show the 

distribution 3""year"01d haddock terms of the average catch per tow 

during the survey cruises of September, 1955, November, 1 

and October # 1958 and the distribution of study boat effort terms of the 

number days fished per month the fm, 31 0 61+ la"[;JnOln 

depth zones the various subareas during similar periods., 

In 3 years the cruise indicates that during the 

least 3=year .. old haddock were relatively abundant regions not sampled 

study boat September, 1955 the greatest abundance 

year .. old haddock as indicated the survey samples was 

area E, Area 22 and relatively large concentrations of 3-year"01d haddock 

were also found in Subareas G J~ Area 22 and Subareas Q, 0, and 

N, Area 21. The study boat effort during period was restricted to a 

limited section of Georges Bank.. The maximum study boat effort in 

3 depth zones was in Subarea Area although considerable fishing 

effort was expended in water deeper than 60 fathoms Subarea G, Area 

November, 1956 3 .. year ... old haddock were most abundant Sub

area Q, Area 21 but relatively large concentrations of g-year-old had .. 

dock were also found 

Area 22.. The study 

Subarea N, Area 21 and Subareas J and E, 

effort during this period was restricted a 

limited sector of Georges Bank and it was water deeper than 60 

1:ntl;~re was an aplprE~ClaDJle of fishing South 
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1958 

was 

zone f.nE~r~ was an 

H). 

) Although the abundance and 

were .... "-'.LU·U_ 

on Georges Bank as 

on Browns which were ........ , ... "' ... 

fathom ............ .... 

31 

depth zones on Georges 

a much estimate 

UQ ...... "" ....... on Georges 

zone were included 

haddock 

the west area .:I.u .. tJ ... ", ... by 

a 

was 

... """""VA, .... depth 

was usually 

Maine 

or 

subareas, 

distribution 

the 

to 



zone" 

it was nec~es to 

Uo.'UiUII.''I,;n on a i:li:Il.JJ.UjJJ'~ 

61 + depth zone would n ......... ..,.. 

area was this 

zone. 

) sttldV boat 

haddock were most 

haddock in areas "" ... "'."' ... 

":;i:I'L.l.JJ.A . .!!.I::IU, ... the 

neces-

the survey that at least 

year fish are a part 

on Georges Bank be oonsidered as a ...... "', ............. 

Since the boat the 31- depth 

zone Subareas J and M (Area it assess the 

of haddock these 2 subareas as well as areas 

during determine what 

study boats and how age '""UJL.l.JJ.j.I'U .............. ·& .. these 2 

of Georges compares that subareas over 

Maine" age COltnt:.O 

tow subare as subareas Area 

Georges Bank during the an1"'U,Q,~:I" of 1955~ 1956, 

Gulf 

1 



With 

1 

Subarea J 

Bank was 

1 

were more 

1, 

ages were more iii:U.l"I.I.U~.t;::s.~.II." 

were the 

... """., ..... "', .... of 

1 there were 

subareas 

the Georges at 

haddock in Subareas J 

abundance 3-year ... old on 

their ~"" ............ c:o.&.~ ...... over the area .. 

There was ....... 1 .... 0,11, 

haddock caught the 

position a restricted area 

zone 

the 

thus sampl£s the 

obtained the study 

as 

a 

com'" 

the age over Georges Bank~ example, an 

estimate of the relative strength the class based on 

dance of haddock Subareas J M in November, 1956 

abundance 

same 

than on 

Bank .. 



5. --A,ge composition (number per tow) of area 
Albatross III Cruises 65 & 6 September . 

Albatross III Cruises 81 E 82, November 2- 1956, and 
1\:lbatross ill Cruises 1 ,119 22 -
1 

1 
No. AGE 

AREA TOWS 1 2 3 4 5 6 7+ 

3 3 0 6.0 1.0 3 0 0 

2 8.0 6.0 7.5 2.0 1.5 1.0 0 

XXI 10 0 2.4 3.3 4: 4: 0 0 

Q 6 2.7 5 3 5 7 3 0 

21 3 0 4.4 0.7 6 0.2 0 

C 0 

9 1.4 1.8 0.2 0.1 1 0 0.1 

8 8 10.3 1 0 2.4 1.5 4 0.3 

10 0.1 0.2 :3 3 1.0 5 3 

14 1.8 1.9 7,4 1.4 1.8 0.5 3 

13 2 2 2,1 7 1.3 5 0.2 

J 10 1.4 2.9 8.2 3.6 1.5 5 0.3 

M 9 4: 9 2 0.1 1 0 0.1 

N 7 3 0.1 0 0 0 0 0 

7 0.1 0 0 0 0 0 0 

Q 6 0 0 0 0 0 0 0 

S 0 

TOTAL 93 7 1.8 2 0.9 0.9 0.3 2 
XXI 

NORTH N,OJP,Q 48 7.2 4 6 8 0.7 3 0.1 
XXII 

D,Ea F . 

NIl! 
1.4 1.2 3.6 1.1 1.1 0.3 0.2 

'" 



6 - (number per tow) of haddock by area sub .. 
Albatross III Cruises 65 & 66 a 1956, September 7 -28, 

1955$ Albatross II! Cruises 81 & 82. November 2-20; and 
Albatross III Cruises 118, 119 and 120 September 22 - October, 
1958. 

1956 
NO .. AGE 

SUBAREA TOWS 1 2 3 4 5 6 

N 2 .5 5 0 5 1.5 0.5 1.0 

0 0 

6 1.3 3 0.8 1.8 0.3 0.2 0 

2 5 7.5 4.5 8.0 2.0 1.0 0 

TOTAL 10 7.0 6.2 2.0 3.6 0.9 4 2 

0 

7 0 0.9 0.4 1. 1 6 3 4 

6 1.0 14.2 2.0 2.7 1.2 5 0.2 

F 8 0.1 1.1 0.9 2.0 0.8 0.8 0",'6 

5 4 1.6 6 1.6 0.2 0.2 o 2 

XXII 2 0 5.0 1.5 6.5 3.0 5 0 

J 5 1.0 4 3.0 3.6 1.2 2 0.2 

M 6 0 1.7 0.2 0.7 0 0 0 

4 0 0 0 0 0 0 0 

7 0 0 0 0 0 0 0 

9 0 0 0 O. 1 0 0 0 

S 2 0 0 0 0 0 0 0 

TOTAL 61 0.2 3.9 0.7 1.3 0.5 0.3 3 
XXI 
O~PJQ 31 2.4 5.2 1.4 2.5 0.8 0.5 4 
XXII 

E, F. 

GEORGES MJ 
29 2 5.3 8 1.5 4 3 0.3 



6. ~-Age composition (number per tow) of haddock by area 
area" Albatross III Cruises 65 & 66, September 7 -28" 19558 

Albatross III Cruises 81 & 82 .. November 2-20$1 1956, and 
Ar6atross iII Cruises 118,1> 119 and 120. September 22 -
1958. 

1958 
NO. AGE 

AREA SUBAREA TOWS 1 2 4 5 6 7+ 

N 4 41. 2 10.3 6.0 3 0.8 0 0 

0 8 28.6 6.0 3.6 2.3 0.6 0.5 0.3 

XXI p 11 14.0 15.6 7.7 5 1.3 5 1 

q 11 23.9 16.4 10.4 6.0 2.2 1.3 0.5 

TOTAL 34 9 1 0 7.4 4.0 1.4 0.7 3 

C 6 O. 3 0.8 1.7 1.7 0.8 0.7 5 

D 7 3 1.1 0.3 9 0.3 0.1 0 

E 6 2.2 6.0 2.2 1.3 0.3 0.3 5 

F 10 0.8 1.2 3.5 4.4 2.1 1.3 1.0 

G 10 3.6 12.7 10.3 6.2 2.9 2.0 1.6 

XXII H 7 0.3 1.7 1.7 1.3 0 0.1 0 

J 7 52. 1 91. 2 19.1 5.4 1.1 0.3 0.6 

M 7 3.9 4 0.1 3 0 0 0 

N 8 0 0 0 0 0 0 0 

7 0 0.3 0 0 0 0 0 

Q 7 0 0 0 0 0 0 0 

S 1 0 0 0 0 0 0 0 

TOTAL 83 5. 5 10.2 3.7 1 0.8 0.5 0.4 
XXI 

NORTH N,O", P, Q 63 1:i~. 3 7.9 5.0 3.2 1.2 7 0.4 
XXII 
C,D.E,F 

GEORGES G$ H$ J. 
M,N$ 0 9.3 .0 4 7 0.8 5 4 



is understandable why better agreement obtained between 

abundance estimates based on survey cruise and study boat data we 

the marked in samples area 

and period coverage the 2 we should 

obtain similar estimates we select an age of haddock which 

sampled survey and .......... u ....... 

compare catch of similar p 

areas. Such a comparison is in Figure 11 

nets 

similar 

abundance of S ... year .. old haddock 1955 .. 1956" and 1958 the relative 

numerical strength the 1 1955, and 19 year classes haddock 

based on the average catch per tow of 3-year ... old haddock on Georges 

Bank (Subareas G$ H" M, N, 0), Subareas J and M, the 

Area as on survey September" 1955, 

1956, and October, 1958 and the catch per day of S .. year-old haddock on 

Georges Bank by the study boats these same months.. The total 

study boat catch of 3-year ... old haddock the total number days 

fished in all depth zones was used deriving the study boat catch per 

figure for Georges Banke 

The abundance of 3 ... year-old haddock as determined during 

survey cruises was greatest 1958 and least in 1956 on Georges -'-' .... IUn.. 

Subareas J M, and the Total Area. The study boat figures 

Georges Bank show that S ... year .. old haddock were more abundant 1955 

than 1958 41 Considering that 1958 was the year which 

old were more abundant on Georges Bank than the North 

and that the ihdicatedthat ,the greatest concan'" 

of haddock was J (Figure 10) 
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heavily fished 

why there is better agreement between 2 sets data, There 

appears to a direct between the amount of effort the study 

boat fleet and the abundance of S"year-old haddock as indicated by the 

commercial the survey data 1955 and 19 How eveI'I 

in 1958 the effort the study fleet was high, but catch per day was 

19 1956 based on 

September,9 1955 and October, 1958 study data is l::!.l.i,U.I..I. that based 

on 12 months data for these (See Figure 

no data available on the study boat 

individual depth zones during these months, for is possible that th.a 

catch per day would vary with 

As noted previously (page ) the survey cruise data lm:11Clatea 

that the abundance of zero-ring and one-year"'old haddock fluctuated 

same wa:y, both being high areas 1955 1958 and both being 

low in 1953 and 1956.. This tendency towards a greater abundanc.e of fish 

certain years was most marked for the younger haddock, but was also 

manifest in the catches of haddock", For example, the catch of 

haddock of ages was greater in 1958 than 1956 aU the major areas 

most subareas (table 6).. The result this apparent fluctuation 

fishing efficiency between years is that estimates of year class strength 

are dependent upon what age fish are chosen represent the year class 

and in what year the sampling was done" For example, the 1956 year 

would appear much stronger on a basis of '7 ... '1TA!:I 



haddock in 1958 than on the abundance haddock in 1956" 

The gear method of tow were similar during survey 

cruises, so that it does not appear that the variations efficiency 

between years could be due to differences in fishing technique" is 

known however, that commercial vessels tend catch more haddock 

than the night and that this variation day and 

ca.tch is more some ~"U'-'''''"JLIl t1e&:me~'I" W ate l' ) 

Suprisingly ~ there has never made of 

variation ca.tch the fleet, 

possible that such day might be the cause 

fishing efficiency between years. for example, there were marked 

variations day 

conceivably effect estimates abundance .. To determine was 

fact case, a tabulation was made of the day and night tows 

and of the catch per tow zero .. ring, one ... year ... old, 2 + 

the day and night for the 4 survey cruises (Table 7 Zero-ring 

one .. year-old haddock were tabulated separately for was for 

ages of fish that the most marked yearly variations 

observed. 

abundance were 

With exception of 1953 in which year significantly more 

tows were made during the day than during night, the day and night 

0'1'"'1'",,.,, .... '1' were The catch per tow haddock was slightly 

greater during the day than during the night in 1956, slightly greater 

the night than during the day 195 and significantly greater during 

the night 1955 1958 10 The catch per tow of one-year-old haddock 



was during the day than during the night in 1953 and 1 and 

greater UlU.L ... UI.", the night than during in 1955 1958.. The 

average ratio abundance was for 

haddock. In all years catch 

haddock was greatest the as is 

catch. night catch per 2 + waS 

of the same but 

and one"'year-o!d haddock was appreciably greater in the night 

time tows in the years when cruises indicated that 

2 age groups were m.ost abundant (1955 and 1 be 

the number both tows was also 

1955 1958. 



7 ~ ...... The number tows and the catch per tow of haddock 
and night, September 1953 and 1955, November 
September-October; 1958. 

Day( 0730"'1629) Night (1930-0429) 

#:Tows #: Fish T # Tows # Fish CIT 

1953 35 30 0.9 24 1.3 

~~ 1955 46 218 4.7 53 7 13.8 

~8 19 72 1 58 1.6 I~ o'i 
ttIl 1958 46 264 5.7 50 12 24.3 
N 

Total 161 584 3.6 164 2038 12.4 

1953 38 33 0.9 24 2 1 

"0 19 42 45 1.1 54 349 6.8 5 
i 

~fj 1956 35 74 2.1 1.3 
~.g 1958 46 286 6.2 50 548 11.0 ,"0 

~~ 
161 438 2.7 162 947 5.8 0 

fj 1953 44 1.2 24 0.7 

.g 1955 42 466 11.0 51 256 5.0 
~ 

~ 1956 35 285 1 37 212 5.7 
~ 

732 Q.) 1958 46 958 20.8 50 6 
~ 
C"iI Total 161 53 10.9 162 12 7.5 



Year class estimates on the UU\.l.c;u.JL'I.i'l::: of zero-

haddock during the day and night would both indicate 

1958 year were but 

1955 

only 

than 

twice 

cate that the 1955 and 1958 classes were considerably !::!i''I''n1l'lId 

the day time 

as as 

but 

1955 

class was ali"l>ln'i" ... v' 

time .... ""'r .... n 

haddock indicate that 1957 year class was 

the night time catch indicate 1 1 

were strong. Although as marked, significant yearly differences in the 

relative 2 + year uQ.' ...... ,,' ........ 

night data. 

Not do estimates of based on 

observations vary, but also distribution pattern is 

on night observations than based on day 

strated Figure 13 showing the distribution 

mined during the day night tows in September ... 

night 

demon-

.... """ ...... ,,' ........ as deter-

1958.. Not 

only were zero-ring haddock found over a much wider area at but 

also areas of high abundance (off southeastern Nova Scotia) were not 

indicated by the daytime data. 

In Figure 12 the average catch 

and 2 + year haddock are plotted for intervals" 

was necessary to group data all 4 survey cruises order have a 

representative number of tows each time interval.. tows made 

within the hour before the hour were e,. 0800 ... 

0730 .. 0829). These data are tabulated in general 
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Table 8,,-"Number of tows and average catch 

Time 

00 

~0200 
::r: 
C,? 
1Z! 

0500 

0600 

0800 

0900 

1000 

00 

1200 
:>t 
~ 1300 

1400 

1500 

00 

1800 

1900 

time intervals, 1953 ... 1958 

Zero ... Ring Haddock One-Year- Old Haddock 
#Tows 

18 

20 

18 

17 

16 

13 

15 

15 

12 

19 

23 

#Fish CIT #Tows 

1 8.0 

112 6 .. 6 19 

595 27" 0 

328 16.4 20 

5 1 3 15 

359 14 .. 4 23 

27 1 .. 5 

63 7 18 

82 9 

32 0 16 

50 8 

90 6 .. 0 14 

39 2 .. 6 15 

21 1 .. 1 

147 12 .. 3 12 

14 0" '1 20 

1 1 

#Fish 

31 

109 

114 

3 

113 

19 

64 

91 

24 

10 

78 

28 

64 

70 

16 

CIT 

8 

1 .. 6 

2 

7 

2 

9 

1 .. 1 

3.6 

3 

1e 5 

0,,7 

6 

1 .. 9 

2.9 

8 

8 

1 1 

of haddock 

2+ Haddock 
#Tows #Fish 

1 

19 

5 

15 96 

1 

18 112 

192 

16 92 

14 

14 55 

15 

12 3 

60 

CiT 

64>9 

8 

1 2 

1 

4: 

13" 3 

9 .. 9 

6 .. 2 

9 .. 1 

5 .. 8 

1 4 

9 

1 6 

2 

o 

o 

1 2 



Table ... - (Continued) 

Zero-Ring Haddock One ... Year-Old Haddock 2 + Year Haddock 
:rime #Tows #Fish CIT #Tows #Fish CIT #Tows #Fish CIT 

2000 12 9 8 12 23 1.9 12 1 1 1 

00 11.2 21 19~2 9 

5 3 1 .. 2 5 

16 16 .. 6 16 142 8 .. 9 1 5 



per tow of zero-ring and one .. year .. old haddock tended to be higher 

the night time hours and the catch per ~ow 2 + year haddock tended to 

higher during the hours$ there were marked 

in the catch per towage groups. The fluctuations in number of 

fish caught between individual tows within a given hour were to great 

attach any significance to the abundance @ The 

great fluctuations the catch during day and night _"""'_"~_ 

regional in the abundance 

cause for 

the 

there were 

many tows made during the in areas where there were little or no 

and one-year-old haddock and many tows day areas 

where zero-ring and one-year-old haddock were abundant.. same 

situation holds true for the 2 + year haddock. any the day-night 

variability the catch real, teChniques 

at set time intervals for an appreci.able number days within a rela-

tively small area in various deep and shoal water regions Gulf) are 

needed before this variability can be accurately ascertained. 

Diurnal migration appears to be cause the variation 

in the day and night catch of 2 + year haddock.. Although no sampling has 

undertaken to establish if haddock move off the bottom during the 

night in the Gulf of Maine, trawling experiments and echo sounder obser

vations have shown that haddock do move the bottom at night in other 

areas (Woodhead, 1961). The fact that the commercial fishermen often 

follow schools of haddock into shoaler areas during the night indicates 

that such is in fact the case in the Gulf of Maine.. Diurnal migration can ... 

not explain variation the day and catch zero-ring and one-

-54-



year-old haddock unless their movement is opposite to that of all 

marine animals (up the day and down at night). It is 

zero-ring and one ... year-old haddock move off the bottom 

However, observations on the diurnal migration herring in the North Sea 

(Lucas" 1936) and of haddock in the Barents Sea (Woodheadjl 1 ) 

demonstrated that more tendency to leave the sea bed 

than do larger fish. It appears that the daytime decrease in the catch of 

zero-ring and one ... year-old haddock to a variation catching 

efficiency the otter trawl between day and night@ This variation in catch

ing efficiency could be due either to an increase in the avoidance of the 

trawl during the day as has been demonstrated the case of postlarval 

and juvenile fish from slow moving nets at the surface and 

depths or an increase escapement through the meshes during 

the No doubt all age haddock are able to avoid the otter trawl some 

appears that the 

or audio response the trawl and that the 

catch zero-ring and one ... year-old haddock 

exhibit a more 

and night variability in 

avoidance or escape'" 

ment greater than that due vertical migration .. 

There would appear to be only 2 possible methods of reducing 

daytime decrease in the catching efficiency the trawl. One was 

would be to increase the towing speed, does not appear 

for; (a) at high towing speed difficult to keep the trawl on the b01:tOln 

and ) because of imperfect filtration the amount backwash and turbu-

lence at the of would be increased. It would be possible 

to determine the effect of the speed tow on ex(~apemlent .. however, 



making a series of bottom tows at various speeds during the 

night at various depths and determining the variability the catch 

various age haddock with speed and time. 

Another, and possibly more effective way would to reduce 

escapement by decreasing the mesh size the trawl wings. appears 

quite possible that all age fish enter the net the same rate" but 

the are excape .. u. ........... , ..... 

the meshes of the wings and they are better able to do this during 

the day than the night" order determine if this the 

case, would necessary make a duplicate series 

depths during the day and night with and without a fine mesh liner in 

wings. 



RECOMMENDATIONS 

1 .. Write up a detailed description of the methods used current1¥ and 

the past for estimating the abundance and age distribution groundfish 

on Georges Baru( and other areas. 

2. Determine the depth zone allocation the iCI'II"1',rI .. ,. effort by months 

seasons from 1928 to present" 

3.. Compare the catch per unit effort of age haddock 3 

.... "', .. " ... zones months or seasons 1 

) and determine what depth zones and many vessels 

catch statistics a 

the abundance various age haddock .. 

variation in the day and night catch various 

study boat in the 3 depth zones .. 

Compare estimates of year class strength based on the study boat 

catch per unit effort haddock depth zones 2 and 3 and 

on total yield figures. 

'1.. In future survey cruises an effort should be made to obtain scale 

samples from haddock over 30 cm .. , so that an accurate estimate 

the age distribution at specific locations can be made make be 

possible estimate the abundance and distribution of a given year 

for a .............. "' ... of years" 

Determine the variation between the day and night catch various 

haddock and other groundfish in specific areas and depths .. 

9. Determine causes for the in day 

other groundfish. 



1 Give serious consideration to proposal (See Lab", ) 

commercial vessels be used surveys of groundfish IJVI.JIIoII.IL,ClI.~"',V 
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