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INTRODUCTION

Durlng 1977 a series of mackerel (Scorber scombrus L) spawnlng surveys were
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'carrled out (Lockwood et a7 1977) ‘n the Bay of Blscay, Cel+1c Sea and west of
Ireland to assess the size of the weotern nackcrel spawning stocP To estlnate
the nunber of egas by the nethod used for North Sea plaice (Hardlny and Talbot,
1873, Bannlster et al, 1974) 1t is necessary to know the rate at whlch the eggs
develoo at dlfferent constant tenperaturcu. “The only deflnltlvc work prlng
th:.a inforration for this species was that ofrWorLey (1933) using mackerel oaﬁght
in the vicinity of Woods Hole. Yo COnparablé wofk had béen carried ouf with

v'mackerel from European waters. To obtaln a conparable set of data for Buropean

Amackerel an 1ncubat10n experlment was carrled out aboard the MAFF Research Vessel
CIROLANA in March 1977

' MATERIALS AND METHODS

The nackerel were caupht durlng March w1th a Gr1nton trawl at a depth of
180 m in the Bay of Biscay at u5 16 N 3 7'W As uoon as the catch was on deck
the fish were sorted and 4 running females and 3lf&nningkmales taken to.pfovide
material for the incubatioﬁ.studies. Eggs and.spérh‘were stripped:froﬁithe fish

into a bowl containing a little clean sea water. After allowing time for
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fertilization to occur the eggs were put into a glass jar with a mesh 1id and
flushed with clean sca water for 20-30 minutes to rerove excess spermn, blood
and ovarian tissue. Batches of about 200 eggs were then placed in .70 nl glass
tubea containiuy approximately 50 ml sea water in an incubation block (Halldal
et al 1958, Thoras et al, 1963) Three rows of 18 tubes were prepared and
pooltloned across the block to cover a temperature range of 4,5-20.5 C.‘*This
range was greater than the range spawning mackerel would be expected“to encounter
between March and July over the arca‘being surveyed (Anon, 1967). ‘The eggsvwere then
examined, photosraphed and sanpled at intervals up to the time of hatching, At
the lower temperatures the frequency of cxamination was rarely more than once every
six hours, but at higher temperatures the frequency was often greater than this,
For selected temperatures over the middle of the range the observations were
once per hour over the period of hatching. TPhotographs and a sample cf 2-5 eggs
" were taken when changes in devclo.p‘r.;xent were noted from the preyii‘ous exanination. ‘
The sample of efgs were preserved in 4 per cent neutral formalin.

Twice each day dead epgs were rencued from the tubes and tﬁe water replaced
with frcoh sea water fron a regc“ve held at the auproprlate tcrpcrature. Dead efnas
were removed at the sane time and a record kept to calculate the percentage
survival to hatching. The samples removed and preserved were excluded fron the
calculation of perccntave‘survlval. A‘ | - ‘

The preserved samples and photowranho were later uoed to 1dcnt1 six develop-
ment ‘'stages from: fertlllzatlon throuuh to hatchlng. These tapeu follow Slrpson s
:(1959) ¢lassification of plaice eggs, whlch was based on Buchanan-Hollaston s
(1923) grouping of Apstein's (1909) stages. The six stages used are given below,
(Figures in parenthcuea corre Dond to Apstein's stages) and shown 1n Flyure 1.

IA: Fron fertlllzatlon until cleavape produces a ce’l bundle in which the
individual cells are not visible (1-3). ' - .
I%~i Formation of the bla todisc; visible asba"eiguet ring' and subsequent
thlc}feon:m'T at one pole. o o | ‘ ‘
II: The first sign of the prinitive streak until closure of the blastopore.
The tail (blastopore) end of the enbrvo reaches the oil globule and abdominal
somites appear (6-9).



IIT Crowth of the tail end of the embryo until it spreads around three-
quartera of the c1rcunference of the enf. Develooment of the eye, and plwnent
snotq on the posterior end of the enbryo (10-17),

"IV Growth of the embryo until it spreads around the full circumference of
the egg (18-21).

~V  Growth of tﬁe ermbryo until the tail is past the head (22-25).

RESULTS

The mackerei caught ranged in total length from 33 cn to 46 cn with a mean
of 39.6 cm..  Twenty=-seven per cent of the catch were female>of which 50 per cent
were at maturity stage IV, 43.7 per cent stage V and only 6,3 pér cent stage VI
(for a full descrintion of the stages sce Macer, 1976). Ripé egss were obtained
from females of 36, 38, 40 and 40 cm total lenpth and spern was obtained from
males of 35, 40, 40 cn total length., At the p031t10n of capture the sea tcmperature
was virtually uniforn at 12°C from the surface to lOO M. :

‘A sample of 30 eggs and 25 egg oil globules diameters were measured one hour
dfter»fertlllzatlon. The nean egg diameter was 1.26 mm, sd 0,03 mn, and the mean oil
globule diameter was 0,34 rm, sd 0,01 mn.

The early stages of development were reached at all temperaturecs, 4.5-20.5°C,
but only eggs held at temperatures between 7 and lBQC hatched, The time taken in
hours from fertilization to the end of each of the six developrent stages for the
12 temperatures where hatching occurred arc given in Table 1. The table also
includes the mean and standard deviations of the terperature observations, and
the percentage survival from fertilization through to hatching, The fitted
regressions of developrnent tirc on rmean tenperature are-shown in Figure 2.
DISCUSSION

The details of the method used by Worley (1933) differ considerably from the
method followed here but there are only three differences of importance. Worley
used vessels 5 tines as large (250 ml) as the tubes used in this experiment, he
aerated the containers, and he held his eggs at approximately 10 times the stocking
density used in this work. Any one or all three of these differences in method

could account for the main difference between Worley's and our results.



In the middle of the hatching temperature range there is virtually no
difference. Worley's estimates of hatching times, 105, 109, 117 hours at 1%
and 93, 99, 101 hours at lSOC, cover the observations made at these temperatures
in this experinent. The difference in survival to hatching may be related to
stocking density. The much higher stocking density could lead to a rapid build
up of toxic metabolites and/or bacteria resulting in a maximun survival of only
63 per cent at 16% compared with 85-90 per cent fron 9-16°C in these results.
This is a relatively ninor matter of husbandry. The major difference is in the
temperature ranse over which the eggs hatched.

In the experiment described here the eggs hatched over the range 7-18°C

but Worlev succeeded in hatching epgs over the range ll~2100, ie the whole
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temperature ranges are offset by 3-4 C. The first possible cause of this to be
considered was the possibility of the parent fish being acclimatized to a .
different temperature regire. In fact, the surface water temperatures at Woods
Hole, March to July, differ little from those in the Bayv of Biscav or Celtic Sea
over the same period (Anon, 1967). This again raises the possibility of husbandry
being the cause of the difference.

At lower temperatures the epes take a very long time to develop and remain
at risk to bacterial infection etec much longer. As Vorley achieved a lower
overall survival this could be the reason for his lack of success at lower
temperatures, but at higher temperaturcs, where development is much more rapid,
the use of aeration possibly contributed to the hatching above 18°c,

The combined results of the two sets of data indicate that mackerel eggs’
will develop over a total terperature ranse of 7—ZlOC,Ibut below 9°C or above
17°C the chances of survival are poor., The intermediate rance, 9°-17°C is not
only the range over which there is greatest survival but also the ranre nost .

likely to be encountered in the natural environment.
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JOLE L Mackerel ey development rates,

the fitted regressions: In.Time = A.ln.Terperature + B,

The time in hours from fertilirzation for esgs to reaching the end of
development stares, plus the times to hatching are given over the entire terperature range that eres

survived to hatching (507 hatching time is the tire to.the end of Stare V).
egss vhich survived to hatching is also given for each temperature,

The percentare of fertilized
The regression coefficients are for

Mean sd Temp  IA 11T Iv First Last 50% %
gemgexature hatch  hatch  hatched survival
7.4 0.35 60.0 96,Nn 174.,5 282.0 321.0 262.7 402.5 363.3 22.0
8.4 0,39 42,0 7,0 127.0 211.0 246.,0 . ?5L,u 303,98 280, 4 72.5
9.4 0.40 37.0 61.0 111.0 156.,0 192.0 94,5 25u.4- 221.5 24,0
10.4 0.29 32.0 54,0 20.0 147.0 166.5 166.6  214.6 182.9 87.0
11.5 0,37 25.0 45,0 81,0 120.0 131.0 134,72 200.5 158.7 87,0
39,5 0.27 26,5 40,5 73.5 110.5 118.0 122,3  150,u 131, 2 90.0
13.4 0.23 13.0 36.0 62.0 91.0 108.,0 107.8 1504 113.5 85,0
Tu,u 0.33. 18.5 31.0 56,5 9.5 100.5 96,3 124.u 196.2 20.0
15.1 0.15 16,0 29.0 50.0 84,0 393.0 90.3 117,86 96,0 20,0
15,1 0.16 15.0 26.0 u7,0 65.0 81,0 A2.5 99,3 96, ¢ 66.0
17.0 0.15 16.0 25.0 e, 5 66.5 30.5 79.3 95.72 82.2 50,0
17.2 0.16 14,5 22.5 40,5 - 62.5 72,0 75.2 70,2 77,3 16.5
Leopession
coxfficient A - 1.80 1.61 1.59 1.68 1.65 -  1.75%
lerrension
coefficient B 7.21 7.76 £,78 8.94 n,09 9.3
Cervelation
coefFicient 0.986 0.999 0,995 0.9%4 0.9%4 0.993




Figure 1. Mackerel eggs at the end of each of the six
development stages described in the text.
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Figure 2.Mackerel egg incubation stage duration:
observations. The curves are fitted by the
regressions given in Table 1.
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