o : [ J
-@- THUNEN
Digitalization sponsored

by Thunen-Institut
This paper not to be quoted without prior reference to the author

International Council for the
Ixploration of the Sea L 1968/Gon: 7

The regularity of the spawning season of some fishes
by D. H. Cushing

Fisheries Laboratory, Lowestoft.

i7 Introcduction

In the open sea, the lack of structure and the variability of wind,
tide and currcent leads to the supposition that spawning is variable in
time and space. The supposition has gained support because of lack of
evidence and the difficulty of obtaining it.

In contrast, the biology of the Pacific salmon has become well cnough
known for the regularities of its life cycle to be well revealed. The
sockeye smolt puts to sea at an carly agec, and when the adult rcturns to
spawn some ycars later in its. native strcam and perhaps to its native
gravel redd, it has swum half-way to Jopan on its travels. The fish return
to their parcnt streams at fixed soasoné. Con this regularity be obscrved
on spawning grounds and in other fishes?

Four spccics of fish have been cxamincd and their mcan dates of
spavning cstimated. There is a distribution of spawning dates in any
onc yoar; These distributions arc summed for as many ycars as possible
and the grond moan of the summed distribution is used as the mpdn date—
of spawning; =

(a) For the southern North Sca plaice the published distributions
of cgg production have becn uscd.

(b) For the Norwcgian herring, the datcs of spawning arc cstimated
from the age of the spawn taken in grab samples at the samc position in
successive yoars;

(¢) For the Frascr sockeyc salmon the mean peak date of spawning,
as obscrved in the crecks by the bailiffs, has been uscd.

(d) For the Arctic cod, the peak dates of capturc in the Vestfjord
arc available for a long period of ycars. 5

No trcnds were detccted in the plaice and salmon data. A slight
trond was found in the cod data. In the Norwegian horring a delay in
maturation is noted in the catch statistics (Rasmussen, 19403 Aascn,
1962). but it is not shown decisively in the grab samplcs (Runnstrﬁm,
1941)

II  Tho spawning scasons of four fishes.

(a) Plaice  (Pleuroncctes platcssa, L;)

In the southern llorth Sca there arc three or four spawning groups
of plaicc. That in thco Southorn Bight has bochn cxamincd by cgg survey
sincc 1911. The production of cggs starts in mid-Deccomber and rcaches

a pcak in tho sccond half of January, aftcr which it dcclincse The
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distributions of cgg production comprisc a number of cgg surveys during
the scason, cach being o singlc observation (Simpson, 1959); The distri-
butions in 1911, (5 cruiscs), 1921 (3 cruiscs), 1936 (5 cruiscs), 1938
(4 cruiscs), 1939 (5 cruiscs), 1947 (6 cruiscs), 1948 (6 cruiscs) and
1950 (5 cruiscs) have been used. The mean dates of spawning range, with
no detectable trend, from 7 January to 29 January. The grand mcan date
is 19 Januory, wvith a standard dceviation of 7 days and a standard crror
of 2.5 days.

(b) Herring (Clupca harcngus, L;)

Runnstrﬁm (1941) madc a scrics of grab samples for a number of ycars
for spawn at fixcd stations on the Normicgian coast where the spring herring
spawvns. The reosults are given in his Figurc 9. I have arranged the data

in the following forms—
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loan day of spawning 18.98 £ 0.61 (cntry XIIT in Table 1)

Each cntry in the table above roprcscnts a day of spawning, cstima-
tcd from the age of spawn in a grab samplc; The distribution is then
onc of samplos repeated at the same position in successive ycars (shown
ags iy CZy Ty L) on the samc datos. Table 1 gives all the data for twelve
spawvning grounds, datcd from thc day of first spawning. The mcan datc
of spawning is obtaincd by adding the mcan day of spawning to the date .
of first spawning, o.g; in the first linc of the table, the mcan date
is the 8.45 day of Harch; Thore arc differcnces botween the date of
first spawning (and tho rmcan) of up to onc month, 27 January to 2 March;
Alsb some distributions arc bimodals two sots of data published bj
Runnstrfn (XI and XII) have not been used because there arce two distri-
butions soparaﬂod by L-6 days; Instcad of scparating thce componcnts,
a standard deviation and an overall mean with o standard crror have
been calcnlatod; As the distribution is onc of repcated positive samples,
at the same positions, the low standard crror cstimatcs the rogularity
of spawning, cven if somc distributions @rc bimddal; The standard
deviation of about 6 days mcans that most of the fish will spawn within

a pcriod of about 12 days.



Runnstrﬁm continued thc work for only T years. Within this limit
and taking into account the possibility that the bimodal distributions
perhaps reflcet the spawning of two groups on thé same ground (for each
ground comprised a number of grab stations), the data yield surprising
results — a ncan date with a low standard crror, a distribution with a
low standard doviation. It implies that the spawning grounds of the
Norwegian herring comprise a number of groups, each of which spawns at
the seme position in successive years; Further, it implics that there
are differenccs in spawning season of up to a month, within a fairly
small arca, from year to year. Since Runnstrﬁm's time, other rcstricted
herring spawning grounds have beecn described in the southcrn North Sea
(Bolster and Bridger, 1957) and on Ballantrac Banks (Stubbs and Lowrie,
1962). ,

Rasmussen (1940) and Aasen (1962) have shown that the date of the
first day's catch of the Norwcgian hcrring is corrclated with the appear—
ance of ripe and running fish. Decvold (1963) denonstrated that the date
of the first day's catch has shifted from September to February between
1900 and 1960. Between 1930 and 1960, the first day with 50 per cent
of the sample in maturity stage VI shifted from carly February to late
February; indced most of the change took place betwecn 1941 and 19#2:
It is as if the spawning groups IX-XIV in Table 1 had been extinguished
and hid given way to groups I-IV. It is well known that the apparent
spawning grounds of the Norwegian herring have shifted in rccent years
over gréat distances (Devold, 1963); Therc appear to be alternative
cxplonationss—

(a) that the Norwegian spring herring changes its spawning ground with
times

(b) that the Norwegian herring is composed of groups or stocklets which
spawn always on small rostricted grounds, but that in time a group or
stocklet may be replaced by another, spawning at a different position.
Ottestad (1934) charts threc main spowning arcas: off Utsire, north of
Stadt, and off Lofoten. The rccent shift of the spawning fishery could
well be considered as a shift from the Uisire stocklet to the Stadt one,
and from the Stadt stﬁcklet to the Lofoten ono; The Utsire stocklet may
still exist in very small and unfishable quantities,

Runnstrﬁm suggested that a delay in spawning could be detected in
his data. There is a trend in the nmcan date from year to yecar on
spawning grounds IIT, V and VIII, On six grounds out of twelve in Table 1,
the first ycar is the carlicst. But such trcnds are not found on the
other ninc grounds. From Runnstrfm's data it cannot be decided whether
a trend tock place or not. If it did, the standard deviation of the
mean date of spawning is surprisingly low and the rate of change of the
date was slow; If the trend did not take placc, then that observed in

Aasen's data is a change in the distribution of stocklets.




The Norwegian hcrring lives long and thce stock depcnds upon
sporadic good ycar-classcs. So, as a stock, it is vulncrablc to thosec
changes in wind strcength and dircction by which production cycles are
nmodificd, starving fish larvac or letting theom grow dramatically
(Cushing, 1966, 1967). Dovold (1963) has suggested that the altcra;
tion of Swedish and Norwegian herring pcriods is associated with changes
in veortcbral count in thce Atlanto-Scandian herring. It is however
possiblc that thesc changes arc changes in the distribution of stock-—
lets in time, some rcplacing othcrs. An advantage of this cxplanation
is that tho changes in nmeristic charactors do not have to be cxplaincds
they arc mercly diffcrcncos betwoen the cxisting stocklets and the
changes roflect rclative changes in sbundance of them.

(¢) The Frascr River sockeyc salmon

t/hen the sockeyce rcturn to spawn in their parent crecks in the
Frasor River systcnm, thoy arc caught in thc fishcry in the Straits of
Juan do FMuca and of Gecorgia. The stocks can be detected in the fishery
quite rcedily by the distributions of circuli on the scalcs (chry,
1961). The peal appearance of o stock in the fishery can bo cstablisheds
for oxanplc the Lower Adams stock pcoked on 29 August 1954, on 17 August
in 1955 and on 2 Scptember in 1958. Figurc 1 shows the distribution
of catclhics in time for cach of the four cyclcs of the Frascr sockoyo;

In each casc the mcan datec of pecak catch varics from ycar to ycar by
as nmuch as thrce wecks, but therc is no systcmatic trcend with timo;

In the Annual Reports of the Intcrnational Pacific Salmon Commis—
sion, the dates of pcak spawning for cach identificd stocklet, as
obscrved in the crceks, arc given for cach ycar. The dates arc given,
as for oxample Upper Pitt River, 8-10 Scptember; the mid-datc botween
the two is taken as the date of spawning. So up to 17 years of data
for a given stocklct arc cxpresscd as o distribution of spawning dates
with 17 obscrvations. Not all stocklets arc represcnted in all years
and of coursc thc four cyclcs arc becing trecated as spawning at the same
datec in tho‘cruoks; Pigurc 2 gives the dates of peak spawning for 17
years for 51 crocks, rivers or lakocs, somctimeos inconplctc, but oftcn
full. In only onc casc is an upward trond dctectable (Tachic River)s
no deownword trcends arc dctcctablo; Nor arc the difforcnces between
the 4 cyclos noticcable, justifying lunping tho data for this purposo;
Table 2 gives. the standard doviations of the mcan peak date of spawning
for 51 crecks, lakcs or rivers. The standard deviation is usually about
five days, indicatipng that most fish spawn within ton days of the mcan
pcek date. Figurc 3 gives the stondard crrors of the means, plotted
on the number of sbscrvations. With less then 10 observations the
standard crror is high, but in gencral the standerd crror of the mcan
datc of spoawning is about 1.5 days. The dota for the Sakceniche river

have been excluded becausc there werc two pcaks in cach year.




It is a romarkablc phonomcnon; ot only do the sockeyc rcturn to
their parcnt strcams, but they rcach the Frasor river at a predictable
scason,swin up the river at a constant spoed, (according to the distance
thoy have to #0), and spawn on a predictable datc.

(a) The Arctic cod

The Arcto-Norwegian stock of cod spawns nainly in the Vestfjord in

northern Norway. Rccords of catches by wocks arc available from 1894
to 1967 (Arsberetning Vedkommende Norges Fiskericr, Lofotfiskot),
covering 13 to 15 wecks in cach ycar. In cach ycar a mean datc of cap;
ture may be calculated. It is not o ncan datc of spawning, but is an
index of that mcan date. Figure 4 shows thce distribution of the mean
date of capturc for the whole period. Therc is sbviocusly a trend in
the mecan date of capturc throughout the period. My collcaguc, Hre. He W,
Hill, has fitted o ton-ycar moving mcan to the data. It will be sceh
that the range in the moving mcans is less than 10 days over the whole
poriod; Treeting the mecan date of capturc as a single obscrvation, a
distribution in deviations from the fitted curve was calculatcd; The
standard crror of that mcan was 0.51 days, and the standard deviation
of the distribution was 4.09 days.

So the trend detceted is a small onc, just over a weck in the
whole scason of capturc of 13-15 wcoks; It is in itsclf intcrcsting
and will be investigated later, but, eliminating the trend, the standard
crror of the mcan date of capture is low;

(e) The Californian sardinc and anchovy

There arce two species of fish which do not spawn as rcgularly as
suggosted mbove, the Californian sardinc and the Californian anchovy.
Ahlstrom (1966) has tabulated monthly catches of the cggs of both
species for a period of 9 ycars, as shown in Table 3.

There appenr to be spring and autunn peccaks in the catches of
sardine larvae in 8 ycars out of 9. The varizbility in the datcs of
peak catch of lorvae is to be expresscd in months rather than days;

+ There is probably only one peak in the catches of anchovy larvec,; but

it might occur in any month between Fobruary and Junec. It might be
objected that the catches of larvac do not rcally reprecscnt spawning
times. However, the eggs hatch in a day or so and the samplcs arc taken
by months; Both sardine and anchovy live in an upwelling arca and the
fish tend to spown at the points of upwelling (Cushing, in prop;); But
the contrast between the animels living in temperate waters and those
further south is not confincd to the upwelling areas. Tuna larvac are
found all over the northorn subtropical Pacific at nearly all seasons
(Matsumoto, 1966). Hence the contrast is perhaps between the subtropical

anticyclone and the high-latitude cycloncs.




Discussion

There are four well known stocks of fish, living in temperate waters,
for which there arc long-term or speccialized sets of data. For the
plaice, the mean date of egg production has becn used as an index of
spawning datc; For the herring, the mcan datc of ropcated-spawnings at
the same position- has been used. For the salmon, the mean date of
spawning, as observed on the ground, has bcen used. For the cod, the
mecan date of capture on the spawning ground was cmployecd.

The standard error of the mean date of spawning or mean datc of
capture has differcnt biological ncanings in each spccios; There are
67 obscrvations for the cod (with the trend exeluded) and about 7 on
the herrings yet the standard error of the mcan is 0.51 in the former
and about 1.5 in the lattere. So the standard crror is low whatever
the form or number of nbsorvations; If the fish spawned at variable
scasons or at scasons trending markedly with time, the standard crror
would be high. .Instead, the trend observed in the Arctic cod is a low
one (< 10 days), justifying the cxtraction of the trend beforc calcu-
lating the standard orror,

Cushing (1966) suggested that some dramatic changes in waters
around the British Isles were mediated by changes in the production
cycles, themselves altcred by changes in wind strength and direction.
Cushing (1967) showed that the differcnces in spawning tinme of the
herring populations in the north—ecast Atlantic were linked to differences
in production cycle in different arcas. The two ideas are connccteds
if a fish population spawns at such a time that its larvac feed at the
height of a production cycle, it is vulnecrable tc the variation of
that cyclo; Prcduction cycles change with time in sprcad, amplitude,
and timing. Climatic change is cffcective through changes in wind
strength and dircction, advencing or delaying the production cyclos;
Fish can only link their times of spawning to the production cycles in
an indircect menncre. If they spawn 2t o fixed scason, the population has
the best chance of profiting by the variability of the production cycle.
If the spawning time varied randomly the link could not be sustainod;

So the fixity of spawning season really follows from the variability
of thc preduction cyclc and the dependcnce of the fish populations
upon it during their larval lives,

The slow shift of time of peak capture of the Arctic cod suggests
that a fish population can slowly adapt to climatic chango; But on
the scale of variability of the production cycle in timing it is a
small-scale adaptation. The concept of the fixed spawning time linked
to a variable production cycle opcns the possibility of the changes in
abundance with time. Stocks may increase draonatically or fail
catastrophically, because the fixed spawning time keys in to the produc—

tion cycle or misses it. Because populations do not casily become




extinguished, a stock might survive at very low levels during a poor
period, to rccover later. BSo the cycle of the Norwegian herring is
related to cycles of clinatic changes (Beverton and Lee, 1965) and
may include a succession of a number of stocklets,

It is possible that the rogularity of spawning scason is limited
to high latitudes, i.c. > 40°, The winds arc stronger ot the polceward
edge of the subitrnpical anticyclone than ncarer the cquatcr; The
seasonal variation of light intensity increascs towards the pole;

The ratio of compensation depth, Dc’ to depth of mixing Dm’ is an index
of the chance of preduction taking place. In high latitudes, DC/DrJ << 1
during the winter and in low latitudes DC/Dm ST

The scasonal differcnces of light intensity increase with latitude,
and wind strcngth increases with latitude towards the boundary of the
subtropical anticyclone. It is possiblc that on the trepical side of
the boundary production continues all the year round, and that sharp
seasonal cyclcs of production are found on the polcward side of the
boundary; If so, then it is not surprising that the low-latitude fishes
do not have rcgulsr spawning senscns;

The data uscd are not very extensive, despite their somewhat
massive appearance. But it should be pointed out that the species

represented comprise most of the fish caught in the North Atlantic,
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TABLE 1 Distribution of days of spawning after the date of first spawning of the Norwegian herring,
estimated from the age of spawn in a grab sample (Runnstrdm, 1941)
Bpawiing | Days from 1st positive sample
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TABIE 1 (Continued)

e N e e X
ground spavning Spavining of spavning date of spawning
1 2 Mar 6,45 2.90 0.92
11 23 Teb 11.94 . 5.19 1.26
1T 23 Feb 12,38 | 6.90 1,50
v 21 Fob 10.50 5.9% 1.2l
v 10 Feb 16.8 6 .64 1,06
VI T Teb 1706 o 1.06
VIT L Tob 17.50 6.31 0.9
VIII 27 Jan 17.53 7.86 1,14
X 3 Feb 13.00 742 0.98
X 5 Feb 18.00 6.74 1.1L
XTII 10 Fehb 1 8.98 5.043 0.61
XIV 10 Fob 12,17 7.72 1.20




TABLE 2 Standard deviations of the mean poak date of spawning

of Fraser River Sockeye Salmom - - - -

Anknil Creeck
Bivounc Creek
Driftwood River
Dust Creck

15 mile Creek
5 mile Creek
Forfar Creek
Frypan Creek
Gluske Creek
Kazcheck Creek
Kynoch Créek'
Leco Creck
ITiddle River
Narrows Creek
Rossctte Creek
Shale Creck
Tachic- River
25 mile Creck
Forsythe Crcek
Felix Creck
Paula Creck
Pinchi Creck

Sandpoint Creck

Upper Bowren River

Gates Creek

mean SD of mean peak dete of spawning L.9

bals

2.5
3.8
bl
L
b
3.7

Le2

52
1.9
349
3.8
3.0
Le5
3.8
1.0

Portage Creek
Cultus Lake
Upper Pitt River

Vlidgeon Slough

- Big Silver Creeck

Harrison River
‘leaver Creek
Birkenheoad River
Seymour River

Scotch Creck

" TLittle River

S. Thompson: River
Lowver Adams River

Upper Adams River

Lower Shuswap River

Raft River
Barriere Rivér
Chilko River
Tascko Lake

Horscefly River

Little Horscfly River

Mitchell River
Endicko River
Withi River.
Orrionde Creck

Stellako River

649
18
35
k5
Le5
346
T
40
ko
5e1
6.9

T
546
5.6
942
3.6
6y

" IR

L6
640
1042

8.3

3.2

3.5

5.2

A



TABLE 3 llonthly cotches of sardine and anchovy larvae off

California (in thousands) (fron Ahlstron, 1966)

SARDINE
Jan Feb Har Apr lay Jun
1951 0,08 0.31 0.88 1.78. 3,48 1.79
1952 0,78 1439 211 27 3,20 24ldy
1953 0435 135 2.10 0.62 1431 3,07
1954 3494 0.97 453 L 3.68 5¢31
1955 2433 %13 1.58 2.69 0.58 S
1957 0.76 0.95 1.16 Oely2 173 0428
1958 1.26 3,87 0.81 0,60 0.35 0,20
1959 - 0.73 0.086 0.12 0.46 0.29 0424
11.37 15.78 14,29 20.56 18.60 1752
Jul Aug Sep Oct Nov Dec
1951 0,09  1.28 0.10 0.14 0.73 0.42
1952 0.25 057 0,90 0413 0.1k _
195% 0.13 0,40 28 0.56 0.0 0.18
1954 0.70 0.75 = 0411 - 0.79
1955 1,18 - 0.0 0.13 0.0 0.2L
1956 151 L.b2 1,04 0.0 0.0 0,0
1957 1445 R0 1.04 0.32 0.22 0.0
1958 0454 147 2.28 0.05 0.0 0.0
1959 0.53 0.63% 0k Okl 0.0 0.0k
6.38 11.04 7.72 1.88 1.09 1,67
ANCHOVY
Jan Feb Har Apr Hay Jun
1951 1443 2.76 8.00 2Ly 1.77 3,19
1952 1.85 5¢39 12 8.63 3.63 11,06
1953 12.82 16,20 15484 6492 3.50 188
1954 24 .86 22.71 Lo 32,8l 1250 6450
1955 40414 30495 25,00 16 449 4420 12466
1956 - 848l 29,14 16 461, 22,86 1194 18426
1957 10,50 138,26 14433 20423 20,80 18440
1958 30,00 50,17 146.88 31,89 23,08 - 8,08
1959 13.83 L3.32 18.79 91.30 1747 13.73
144.27 238,90  191.59  236.60 99,38 99.76
Jul Aug Sep Oct Nov Dec
1951 0.69 2. 1L 0,66 0.79 3,90 1.78
1952 2,53 3.56 1,02 2 41 1.83 i s
1954 8.56 1.88 - T - 5«84
1956 14472 9464 0437 0483 1et3 0.28
1957 8.89 1.45 0.0k 0,86 231 0451
1958 10,22 031 0,89 0.53 0,08 0,60
1959 64142 0.5 0431 017 0.16 0. T1
65.23 22,38 10,02 13459 18.40  24.73
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Figure 1 = -Weekly catches of each of the four cycles of Fraser sockeye salmon,
off the Fraser Rwer, 1915 60 . : S
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Figure 4  Mean dates of peak catches of cod in the Lofoten fishery, 1894-1967. (Arsberetning Vedkommende Norges Fiskerier, Lofotfisket. )




