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Abstract -

All the available, relialide cod (Gadues maorhue) spawning data for the north-
ern Northwest Atlantic (the Grand Banks of Newfoundland, the Lalrader
and West and Fast Greenland Shelves) have been analyzed to update older,
often unpublished, reports of spawning dates. The derived spawning times
are examined for latitudinal trends and it is shown that no consistent, gen-
eral pattern exists., The spawning dates are compared to seasonal cycles of
plankton abuidance, ocean temperature, water columui stability and oceanic
transport. The latitudinal trends in spawning dates and timing of the plank-
ton peak are funnd net tu correspoud.

Keywords: spawning and plaukton, spawning amd environment, match /mismatch,
recruitment

1 Introduction

Temporal and spatinl =pawning patierns of fish may provide important chies
as to their spawning strategies, clnes which may he of considerable signifi-
cance to the understanding of recrnitment variability, Consider the preva-
lence of spring spawning of temperate fish stocks; this characteristic may
indicate that cgg release is timed to produce larvae when planktonie food is
most abundaut. It may be forther surmised that larval snrvival and eventual
recruitment are determined by the degree of synchrony of the appearance of
first-feeding larvae with the almndance peak of zooplankton; this constitutes
the matel /mismatch hypothesis of Cushing (1990, 1952, 1969). A less strin-
gent version af this scheme is the mateh hypothesis of Brander and Hurley
(1992), viz.. *... timing of the spawning is coupled to thming of plankton
production™.

Sinclair {1988) and Stoclair and Tremblay (1984} have contended that
match/imismatel does not explain the spatial patterns of spawning, that
in general it has not heea demonstrated thal there is any correspondence
between spawning zones end those of high plaukton density, These authors
propose that spawning is directly regulated by physical factors, chiefly the
requirement that a larval cobort must be retained within a limited area.

Ocesnographic infinences on food availability, rather than the need for
larval retention, may link occanic featuves and spawnivg patterns. For ex-
arple, Lasker {1070 has noted thal the soeeesslal foraging of Taeval fish can
depend on the presence ul s strong pyenochine (e depth range of maximim
stratification) which seeves as a zone of vertical concentration for planktonic

- food. Since vertical stability las a prononnred seasonal cycle at temperate
latitudes, spawning time may be selected 1o match the time of maximum
stability. Even if food s abundant Tarval growth may be limited by low temn-
perature iy cold water 1-ug'1|'nvh‘, implying a possible inlivence of the seasonal
temperature cycle on the determination of spawning time,

In this paper we will apdate older. often unpublished, reports of cod
(Gadus morhua) spawning dates for the northern Northwest Atlantic {the
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Grand Banks of Newfoundland, the Labrador and East and West Green-
laud Shelves). We have elected 1o focus on cold as this is a much studied
species, and Lhe required information is available for stocks spanning a great
geographic range. The derived spawning dates are examined for latitudinal
trends. In order to dssess the implications of the aunalysis for the hypothe-
ses outlined in the three paragraphs above we: ceripare the spawning times
to seasonal cycles of planktan abundance, occan temperature, water column
stability and oceanic transport.

2 _. Data and Methods

The oceanographic data are the most straightforward, and the data sources
are given as each varidble is introduced. The plankton data, spawning times,
and appearance times for larvae require some description, which is given in
the following three subsections.

Plankton

The seasonal cycles [or zooplankton, based on Contintous Plankton Recorder
{CPR} data, ate available, from Robingon et al, (1973), for standard areas
(Fig. 1} Region |~ NAFQ sones 1A througl 1F: Region 2 - NAFO zones
2G, 2H, 2J; Region 3 ~ NATO zones 3K, 3L, 3M, 3N, 30, 3Ps, 3Pn. The
data were acqnired o the period 1961-1971. We do not have plankton data
for East Greenland waters. CPHR dava for these regions were limited to major
ship tracks; Region 3 was sampled laivly broadly, while coverage of Regions
L and 2 was limited to the stippled ateas indicated in Fig. |. Although CPR
data are not ideal; soffering from limited and variable coverage, they can be
usefully applied tu defiving seasonal plankton eycles (e.g., Cushing, 1982).
We will use Calanus finmarchicus abundance to represent larval food
supply. Pepin (1890), iu describing his analysis of North Sea recruitments,
notes that “Calunies was used ax a measure of the availability of planktonic
prey because for many species the young fish feed extensively on the eggs,
nauplii, and copepodite stages”. Fram the (PR data monthly abundances of
“Calanus IV are avaitable and will be utilized here; these data are clearly not
- ideal as nauplii abundances are not inclnded. However, Brander and Hurley
(1992) have shown that the Calanaes peak Jdoes provide a useful temporal
reference for comparison to spawning times,

Spawnihg times

“The spawning times were estimated {rom trawl surveys of maturing fish.
These sirveys arelosigned to take vlose to a random sample of the popula-
tion, amd this shonld Be more representative of Lhe population thai estimates
taken from commercial samples. Ouly data for female fish were examined.
The tish were divided into twa calegorios: (1) these that were in prespawing
or spawning condition and (2} thase that were spent or in post-spawning
condition, (The maturity stages are deseribed in Table | of Templeman et
al.,, 1978). Table | gives the numbers of fish used in the analysis, categorized
by region aud montl. We then wsed a maximnm likelihood probit analysis
to estimate the mean and standard deviation of the normal distribution that
best described the distribution of spawning (McCallagh and Nelder 1989).
The logistic and Gompertz distribnitions were also fitted to the maturity data.
We found that the Ganssian enmualative distribution provided an adequate
model of the data; no other distribution consistently provided a superior fit
to the data.

Spawning of an individual cod nsnally oceurs in more than one batch, .

and can be peatracted. Tutehings aond Myers (1993) estinated fram field
data that the average duralion of spawning Tor Temales was 25 days. Kjﬂsblu
(1989) obtained similar estimates for labratory éxperiments. This indicating
that onr calenlated spawning dates will he overestimateill by about 2 weeks.

For the Bast and West. Greenlamd stocks we nsed maturity data from
Serebryakov {1968}, data acgpived diving 4 series of Suviet fisheries investi-
gations in the Northwest Atlautic, condueted iy the 19505 and early 1960s,

We also used Serchryakov's data to supplement data for NAFO divisions

2GH, where Canadian sampling was limited.
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For the Newlmmdland/ Labrador Region (NAFQ regions 2G, 2H, 2], 3K,
3L, M, 3N, 30, 3P we combined all vesearch surveys from 1947 to 1941
for the analysis. We separated the NAFO Divisions 21 and 3K into three
separate hanks (Fig. 1), Hamilton bank in the north, Belle Isle Bank in the
middle, and Funk Island bank in the south, The remainder of the data were
analyzed by NAFO division,

‘Fig. 2 displays two Bts to the matwrity data. In this plot, and in all
the plots to ollow, monthly tick marks designate the center of each month.
In general the prohit-laged enrves plansilily capture the stage progressions.
With the data partitions nsed we encotntered no major diffienlties in obtain-

" ing reasonable fits. Table 2 records the peak spawning times and standard

deviations for the spawning curves, hy regien. The fitted spawning distri-’

butions will he Lroadened somewltt by interannual changes in the period
of peak spawning, an elfect which will inerease the standard deviations, It
i not clear whether or not sufficient data exist to aliow extraction of the
interannual variations. Fig, 3 shows all the fitted spawning curves,

Larval appearance times

In section 4 we will require estimates of the thue of appearance of first feeding
cod larvae, entailing calenlation of the duratious of the egg and yolk sac
stages. The estimation of these two development times is described. in the
two following paragraphs.

The hatching times were estimated from Fig. § of Page and Frank (1989)
{age of stage [V cod eggs versns temperatnre) nsing surface temperatures
(from the compilation by Drinkwater and Trites, 1986) chosen to represent
the period after spawning, These corrections are necessarily imprecise. For
the warm water stocks (3M, 3L, 3N, 30 and 3Ps) the hatching periods are in
the range 15 to 20 days. For the eolder water stocks {West Greenland, 2GH,
Hamilton Bank, Belle Isle Bank and Funk Island Bank) the hatehing times
range from 20 to 30 days; for these stocks, the estimates of hatching intervals
are less reliable siuce the curve determining this quantity as a function of
temperatire hecomes steeper as temperatinre decreases. However, even for
these cold waler cases, the hatehing times are in rensonable agreement with
previous estimates: Templeman (1981) gives the hatehing period for cod eggs
i = 1% to 120 water as 41 dag s, while see have used 30 days as the hatching
time for wider al. 0°C,

The yolk sac stage duration is given by Pepin (1991) as 19.9 days x

' exp(~0.017T') where T is the temperatuve in °C, The temperature depen-
dence of this interval is weak [or the temperatures enconntered in our study
region, so we have simply approximated this stage-duration as 20 days.

3 Latitudinal trends

We Liave compared our spawning tine estitnates to those recorded i ear-
tier studies. Fitzpatrick and Miller {1979) reported a mimber of noteworthy
features in the latitudinal dependence of the spawning times of Newfound-
land/Labrador cod. In Fig. 4 we bave plotted our derived peak spawning
times, with standard deviations, versus latitude. According to Fitzpatrick
and Miller (1979). *. .. unpublished data of the St. John’s Biological Station
indicate that timed of maxinmun spawning is delayed from north to south,
betng mainly- in Aprit and May on the northern Grand Bank and mainty
during the last hall of May on the southern Grand Bank .., ”. According to
our analysis peak spawning on the northern Grand Bank {3L) oceurs in early
June, cousideralsly Ister than the peviol given by Figpateiek and Miller, For
the southern Crand Bank (3N, 30) we lind peak spawiing in early to mid-
"May, in acceptable agreciment withy the findings of Fitzpatrick and Miller, For
St. Pierre Bank (3Ps) we find peak spawning in mid-May while Fitzpatrick
and Miller give spawiing as aceurring “primarily in the months of May and
June”, Char examination does nol support the existence of earlier spawning
toward the north on the Grand Bank.

Although spawning on the Graud Bank seems to show some systematic
delay toward the north (from 3N, 30 and 3Ps to 3L), it is curious that




this trend appears to reverse as one proceeds north of the Grand Bank.

" From zone 3L, as one progresses north through Fank Island Bauk, Belle

Isle Bank, Hamilton Bank and zone 2011, spawning hecomes systt‘matlrally
earlier; indecd peak spawning for zone 2GH (early April), Hamilton Bank

{early April) and Belle [sle Bank (mid April) is cdrlier than on the southern -

Grand Bank (earty to mid May). Eacly spring spawning of southern Labrador
cod is supported by Templeman (1981 and Serebryakov (196 ")‘

In Fig. 4 the spawning time for 3M (Flemish Cap) cod is conspicuously
early, by about two mouths, compared to the spawning periods of stocks at

- S]llll]dl fatitudes.  Substantiation for this anomaly is. provided by the cod

egg sisrvey data presented in Serebryakov el al, (1957): their data show that
cod eggs are abundant on Flemish Cap only in Macel and ‘April, principally
March. Templeman (1976) found, during sampling on Flemish Cap, that
84% of the female cod were spent hy 20-23 March, also confirming the early
spawning for this area. 1t is also notable that tlm spawning peak for 3M
cod is very uatrow compared to the widths of the peaks for the other stocks
analyzed here (Figs. 2,3,4),.a fact not noted in earlier studies.

4 Spawning and erivironmenltal‘cycles

In this section we will consider the relationship of spawning periods to the

seasonality of fonr hiotic or environmental quantities: plankton, temperature,
stability, and transport. ‘

i

Spawning and plahkton cycles

In this subsection we will campare the spawning ])eziods and the dates of
appearance of first feeding larvac with the times of maximuni abundance of
Celants. The planktan records are shown in Fig. A, extracted from Robinson
et al.-(1973). The Celanus peak is about une month earlier in the southerly
area (Reglon 3), compared to tlw Lahrador region {Region 2) and Greenland
waters (Reégion 1).

" In Fig. 6a we have plotted the peak of the spawning time versus the
peak period for Calanus. It is apparent that there is a much greater range of
spawning period compared to the range of periods for the Calanus maximum.
The dashed line in this figure represents equality of the times of spawning and
the Calanus peak. The northerly stocks, West. Greenland, Hamilton Bank
and’ Belle Isle Bank. form a cluster, as do the more southerly shelf stocks
3N, 30, 3Ps, Punk Island Bank and 3L, Region 3M is clearly distinet. It is
nmportant to note, mmp«mng the two clnsters of stae ks, that the s qpawmng
times show a tendency opposite to that evident in the Calanus peak times.
That is, the centroid of the spawning times for the northerly stocks is earlier
than that for the more southerly shell stocks, while the- Calanus peak is
delayed from sonth to north. .

In Fig. 6 the same patterns are apparent. The larvae of the northerly

“stocks appear earlier than those of the sontherly shell stocks (mntraxy to the

trend for the Calmnns peak). aod M is aguin distined,

Spawning and tem];erature cycles

The match/mismatch liypothesis assumes that- food availability determines

larval growth rate. However, in roll water regimes, such as the northern

) . ¥ g

Northwest Allantic, temperature might Hmit-growth rates (even if food is
| g ;

plentiful]. An effect of this nature has heen uhserved for larval coregonids in

La.ku Constance by Eckinanu and Paselr (19889); they find that “Tooplankton -
abundaiice is Ui pa decinive Tactor for the onset of; larval growth. We

conclmle tlm.h surface watet temperature determines the rate of early la.rva[

) -growth . Thusyit is worthwhile to consider the seasanal vycles of surface

water tElH])t’!dtllIi in the study region fn relation to the spawning periods.
In Fig- 7 we have plotted the seasonal surface temperature cycles, from
Drinkwater and Trites ( 1986), lor three representative subregions of our study
area: the Northeast Newlonndland Shelf in the NAFO 3) and 3K regions,
typifying cold shell waters; St.. Pierre Bank. typifying more southerly, some-
what warmer shell waters; Flemish Cap, typifying the open ocean domain
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for these latitudes. The shelf waters are very cold in winter and early spring,
remaining cold nutil April-May., Rapid warming of the shelf waters is evi-
dent after May. On and in the vicinity of Flemish Cap the seasonal cycle has
the same phase as for the shelf waters, it temperatures do not drop below
about 3.5°C at any time of the year,

There is 1o obvions relationship hetween spawning or larval appearance
time (Fig. 6a,h) and ocean temperature, The 3M stock occupies the warmest
waters and spawns earliest. Yet, the northerly stocks, occupying very cold
water, spawn earlier than the southerly shelf stucks,

The 3L stock produces fiest feeding larvae significantly later than the
Calanus peak (Tig. 6b). Sinve Celanus wanplii occur belore this peak, it ap-
pears that 3L larvae are mismatehed to their food. 1t is vertainly conceivable

_that this delay is temperature mediated (see lead paragraph of this subsec-
tion), as the host waters for this stock are warming rapidly in the June-July
period (Fig. 7).

Spawning and stability /wind mixing cycles

Throughont spring and early swmumer, strong wineds prevail over the New-
foundland/Labrador region.  This suggests that “Lasker events” (Lasker,
1975), the dilution of larvae and theiv fuod by wimil mixing, may be common
here. Belore conclusions about the importance of this effect can be drawn,
an examination of the seean stahility (steatification) and wind cycles must
be carried out. .

In Fig. 8 we have plotted the stability parameter Ap = p(50 m) — p(0 m)
(p is density of sea water) by month for the three subregions considered in the
temperature analysis, The density data were calenlated from temperature
and salinity data in Drinkwater and Trites (1986). In Fig. 9 we show the
seasonal cycle of wind speed (V) for the Grand Bank, The stratification
parameter can be shown to e proportional to the energy input required to
mix the water colimm. The encrgy nput rate, of the wind to the water

- column, is proportional to V,? (e.g., (sanady, 1981). We can thus regard the
index V.3 Ap as representing L]w potential for Lasker events,

From May to early July V,* decreases by abeut 25%; during this same
period Ap typically increases hy about a factor of five In these subregions.
Clearly the stratification change coutrols the’ puLeutm] for Lasker events dur-
ing this interval. Both variables favor reduced likelihood of ocenrrences of
strong mixing, as spring progresses inlo smmer,

The stability cycles for nartherly and sontherly shell waters (Fig, ) are
guite stmilar and thus it appears that stability canuol he invoked to explain
the differences in spawning times. Moreaver, there is o indication of an
early inerease i stability for region 3N (Fig. 8, middle panel) that would
explain the conspiononsly advanced spawning in this zone,

' Spawning and transport cycles .

According to Sipclair and Tremblay (1984) and Sinclair (1988) the location
and timing of spawning is determined by the potential for retention of eggs
and larvae. According to this pictire, any seasonality of the current field will
influence the selection of spawning time. For example, Parrish et al. (1981)
suggest that sume lish gpecies oll California synehrouize their spawning with
changes in the the wind-driven enrrents so s o avoid egg release in the
upwelling season when loss to the olfshore domain wonld be likely. Below,
we briefly consider three possible advective influences in onr study region,
(i) Ekman drift. The strong winds found over the study region will pro-
duece i significant drift, Lo the vight of the wind, of spawning products in the
mixed layer. Mycrs ad Drinkwater (T988) Tonnd no signilicast correlations
between mteranntal anomalios v caleulated Fkiman dvilt and veernitment of
a number of Northwest Atlantic fish stocks. Helhig et al, {1992) used model
sinilations to show that the spring wind field and storm pattern over the
southern Lakrador and Newfonndland Shelves Tavor <vift toward the inner
shell regime: that is, there was wo avident tendency toward wifavorable {off-
shore) drift. Overall, there appears 1o be litthe reason wo suspect that the
séasonal changes of the wind-induced drift exert a significant influence on
the selection of spawning time,
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T {ii) ("ulf Srrmm rings. Myers and Drinkwater (1989) have shown that -
interannual variations in recrnitment of a number of Nortliwest Atlantic fish
stocks appear to be correlated with the number of Clull Stream rings near
the shelf. It is presumed that a Gulf Siream ring impingiog on the shelf

can sweep spawning products into the unsuitable offshore habitat. Region
3Ps cod recruitiment showed a fairly convineing negative relationship with an
index of Cull Stream ring activity. Accordingly, in Fig. 10 we have plotted
the seasonal cycle of the numbers of Goil Streans rings influencing the waters
of 3Ps, along with tle cycles for zones adjacent to 3. (The procedure for
extracting the ring index from sea swrface termperatire waps'is described in
Myers and Drinkwater, 1980}, The seasonal minimum for this general area
ocenrs iu spring to carly sumnier. (Note that May is the month of peak
spawning of 3P cod). The most notable featve of 3Ps cod spawuing is the
great width ol the spawning enrve (Figs. 2:4,4). It is possible that this broad
window of spawning has been’ selected to reduee interannual variability in

the numsher of surviving aflspring (Gillespie, 1977).

(i) Transport by the Labradar Civreat. There is ‘no doubt that the

- Labrador Current carries eggs and lacvac over considerable distances (Sere-
bryakov, 1968; Helbig et al., 1992). However, the transport is generally
., alongghelf, and there is no reason to suppose that any existing egg and larval
loss to the offshare domain is inflnenced by seasonal variations i‘n transport.

Secti lon summary

We will LOH(‘]U([(‘ this section by compating owr Andings to the results of
other studies in the Northwess Atlantics Sherman et al. (1984), Northeastern
US.A. shelf; Brander and Harley (1992}, Scotian Shell. ‘

Sherman e d[- (1us1) studliedl the larval ocencrence patterns, m relation i
to plankton distribntions, oy a namber of fish species ocenpying shelf wa-
ters from the CGull of Maine to Cape Hatteras. They concluded that two
spa.wmnp, strategios prevail: ubiquitons spawning (hakes and sand eel) fea-
turing “. . clugh rL]”llll(chl]!( Jevels ol eggs and farvae over a wide temporal and
géograplm, range. D"y targetted spawniig {cod, haddock and others) aimed
to “... optimize encountering prey with respect to temporal and spatial in- .
creases in zvoplankton abundance”. Their analysis shows that, for cod, the : '
larval abundanee peaks about one mentl earlier than the seasonal maximum
of zdoplankton. Correspondingly, in Fig. fh.we find that the more northerly
“group of cod stocks produces larvae earlier than the Calanus peak. However,
the Grand Bank cod stocks dppear to produce larvae either in synchrouy
with or later than the Calanus peak. ‘

Brander and Hurley (1992) compared Scotian Shelf cod egg distributions,
in time and space, to those of Calenus, They found that a south to north
~delay in the eceurrence of the Calanus peak was matched by a retardation
in the timing of peak cod spawning. in coutrast, (Fig. 6a,h) we have found
that, while the Calanus peak is later in the vorth of our study region, the
spawning aud larvid appearaiice times for the northerly stocks are earlier

" than they are for the southierly shelf stocks,

Brander and Hutley found tha for all ol thie four subregions-of the Sco-
tian Shelf, maximum egg abundance is approximately concurrent with the
“Calanus peak. Tlus latter Fesult is of partienlar interest as we find that egg
production for coil of the northery Norlhwest Atlantic generally occurs well
before the Calanus peak (Fig. 6a). The difference in patterns might be at-
tributed to the prevalence of colder waters in our study zone; however, the
waters of Flemish Clap (3M} are warmer than those of the Scotian Shelf in -
spring and varly summer, e

We have presented spawning diles Tor cod stocks spanning aver 15¢ of
latitude (Fige 1% There isolittle evidenae ol an overall Jatitudinal trend o -
spawning poriod; l|||- i fir distinetion to Uhe Seotian Shell where a one month
lag I corl spavening, over 3° of Latitude (April in the south versus May in the
North), was reported (Brander and Hurley, [992). 1t is interesting to note : :
that cod spawning toward the sonthern end of the Scotian Shelf (43°N)is . "
concurrent with cod spawning ov Belle Jsle and Hamilton Banks (52-54°N)

_and even West (ireenland at 60°N
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5 Conclusions

Our results support the mateh hypothesis of Brander and Hurley (1992),
that .. timing of spawning is coupled to timing of plankton production™.
In Fig. Ga, for all cases examined, cod spawning ocans prior to the Celanus
peak, suggesting that there is indecd o link between the spawning and the
plankton.

An intrigning feature of the Qida is that the northerly stocks spawn and
ptoduce larvae earlier than the southerly shelf stocks. The 3M stock is a clear
anomaly, spawning much earlier than any of the other stocks considered,
This aspect of the spawning times cannol he readily explained by latitudinal
changes in seasonal cycles of plankton, temperature, stability or transport.

There is no evidence that seasonal changes in retention patterns are an
infiuence on spawning for any of the northern Northwest Atlantic cod stocks
(with the possible exception of the 3Ps stock), Indeed, the spawning areas
for the stocks considered cannot be regarded as retention areas in any sense.
Spawning of 2GH, 21KL and West Greenland cad is known to oceur in
slope waters where stroug shelf break enrrents are found {Serebryakov, 1968;
Hermann et al, 1965), These lacls argue that the ideas propounded by
Sinclair (1988) and Sinclair and Tremllay (1984) cannot he applied to cod
of the northern Northwest Atlantic.
~ Previous explications of the mateh/mismatch hypathesis have been rather
vague as to just how close a matel hetween the appearance of first feeding
larvae aid the zooplankten peak should be expected. For example, in Cush-
ing (1990) the spawning distvibntions of seven fisly species ia the southern

- bight of the Nortl Sea are used o sapport the contention that a match is
required. Fig. 5 ol his paper shows that these seven species exhibit spawning
peaks ranging rom about mid-February to carly May, a span of two-and-half
months, Yet, according to Cishing, all these species ave targetting the same
plankion peak. It would appear that only a general, vather than a precise,
correspondence between larval production and planktenic food is required.
We believe that onr analysis of cod spawning in the noriliern Northwest At-
lautic supports this view. It shonld be noted that the sufficiency, for larval
viability, of a general matel implies that recrnitiment will net be strongly
influenced by changes in the timing of the plankton peak, contrary to the
assertions of the full mateh/mismatels hypothesis,
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Table 1. Data used to estimate the spawning distribution. For each
region, the number of spent (above) and the total mumber of fish examined
is given for each month. Sampling intensity is low in rorthern regions in the
spring because of ice cover. .

Region Manth

1 2 3 + 3 § 7 3 9 10 1 12
Fast 0 0 9 27 N2oo25 B 0 0 0 '0 i}
Greenland 0 I 0 701 b M 0 0 0 0 0 0
West ] 360 S04 4630 1130 0 1] 0 0 [} 0
Greenland i} 0 230 2084 4250 1360 0 1] 0 [t | 0
GH no® 0 2 0 0 85 307 194 2 2 0

0 53 (L — )] b 68 398 194 226 32 0
Hamilton 1 il - B L TR T 2 440 134 1832 6977 11
Bank 4 7 107 Jb M i6) 440 334 (B32 6977 il
Belle 0 2N ™M 15 0 190 332 804 3686 690
[. Bank 60696 300 17N 1072 430 193 332 3804 3686 690
Funk 5 4 I3 { 8% 356 BT 145 105 29 875 862
Island 8 457 132 0127 44 BT 147 106 29 875 862

3L {<200m) 0 1 43

| } 317106 339 310 3044 1906 69
S0 b AL 34 L

t
2495 230 420 316 3044 1506 60

M ] [ 5} AN 98 0 132 311 197 ] 79 0
41T TT6 157 ) ux 0 132 3t o7 0 9 Y

30 01 1 24 203 1415 120 11 0 0 0
0 17 26 186 As2 201 22 T 12 1l 0 0.0

3N VA ] 6120 443 226 253 52 98 34 14 0
] 0182 398 ts 232 253 530 98 34 14 0

3Ps 0 14 [0 128 9% 313 3 0 27 6 25 1
5% 569 965 607 252 458 3 027 6 25 1
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Table 2. The mean spawning times {Julian d.\ys)ﬁfnr the cod stocks con--

sidered, with standard deviations and 93% confidence limits.
. Region l : Mean Stud dev Lower Upper 1,
: L
- East Greenland 136 2 '}IE
West Greenland 105. 49, ?
zf:H 9, 2. 8. 104. g.\
Hamilton Bauk 97! 0. 8L 100 ':.
CBelle Wl Bank 10w s L |
Fruk Island Bank 138, 6. B 145, ST
I (<20) m) o, a1 les.
3 T L 62, 931
3N ' 113, 23, 30 15,
30 © . il 2. w3
L 4l - 52 . 138 - 148,
85 60 55 50 45
el e L
R Y

] ! i
|-

1 i

55 -~ - 55 [
i i

ot
. 50 e - S0 :!'.'f‘
. ] L . lr '
v
45 - - 45
40 - : '+ 40 !

Figure 1. Map of the study region, with the NAFO zones. Funk Island i
" Bank and Belle Isle Bank are conveniently delineated by the 300 m e
isobath, as indicated here {hatched areas). The stippled areas of Re- S

* gions | and 2 indicate the portions of these zones for which continnous N
plankton recorder (Robinson et al., 1973) coverage was available. . ‘ S




<
o
=
o
Q
o
-
= o)
ny S
cC =
O &
Q
> 9
= ©
<
O 3
O 3
o s
o
<
(=]
Q
(]

- 11 -

3M
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Figure 2. Fitted maturity ogives for two extreine cases: zone 3M (very
narrow spawning window): zone 35 (very wide spawning window).
The seuares designate the monthly proportions of the female fish that
are spent.

Distributions of Spawning Times

E.Greenland

W.Greanland

Hamilton
" Balla Isla
Funkisiang L
T
-------- — e T e

Jan ;eb M'ar Ai:r May me J'ul Ailg Sép dcl Ntr:w Dec

Month

Figure 3. The vomplete set of epg production curves, derived from the Bts
to the matnrity data as the rate of progression to spent condition, The
enrves appear as probability density functions, liaving been normalized
to unit area.
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Mean Spawning Day vs. Latitude
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1 H .
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IHammon bank

1 . !

iaM | S T N
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H
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Month
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r
Fab

Calanus (number per CPR sample)

0 10 20 30 40 S0 6Q 7D

I - J —— T
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Figure 4. The latitudinal dependence of mean spawning time. The dotted

lines indicate the widths (standard deviations) of the spawning distri-

bhutions. :
- West Greenland
2] ' ’
o]
o]
31
o]
o
Labrador
)
2
8]
8 4
o]
h
[=]

Grand Banks

"Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
| Month. :

Figu:_'e 5. Plots of the estimated abundance (based on” CPR data) of
Calwpus flumerehicus -0V for West Greeiland (Region 1), Labrador
(Region 2) and the Grand Bank (Hegion 3) waters, from Robinson et
al. (1973).
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" NE Newfoundiand Shelf
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Figure 8 Monthly means of p(50 m) — p(0 m), where p is the dFll‘v!ty of
_seawater in kg/m’ for three represeatative: regions,

Wind Speed (m/s)

) I I i 1 1 1 T L ] 1 I
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Flgure 9. Munthly means of ‘wind speed (u! =71 for the CGrand Bank (frc.)m

Isemer and Hasse, 1987).
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Figure 10. Mouthly means of the nmmber of Gulf Stream rings influencing
~ the waters of the northeastern Scotinn Shell (Banquereau), zone 3Ps
aud the soithern Grand Bauk {the shelf portions of zone 3NQ).
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