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INTRODUCTION

The ablility to bredict future recruitment to exploited fish stocks
contributes to the operational efficiency of a fishery and it provides for
more precise management, This is particularly important ip heavily
exploited fisheries which are dependent on relatively few year clag ges,
and where optimum management ultimately will require annual catch
quotas, In the Georges Bauk haddock fishery, the earliest U.8, com-
mercial index of the strength of incoming year classes ig in the form
of fisherman reports of small haddock, usually about 1-1/2 Yyears old,
discarded at sea, These reports do not provide g satisfactory basis
for prediction partly because it is difficult to obtain an accurate record
of the quantity or composition of thege discards, and pbartly because the
discard reports glve a lead time of only one year. Georges Bank
haddock make theip first significant contribution 1o landings by the U, S,
fleel when they are about 2-1/2 years vld (at which time they reach the
50 percent selection point for 4-1/2" mesh). A more precise basis for
predictions as wel] ag ingcreased lead time are desirable, apd we have
been able to achieve Buch improvements by means of research vessel
surveys,

Otter trawl surveys in New England waters by the U,S. Bureau
of Commercial Fisheries Laboratory at Woods Hole, have been conducted
since 1948. Ap attempt to provide betier predictions of year class

fish in general, were among the objectives of thesa surveys. Consequently,
a fine mesh liner was used routinely in the cod end of survey trawls,
Emphasis has been given to Georges Bank haddock and the abundance of
0-group (young—of—the-year) haddock on our surveys has been correlated
with the relative Bbundance of the same year classes in U, S, haddock
landings two and three years later (see U, 8, Research Reports for 1864,
1966, 1967 in Redbook), In &ddition to the obvious predictive value, this
¢orrelation suggests that major factors controlling brood syccess prob-
ably have operated by the time the young become available to botiom
trawls, and implies that natural mortality for the remainder of the
bre-recruil phase is not highly variable. A similar correlation has been
found for Brown Bank {Division 4X) except that year clagses normally
enter that fishery about iwo years later than Georges Bank because of
slower growth, ,

The purpoae of thig document ig to describe the D—-g’roup index
used to date, The index must still be conaidered preliminary becauge

bility of O-group fish to the bottom trawl, and fluctuations in pre-recruit
mortality. Study of theae factors and others, involves inter alia compar-
isons of O~group indices with ebundance of the same Year classes at
Successively older ages in both commercial and research vessel calches,
A definitive analyais is scheduled for completion in 1969,
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DEVELOPMENT OF HADDOCEK 0-GROUP INDEX

1.5, Groundfish Surveys.

A research vessel survey on Georges Bank in the summer of 1948
demonstrated among other things that juveniie haddock could be caught
in jarge numbers with a bottom trawl (#l-1/2 [celund trawt) as carly as
July (Colton, 1955). Pcak spawning on Georgrs Bank usually occurs
during February, March und April. Thevefore by July, O-group
haddock nornally are aboul Jour months old, sud those available to
botlom trawls form a distinct modal length class within a range of
about 6-10 cm. Subseguent surveys in summers of 1949 and 1950 also
yielded O-group haddock on Georges Bank as well as in the Gulf of Maine
but there were noticeably fewer O-group haddock in 1944 than in 1948 and
1950 (Figure 1), By 1952, U.S. landings statistics showed the 1949 year
class to be substantiully weaker than the other two year classes, and
Lhen}the prediction possibilities of the surveys became apparent {Colion,
19855},

il

In September 1953, a new series of awtumn groundfish surveys
was begun employing the smaller and easier to handle #36 Yankee
trawl {se¢ trawl description in Res. Doe. 68/87 by Grosslein). bxcept
for 1954 and 1957 there has been a survey each subsequent autumn using
basically the same #36 trawl, and this aulumn series has formed the
basia for the 0-group index, Belore describing the index however, it
15 necessary to describe the several sampling designs used, one of
whose geographical strata were used in consiructing the index,

Survey sampling designs,

1 first became involved with discussions on  sampling design for
the surveys when I arrived at Woods Hole in the summer of (961, Four
of the surveys had employed a systeinatic or grid sampling pattern and
lwo had used a subjective patiern, conceutrating stutions in places where
the biolugists expected o find O-group haddock, The latter plan was
obvicusly inferior to the grid puttern, and the grid pattern was not ideal
for either the general purposes of the surveys or for an O-proup ceusus.
At the low sampling intensity used, it was 1nevilable thal with a grid
pattern there would be large gups iu sampliog the various depth zones
within any one geographic section ol ihe survey arca.

Clearly some form of sicat ficd sumpling was needed  and the
entire area from Hudson Canyon 1o Wenstern Nova Scotia wus provis-
ionally subdivided imto nine sarmpiiug arcas (Figure 2). These areas
were selected on the basis of the biclogisls' concensus as 1o approxi-
mate ecological boundaries particularly with respect to adult haddock
populations, but taking into account other imporiant species und
hydrographic factors as well. Sclecticn of stations within areas was
arbitrary except that siations woere distributed more or less evenly
throughout each area and all depllis out to abom 200 fathoms were
represented.  This sampling plon was used for the 1961 fall survey
and thercafter, until 1964 when the stratifiod random desiyn in
current usce was adopted {see U.5. Res,, Redbook 1966, P, II),

Selection of 0-group index areas.

The 0-group index was firsi constructed in 1963 after examining
the disiribution of sampling and the 0-group haddock catches for the
surveys from 1853 to 18963, During this period therc was an obvious
tendency for O-group haddock to be concentrated in the autumn along
the northern edge and northwest corner of Georges Bank, and 1o be
much less abundant on the southern parts of the Bank (Figures 3, 4),
This distribution pattern pius the fact that some Lrawling had been
done in every survey ol these same parts of Georges Bank (ocluding
1959 and WAO)Y let naturally to the choice of arca V and the nurthern
hwlf of VI combined, as the index area for Georges Bunk (sce zipoded
arca in Figure 2}, Arcas II1 and IV combined were chosen lu represent
western Nova Scotia and Areas [ and I represcated the Gull of Muae.
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Despite the change 1n 1964 to a more precise stratification scheme,
these same six areas have been used to date for computing the 0-group
indices. Geographic distribution of O-group haddock has remained
essentially the same in fall surveys subsequent to 1963 cxcept that by
comparison, O-group fish have been rather consistently scarce (Figure
4, 3), Oceurrence of O-group haddock west of Georges Bank, outside
the current index area and as far west as Long lsland, seemns to be
correlated with O-group abundance within the index area (Figure 4),
However, since adult haddock are not consisiently found in abundance
in this area, and since there is a lendency lor the O-~group fish Lo be
present there in the summer and then disappear in the fall, theee is
some guesilion whether the U-group abundance in this areu will be
very meaningful in relation Lo subscquent recruitment Lo principal
fishing pgrounds {Figure 4}, The disiribulion paitern does ralse Interest-
ing questions aboul the origin and fate of these tish, und evenlually this
paliern may contribute to a better understanding ol the role of dispur-
sion and other factors alfecting survival of larvul haddock.

The correlation between swnmer and avlumn abundance in the
same year is obvious for the Albutross IV surveys shiown in
fipure 4, and adds to the evidence ohtadned from the 1U48-50 summer
surveys, thal the yeuar class strength is determined for the most part
at least by age 6 months,

Calculation of the index,

Our initial objective was simply to find a relative abuadance
index, Thai iz for prediclive purposes i1 would suffice to be uble 1o
rmeasure the size of one year class as a proporiion or multiple of
another yeulr class regardless of the absolule abundance ol -group
fish.

Since distributions of O-group calehes are highly skewed,
I transtformed catlehes to logaritlums in an attempt 1o lmprove
eificiency ol estimalion and simplify analysis by normalizing distri-
bution functions and stabilizing variances. The translormation wus
only partly successful, The distribution of transformed catches was
atill positively skewed, and so far o better translormation has not
heen found, However this is constdered o relutively minor problem
in compurison with the potential variability from fuctors affccting
uvailability of O«group lish to a Loltom trawl,

Depth and time of day were lwo lactors which might be
expected 1o affect availability and these were accounied for by
classifying trawl hauls according to two depth zones (& G0 fathoms
anud>60 fathoms) and three time periods (full daylight, 0800-1600;
lull darkness, 2000-0400; and "Mwitight and dawn', 1600-2000 and
0400-0800), A simple mean ol the 1ransformed catches, comimon
tog of the number of O=-group haddock plus 1, was caleulated for cach
of the six depth-time eombinations in each puir ol sumpling arcas
noted absove, Note that each pair of areas (V and VIL, T, I, [II and
V) was Lreated only in combinalion, i.e. as a single area. Finally
the 5ix depth-time means were averaged o provide a single 1ndex
fror cach of the threc regions, Georges Bank (V, VI), Gulf of Maine
(t, I}, and western Nova Scotia {II1, IV), and the anti-tog of th
compound mean was used as the numerical index, in lerius ol mear
numbers of fish per haul,

Auuslysis of variance of the teansformed catches for four
surveys with the highest O-group abundance (1955, 1958, 1959, and
163) showed no significant effects due to deplh or time of day, nor
wny significant interactions involving these facturs, That is, 0-group
calches showed nu consistent relation with depth-time categories used,

0-GROUP INDEX FOH GEORGLES BANK (DLV, 32)

Huddock are first recruited to the Georges Bank fishery 1o the

latler part of their therd year of life, at apge 2, wnd recruitiment is
essenially complete by the end of the fourth year of life, at age 3.
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The O=group index described above was plotted agniust the average L5,
landings per day for the same yeur class al apos 2 and 3 years (Migure 6,
Tuble 1). Clearly there is a positive correlation between the two aban-
dance indices, but the scatter of points is wide, puritdcularly at the lower
values of the O-group index., A curve would (1L the enlire arvay ol puints
botter than a straight Line but we huve nol fli o line because as noted
curlicr, lfactors affecting the accuracy of the 1wo sels of indices e

still under swudy,

In purticular the relative abundince ol the W63 year cluss ut
ages 2 and 3 1n U,S, landings andoubicdly was blasced downward as o
result of unusually high fistdng mortality on this yeor class in 1860
(sve Res, Doe, 69/ by Hennemuth),  Albalress IV surveys alao
showed that the 1962 year ¢lass, eclative 1o he 1964 and 1365 yeur
classes, was stronger al apes 1 and 2 than wus indicated by the G-pgroup
index; appurently the O-group fish were less available than usual in the
fall of 1962,

Another problem still to Le resolved 1o the compurabi ity of e
cateh data tor the two serics of pescaceh vessei crndava==those o the
period 1953-62 with R/V Delaware, and thase sinee 1963 with the
Albutross 1V, Palred-tow experibsents wilh these two vessels wora
‘done In the summers of I06H wnd 1968 each using a #30 Lrawl, but
U-group huddock were very scarce in botly yewrs, Therctore estinsatiey
o relative lishing power for O-gronp hoddock nast be based on o cone-
pirison ul the performance of eooli veascl intecimes ol the U=proup circh
1elative to subsequent cotches of the sane yeoe clusses {by Lhe st
vegsel) il older ages. Although this enady=is s incomplele, any
eatimate of relative {shing power pictlcularly for O=prouap fish peob-
ably will buve rather low procision,

Re-calenlation of O=group indices asing the corrent stratified
sampling seheme (therehy weighiing depah zonen aveording bo Theire
wred )is not likely lo alier existing tndices much, although sach werghn -
ing is desivable from a theoratical stumdpoin,

0-GROUP INLEX PO WESTLERN NOVA bCOTIA (13V, 4X)

Growih of haddacl te slower i bavision X i i 52 aoal
recruitimen! to the oS Ishaery b AX beplns abonl bwo years later
aloupe 4, and 1 more craauabwall Tald veceatient allalied ondy
by g oo {0 enmenotl, o ol Wb Uhe o ndea doc
western Nova Svotbin was plothed apadnst loanhigs per day ol thee sane
yeur class 5 and 6 years foler, booorder toogen o ocrvasonably Tiem
micasure of the relative strength of cach yeor closs in the landings, 1/

In Division 4X, s on Georges Book, there 18 0 posilive
cosrelation helween O-groop indices snd vonmoereral abundance for
the suwme yeor classes (Pigure 7, Table 1 e points show consld-
cruble scatter and wre also best I by ooy o even more pronounced
than that for Georges Bank,  Apoin we antloipole tad she cominie re il
TGex Tor e s s yuur cluss (I'l:pi‘uh‘l,znln:ll il l)y‘ HEIUN TN Tt 5in thease
diia} ey be brased downward because ol onusnolly heavy frshing on
Piis o year vlass in Pivision 4AX during GG Tos poicatial ceeor plus
e sare general factors described above Tur the Georges Bank atca
will be evaluated Tueiher an the coming year.,

SIMILAKITY OF YEAR CLASSIS IN 07 AND AN

Some similarity of the relative abondance of certain year classes
tn tetin the 3Z and R buddoek fisheries was reported by Heonermuth,
et oal, (U964 and 1 has been apparent in cormuncrelal landings of subse-

Gouent o vears,

L/ Thoe commereial abondinee indexs of baddock o Division 94X s
T sed an landings stuesiies o batt T8, dond Capadisn Trawlers dl-h-
o dn the Tiest fwo gqracicss of the year, principally on Browns Hank
whore haddoek coieehirate Tor spawning . Catel wod clfort statysioe -
sifice futd nore reported o Heso Doy t):l/_ by Schultz and Hiodliday .
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Table 1. --Abundance indices of haddock year classes in Subarea 5 and
Division 4X, based on autumn 0-group catches by research 1/
vessel and on coramercia) landings per day in hundreds of fish, ~

U-Group Index Comume reial Index

Year Georges™ Weslern Gulfof T~ Géorges Western
Class Bank  Nova Scotia Maine Bank Nova Scoua

53 3.6 3.0 2. 4 8.9 6.7

55 3.5 11.8 3.2 g4 11,9

56 2.0 3.6 1.1 9,4 10.5

58 8.5 11, 5 2, 4 20, 7 10,9

59 9,6 10,0 5.2 164 20,3

GO 2,4 5,0 2.1 a2.b 9,2

61 1. 4 1.9 1Lt 3.5 3.9

62 2.6 6,0 2.1 14,2 14, ]

63 12,6 37.2 9.8 23,1 228

64 2.0 )1 1.0 1.5

65 1,2 .5 0 0.3

66 1, 7 1.3 0

87 0 11 v}

ul 1,0 1.5 0

1/ See text for details on computaiion of indices,
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A correlation has also been reporied umong the O-group indices
lor these two areas (U,S, Res, Repts. for 1963 and 1964, Redbook seric. ).
In this document I have incorporated the entire sci of available 0-group
indices, including the Guif of Maine, und it is clear thot the abundanee
of O-group haddock 15 rather well correlated among all three arews, in
hoth autumn and summer cruises {Figure 8, Taile 1),

The correlation of O-group indices amony areias for o piven
year raises inferesting questions aboul (he meehinisms which migh
aecount fur such a pattern. Dispersion of planiione 1 evace uid,
subsequently, demersal Juveniles from one or npe BRUEWRLNE centers,
or survival factors which are common Lo Lhe whule reglon jn o piven
year, might both be luvolved., We cannot resolve these gquestions witl
the pvailable duta, However it region=wide survival fuctors wre
involved then a single U-group index Lased on all wreas ght b the
best predictor of year class sterength for all avcas, In facl, the
U-group index for all arcas combin.d does pgive u betier correlation
with later abunduance of year classcs on Geurges Bank, but e IRiprove=
ment is small because the correlidion of O-group 1acices Gy areas
Ls much higher than the corrolation between O-pgroup indices und ubin-
dance of the same year classes al older Ao,
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IFigure 2,-=

Sampling areas used in autumn groundlish surveys, from
16! through 1963, Shaded zone represcnts O-group imdex
arva tor predicting haddock recruitment un Georges Bunk,
Similur O-group indices were obtwned for western

Nova Scotia (I, IV) and Guif of Maine {1, 1I).
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Figure 4. --Catches of 0-group haddock in 30-minule Lows with #30 Trawl
in summer and aulumn research cruises from 1963-1865

AUTUMN

ALBATROSS I, CALISE 64 7

1Y NOW - 16 DEC , 1963

LLBATHUSY OF

22 UCT- 4 DEG , iS04

CRUILE 64

ALHAIRGLY [ CRUINE oD 14

& 00T

9 NGV, 165

{symbols same as in Figure 3).

All




i i “
. u L] L
.
D kY
. - -
P L sat "
e .t _ |
C L) -
e . .
R
- " .
. et . ¢
. e 2Tt L
A
. - l-.- -‘ . . :.-o |
? B e : =t -
. . " . o . .-
BT S | e Te |
L) "“ .:.- \: - !
Py P -
, [ . !
N w7 e
L T
s oo
PR A
‘1.’_-,;’.- . ..‘
L N
‘;"..*/ P
o7 f "
Yo et
| T
Lot .

Figure

' *. .3
i .
] H :

5. --Catches of O-group haddock in 30-minute tows with #36 trawl

o
3
el

"
T - N

ALBATROS

|
|
|

X
o

[o]

&

/2 m |
T 4 L
KIS

)

).-OLQSZ
&

Pl by
L ;
=] i

. ¥ =] « - H

o b
b ,
|r.n .
3 !
‘:) |
z .

1 autumn research cruises, 1966-1968,

A 12



AVERAGE ANNUAL CATCH PER DAY (HUNDREDS)

AT AGES 2 AND 3
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AUTUMN O-GROUP INDEX FOR GEORGES BANK

Figure 6, --5catler plot of Georges Bank haddock O=group indices agains,
annual average landings per day at ages 2 and 3 for the sameu
year classes in Division 5Z, Numbers beside points reprosent

year classes,
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