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dramatically until 1968 and then declined to virtua11y>zero in
1977 in spite of the strong 1970 year class (Anthony and Waring,
1980). Although heavy fishing undoubtedly was a principal factor
in the decline, it 1is possible that envirAnmental factors may
also have played a part. 1In particular, it was observed that
during the period 1968 to 1977, there was a general warmiﬁg trend
in the region and that in 1973, 1974, 1976 and 1977, temperatures
on the order of 14-15°C occurred on Georges Bank during the
herring spawning season, and these were considerably higher than
those believed to be optimum. Cooper et al. (1975) suggested
that 9.5°C was the optimum température for herring spawning based
on studies in the western Gulf of Maine. The onset of herring
spawning on Georges Bank was delayed in 1973 and thereafter, and
the length of the spawning season was shortened after 1975.
Herring spawning virtually ceased on northeastern Georges Bank
after 1976 whereas it continued on Nantucket Shoals where water
temperatures never reached the high levels observed on Georges
Bank.

These changes in the timing andilocation of herring spawning
in the Georges Bank region were documented by intensive larval
herring surveys conducted by the International Commission for the
Northwest Atlantic Fisheries (ICNAF) and have been summarized by

Lough et al. (1979). However, the observed changes were not

studied in detail in relation to temperature. The aim of this
study 1s to examine the location and timing of spawning and
hatching success, in relation to temperature on the spawning
grounds, by using the distribution of newly hatched herring
larvae as a spawning site indicator. The study covers the 1971-
1977 spawning séasons in the Georges Bank-Nantucket Shoals
region, and utilizes the ICNAF data base described in Lough et
al. (1979).

It is possible to use early stage herring larvae as spawning
site indicators since herring spawn at discrete locations on the
sea bed and each stock of herring in the Noijthwest Atlantic has
its own unique spawning time and place (Sindermann, 1978). The

fact that the Georges Bank stock is discrete from stocks in the
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deptéssor (122 cm) was used to achieve the desired wire angle of
45% for the telétively high towing speed, and a Bendix or Benthos
time depth recorder was attached to. the wire near the bongo for a

permanent trace of the haul profile. General Oceanics flowmeters

~were tied in the mouths of eagh bongo net to calibrate the amount

- of water strained. Tﬁefbongo gear was»déployed at 50 m/min to a

maximum deﬁth of 100 m or to within 5 m of the bottom in shoaler

" _areas and the rate of retrieval was at 10 m/min. The standard

bongd haul filtered between 100 and 1000 n3 of water for each

side §f the net,vdepending on the maximum depth of the tow.
StandardiZed larval herring data in the form of various
computér summa;ies and plots from 0.505- and 0.333-mm mesh,
61 Cm bongo samples representing 30 cruises of the 1971-1977
seasons were proceséed through the MARMAP Biostatistical Unit,

NEFC, Narragansett, RI. Data from both the 0.505- and 0.333-mm

nets were used interchanggably since randomized paired comparison

tests (Box et al., 19 ) did not show significant differences in
the catchability of the two nets.

The study area was divided into two subareas,; Nantucket

Shoals‘and Georges Bank according to Schlitz (1976). Stations

were chosen where small larvae 5_8 mm SL occurred. Larval
concentration areas were defined by plotting all positive

stations where the ratio of small larvae Qﬁ 8 mm SL) to the total

number of larvae was greater than .25, and where abundance of all

‘laryae was greater than 10/10 n? (Figures 2-5, shaded areas).

Areas where small larvae occurred but the ratio of small to large
1afvaé fell below .25 and abundance of total larvae fell below
10/10 m2, were identified as dispersal areas.

Preliminary bottom temperature plots have been obtained from
Dr. W. Redwood Wright, Fishery Oceanography Investigation, NEFC, -
quds Hole, MA. Bottom temperature values were marked at all
statlons where small larvae occurred and mean bottom temperatures

‘and their standard deviations were calculated for both

‘concentration and dispersal areas (Table 4).
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RESULTS

The standarized grid

of sampling stations, 15-20 miles

apart, cover the entire Georges,Bank?Nantuckét Shoals area

(Figure 1) including the main ﬁetring spawning grounds of these

regions. Spawning on Georges Bank occurred progressively later

in the season from east to|l west. The northeastern part of

Georges Bank is the major

spawning area where newly hatched

larvae appeared in the 1971-1973 seasons in September and

attained maximum abundance| by mid-to-late October. In 1974 and

1975, hatching of larvae occurred later in the season beginning

in the first half of October and peaking in abundance in

November

The Nantucket Shoals

larvae hatched later than those on

Georges Bank in 1972 and 1973, and the peak in abundance and

eériy November. In 1971,

“ distribution of newly hatched larvae occurred in late bctober-

no concentrations of small larvae were

found in September and October but some dispersed larvae were

observed in November and December which suggests that spawning on

Nantucket Shoals was much

year.

weaker and occurred earlier in that

Hatching of larvae lagted for the longest period in 1973 on

Georges Bank which coincided with recruitment of the very strong

1970 year-class, the strongest in the last decade (Anthony and

Waring, 1980). This strong year-class is also evident in inten-

sive spawning of the 1974

longer from 1972 to 1975,

. the 1976 season, spawning

in the time series. After
only iﬁ the Nantucket Shoa

Location of herring s
differ during the yeérs 19

abundance of newly hatched

season and the prolonged 1975 season.

On Nantucket Shoals the perffod of hatching became progressively

with the longest period in 1975. 1In

on Georges Bank was delayed. further

‘until as late as mid-Octobefr and lasted for the shortest period

1976 herring spawning was observed

1s region (Figure 2).

pawning grounds on Georges Bank did not

71-1975. The area of concentrated

larvae (in Figures 3-6 shaded area)

first occurred 'on the Northern Edge - in September (for the 1971-
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1973 seasons), extended their range to the east and south 1q
October, and contracted thelr area in November and diségpeared in
December. The highest concentrations of mewly hatched larvae
yére observed in October 1972 and 1974, with areas of
'qongéntrafion covering gpprgkimaﬁely A,soo‘kmz in 1972 and abod;
10,000 km2 in 1974. Thé largest area of mass occu:rehce of small
1ar;ae:was recorded-in the 1973 and 1974 seasons.

The grea.afound the four sampling stations (83, 84, 89 and
90) maf be the approximéte center of the historical spawning
gréund oﬁ Georges: Bank, since this 1is where the maximum frequency

~. of occurrence of high abundance of newly hatched latv§e was
obsérved for the 1971-1975 séésons (Table 1). The dépth at ﬁheéé
stations ranged from 58 to 82 m.

Distribution of dispersed small larvae clearly shows the
spread of larvae from spawning areés, first to the southeast and
thereafter tﬁrning to the southwest, generally coinciding with
the aﬁﬁicyclonic circulation on Georges Bank.  The bulk of the
larval population is found throughout the season within the 106‘m
contoﬁr. Howeief, there is some indication from the time series
to édgéesﬁ the loss of larvae particularly in 1973, 1974 and 1975
»when patches of newly hatched larvae were widely distributed £§

the east in ﬁﬁe &icinity of Nortﬁeast Channel and to the north
‘toward the Gulf of Mailne.

A smaller herring spawning ground was obéerved in the
western portion of Georges Bank within the area of station 51,
where except‘for the 1971 season, larvae normally appear later
"between the latter half of 0ct§ber and the first part of
Ndvemﬁer. No patches of small larvae were found on the Southefn
Slbpe of the Bank, suggesting that spawning did not occur in this

‘areas '

‘ fhe coastal spawning in the Nantucket Shoals area inside the
grid of stations might be the cause of underestimated abundance
of larvae 1in remaining years of our time series. In the 1972-
1976 seasons paiches of newly hatched larvae occurred most often
at stations 26, 27 and- 30 sbutheast of Cape Cod from the first

- part of October to mid-November and even to mid-Dcember in 1973



and 1975. . In the Nant
of small larvae were f
to Georges Bank; with
distribution of newly
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few individual herring
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In Figures 9 and 1
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distribution with domin
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ucket Shoals region, dense concentrations
ound over a relatively small area compared
the exception of the 1973 season when the

hatched larvae extended to the southeast.

occurred on Georges Bank in 1971, 1973 and

cket Shoals area in 1972 and 1975-1977

In the following years up to 1981 only a
larvae were found on Georges Bank (Smith
NO Cruise Reports 1980, 1981).

0 the length frequencies of herring larvae
seasons shows a fairly typical unimodal
ance of small larvae during the first
istributions during later cruises within
of newly hatchedjlarvae through the whole
ptember to November was observed in 1973

k and in the 1972-1974 seasons on

indicatés very 1Iintensive and prolonged

raphic secfions in Figure 11 made dufing
rrence clearly shows the existence of warm
ll-mixed to the depth of 50 m and

tified water of the Gulf of Maine to éhe

o the south. Except in 1975, the mean

clated with recently hatched herring

1 as minimum and maximum temperatures on

Northérn Edge spawning
the optimum temperature
Cooper et al. (1975).

was found in‘September
in September 1974,

range 7.8-8.4°C.

It should be notic
Northern Edge of George

sharp temperature front

§rounds (Figure 3-7) were much higher than
(9.5°C) for herring spawning cited by
The highest mean bottom temperature, 15°C,

1971 (13.2-17°C) and the maximum of 19.1°C

whereas the lowest was 8.1°C in 1975 with the

ed that herring spawning grounds on the
5 Bank are in the immediate vicinity of a

which 1s not stationary but 1is advected




e StRN

-8 -

- back’ and forth by tides so that some portions of the Bank are
Esubjecfed to twice dally temperature fluctuations of 6-7°C
‘(Wright gnd Lough, 1979). However, thgre'was nQ‘evidehce in our

~ time series of the presence of such cold water over the spawning

gtouﬁds.

Thg Nantucket: Shoals region (Figure 12) water was much more
variable and concentrations of newly hatched larvae have occurred
éver the area where bottom ﬁemperatures’differed betwéen cruises
gnd stations. In 1971, 1976 and 1977 when concentrations of
Aewly hatched‘larvae were not found in the Nantucket Shoals area,
ﬁean bottom gemperatures vere caiculated for historical spawniﬁg
Qreés. in 1971, extremely low temperatures ranging from 6.1° to

7.9°C were observed over the Nantucket Shoals historical spawnin
3 P g

‘grounds, an average of 6.4°C lower th@n those on Georges Bank:.

" Mean bottom temperatures were also much lower in the remaining

|
seasons on the Nantucket Shqais spawning grounds compared to

those on Georges Bank. .This might be the result of a much
smaller volume of well-mixed water over the spawning ground and
of the fact 'that the front often crossed the area of occurrence

of concentrations of larvae < 8 mm.

KDISCUSSION
The knowledge of egact sp;wning sites an provide information
on ﬁime and conditions of spawning useful for fishery science.
The locality and onset of herring spawning on Georges Bank have

been studied by several different methods (Noskov and Zinkevich,

719703 Caddy'énd Iles, 1973; Graham.and Chenoweth, 1973; Drapeau,
‘ 1973;'Pankratov and Sigajev, 1973; Boyar et al., 1973; and

1 6tﬁers). Herring spawn on Georges Bank on very specific

substrate type, on a flat surface of fairly well sorted rounded
gravel, 2-10 mm in-dlameter, in waters characterized by strong

mixing procesées (Caddy and Iles, 1973; Drapeau, 1973) at a mean

depth of 70 m (ranging from 42-92 m). This 1is in contrast to

Jeffreys Ledge (Cooper et al., 1975) and shallow water grounds

observed in the Gulf of St. Lawrence by Tibbo et al. (1963),

where red algae form the sﬁaﬁning gsubstrate, and to those off
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substrate.

Hatching of larvae b

divers (Cooper et al., 1

a temperature of ca.

investigating Georges Ban

several layers with a max

center of spawning bed.

Recently hatched yolk-sac

several days 1in clusters

of vegetation (Cooper et

sea floor within 1 m of t

days after hatching.

observations of dense agg

carried by currents near

deposition (Graham and Ch

Herring larvae of 4
initially concentrated 1

spawning areas, but are

surface water currents to

the rate of 1-8 miles pe
feeding before the yolk-
(Lett,

1976), however,

laboratory conditions res

days. One can,

spawning sites using crui
<. 8 mm SL to represent th

spawning grounds are exte

10°¢

Als

Lo|

therefore

re sand and red algae form the spawning

as been observed in the field by scubé
975) to occur 8-9 days after spawning at

, Whereas Pankratov and Sigajev (1973)

k spawning beds have found eggs laid in
imum density of eggs (24.4 km/m?) in ;
The eggs were developing at 13-14°¢.

larvae maykbe retained for one to

of algée if egg deposition is in an area
al., 1975) or they may stay close to the
he ‘bottom (Caddy and Iles, 1973) for 1-3
o, there are scuba and submersible
regations of yolk-sac larvae being
the bottom adjacent to areas of egg

enoweth, 1973).

8 mm are about 1 week old and are
n the upper water column immediately over

then dispersed by surface and near
the southwest across Georges Bank at
rj day (Lough et al.,

1980). Larvae begin

sac is resorbed within 7 days of hatching
ugh et al. (1980b) have observed in
orption of the yolk-sac after 4.5

, fairly precisely delineate the major

se abundance and distribution of larvae

e recently-hatched larvae.

nded in a wide belt along the Northern

Herring

Edge of Georges Bank in tPe area ca. 10,000 km2 recognized as

|
potential herring spawning grounds, within which Pankratov and

\

Sigajev (1973) have found?small egg beds from 0.3 to 1.1 km2.

On the basis of available information, Drapeau (1973) has

concluded that the ground

s most favorable for herring spawning on

eastern Georges Bank would be included within a 50 x 100 km area

between the latitude, 41°34°N and 42°08°N and the longitude,
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66°30°W énd 67°45’V, which 18 contained within the area
delineated in this study.  Size and extent of spawning grounds.on

Georges Bank fluctuated in particular years depending on

intensity of spawning and biomass of ‘spawning stdck.

- Quantitative surveys of herring épéﬁning beds in the 1960°s
showed a progressive cqntrac;ioﬂ in the spawning'area and total
numbet:of eggs laid, from whicﬁ a cortesponding reducfion in
adqlt stock was deduced'(NoskoQ and Zinkevich, 1970). During the

1970°s, herring spawning reached 1it”s greatest extent during the

21973-1975 seasons, as a result of the strdng 1970 year-class.

Boyar et al. (1973) have recorded, besides spawning grounds’
anthe northern part of George§ Bank,>severa1 smaller'herfing
spéwning sites along the Southern Slope at depths from. 50 to
200 m. Spawning in these southern areas was not confirmedviﬁ
this,study, probably due to different methods. Boyar ét al.
(1973) détermined the localities of spawning‘grqunds onvthe basis
of distr;bution of ripe and running herring (gonadal Stage VI)
which were migrating toward the Notthe;n Edge. ‘Lack of spawning
on southern. Georges Bank‘in the 1970°s may also be due to the/
above mentioned contraction,of‘séawning grouﬁds as a tesdl£ bﬁ
reduction of spawning biomass.

Draganik and DIugosz (1969 and 1971) stated that for years

1966-1969, adult herring stock caught by the fishery fleet from

June to September migrated along the Southern Slope in a wide
beit ét,a depth of 90 m, reaching the No:thérn Edge in Sebteﬁber
whenrﬁhe onset of spawning began. In Qc;ober, the fishery was
cbncentratéd in the westetn part qf the Bank and on Nantucket
Shoals. - According to information availaﬁle from FRG rese;rch
Qessels for 1968-1969, herriﬁg were on southern Georges Bank in
gonadal Stage V‘duting September, while Stage VI ﬁere found in
September and October on the Northern part of the Bank and on
Nantucket Shoals (Dornheim, unpublished data).

Within a given season,ylérval abundance shows a systema;ic
piogression from low to high to low numbers during the September-

December period which 1s consistent with a concentrated spawning
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ugh et al., 1980). Their data repro-

duced here as Table 3 gives estimated seasonal hatching dates for

“the 1971-1978 seasons, Georges Bank and Nantucket Shoals areas

spawning normaliy begins

combined. Spawning began
délayed appérently until
and delayed further until
However; the estimation ¢

due to combining data for

In 1970 Pankratov an

in early September in 1971-1973, and
the end of September 1in 1974 and 1975,
as late as mid-October in 1976-1978.

f seasonal hatching dates was confounded
both areas since Nantucket Shoals

later than on Georges Bank.

d Sigajev (1973) estimated beginning of

spawning on 16-17 September on the eastern part of the Bank, and

noted prolonged duration

of spawning which lasted for about 2

months. In the years 1972 to 1974, Paciorkowski and Giedz (1975)

determined that peak spawning periods on Georges Bank were 24-26

September for 1972-1973 and 2 October in 1974, based on 1972-1974

Polish catch per tow data for maturity Stages VI and VII. It

should be noticed that the production of larvae was extremely low

in 1976 and for 1977-1978 seasons and thereafter herring spawning

has been limited to Nantucket Shoals where traditionally, herring

spawning has taken place

Smith et al (1980) found

2 weeks later than on Georges Bank.

only a few specimens of herring larvae

on Georges Bank in 1978 and 1979. Similar negative results were

obtained by the Polish R/

V WIECZNO in the 1980 and 1981

seasons. It seems that the strong year-class 1970 was the last

one which recruited to the Gedrges Bank spawning stock and

spawned there until 1976.
continued uninterrupted 1

the period of study.

In contrast, herring spawning has

n the Nantucket Shpalg area throughout

At this point arises| the question as to what extent abiotic

~coﬁditions have contributied to poor recruitment after the 1970

year-class, and to the dellay of spawning and shift of spawning

activity to the west. Daris (1978) has indicated a general

warming trend of 2-3°C during autumn on Georges Bank during the

period 1969-1977; autumn

bottom temperétures attained high values

1n 1973, 1974 . and 1976-1977 seasons. Furtak and Majewciz (1982)

found a thermal anomaly of +2°C on the Northern Edge of Georges

-~
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Bank foé the month of Octbber in the yeérs 1972-1978. . Also, the
8-year mean (1971-1978) temperature for Georges Bank of 1}.6°C
and 9.5°C. for Nantucket Shoals was about 0.6°C and 0.7°C warmer,
respeétively{ than the 1940-1966 long-term mgah reported b&
Colton and Stoddard (1973).

Long-term changes may cause periodic northward and/or
sﬁuthward displacements of spawning and fishing ground§ (Simpson,
1953). Grainger (1978), who worked on herring off the Irish west
coast, concluded that reduction in abundance conincidental with a
period of warming is whaf‘would be expected of a "coid water"”
species on the southern end of its range, probably due to a

reduction 1in stock size or a northward shift in its distribution

to colder waters.. Since herring have continued to spawn on the

northeastern part of Nantucket Shoals after the collapse onv
Georges Bank, it seems very likely that higher temperatures may
havé altered the migrating patterns of adult herring thus causing
a westward shift away from traditional spawning grounds. The
northeast cormer of Nantucket Shoals is in an area of upwelling
of cold;Gulf of Maine water and thus would be 1es§ affected by a
general warming trend than Georges Bank. .

In the case of Georges Bank, the spawning beds placed within
the relatively large and well-mixed area makes it more likely

that temperature effects would appear here than anywhere else in

the Gulf of Maine. Looking at the large volume of very warm

(>1A—15°C) water on the top of Georges Bank during autumn surveys
since 1971, it is difficult to see how herring spawning would be
unaffected 1f temperatures above 14.5°C are in any way detri-
mental (Blaxter; 1956). The proximity of the cold temperature
front along the northern edge of Georges Bank did not affect

spawning beds on Georges Bank as was suggested by Wright and

Lough (1979).. In contrast, on Nantucket Shoals, cold water

upwells directly on spawning beds.

In the area of larval concentration on Georges Bank, bottom
temperature data for 1971-1977 do not show water colder than the
mean bpttom temperature, 11.7°%C (range, 9,50-13.4°C), except for

the cold year 1975, when the mean dropped to 8.1°C (7.8°-8.4°C).
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The optimum temperature for herring spawning in the Gulf of
Maine region 1is stated as D.5°C, which coincides with the bottom
temeprature observed (9.5°n10°C) over 6 year on Jeffreys Ledge

'(McCarthy‘et al., 1979). A review of the literature, however,
shows that herring spawn over a wide range from 0% to 12°C in the
‘spring and from 8° to 15°C in the autumn. Laevastu and Hela
(1970) summarized different studies and indicate that the mean
herring spawning temperature for spring is 7.4°C and for autumn
16.7°c.

The development of eggs and larvae is undoubtedly the most
critical period in the 1life history of fish when they are most
strongly influenced, directly and indirectly, by physical
conditions. Lewils (1965) conducted experiments on the effect of
mimimum temperature on survival of larval Atlantic Menhaden and
found that larvae acclimated at 7.0° and 10.0°C survived over
twice as long as those 'acclimated at 12.5°% or 15.0°C. Pankratov
and Sigajev (1973)vhave hatched herring larvae onboard ship in
jars from eggs taken on eastern Georges Bank at 16.4°C, and the
larvae survived for about 1 hour. High environmental temper-
atures may result in abnormal jaw development hence impairment of
ffeeding petformanée of larvjae (Alderdicé and Velsen, -1971). 1In

our time series, extremely high temperatures, >16°C (maximum

19.1°C in 1974 and 17.1°C 1in 1971), were recorded at the

beginﬁing of spawning seasoLs in years 1971-1974, and these high
temperatues may have affected the egg development and larval
survival. It is of interest to note that the lowest larval
mortality found by Lough et|al. (1980) was during 1975, the
coldest season in the time series.

Blaxter (1956) has indﬁcated that the relation between year-
class strength and spawning|temperature is fitted by a dome-
shaped curvevwith optimum conditions around 12°C ranging from 5.5
to 14.5°C . Successful hatching falls below 20% when the
incubation temperature exceeds 15°C. Postuma (1971) also found a
significant relationship between year-class strength and temper-
ature conditions on the spawning grounds of autumn spawning North

Sea herring which he believed may operate through differential

egg mortality at different temperatures.
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It is unlikg}y that a}simple linear relationship between
temperéture and spéwning success exists, but temperature trends
of the magn;tude encountered during the past decade undoubtedly
influenced certain biological phenomena including changes in
sééwniﬁg time, growth rateé, and distributional characteristics
of several species (Davis, 1978). Some observable changes in
this latesfvwarming trend ihvthe Gulf of Maine, include increased
population of green crabs along the Maine coast, northerly
extehded seasonal distribution of Ailan;ic mackerel, generszl
shift of juvenile silver hake since 1971 from‘Cape Cod and
westward to Georges Bank and into the Gulf of Maine. Anthony and
Waring (1980) indicate increased growth rates, faster maturity
and higher fecundity at length for herring 1in the 1970’5;
however, they attribﬁte these changes to the decline in-stock
size.

Another factor to consider 1is the possible disruptive
effects of a fishery On,spawning/aggreg;tioﬁs. The very act of
fishing on the spawning concentrations may directly reduce
effectiveness of spawning in a manner not reflected by catch
rates (Anthony and Warming 1980). This would pertain especially
to the period when bottom tréwling gear was widely used in the
Géorges Bank fishery. Nantucket Shoals spawning grounds were
partly protected from fishing difectly on spéwning beds due to
their much shallower distribution.

. Tﬁe relationships between herring stocks of Gulf of Maine
and Georges Bank is not qui;e clear but 1s likely that

unexploited adult stocks in late 195078, due to good recruitment

and the interest of the American fishery directed to juveniles
only, extended their distribution to offshore areas. The stock
of herring on Georges Bank increased to a tremendous size during
the early 1960°s as a result of two very good year classes. By
the mid-1960"s, recruitment dropped off while fishing effort
increased and the stock declined to a low level by 1972. Since
then the stock has been supported by the recruitment of a single
year-class (1970 year-class) which by 1977 had been pretty much

fished out on Georges Bank. The reduction of herring stock
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biomass combined with unflavorable thermal conditions caused the
"withdrawal"” of Georges Bank stock to the coastal Gulf of Maine.
‘fhe fact that during nearly two decades of Georges Bank
fishery only three good year-classes have appeared, suggests that
the conditions were unfavorable in most of those years for
spawning, ﬁatching and larval survival. 1In most'of the years
(1971-1977), however, there appear to have been sufficient
numbers of larvae produced on Georges Bank and Nantucket shoals
combined tovfesult in a strong year-class 1if condi:ions‘had been
favorable (Lough et al., 1980). Thué, the size of herring year;
classes on Georges Bank appear to be determined by environmental
factors operating during the first months of life following

hatching.

SUMMARY

Distribution and abundance of newly hatched larval herring

less than 8 mm SL from 30 ICNAF surveys covering the Georges

Bank-Nantucket Shoals area over 7 spawning seasons, 1971~
1977, were used to delineate spawning areas and compared with
station bottom temperatures to describe thermal conditions at

spawning and hatching.

Spawning occurred in the northern part of Georges Bank from
September through November or December in the 1971-1973
seasons, and was delayed until October in the 1974-1976
seasons. In the Nantucket Shoals area, spawning occurred

usually from October through December, except in 1971 when no

concentration of newly hatched larvae was observed indicating
lack of spawning on historic egg bed sites. After 1975, the
onset of spawning was delayed and shortened in both areas.
Hatching of larvae lasted |for the longest period in 1973 and
1975 on Georges Bank and in 1972-1975 in the Nantﬁcket Shoéls

area.

The spawning area derived [from the occurrence of dense

concentrations of newly hatched larvae varied in particular
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éeasons, ranging from 4,500 km2 in 1972 to about 10,000 kﬁz
in 1974 on Georges Bank and about 3,500 km2 1n the Nantucket
Shoals.. However, in the latter area the lack of sampling in

shoaler waters. (<25 m) might be the source of underestimation

of larval abundance and their distribution. The depth of

spawning grounds ranged from 58 to 82 m on Géofges Bank and

from 30 to 75 m on Nantucket Shoals.

The dispersal of ﬁewly hatched larvae illustrated by
distribﬁtion of larval concentrations lowér‘than 10 larvae
per 10 m2 shows a general southwest drift on Georges Bank
coinciding with the circuiation pattern which insures the
retention of larvae on the Bank; however, there 1is some
evidencg from the time series which suggests the loss of
larvae particularly toward the Gulf of Maine and Northeast
Channel. On Nantucket Sho#ls larvae driftea southwest ;nd

toward shallow coastal waters.

A general warming trend of 2-3°C was observed during the
autumn by Davis (1978) for the Gulf of Maine-Georges Bank
area, and it was particularly evidént on herring spawning
grounds in the northeastern part of Georges Bank after 1971

and reached highest temperatures in 1973, 1974, 1976 and

1977. The mean bottom temperatures over delineated spawning

grounds ranged from 12° to 15°C during the first month of
spawning in 1971-1974 and the 1976, 1977 séasons, while the
maximum bottom temperatufe of 19.1°C was observed in 1974 at
station 89 within this area. It is likely that the large
volume of very warm (>l4, 15°C) and well-mixed water over
Georges Bank spawning beds could affect spawning success, if
temperature above 14.500 is in any way detrimental (Blaxter,

1956) .

On the Nantucket Shoals spawning grounds the mean bottom
temperatures were much lower, compared to those on Georges
Bank, ranging from 6.1° to 13.3°C. - The lack of spawning in

1971 on historical spawning beds on Nantucket Shoals seems to
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be the result of extremely low temperatures observed in that
year on the Shoals. The continuation of herring spawning on
Nantucket Shoals in recent years may be related to the fact
that temperature ranges found there (about 9° to 13°C) are

closer to the optimum range than those on Georges Bank.

7. Continued poor recruitment following a large 1970 year-class
coupled with heavy fishing in the early 1970°s resulted in
serious stoék depletion |by 1977. Thus it seems likely that
although temperature maﬂ have had a negative effect on

spawning and larval survival, it was masked by o&etfiéhing

which reduced Georges Bank stock size to..a level below that

necessary to rebuild the| stock.
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Table 1. Ranked comparison of the Georges Bank stations at which high abundance of
small larvae (<8 mm SL) occurred with maximum frequency in the 1971-1975

seasons.
Stations Number SEASONS ’ Combined Seasons Depth
1971 1972 1973 1974 1975 1971-1975 m
84 ) 1 2 2 4 2 1 64
90 3-4 1 .3 1 5 2 64
83 ‘ 5 3 1 3 3-4 3 58
89 6 7 4 5 1 4 82
91 3-4 5 4 2 - 5 88
96 - - 10 6 6 6 97
82 9 - 5 11-12 - 7 64
72 - 3 7 - - 8 42
85 - - - 11-12 3-4 9 208
51 8 - 9 9 - 10 92
Table 2. Ranked comparison of the Nantucket Shoals stations at which high abundance
of small larvae (<8 mm‘SL) occurred in the 1971-1977 seasons.
Station Number SEASONS Total Depth
1971 1972 1973 1974 1975 1976 1977 19711977 m
26 2 1 1 1 3 - 3 1 56
27 1 2 2 2 1 1-2 2 2 45
30 4 5 5 3 2 1-2 1 3 56
23 3 - 3 8 - - - 4 40
22 - 3 - 4 5 - - 5 30
24 - 6 6 7 - C - = 6 75

‘Table 3. Estimated seasonal hatching dates and spawning grounds of Atlantic sea herring
for the 1971-1978 seasons, Georges Bank and Nantucket Shoals area. Spawning
season and area based on abundance estimates for the occurrence of recently-
hatched larvae Tess than 10 mm SL (Lough et al., 1980).

1

Season Hatching Dates Weighted Length of Season Spawning Area
Combined Area Middate (Days) Georges Bank  Nantucket Shoals
1971 10 Sep-26 Dec 15 Oct 107 96 4
1972 16 Sep-28 Dec 22 Oct 103 14 86
1973 9 Sep-29 Dec 25 Oct | 111 56 44
1974 28 Sep-22 Dec 2 Nov 85 ’ 86 14
1975 20 Sep-27 Dec 30 Oct 98 _ 34 66
1976 10 Oct- 8 Nov 24 Oct 29 3 97
1977 1 Oct-14 Nov 24 Oct 74 1 99
1978 16 Oct-19 Dec 8 Nov 64 1 99

1Percentage of small larvae (10 mm SL) originating in each area.
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Pig 2.Estmated seasonal hatching dates of Atlantic herring Clupea
harengus L. on Georges Bank and Nantucket Shoals spawning grounds
tor the 1971-1977 seasons. Spawning season and area based on occu=
rence and abundance of recently hatched larvae less than 8 mm SL.
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/1/ Estimated potential spawning grounds derrived from
occurence of dense concentrations of recently hatched

larvae less than 8 mm S1 for the 1971-1977 seasons.
/2/ Drapean’s /1973/ most suitable area for herring

spawning on Georges Bank as concerned the bathymetry;

geology and oceanography.
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