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Four convertir une estimetion de la productlnn d'oeufs de sprats dans le
actzir nord~ouest de la Mer du Nard de maniére & obtenir la biomasse de
lz popwlation de pomsona on a calculd la fécondit® des sprats &chantillonnés
de 1974 3 1976. Du fait que les sprats déposent leur frai sériellemeunt,
on 2 procédé & un examen histologique du cycle de maturation pour &tablir
auelie est 1'@poque de l'année ol il convient de déterminer la fé€condité.
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§ Le communiqué dfcrit les aspects intiressoents du cycle de maturation des
1 sprals miles et femelles, et, sur la buse des travaux histologiques, on a

estimé la fécondité sur la base du nombre d'osufs de 14k pm et plus

présents dans l'ovaire avant 1'¢poque du frai. En adoptant wn régression

aduptée de la fécondité loga.rithmique en fonction de la 1ongueur logarithmique on
et A'un rapport entre le pcids et la longueur des sprats & 1'époque du frai,

s estimd quela biomasse de poprlaticn de poissons densle secleur occidental

de la Mer du Nord &tait de 4,1 x 105 tonnes.

. Le communigué considére différents aspects de l'estimaticn de la fécondité
dans les poissons gui déposent leur frai sériellement.
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SUMMARY

To convert an estimate of sprat egg production in the north-western North Sea to
spawning stock biomass, fecundity determinations were made on sprats sampled
from 1974-1976. Because sprats are serial spawners, a histological examination
was made of the maturation cycle to ascertain the appropriate time of year to
determine fecundity.

The paper describes relevant aspects of the maturation cycle of male and female
sprats and, on the basis of the histological work, fecundity was estimated as

the number of eggs of 14&/um and above present in the ovary before spawning.
Using a fitted regression’ of log fecundity against log length and a weight-length
relationship for spawning sprats, the spawni stock biomass in the western part
of the North Sea was estimated to be 4.1 x 102 tonnes.

Various aspects of the estimation of fecundity in serial spawners are discussed.
INTRODUCTION

To estimate the size of the spawning stock of sprats Sprattus sprattus in

varbus parts of the western North Sea, Johnson (1970a), Johngon & Dawson (1975)
and Bailey & Braes (1976) carried out plankton surveys for sorat eggs and larvae.
To convert the estimates of egg production obtained to the weight of spawning
stock, these studies used published fecundity estimates obtained from sprats in
areas outside the North Sea. It was clearly desirable, therefore, to obtain
estimates of the fecundity of North Sea sprats. This paper describes the methods
used and the results of fecundity estimates made at the Marine Laboratory, ™.
Aberdeen, from 1974 to 1976. :

Determination of the fecundity of sprats, defined as the total number of eggs
released in one spawning season, is difficult because the oocytes of individual
sprats develop in batches over a long but unknown period (Heidrich, 1925).

As a result, the ovaries of individual fish contain several size groups of oocytes
destined to be released at successive spawnings, the intervals between which are
not known. To estimate the total number of ococytes destined to be liberated
during one season it is critically important to sample ovaries before the first
batch of oocytes has been released, but after all the oocytes due to be shed that
season have become distinct from the reserve oocytes. Since the spawning season
is later in the northern North Sea than in the south, the maturation cycle is

not synchronised throughout the North Sea population, and so the ideal time to
collect fecundity material varies geographically.
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The appropriate time to estimate fecundity in a given area can only be ascertained
by microscopic examination of a series of ovaries collected over the whole period
of maturation. As a first step, therefore, a histological examination of sprats

at different stages of the maturation cycle was made to assess whether the

stages of gonad maturation can be reliably distinguished macroscopically. For i

- completeness the male maturation cycle was also investigated.

The maturation scale used for sprats at the Marine Laboratory is a modified

version of that described by Johnson (1970b). For convenience the criteria used
are listed in Table 1. In addition to a general comparison of the morphological

and histological changes that accompany maturation, answers to a number of
specific questions were required:

a. Is there any ev1dence that male or female sprats spawn at one year
of age?

- b. Can previous spawners be distinguished from first spawners outside the

spawning season? If so, over what period of the year is this possible?

c. Is there'any difference in the timing or duration of the maturation
cycle of sprats of different sizes and ages?

d. During the spawning season, is it possible to distinguish gonads that
have already released some of their spawning products?

Since the maturation cycle of sprats has been descrlbed in some deta11 elsewhere

(Heidrich, 1925; Aleev, 1958; de Silva, 1973), only those aspects relevant to
the present investigation are described in the present paper. For the purposes
of this paper the birthday of sprats is taken to be 1 July. Thus, sprats
spawned in the summer are termed O-group throughout their first winter.

MATERIALS AND METHODS

Histological examination

For hitological purposes sprats of a wide length range were sampled within 30
minutes of capture and the ovaries or testes preserved, after macroscopic
classification, in Bouin's or Zenker's fixative. = Details of samples taken are
given in Table 2. Each fish was measured and the otoliths taken for age
determination. The gonads were embedded in paraffin wax and sections were cut
at 5,um and stained with Mayer's haemalum and aqueous eosin. Oocyte diameter
measérements were made only on those oocytes sectioned through the nucleus.

Fecundity determination

For fecundity determination, ovaries were preserved in 10% formaldehyde.  Eggs
were removed from the ovaries by pressure using a round-ended glass rod. The
eggs were washed out into a vacuum sieve of pore size 115 / To break up and
remove clumps of small, undeveloped oocytes, the materlal in the sieve was
subjected to a strong jet of water. .

After washing into a beaker, water was added to make the volume up to 200 or.

depending on the size of ovary. The contents of the beaker were stirred
vigorously using nop-rotary motion to disperse the eggs as randomly as possible.

A subsample of 1 cm’ was extracted with a stempel pipette as soon as stirring

stopped and before settling occurred. All eggs above 144 ,um diameter (5 eyepiece

units) were counted under a binocular microscope (see belbw). Six subsamples
were extracted and counted from each ovary.



To test the validity of the subsampling method all oocytes over 144 um in diameter
were counted in three ovaries of different sizes. The results giveh below
indicate that the method used provided estimates very close to the true value.

Estimate from six subsamples + Total count
with 95% confidence limits

32 200 + 4 294 31 115
2L 700 + 1 446 24 618
4 160 + LO8 3 910

Sampling for fecundity determination was carried out in May 1974, June 1975 and
June and July 1976. Sampling positions and details of the samples are given in
Figure 1 and Table 3 respectively. Only fish at maturation stages 3 and 4 in
Table 1 were sampled.

THE MATURATION CYCLE

Below, the histological stages are described in turn with an indication .of
whether they are adequately distinguished by macroscopic examination.

Maturation of the ovary

The immature ovary contains undeveloped primary oocytes ranging in diameter
from 12-84 um. Several ovaries at this stage were macroscopically classified as
stage 2D (éable L),

At histological stage 2 some of the primary oocytes had begun to increase in
size, but there was no sign of yolk formation. The largest were 126 jum in the
October sample, 156 um in December and 170 ,um subsequently. In May and June the
developing oocytes ét this stage had a covering of follicle c¢ells which was not
present in the winter samples. :

Sprats recorded as stage 2 in June were all one year old on the evidence of their
otoliths. It is not known whether they would have spawned later the same season.

Recovered spent (2R) ovaries were sometimes distinguishable from 2D ovaries by
their thicker, folded wall (up to 200/um thick) and by the presence of connective
tissue among the oocytes. The oocytes of ovaries thought on this basis to be

2R were on average larger than those of 2D ovaries collected at the same time

and this may mean that the former tend to develop earlier in the season. The
mean oocyte diameter was also greater in December than in October indicating

that maturation had begun during the early winter. No distinct 2R ovaries were
found in the June ‘sample, so fish which had spawned the previous year had
probably by then reached a more advanced stage of maturation.

Macroscopically, discrimination between 2D and 2R ovaries was unreliable, even in
the sample taken in October (Table 4). In particular a number of ovaries which
histologically showed no evidence of previous spawning were macroscopically
classified as 2R. It appears, therefore, that developing fish that did and did
not spawn in the previous season cannot be distinguished without histological
examination, and even then not with any certainty.

At stage 3 some oocytes contained yolk and the largest were 600 um in diameter.
In both the May and June samples almost all ovaries examined coétained collapsed
follicles indicating that at least one batch of eggs had already been spawned.



In addition to the largest developing oocytes, the ovary also contained resting
oocytes ranging in diameter from 50-100 um and developing oocytes of an inter-
mediate size. The pooled size composit{on of oocytes in three stage 3 ovaries
that had already spawned and three that had not (Figure 2) shows that three size
groups of oocytes were present in the former, and three or possibly four size
groups in the latter.

Since the first signs of maturation, ie an increase in mean oocyte diameter,
were observed in the December sample it seems likely that oocytes take at least
three or four months to develop to full maturity. If so, then it is unlikely
that any resting oocytes found in June samples would be released the same season,
unless development in the summer is very much more rapid. It may tentatively

be inferred, therefore, that oocytes destined to be liberated in the same season
can be distinguished by size alone from the late spring onwards.

Figure 2 indicates that resting oocytes range in size up to about 135 um in
mature individuals taken during the spawning season. To avoid inclu them
in the fecundity estimates, only those oocytes larger than 5 eyepiece units
(equivalent to 144 um) were counted. A small proportion of developing oocytes
may have been excluded on this basis.

In a number of ovaries preovulatory degeneration was in progress. Usually, only
one or two oocytes per section showed signs of degeneration, but in one extreme
case there appeared to be mass degeneration of a whole batch of ripening

oocytes in about half the ovary. Degeneration on any scale will affect the
validity of fecundity estimates. In the present study there was no evidence
that it occurred on a significant scale early in the spawning season, ie May or
June. No samples, however, were available towards the end of, or shortly after
the spawning season in August and September. Consequently no estimate could be
made of the percentage of developing oocytes that are not liberated.

From the data shown in Figure 2a an estimate was made of the relative quantity
of ococytes in each size group. Excluding the residual oocytes, the groups, from
largest to smallest, constituted 23%, 37% and 4% respectively. This may
indicate that the first batch of eggs to be released is smaller than subsequent
ones, although the proportions were not compared statistically.

At stage 4 the largest oocytes, up to 974 um in diameter, contain large, faintly
staining yolk vesicles dispersed through {he cytoplasm. None of the seven fish
sampled at this stage in either May, June or July showed any sign of empty
follicles, yet these were normally found in stage 3 ovaries. With such a small
sample it is difficult to interpret this finding, but it may suggest that empty
follicles are resorbed or reorganised before the subsequent batch of oocytes
reaches full maturity. If so, then the release of each batch of eggs is likely
to be separated by a recuperationperiod, but this is at present of unknown
duration. This finding, however, is not in agreement with that of Aleev (1958),
who recorded the presence of "resorbing elements' (presumably both unspawned ova
and empty follicles) in fish about to spawn their second or third batch of eggs.

In only one si:ge 4 ovary was there any evidence of oocyte degeneration and then
of a smaller developing oocyte.

Maturation of the testes

The immature testis is very small and threadlike. It contains primary germ
cells amongst a meshwork of connective tissue septa. As development proceeds,
the connective tissue forms tubules varying in diameter from 25-75 ,um which
contain primary germ cells and spermatogonia. In the developing téstis, the
tubules enlarge and develop lumina which become filled with cells at various



stages of spermatogenesis. Several distinct stages of development are therefore
all classified under the macroscopic stage 2. In the most advanced stage 2
testis the lumina contain fully developed spermatozoa.

The testes of recovering spent sprats appear to differ from those of 2D fish

for a relatively short period after spawning. Only in the October sample and in
two fish in December was it possible to distinguish between stages 2D and 2R.
The recovering spent testes in October were characterised by the thicker, folded
connective tissue wall. The tubules of the testes at this stage appeared
collapsed and, apart from connective tissue cells, the most numerous cells were
primary germ cells, spermatids and spermatocytes, with some residual spermatozoa.
Some fish classified macroscopically as recovering spents in the December and
February samples were histologically indistinguishable from 2D fish.

Histologically it was possible to distinguish between stage 3 testes that had
already released spermatozoa and those which had not. The latter, only recorded
in the May and June samples, had large tubules containing many spermatozoa and
spermatids, and also large numbers of densely-packed primary and secondary
spermatocytes around the periphery. The tunica was very thin (1-2 ,um). In testes
that had already spawned the tunica was thicker (5-10 ,um) and the %fubules
contained fewer spermatocytes but more primary germ cells and spermatogonia.

The lumina still contained numerous spermatids and spermatozoa and each tubule
presumably therefore liberates its spermatozoa in batches.

Spawning testes have the sperm duct packed with masses of mature spermatozoa.
There was no clear distinction between those which had and those which had not
already released spermatozoa.

The relationship between maturation, size and age

The number of sprat gonads sampled for histological examination is too small to
quantify the relationship between maturation, size and age with any exactness.
Nevertheless, a short analysis is given below for males and females separately.
Details are given in Tables 5 and 6.

Males

In the October sample the smallest males showing signs of maturation were 10 cm
1-group fish. None of the 1-group fish sampled showed clear evidence that they
had spawned previously and those examined at stage 1 are most unlikely to have
done so. In December four O-group males which were at the upper end of the
length range for this age group showed the first indications of maturation, as
did all the larger and older sprats. In February a similar pattern occurred.
In the May sample most of the O-group sprats were still at stage 2 whereas all
the older sprats were more advanced. In June, however, three O-group males were
at stage 3 or 4 and it is therefore likely that they would have spawned before
the end of the season. Following from this it is also probable that some of
those 1-group sprats at stage 2 in October had already spawned.

With such a small sample it is not possible to state the length at which
maturation first occurs. No stage 3 or 4 males, however, were found at a
length of less than 11 cm. It is not known whether the smaller sprats at stage
2 in May would have been able to mature in time to spawn in the same season.
Nevertheless, it seems clear that a proportion of male sprats first spawn at
one year of age. .



emales

In the October, December and February samples, all the O-group females were
immature, and the 1-group and older were at stage 2. In May, however, all the
O-group of 8.5 cm and longer were at least at stage 2 and three O-group females
from 10.5 - 11.5 cm in length were at stage 3. The sample in June was smaller,
but the same pattern applied. It therefore seems likely that a proportion of the
one year old females spawn.

In both May and June, a high percentage of the ovaries of fish 13 cm and over
had empty follicles indicative of an earlier spawning. Since stage 3 females
from 10.5 - 12.5 cm in length showed no such evidence, it seems likely that
large sprats mature earlier in the season than the smaller fish.- The smallest
female sprat sampled for histological examination at stage 3 was an O-group
fish of 10.5 cm.

FECUNDITY ESTIMATES

On the basis of the histological work described above .fecundity was defined

for present purposes as the number of eggs of 144 um or above in diameter found
in stage 3-4 ovaries. Female sprats at these stafes of maturation were
collected over the length range 86-154 mm.

The estimates of fecundity tended to increase with length of fish and ranged
from 1 900 -~ 51 900. For each sample a regression equation of log fecundity
against log length was calculated (Table 7). A scatter diagramshowing the
individual observations in each sample is shown in Figure 3 together with a
regression curve for all samples combined. There were marked differences in
the fecundity-length relationship between samples and, to show this more clearly,
the mean of the observed values of fecundity for each cm length group are given
in Table 8 and regression curves for each sample are plotted in Figure k.

Although there are considerable differences between the samples in the fecundity-
length relationship, there is no simple way of interpreting them. The
difference between the results for June and July 1976 (Table 8, Fig 4) may

be due to partial spawning in the interim period. On this interpretation, ,
however, the low values in May 1974 might indicate considerable annual variation
although geographical variation within the north-western North Sea can also not
be excluded (see Fig 1).

Three of the four samples indicate much lower fecundities at length than those
published for the west coast of Scotland by de Silva (1973), also summarised in
Figure 4. This difference may be due either to the fact that the North Sea
ovaries had already released some oocytes, or to a difference in technique,
since de Silva used a sieve of pore size 112 um to separate out reserve oocytes
and presumably counted all those retained. ﬁlternatively, there may be regional
differences in fecundity-length relationship. The period over which de Silva
(1973) took his samples is not stated.

Other fecundity estimations have been made by Andreu (1966) for the sprat
population off northwest Spain. A fecundity-length relationship based on his
data (Table 7, Figure 4) lies within the range of the present values.
Unfortunately the published results of Aslanova (1954) for the Black Sea and
of Petrova (1960) for the Bzltic do not include data in the form from which a
fecundity-length relationship can be calculated. The former author, however,
gives values of fecundity from 1 000 - 31 000 in fish ranging in length from
45-116 mm, very much higher values than those recorded for small sprats in
the present investigation. Petrova's (1960) estimates appear to be within
the range of variation of other estimates.




Further investigation is clearly needed to determine the source of the considerable
variation between fecundity estimates made from sprats at different times and in
different areas.

Estimation of Spawning Potential in the North-western North Sea

In a previous contribution, Bailey & Braes (1976) estimated the total sprat

egg production %n an area of the north-western North Sea from June-August 1975
to be 4.8 x 1 ; . (Owing to an error in calculation this estimate should have
been 2.4 x 10 “; the eggs present in the sea at any moment of time are the
result of four, not two days spawning as previously supposed.) This estimate
was converted to biomass of spawning stock using de Silva's (1973) published
estimate of fecundity-weight relationship. As noted above, his estimates of
fecundity at length were consistently higher than those obtained from the North
Sea sprat and, consequently, the spawning stock biomass has been recalculated
using the fecundity-length relationship obtained from the present data.

Although the estimates of fecundity obtained in the present study are, in
general, estimates of 'residual" fecundity, ie the number of developing oocytes
present in the ovary after t o release of at least one batch, they can be used
as an estimate of the numbei: of eggs likely to be liberated during the remainder
of the season. Since the estimate of egg production given above was based on
surveys carried out during the main spawning season, which, in the north-western
North Sea, takes place from mid-June to August (Builey & Braes 1976), only those
fecundity samples taken in late May and the first half of June have been used to
estimate a fecundity-length relationship to convert the egg production to number
of females (Table 7).

To estimate the weight of female sprats required to produce a given quantity

of eggs, a fecundity-weight relationship is required. Since ovaries were sampled
for fecundity determination at sea, it was not possible to weigh the sprats
sampled. Instead, separate samples were frozen for determination of weight-
length relationship in June 1975 and July 1976. In addition numerous samples

were taken in the spawning area around the Orkney Islands in June 1975 and July
1976 to obtain a length composition of the spawning population. The length
composition of spawning males and females and the weight and estimated fecundity
at each 3 cm length interval are given in Table 9. From these and the fecundity-
length relationship it was calculated that sprats spawn 970.9 eggs per g body
weight. The weight of spawning females in the survey area is thus estimated to
have been 24 700 t. Using a length composition for spawning males obtained on
the same cruises (Table 9) and assuming an equal sex ratio, the total spawning
stock is estimated to have been 46 500 t. This compared with an -estimate of

25 500 t using de Silva's (1973) published fecundity-weight relationship based

on sprats collected on the west coast of Scotland (cf Bailey & Braes 1976; but
note correction of error mentioned above). Since the proportion of one year old
sprats that spawn is not known (see Discussion), it is not known what relationship
the estimate of spawning stock bears to the total stock including immatures. :

The survey area is only a small part of the total spawning area in the North

Sea. Using egg densities for the southern and central North Sea published by
Johnson & Dawson (1975), the total spawning stock in the western half of the

North Sea is tentatively estimated by direct proportionation to be 4.1 x 107 tonnes.

DISCUSSION

The present investigation reinforced the widely held conviction that estimating
the fecundity of serial spawners presents special difficulties (Fischer &
Balbontin, 1970). In the first place, the total duration of spawning of
individual sprats is not known and, in the second, it is not known how many



batches they spawn in a season. Some previous authors have assumed that the
number of eggs released at each spawning is the same, but evidence given above
supports the earlier conclusion of Aleev (1958) that it may increase; as eggs

are liberated, there may be room for a larger number o develop in successive
batches. Thus, to estimate the number of batches, it is not appropriate to divide
the total number of developing oocytes by the number in the largest group. In

the case of sprats, therefore, it is likely that the number of batches is closer
to the lower published estimate of three (Aleev, 1958) than to the higher
published estimates of about six to nine (Aslanova, 1954; Petrova, 1960; de Silva,
1973). No experimental evidence exists to confirm either view.

Johnson (1970a) and Johnson & Dawson (1975) assumed that the eggs present

in the sea during a survey were the result of one batch of spawning in their

attempts to estimate spawning stock size in the southern North Sea. This,

however, is not a strictly valid approach, partly for the reason given above that

the number of batches and therefore their average size is not known, and partly

because the period between spawnings and degree of synchronisation throughout

the population are not known. To use egg surveys to obtain estimates of '
spawning stock size, there is thus no alternative to determining the spawning

curve, and from this the total number of eggs spawned. The total fecundity must

also be known with reasonable accuracy-. '

In the present investigation, the compromise used was to estimate the number of
eggs spawned during the main spawning season and the number of eggs in the ovary
immediately beforehand. The fact that some spawning had taken place previously
is then irrelevant provided that it was produced by the same population.

To determine the number of eggs actually liberated by a female during the whole
season, one requires to know the number of eggs that develop and the number

which are resorbed both during development and after spawning has ceased, as
pointed out by Macer (1974) in his study of T. trachurus. Aleev (1958) recorded
the presence of resorbing oocytes in Black Sea sprats at the end of the spawning
season, and MacGregor (1957) even suggested that resorption of the final batch

of eggs may be characteristic of serial spawners. In the absence of any evidence,
no allowance has been made for egg resorption in the present study.

In a protracted spawner it is not possible to determine the true fecundity, ie .
the number of eggs actually liberated, from a sample taken just before spawning

begins. It is thus essential to carry out histological examination of the

ovaries both of fish used for fecundity determination, as advocated by Fischer &
Balbontin (1970), and of fish sampled earlier and later in the maturation cycle.
Combined with the extensive sampling of larvae required to describe the spawning

curve in each area of the North Sea, this would clearly be an enormous undertaking.

In the October sample there was histological evidence that some sprats with one
winter ring on their otoliths, and therefore presumed to be one-year-olds, had
already spawned. Johnson (1970b) also found evidence for first year spawners
in the southern North Sea. In confirmation, some 1-ringed fish were also found
at advanced stages of maturation in the summer in the present study. Since
small one year old sprats, however, are not present in the spawning area during
the spawning season, it is not possible to estimate what proportion of the
population spawn in their first year. There is also at present no indication
of whether the proportion of one-year-olds spawning varies from year to year,
but since age of maturation is partly dependent on size, it may well do so.
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Table 1 Sprat Maturity Scale in use at Aberdeen

X : 5::_:'}, ! Scale . : Description
1 Tmmature . Orgens very small, (threadlike), amd

' +ransparent .
D .Developing virgin fish Males partially transparent, females

a transparent pink colour; organs
approximately & length of the body
cavity.

"R Recovering spent Distinct red celouration with nmunerocus
blood vessels in females; males
creamy-pink in cglouri organs - ‘
spproximately 2 length of the body
cavity.

3 Ripening " Organs begimning to fill body cavitys
ovaries ycllowish-orange; testee
white; opaque and transparent eggs
visible.

4 Spawning . Eggs transparent; testes a milky white;
: bhoth eggs and sperm flow freely.

5 Spent Follicle bloodshot, baggy and empty,
but may contain a few residual egge

and sperm.




‘fable 2 Details of gonad mamples for histolegical examination

Data | . . Area,

31 Oct 1973 Moray Firth

18 Dec 1973 Moray Firth
5 Fed ?974 . Moray Firth
28 )' 1974 Moray Firth

Jun-ful 1975 Orkney area

Nunber

Mestes
Tength range

{mn)
93'f‘! 27
82~145
96146

82-152

85150

Maturation

stages
1,2D,2R

2D, 2R
2D,2R,3
1,2D,3,4

1,20’3'4

Fumber

21

24

Ovaries

Length range Msturation

)

86143 -

49~-150

82-150

82164

S51-153

_ stages

1,2D,2R
1,20, 7%
1, 2R
2,283,

20,3,4



Teble 3 Numbers of sp;ra’cs sanpled for fecundity determination

28.30 May 525 June 17-18 June  42-13 July  Total

Length to 1974 1975 1976 1976

#cm below "Mara? = "Clypea™ "Explorex® Clupea®™ .
» . .

5
9

5
10
.5 .
N
e
12
.5
13
5
14
]
15
5

~>
W 3 W N - W N D =
wh vk N W D W B

s

"IVl W OV D e e eh ) e s
POV O S D = B

Total 30 33 30 - 23 116



Table 4 Comparison of histological and macroscopic clagsification

of sprat ovarles at early stages of maturation

Classification

Histological  Macroscopic
1 1
2n
2R
o 1
2n
2R
o) 1
2n
oR

w7

October

.O-I-b

~1 [ >

" Decenmber

~NOOC O=0O Ol

Honth of sampling
Pebruary’

1
0
0

§

AC O

May

Numbers of fish sampled

oos GO0

-t -t 3

Q=0 ObC

June

H

!

[
s



hd - . * : - . LT ‘
.- - : . . N .

and stage of maturation in each month

Tahle 5 The ages of individual male sprats sampled at each length

Month of sampling OCTCBER . DECEMBER FEBRUARY MAY JUNE

Maturation stage -1 2 1 2 1T 2 1 2 3/L 1 2 L
Length
8 0 4]
8 0 0
9 0 0 6,0 0
5 PR TS 0 0 0,0
10 1 4 - 050
.5 1 1 1 0
1" 1 1,4 1 4 4] v
] 15,1 1 1 ]
12 1,1’1 1 1 ’ o’g? 0 :
5 1,1.1 1,2 1,1
13 : 1 1.2 1,1
<5 1 2 1 1
b 2 2
o5 2 3 2
15 2 1



' Table 6 Ihe ages of individual female sorats sampled at each lengih and siage of maturation in each month

Month of sampling OCTOBER DECEM3ER FEERUARY MAY

Maturation stage 1 2 1 2 1 .2 1 2
Length

[8,)

-
- N
un
IRENIFY, YO G I G S T G QY
~ N W W D W g
N - ed el b b a2
M W W s
—h @k wd P md e
WO -
D) =3 s e
CO00O0
e -
oo O

- PS* denotes gonads with empty follicles
which had therefore already spawnsd
at lecast one batch of oocytes.,

OO0

Po*

LY

- w2
w

>

JUNE
1 2 3 pew
0
0
0,0
0
1
1,1
1
1 1,142




Table 7 Regression equabtions of fecundity F against length of
Lish in mm (L) using the relationship

F = aLb
a ke

May - 1574 6.229 x 1077 3.9513
June 1975 v 4ok % 1078 6.3101
June 1976 i 6 x 16710 6.5412
July 1976 3.31% x 10712 8.8700
Overall 2.072 x 10'6 4.67%4
Hay and early N ]
June samples 1.959 x 10°° 5.6000
only

de Silva {1973) m

Weagt cosast - -
Scotiand 2.366 x 10 3.8431
1971-72

Andrew (1966} .2

N.W. Spain 2.005 x 10 2.7857

1955



Table 8 Mean fecundity at each om length

.I:enrrth group

{om May 1974 June 1975 June 1976 July 1976
- 8-9 mearn . 1 900
n Y
9~10 mean 5 100
' n ' ' |
10~11 mean 4950 g 230 5 225
| n 2 10 4
11=-12 mean ? 225 6 200 2 03 7 60G
n 2 2 3 8
12-13 mean 12 500 1% 933 29 W00 11 543
n . e | 3 3 T
13-14 mean 46 070 .20 808 30 260 16 667
; n i 12 10 3
. 14-15 mean 20 125 0 991 38 300 21 3100
n 8 11 3 i

1516 mean 19 350 36 150
n 4 4




-

Table O Length compogsitions of male and female apawning sprats, with
mean weight and mean fecundity at each % cm length interval

En
below
8

*D
9

5

10

5
11

09
12

o3

13

3
14
.5
15

3

4o length composition
. of

Ripe
females

T3

6.2
133
13.4
120.7
261.4
281.8
1775
4941
69.2
0.1

Ripe
males

r’y’3

2,2

3.4

1.5

-

18.4

19.8

797
293.4
315.0
173.4
T1.9
7.7
10.2

Mean1)
fecundity

1 470

6 004
7 660
9 673
12 102
15 011
18 471
22 561
27 368
32 955
39 516

Notes 1) Fecundity-length relationship
Log F = ~7.708 4+ 5.6 log L, where L is length in millipetres

- 2) weight-length relationship
Log W = ~5.329 + 3.0913 log L; vhere W=weight in g

T{Pooled data from June 1975 _and July 1976)

Mean™
weight
ing

4.8
3.7
6.7
7.8
9.0
10.4
11.9
13.5
15.3
17.2
19.3
21.5
24.0
26.6

23.4

L=length in millimetres
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Figﬁre 1. Sampling positions for sprat.fecundity determinations.



percentoge composition |

A Y T

25}
20k
15t
o - |
m'l e .
Y 1 T T T 1 T T 1 T 1 1 1. 1 1 ¥
15 75 135 1385 255 315 375 435 485 555
25
204
15+
10F
5 1 . .
s T -- by Jm‘i"‘“"“i..,_lmm
C 2 T 7 SN S T T Y B S L
45 105 165 225 285 345 405 A 525 §8

cocyte diameter {um)

Figure 2 Pooled size composition of oocytes in
a. three ovaries which have not alrcady spawned, and
b, in three ovaries which have already spawned a batch cf oocytes.
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_ io’g.;' fecundity
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ldgure 7 Estimates of log fecundth plotted ugainst length of fish (mm),
with fitted reg’e551on curve.



log. fecundity .
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4 Fitted regression curves of log fecundity agsinst length of

fish (mm) on each survey and from published data.
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