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SUMMARY ;

The aim of this study was to investigate some of the
factors affecting egg-quality of éaptive turbot (Scophth-

almus maximus L. ),

A1l females showed an 6b#ious.seasonal decline in
their egg-size, with large fish tending to produce larger
 eggs. When the egg-size decline‘waé taken into consider-

"ation, fecundity estimates of hatéherj turbo£ were increas-
ed consliderably. There was a positive cérfélation between
egg-size and larval length (IL), and,Between'egg-SIZe and
the yolk-sac index (YSI) of the emergent larva, but none
between LL and YSI, :?Pe ratio, LL : XSI,.waé“not proport-
ional to egg-size; nor we;e.the_1eng£hs{and-YSI's‘of em- |
ergent larvae affected by'crossing éggs from one partie-
ular batch with different males, When mdnitored to Day 10,
small larvae performed just as ﬁell in the rearing—sysfem
as larger larvae. | |

There was no obvious Variaﬁions in egg water content
'}of in the percentage concentrations of total, neutral or
phospholipids in early or late season turbot eggs. The
percentage concentrationsof 1ong-¢hained, polyunsaturated
fatty acids in egg neutral lipid appeared reasonably con-
stant between eggs of diffefent females and throughout the
spawning season, but the percentage cdncentrations of these
fatty acids decreased in the phoépholipid fraction of late
season €ggs. However, these observations must be heavily
qualified since minimal sample numbers were analysed.

Studies into the over-ripening of ovulated turbot

eggs inside the lumen of the ovary prior to hand-stripping
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revealed that freshly ovulated eggs showed greater than

90#% fertilisation and up to 92% hatch, but this dropped to
0% hatch in eggs retained insiae the female for 1 day af-
ter ovulation, Precise ovulatory rhythms emerged from the
results which were apparently not synchronised by "sunrise/
sunset" stimuli, The timé périod betwéen ovulations was
the same for any 1 female but varied betweeh individuals,
Attempts to synchronise the ovulatibns of females with sim-
ilar ovulatory periods by injecting with.a primer oflsalmon
pituitary extract followed by vafying dosesrof llxhydroxy-
progeéterone or l7«hydroxy, 2quihydroprogesterone proved
unsuccessful. = A few turbot females had alterﬁating long
and short ovulatory cycles. Investigations revealed this
was not caused by the females' pairedibvaries ovulating
alternately. An attempt to determine whether naturally-
spawning turbot females show a spawning rhythm was unsucc-
essful.

Investigations into the ageing of hand-stripped gam-
etes demonstrated that "stripped" turbot eggs could be
stored in their ova;ian fluid for at ieast 2 hours with-
out losing their fertility.  The rate at which eggs became
"water-éctivated" varied between females but was apparently
unaffected by ambient temperature or oocyte age. The per-
éentage fertilisafion produced by‘seawafer-activated turb-
ot milt declined rapidly approximately 15 minutes after
stripping, whilst unactivated milt had a slower, constant
rate of ageing. However, different males showed slight

variations in their milt ageing-rates,
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GENERAL INTRODUCTION

In order to make cultivation of a fish species econ-
omically sound techniques must be devised which permit its
life-cycle to be completed under artificial conditions. At-
tempting to stock farms with "wild—caught" eggs and larvae
is extremely unreliable, very costly and poses a threat to
wild fish stocks, A'guaranteed supply of good-quality, site-
.produced eggs and yolk-sac larvae is therefore a treﬁendous
asset to sny commercial fish—farm.. For this reason, Shear-
water Fish Farming Ltd., suggested this investigation into
factors affecting the egg-quality of broodstock tufbot'(ggg—
phthalmus maximus L.) at their Port Erin hatchery on the

Isle of Man.
The much used term,"egg-quality", is defined through-‘

' out this thesis in terms -of egg viabiiity and hatchability,
and the survival and growth of the emerging larvae. barge
variations in these parameters had been noted at the Shear-
water hatchery, not only in eggs from different females wh-
ich were held under identical conditions and fed the same
diet, but also between different egg—batches of individual
females,

Sperm—quality was standardised as far as possible by
"pooling" semen from several males when inseminating eggs,
so this was not considered to be an important liniting fac—
" tor and work was chiefly focussed on egg—duality alone,

Considering the great importance of good egg-produc-
tion and egg—quality in fish culture, surprisingly little
previous work has been carried out to investigate these topics.

Perusal of the relevant litereture indicated at least four
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broad areas which could account for variability in egg—qual-
ity and performance of the newly-hatched larvae: |

I, Differences in physical parameters - for example, egg-
diameters, lengths of emerging larvae, etcetera. (Bagenai,
1969b & 1971; Brown, 1946; Dahl, 1912; Ware, 1975).

II. Biochemical differences between eggs and,in particular,
differences in their 1ong—chained poiyunsaturated fatty acid
content. (Cowey et. al., 1976; Owen gg,,gl;, 1975).

IIT. Over-ripening of ovulated oocytes within the lumen of
the ovary prior to hand-stripping. (Jones, 1970; Hirose et.
al., 1977; Nomura et. 2l., 1974; Sakai et. al., 1975).

Iv, Water-activation.and ageing of handQStrippéd gametes
prior to fertilisatioh.:(Rothschild; 1958; Yamamoto, 1961).

The importance of each of these factors in determining
egg-quality in turbpt'is examined in turn in Sections I to
IV of this thesis. . |
' It is hoped that this study will not only contribute
1o a gfeater understanding gf marine egg-production and
—~quality and suggest methods by which these parameters might
be improved in a fish-farm environment, but that it will
also encouragé further investigations into this broad and

complex field,
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- Plate I. The Marine Biological Station at Port Erin,
Isle of Mah, with Shearwater Fish Farming ILtd.'s hatch-
ery buildings on the far right of the picture.



GENERAL MATERIALS & METHODS

- All investigations were carried out at Shearwater -
Fish Farming Ltd.'s hatchery at Port Erin on the Isle of
Man (with the exception of the analytical work in Section
II which was performed at the NERC Unit at Menai Bridge
by kind permission of.Proﬂ Crisp and Dr.D.Holland).

The Port Erin site (see Plate I) has a hatchery trad-
ition datlng back to 1902 when a Marine Biological Station
containing a plaice hatchery was built there, It was par-
tly financed by the Manx government but chiefly organised
by the Liverpool Marine ‘Biology Committee, In 1960-1963,

Dr.J.E.Shelbourne chose the Marine Biological Station at
Port‘Erin as the-site for large-scale plaice larval

rearing experiments - the quality of Port Erin's seawater
playing an important part in this deoision (Shelbourne, 1964).
When the White Fish Authority, and later the Ministry of
Agriculture, Fisheries and Food; decided_to establish a
marine fish-oulture-unit adjacent.to'the Marine Biological
Station, seawater quality was again a major consideration
- (Naylor, 1981). ih

- Shearwater have leased the fish-culture -unit since

1978, concentrating chiefly on turbot-rearing but also
working with Dover Sole, bass, bream and halibut.

1, BROODSTOCKS: -
| ' The hatchery contains five turbot broodstocks, each
consisting of 15-20 females withiapproximately 6 males,
held‘in square tanks (3.80m x 3.80m x 1.é4m depth) at
14.0°C, 1lm water-depth and a water-flow of approximately 13

1/minute.
-3 -
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Fig. 1. The different spawning periods of Shearwater Fish Farming Ltd.'s 5 turbot
fbroodstoclcs in ‘the year!1979-80.: The different spawning times are caused by hold-
ing the separate broodstocks under different light/dark regimes,
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Wild turbot spawn once a year, from May to August (Jones, 1974).
However, at Port Erin each captive broodstock was kept in
a different light-regime so that they spawned at different
times of the year. This meant that, usually, ripe eggs were
available 10 months of each year (see Fig.l).

The broodstocks were fed to satiation three times
a week on a diet of chopped whiting and whole sprats,
(These fish were ghosen because they closely resembled
turbot's natural diet, and because sprat are rich in
essential long-chained fatty-acids,) Each individual fish
was freeze-branded for identification purposes using a

dry ice/methanol mixture and brass branding-irons.

2., DETERMINATION OF MATURITY STAGES AND COLLECTION

OF GAMETES:
| Turbot did not spawn and fertilise eggs naturally in

these éaptive conditions and so gametes.had to be hand-~
stripped from ripe fish and artificial insemination
carried out. -

Jones (1974) has given a detailed account of the
maturation cycles of turbot. At the Port Efin hatchery,
the maturity stages of female turbot‘were monitored by
removing the fish from the tank, asseséing,the degree of
swelling of her ovaries, and attempting to handstrip
hyaline eggs by épplying gentle pressure albng the ovaries
(see PlateII). The following_simplified maturity scale was

employed:

0 : no swelling of the ovaries,

1 : slight swelling.

2 ovaries swollen; reddening of vent,
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Plate II. Testing the "ripeness" of a female turbot

by applying pressure over her ovaries.

Plate III. "Stripping" milt from a male turbot,

Pt



Plate V. Artificially inseminating eggs with a few

millilitres of milt suspension,



3 3 ovarles very swollen and quite soft; spawning im-
minent,
4 ; "running" with hyaline eggs.

spent; ovaries regressing.

L 1]

The ripeness of mals turbot was assessed by removing
them from the tank and attempting to express white semen
from their vent by a circular,squeezing action and collec-
ting it with a 1ml glass pipette (see Plate III),

Running females were roﬁtinely stripred fwice a week,
The géneral procedure for hand-stripping and artificial in-
semination was as follows. Firstly, a "pool" of sperm was
made by stripping milt from three or four males into appro-
ximately 25ml of seawater (see Plate III). This "pool" was
used to fertilised subsequent eggs in an attempt to elimin-
ate male variability and reduce the possibility of using
inviable sperm.

Eggs weré then stripped from each female into netted
33cm x 23cm X 21cm plastic tanks containing seawater (see
Plate IV) and fertilised with a few ml of milt suspension
(see Plate V). Separate tanks were used for eggs from each
female. - .

The eggs were allowed to stand for approximately 30
minutes and were then lifted out inside the net, blotted dry
with tissue paper, and weighed on a top-pan balance. The
weight of the wet net was subtracted from the gross weight
to give an approximation of total egg-weight., The eggs were
tipped out of the nets back into the plastic tanks of sea-
water where dead eggs sank {o the bottom of the tank whilst
viable eggs floated at the water-surface. (However, it must

be noted that not all floating eggs were viable).

-5 -



LINCOLN'S (1976) QUALITATIVE SCALE AS APPLIED TO TURBOT KGGS.

3
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Plate VI, Good gquality eggs - clear membranes, symmetric
divisions,

Plate VII. Fair quality eggs - divisions slightly asym-
metric, smaller areas of contact between cells,
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Plate VIII. Poor quality eggs - irregular divisions,
cells loosely connected, pitted membranes,

Plate IX, Dead, "golfballed" eggs - infertile, pit-
ted membranes, "dimpled" cytoplasm,



The sunken eggs were removed by siphoning, collected in a
net and weighed, When the floating layer consisted chiefly
of viable eggs, the weight of the sunken eggs was deducted
from the total egg—weight to give the approximate weight of
viable eggs. These weights were used to estimate egg-prod-
uction for general hatchery records, '

Finally, the eggs were allowed to stand for three
hours and then the quality of the first and second divis-
ions were assessed by visual examination using an Olympus
BHB microscope at 40x magnification., Iincoln's (1976) "qu-
alitative-scale" for distinguishing good and poor-quality
plaice eggs was used to determine which egg-batches were of
sufficient viability to justify incubation. Plates VI-IX dem-
onstrate this qualitative-scale as applied to turbot eggs.
(At first, all batches of eggs were put into the incubation
system regardless of the quality of their first divisions,
However, it was later decided to discard eggs showing "poor
quality" first divisions, as well as infertile eggs, prior
to incubation).

When eggs were fertile and showed "good" or "fair-qual-
ity" first divisions, the relevant stripping-fanks.were fl-
oated in 1801 bins in an egg-incubation room until they eq-
uilibrated to the same temperature as the incubation-tanks,
The contents of the stripping-tank were then tipped into the
larger bins, Egg-batches from different females were in-

cubated in separate bins,

3, EGG-INCUBATION:

Fertile eggs were incubated at 12 -13°C in a constan-

tly-illuminated, temperature-controlled room supplied with
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Plate X. Shearwater's egg-incubation room.



fresh, heated seawater which had been previously filtered
through a Sqr.mesh (see Plate X ). This particular incub-
ation temperature was chosen because it induced a conveni-
ently short incubation period of approximately 150 hours
(6 days) whilst still remaining close to the range of mean
sea-surface temperatures encountered by naturally-spawned
turbot eggs in the North Sea (Jones, 1972). ‘

For the first three days, the eggs were kept in 1801
bins which had a slow inflow of fresh seawater (approximate-
ly 1,0 1/min) and any dead eggs were siphoned out each day,
weighed and subtracted from the weight of viable eggs. On
day 3, the remaining eggs were transferred to 901 bins which
contained static seawater with streptomycin sulphate and so-
dium'ﬁenicillin each at a concentration of 50ppm. These
antibiotics were necessary because the eggs were very prone
to bacterial infections. Oppenheimer (1955) had clearly sh-
own streptomycin and penicillin, used ét concentrations of
50ppm., to be efficient bactericides without being toxic
to fish eggs and larvae. A

The eggs remained in these conditions until hatching,
which occurred on Day 6 at 12,5°C incubation temperature.
(Jones (1972) has already given a detailed account of the
embryological stages of turbot eggs and larvae, and so this
will not be reiterated in this thesis), Once hatching was
completed (this usually took 15-17 hours; see Fig. 2 which
shows a typical hatching-frequency distribution), a slow wa-
ter flow (0.5 1/min,) into the 90 1bins was resumed in ord-
er to flush away hatching debris and enzymes, A record was
kept of the incubation success of each egg-batch,

The yolk-sac larvae were stocked in larval rearing

-7 -



 Fige 2. A typical hatching frequency distribution for turbot lar-
vae. This was determined by placing duplicate samples of 200 posi-
gastrulation eggs ‘into plastic beakers containing 1 litre of sea-
water and counting the number of larvae which hatched in each 1
hour time period after the onset of hatching. Hatched larvae wvere
removed from the beaker at each counting.
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Plate XI. A newly-hatched turbot larva.

Plate XII. Shearwater's larval rearing tanks.



tanks ranging fronm 206 to 3,000 1capacity at densities of

5 to 20 larvae per litre (see Plates XI &XII). The tanks
were constantly illuminated and gently aerated, 2 to 3 days
after hatching and prior to comblete orientation of the lar-
vae, the temperature was gradually raised to 20°C and food
added, The larvae were fed initially on marine rotifers

(Brachionus plicatilis, Muller.) cultured in the hatchery

on a variety of algae including Isochrysis galbana; Mono-

chrysisilutheri and Phaeodactylum carna. (Isochrysis and

Monochrysis algae were used because they are rich in poly-

unsaturated, long-chained fatty acids which are essential
to the diet of turbbt.‘See Section II'for?further details).
During the first 10 days, the rotifers were maintained at a
density of 5 to 10 per ml and fresh algae was added to the

rearing tanks three times a day. Freshly hatched Artemia
salina nauplii were presented for the first time at Day 6 to

10 and continued to be fed to the larvae until Day 20 to 25,
the algal/rotifer regime being discontinued, At this point,
the larvae were approximately 20mm long and could be weaned
on to artificial diets, The larvae completed eye-migration
and metamorphosed at Day 70 by which time they had reached a
length of 30mm. They continued to be "on-grown" until they
reached marketable size, which usually took a little over

one year (Jones, 1973). However, since this thesis is con-
cerned only with egg-quality and -viability, no detailed acc-

ount will be given of larval rearing and on-growing,
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SECTION I



INTRODUCTION

Egg-size is relatively constant for specles of marine,
pelagic egg-laying fish from a given geographical area (Bag-
enal, 1966; Ware, 1975) and is, in fact, one of the criteria
used in egg-identification (e.g. Ehrenbaum, 1911; Hiemstra,
1962), However, there are marked variations in egg-size bet -
ween populations in addition to a well-documented seasonal
decline in egg—diameter.

One would expect quite complex intra-specific relation-
ships between egg-size and fecundity, food-availability -and
population density; and for these, in turn, t& be related to
the length of the larvae on hatching and the size of their
yolk-cacs. Apart from a few exceptions (e.g. Smyly (1957)
working with bullheads, and Bagenal (1966) with plaice) most
of the literature points to a negative correlation between the
number and size of fish eggs of a given species (Baxter, 1959
& 1963; Baxter & Hall, 1960; Blaxter & Hempel, 1963; Hempel &
Blaxter, 1967; Kndler & Dutt, 1958; Lyamin,1956; and Ware,
1975). This would appear to be a logical relationship from
a consideration of space within the adult ovary and conserv-
ation of reproductive effort, but does not explain why a mut-
ation for high fecundity has not spread through all fish pop-
ulations by natural selection. One might expect it to be ad-
vantageous for an individual to release as many eggs as poss-—
ible. Obviously, something must be opposing the trend towards
high fecundity and small egg-size.

Dahl (1912 - cited by Svirdson, 1949) was the first to

suggest that large eggs produced large larvae with better
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growth rates., Brown (1946) proved this to be true for brown
trout., ©She also showed that the mortalities which occurred
were generally among the smallest fish in each of her exp-
erimental groups. Svlrdson (1949) incorporated these obs-
ervations in his paper on the effect of natural selection
on egg-number in fish, where he suggested that the advan-
tages of high fecundity are counterbalanced by the greater
survival value of large larvae derived from large eggs, thus
limiting the number of eggs produced,

Lack (1947, 1948a & b) has discussed selection press-
ures in relation to birds and mammals and suggested that
the parents' limited feeding resources provided the press-
ure for reducing the number of eggs or young, He was able
to test this hypothesis by calculating the survival rate
in different clutch-sizes of the starling (Lack, 1948c) and
found that there was indeed an optimal clutch-size above
which tke chances of survival to the adult stage decreased,

Similarly, there is now considerable evidence in the
literature verifying Sv#rdson's "limited fecundity" hypoth-
esis for fish, TFor example, Bagenal (1969b) held brown trout
under natural conditions in the Léke District and found that
survival was significantly higher in fry derived from large
eggs than in those from small eggs. Blaxter and Hempel
(1963) compared herring larvae from eggs of different size
and origin and again found, when comparing different egg-
groups, that smaller eggs gave rise to small larvae with a
lower yolk-sac to body-size ratio, Egg-size and larval
size was less variable within a given group and they found
that’the size of the larvae on hatching was not significan-

tly correlated with egg-size, However, the volume and weight
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of the yolk-sacs at hatching were directly proportional to
egg-size within most of the groups. This would suggesf th-
at larger larvae have a longer period after hatching in wh-
ich to initiate active feeding. This is particularly im-
portant since in many fish species, the time of first feed-
ing represents the most critical period in the fish's life-
history - that is, the point at which most mortalities ocec~
ur. (Jones, 1974; Marr, 1956; Riley, 1966; Shelbourne, 1957.)
. Further evidence for Svérdson's hypothesis comes from

Baxter (1959) who found that summer/autumn spawning herrings
in the north-west North Sea have maﬁm small eggs while the
spring-spawning fish of both the Clyde and Norway have few-
er, larger eggs - thus confirming work on Irish herrings
by Farran (1938). |

Bagenal (1966) acknowledges these results but does
not believe the inverse relationship between fecundity and
egg—weight holds true for marine species with planktonic
eggs since egg-size 1s virtually constant for given popul-
ations of these species. He also points out that Svlrdson's
hypothesis was only offered to explain egg-size/fecuhdity
variations within populations (where fish are directly com-
peting) and not really'between different populations,

One might also expect food-availability to directly'
limit egg-size. However, perusal of the literature indic-
ates that this is not true., Scott (1962) working with rain-

bow trout (Salmo gairdneri) related a restricted diet with

1owef fecundity at maturation due to follicular atresia,
but not to the size of the eggs. Hester (1964) found a
similar situation in the viviparoué guppy where a restric-

ted diet reduced the number of offspring but not their size.
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Wootton (1973) showed that, in the three-spined stickleback

(Gasterosteus aculeatus), high food levels increased the

pércentage of fish which matured, the number and frequency
of spawnihgs, and the mean number and total weight of eggs
produced per spawning, Food levels had no effect on the

size of the eggs., 1In confrast, when comparing the faster

growing bullheads(Cottus gobio) from Lake Windermere with

the slower growing ones from River Brathay, Smyly (1957)
found that the former were more fecund and had largef eggs
within their ovaries,

However, Bagenal (1969a &1973) points out that the
results observed in the food-ration experiments of Scott
(1962) and Bagenal (1969a) could have been produced indir-
ectly by stress due to increased competition for food aumon-
gst the fish,

Superimposed on all these inter-relationships affec-
ting egg-size is a seasonal decline in the size of fish
eggs which is quite well-documented for both pelagic and
demersal marine species, and some freshwater species (Bag-
enal, 1971; Cushing, 1967; Hempel & Blaxter, 1967; Hiemstra,
1962). Simpson (1959) found that, in the North Sea, older
plaice tend to spawn earlier than younger fish whilst M##r
(1950) and Nikolsky (1950) have both shown that in a given
population of fish, larger females tend to produce larger
eggs. It is therefore possible that this seasonal decline
in egg-diameter might be caused by the age-structure of the
spawning population changing as the spawning season progres-
ses, However, Hislop (1975) showed that individual capfive
whiting gave smaller eggs later in their spawning season.

Bagenal (1971) points out that monthly mean egg-sizes
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of fish with planktonic eggs cannot be correlatéd with den-
sity changes within eggs brought about by temperatur; and/

or salinity fluctuations, However, Simpson's work with pl-
aice (1959) suggests an assbciation between egg-size, spawn-
ing-place and time, which in turn is related to water temp-
erature and the production cycle., Southward and Demir“(1974)
have also shown that egg-size decreases during the spawning
season in the cornish pilchard and that this size reduction
is negatively correlated with temperature. Hislop (1975)
observed the same relationship with whiting egg-size and tem-
perature, |

Demersal eggs, which are usuallyllarger than plank-
tonic ones, also show a seasonal variation in egg-size,
(Bagenal, 1971). For example, in herring there is a large
size reduction from February to May and then egg-size inc-
reases again from June to December. Here too then, the size
is negatively related to water temperature, Data on fresh-
water eggs is too limited to make a generalisation about
seasonal variations in size,

The functional significance of the seasonal change in
egg-diameters is probably due to a combination of factors.
For exaﬁple, Bagenal (1971), Baxter (1959 & 1963), Cushing
(1967), and Simpson (1959) suggest that egg-size variation
is related to the site of the spawning ground and the init-
iation of the productioﬂ cycle in that particular location,
They suggest that the earlier, larger eggs give rise to large
larvae with greater yolk-sac reserves which enable them to
survive longer without food and so make more attempts at
food-capture, There is less need for large yolk-supplies

-in the later, summer batches of eggs because by then the
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production cycle is more advancéd and plankton is abundant.

Hempel and Blaxter (1967) point out that predation on
eggs is probably higher in the'summer, s0 it may be more ad-
vantageous to release numerous small eggs in that respect.

In addition, Jones (1973) and Jones and Hall (1974) suggest
that egg-sizeAvariation might be an adaptation so that ihe
hatched larvae are better suited to capture the sigze of food
particles available to them at that particular time - either
large oferwintering populations of.copepods, or the nauplii
and small copepodites which abound in the summer plankton.

Ware (1975) devised a mathematical model to describe
thé relationship between egg-size, growth and natural mort-
ality of larval fish, He predicted that fish spawning when
incubation periods are long and/or variable (that is, during
periods of low water temperature) ought to produce large eggs
with large yolk reserves. However, the model predicts a sh-
ift of selective advantage towards small eggs as the incub-
ation period shortens (that is, as the tempefature increases)
since -the number of eggs that hatch will more than compensate for
the greater mortality rate experienced by these larvae due
to0 their small initial size and high abundance.

Finally, different species probably have different don—
trolling factors affecting their egg-size due to pecullarit-
ies in their life-cycles. For example, Moffatt and Thompson
(1975) postulate the evolution of different egg-sizes in the
beach-spawning grunion as an adaptation to different tidal
cycles,

In brief, the existing literature concerning physical
parameters of fish eggs can be summarised as follows:

a) There are complex intra-specific rélationships between
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egg-size, fecundity, poulation density, and food availabil-
ity.

b) There is usually a negative correlation between the num-
ber and size of eggs produced,

c) Low food-rations do not usually affect egg-size direct-
ly, but sometimes reduce fecundity via follicular atresia.
However, it is difficult to isolate the effects of low food
availability from stress due to competition for food.

da) Supefimposed on these inter-relationships is a seasonal
decline in the egg-size of marine fish populations, This
may be (i) an "apparent" decrease caused by older, lafger
fish spawning first, sihce these tgnd to produce larger eggs,
and/or (ii) an"actual" decrease of egg-size in each individ-
ual fish,

e) The functional significance of this seasonal decrease

in egg-size might be to allow the emerging larvae to be of

a suitable size and have sufficient yolk-reserves to permit
them to start feeding on the extant zooplankton populations,
In addition, it may well be an adaptation to changing amb-
ient water-temperature, with larger eggs containing great—l
er yolk-reserves being produced when water temperatures are
low and causing long incubation periods; It could also be

a means of reducing predation on the eggs..

f) larger eggs usually give rise to larger larvae with big-
ger yolk-reserves. In some species (e,g. herring) this has
been proved to be an advantage at the onset of active feed-
ing and causes larvae to have better growth rates,

g) DPeculiarities in life-cycles can cause anomolous trends

in egg-diameters (e.g. beach~-spawning grunion),

Apparently, then, variations in egg-size can play an
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importaht role in determining egg-quality and the subsequent
survival and growth-rate of the emerging larvae., Jones
(1972) stated that considerable variation in egg-size is
encountered between turbot females (though all eggs tend to
lie within the range 0.9 - 1.2mm in diameter). It was.there-
fore decided to examine this parameter more closely and, in
particular, to determine:

1. Whether a seasonal decline in egg-dia@eter occurred in
female turbot and, if so, was this an "actual" or "apparent"
decrease, .

2, The relationship between egg-diameter, length of the
emerging larva and its yolkésac index (yolk-sac 1ength X
yolk-sac depth).

3, Whether using different males to fertilise a particular
batch of eggs affected the length and yolk-sac indices of
larvae emerging from the different "cfosses?

4, The relationship between egg-size and the subsequent
growth and survival of the emerging larvae,

5. Whether larger females tend to produce larger eggs.

6. Whether force-feeding female turbot during their spawn-
ing season affected the egg-diameters of their later batch-
es of eggs.

It was also decided to compare the absolute fecundity
of turbot computed by analysis of ovaries of wild-caught
fish (Jones,1974) and the actual egg-yield of captive tur-
bot females subjected to hand-stripping methods of egg-coll-

ection,
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MATERIALS & METHODS

- A1l adult fish at the Shearwater Fish Hatchery were
freeze-branded for identification purposes and egg-batches
from individual females were stripped and incubated seﬁér—
ately. This system therefore provided an excellent means
of collecting data on the physical characteristics of eggs
and their emerging larvae, and relating them back to the
particular female from which they had been stripped, as
well as the malé(s) used in their fertilisation,

1. SEASONAL DECLINE IN EGG-DIAMETER:

After a female had been stripped, and her eggs fert-
ilised and put into a separate incubation-tank, a sample
of 20 viable eggs was taken out after gastrulation (Day 3)
and egg-diameters measured on an Olympus BHB microscope
using an eyepiece graticule (40 grats, = lmm)., Two diam-
eters at right angles to each other were measured per egg
and an a&erage taken, The mean egg-diameter was then com-
puted for the 20 egg sample, This was repeated for succ-

 essive egg-batches of individual females throughout the

spawning season.

2. RELATIONSHIP BETWEEN EGG-SIZE, LENGTH OF THE EMERGING
LARVA AND ITS YOIK-SAC INDEX: |

‘It was decided that measuring larvae 3 hours after the
first appearance of hatched larvae in the incubation-tank

adequately standardised the age of larvae used in these ex-
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periments,

Egg-batches that were about to hatch (Day 6) were
frequently checked for the onset of hatching., Iarval len-
gth and the length and depth of yolk-sacs were measured
for a sample of 20 larvae (uéing the same apparatus as in
egg-diameter determination) 3 hours after the onset of-hat-
ching., The larvae were anaesthetised with MS222 prior to
measurement, Larval length was measured from the lower Jaw
to the tip of the tail (inclusive of the primordial £in).
The length and depth of the yolk—éac were multiplied to-
gether to give a "yolk-sac index" (Douglas, 1977). This
was assumed to be'proportional to the yolk-sac volume,
Damaged or "crooked" larvae were not included in the sample,
The larvae iengths and yolk-sac indices were then related

to the respective egg-diameters measured on Day 3.

3, EFPECT OF DIFFERENT MALE-CROSSES ON THE LENGTHS AND
YOIK-SAC INDICES OF LARVAE HATCHING FROM A PARTICULAR BATCH
OF EGGS: o

A female which had recently ovulated (see Section III
for details of ovulation-prediction) was chosen and her
eggs stripped into a 330m>{23cm152lcm plastic tank half-
filled with seawater, Thfeeﬁsmall, glass vials were taken
and labelled. Approximately 1ml of milt was stripped from
three males and put into séparate vials, .Different pipettes
were used in the stripping of each male to prevent cross-
contamination of milt,

Approximately 15g of eggs were netted out of the pl-
astic tank and blotted dry of excess seawater, 1lg samples

of the eggs were then quickly weighed into 9 crystallising
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glasses containing equal amounts of seawater. 1ml of sea-
water was added to egch of the vials of milt and these were
shaken., 0.5ml of each milt suspension was added to three of
the crystallising glasses - giving triplicates of each of
the male-crosses, The 9 crystallising glasses were taken
to an egg-incubation room where they were floated in sep-
arate 33cmx 23cm x21lcm plastic tanks, containing equal am-
ounts of seawater with streptomycin sulphate and sodium
penicillin at 50ppm, until the water tehperatures had eq-
uilibrated. The contents of the crystallising glasses were
then tipped into the larger plastic tanks, The eggs were
incubated at 12.560 in'these statlic water conditions until
they hatched,

When the larvae in all the tanks had completed hatch-
ing, their numbers in each tank were counted and the lengths
and yolk-sac dimensions of 20 larvae taken from each tank
were measured and compared, MS222 was again used to anaes-
thetise the larvae just prior to measurement., The triplic-
ates of each cross were not measured consecutively in ord-
er to reduce the error caused by larvae growing and yolk-
sacs diminishing during the time taken to measure larvae
frém other tanks,
| The experiment was repeated using eggs from a differ-

ent female and milt from three different males.

4. RELATIONSHIP BETWEEN EGG-SIZE AND THE SUBSEQUENT GROWTH
AND SURVIVAL OF EMERGING LARVAE:

A comparison of the.growth—rate and survival of large
larvae (emerging from eggs stripped from a female eariy in

her spawning season) and small larvae (from eggs stripped

- 21 -



from the same female at the end of her spawning season) was
carried out until the larvae were 10 days old,

Eggs were stripped from a female that was at the beg-
inning of her spawning season and incubated as usual, Th-
eir meaﬁ egg—-diameter was measured on Day 3. On the day
of hatching (i.e. Day6 eggs; Day O larﬁae) three black, pl-
astic tanks (90cm x 30cm x 30cm) were put into a constant tem-
perature room and filled with 30 1 of seawater that had been
passéd through a 50u mesh. The constant temperaturé room
was kept at 19.5(* 0.5)°C, The seawater was inoculated with

a mixture of Pseudoisochrysié and Phaeodactylum algae at a

concentration of approximately 120 cellsé»l and 300,000 rot-
ifers per tank, Three‘overhead fluorescent strip-lights
gave at least 400 lux of light to all the tanks, Gentle aer-
ation was set up in each tank and they were left to "mature"
‘for 2 days. 400-600ml of algae mixture were added twice a
day to replenish algal levels,

A sample of 20 larvae was taken from the egg-incubat-
ion room eaéh day and their lengths and yolk-sac dimensions
measured., ILarvae were not returned to the experimental in-
cubation tank after measurement in case MS222 or the meas-
urement procedure affected.their growth-rate,

On Day 2, three lots of 300 larvae were counted into
small, plastic beakers (400ml capacity) and these were fl-
oated in the black plastic tanks of algae and rotifers unt-
il the water temperatures equilibrated.. The larvae were
then tipped into the rearing-tanks and the aeration increas-
ed slightly. Daily measurements of larval lengths and yolk-
sac dimensions were continued - a sample of 10 larvae being

taken from each larval-tank. Again, larvae were not return-

;_22..



ed to these tanks after measurement. Algal and rotifer den-
sities were kept at approximately 120 cells/ul and 3-5 rots.
/ml respectively,
' On Day 10, the experiment was ended and the number of
surviving larvae in each tank was counted, A second set of
larval tanks were set up in exactly the same manner whén
the female adult gave small eggs and larvae at the end of
her spawning season, ILarval lengths and yolk-sac indices we-
re measured as before , The growth-rates and survival fig-
ures 6f the two types of larvae were then compared,

This comparison was performed three times, each time

using larvae from a different female,

5. RELATIONSHIP BETWEEN A FEMALE'S MAXIMUM MEAN EGG-DIAM-
ETER IN ANY SPAWNING SEASON AND HER LENGTH, WEIGHT AND CON-
DITION INDEX:

Length from the tip of the lower jaw to the end of
the caudal fin was measured to the nearest mm for each fish,
Weight was determined to the nearest 10g by suspending the
live fish in a net from a spring balance and then subtract-
ing the weight of the empty net, All measurements were ta-
ken 2 months before each broodstock was expected to spawn
(i.e.before -the females! ovaries had started to swell) with
the exception of Broodstock 1, which was measured 2 months
after the completion of spawning and the resumption of nor-
mal feeding.

The condition index (K) was éomputea using the foll- |

Qwing'equation:

¢ - ¥ x 100 vhere: W. = weight in g
- 3
L= L = length in cm
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Fig., 3. Weekly food consumption of a turbot broodstock consisting
of 18 females and 11 males. Food consumption was computed by weigh-
ing food thrown into the broodstock tank and then subtracting the
weight of uneaten food removed from the tank the next day. The small
amount of food consumed during the spawning season was eaten almost
entirely by males and non-spawning females,
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Mean egg-diameters were measured for all egg-batches
from each female when eggs were 3 days‘old.' Variation in
mean egg-diameter throughout the spawning season could th-
erefore be assessed for each fish, Each female's maximum
mean egg-diameter of that particular spawning season was
chosen fo relate to the female's size rather than thé min-
imum value or overall mean because the latter two paramet-
ers depend on the duration of a fish's spawning season. Th-
ose fish which spawned for the longest period of time gave

‘the smallest eggs at the end of their spawning season.

6. EFFECT OF FORCE-FEEDING FEMALE TURBOT DURING THEIR SPAW-
NING-SEASON ON THE EGG-DIAMETERS OF THEIR.LATER BATCHES OF
 EGGS:

Turbot females hardly eat dufing their spawning seés-
on (see Fig. 3). It was thought that this might be a cont-
ributory factor to the seasonal decrease in egg-diameter and
so attempts were made to force-feed three females throughout
their spawning season,

A sprat "purée" was made by mincing whole sprat and
then homogenising 256g of this with approximately 40ml wat-
er until the resulting élurry could be easily drawn up ahd
down the barrel of a SOml disposable syringe. The barrel
was then connected to a 30cm long plastic tube of lem int-
ernal diameter (I.D.) by means of a small,elastic connecting
tube, The puréé was squeezed to the far end of the plastic
tube so that no air would be forced into the fiSh's gut,

The end of the tube was then inserted into the female's mou-
th, passed as far down the oesophagus as possible and 10ml

of puréé per kg fish body weight was squeezed into the fem-
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ale's gut.

The three fish were force-fed three times a week com-
mencing as sbon as their voluntary food-consumption declin-
ed drastically (approximately 1-2 weeks before épawning).
‘This was, initially, rather a quick and easy procedure;; How-
ever, after about a fortnight of this treatment, the fish
began to look very stressed., They struggled considerably
as soon as they were lifted out of the water and this made
 force-feeding increasingly difficult. Anaesthetic could not
_ be used due to the high frequency of treatments. In addit-
ion, the oocyte maturation of the three females had slowed
ddwn considerably since the treatment had begun and it was
feared that additional stress might block spawning altogeth-
er. It was therefore decided to abandon the experiment.

All three fish spawned a few weeks later,

7. COMPARISON OF THE ABSOLUTE FECUNDITY OF "WILD" TURBOT
AND THE EGG-YIELD OF CAPTIVE TURBOT SUBJECTED TO HAND-STRIP-
PING: | |

Although turbot do not spawn naturally in the hold-
ing conditions at "Shearwater", Port Erin, someApassive sh-
edding of over-ripe eggs occurred if the fish were left for
too long between stfippings. This was thought to be caused
by fresh ovulations displacing older eggs from the lumen of
the ovary and could be monitored by passing a fine net th-
rough the broodstock tank-water éach day. No freshly ovul-~
ated eggs were ever found in the water,

However, during the first two spawning seasons, all
fish were stripped routinely twice a week, It can there-

fore be assumed that almost no eggs were lost to the exter-
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ior by passive shedding since it was later found that most
females ovulate every 3.5 days (see Section III) and most
females seemed to be capable of retaining twélévulated bat-
ches of eggs in her ovary.

The weight of eggs obtained from each stripping of
each female in these first two broodstocks was measured and
a lg sample of seawater-washed eggs taken from each batch
and preserved in 10, formalin, The number of eggs in each
of these samples were later counted using a Bogorov tray and
a "Kyowa Optical" binocular microscope, These figures were
muifiplieq by théir respecfive egg-batch weights to give the
number of eggs in each batch. Egg-numbers for successive
batches of each female were then totalled to give an approx-
imate egg-yield for each female,

These figures were then compared with the absolute fe-

cundities computed by analysis of wild-caught turbot ovaries

by Jones (1974).
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FEMALE & SPAWNING | MEAN BGG-DIAKETER (mm) | MEAN BEGG-DIAMETER (mm)
SEASON OF FIRST BATCH OF FINAL BATCH

Ao 1979 1.053  (0.010) 1,002  (0.010)
B. 1979 1,028 (0.006) 0.989 (0.007)
c. 1979 1,035  (0.013) 0.979  (0.017)
D. 1979 1,059 (0.023) 0.993 (0.010)-
E. 1979 1,028 (0.011) 0.954  (0,015)
F. 1979 1,026  (0.025) 0.931 (0.012)
G. 1979 1.020  (0.016) 0.939  (0.012)
H. 1979 1.024 - (0.013) 0.989  (0.009)
I. 1979 0.988  (0.013) 0.916  (0.008)
J. 1979 0,999  (0.010) 0.907  (0.010)
K. 1979 1,018  (0.020) 0.995  (0.021)
Lo 1979 1,010  (0.011) 0.979 (0.019)
M. 1979 1,039 (0.013) 1.012  (0.021)
N. 1979 1.053  (0.010) 0.970  (0.011)
0. 1979 1.024  (0.010) 0.977  (0.012)
P. 1979 0.997  (0.010) 0.944  (0.006)
Q. 1979 1.011 (0.006) 0.988  (0.008)
R. 1979 1.030  (0.012) 0.961 (0.013)
S. 1979 1.060  (0.013) 1.036  (0.012)
T 1979 1.001  (0.015) 0.947  (0.011)
u. 1979 1.036 (0.016) 0.975 (0.008)
V. 1979 1,019 (0.010) 0.965  (0.016)
we 1979 1.023  (0.007) 0.951  (0.013)
A. 1980 1.046  (0.007) 0.991  (0.007)
B. 1980 1,062  (0.012) 0.998 - (0.007)
c. 1980 1,050  (0.012) 0.997  (0.012)

Table 1. Seasonal Decline In Egg-Size (Standard deviations in

parentheses).




Figs, 4a, b, c & d.

The rate of egg-diameter decline throughout
the spawning season in 4 different turbot females.

Each point on
the graphs represents the mean of 20 egg~diameters.

The standard
deviations of the means are indicated by barred lines(see key) o

The sbc'\gg'u\s g’cec‘uo.:\cn was bwice a Wweek.
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Fig, 5. The relationship between the mean length of newly-hatched tur-
bot larvae and the mean egg-diameter of the egg batch from which they

hatcheds A functional regression line (Ricker, 1973) was fitted to
the data.
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Fig. 6. The relationship between the mean yolk-sac index (yolk-sac
length x yolk-sac depth) of newly-hatched turbot larvae and the
mean egg-diameter of the egg batch from which they hatched. A fun-—
ctional regression line (Ricker, 1973) was fitted to the data.
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RESULTS

1, SEASONAL DECLINE IN EGG-DIAMETER:

Each female showed a seasonal decline in her egg-size.
The rate of decline varied between individuals as did the
difference between the initial and final mean-egg—diametérs.
Table 1 gives the mean egg-size for 23 females'! initial and
final spawnings, Figs. 4a,b,c & d give examples of the diff-

ereﬁt rates of diameter-decline in four of these females,

2. RELATIONSHIP BETWEEN EGG-SIZE,LENGTH OF THE EMERGING
LARVA AND ITS YOLK-SAC INDEX:

Functional regression lines (Ricker, 1973) were fitted
to the plots of mean larval length versus mean egg-diameter
measured 3 hours after first hatching, and mean yolk-sac in-
dex versus mean egg-dianmeter,also measured 3 hours after fir-
st hatchihg (Figs, 5 & 6 respectively), The correlation co-
efficients (r) were 0.6149 and 0.6041 respectively. The co-
rrelations between larval length and egg-diameter and between
yolk-sac index and egg-diameter were found to be significant
at the 95% level (P<0.05),

The felationship between the two parameters plotted
in Fig; 5 can be expressed by the equation:

TLarval Length = -0.98928" + 3.53897Egg-diameter
(The 95% confidence limits of the slope are: 4.71244 and
2.65771). |
The yolk-sac index versus egg-diameter relationship
is expressed by the equation:
| Yolk-sac Index = -1,93055 + 2,68420 Egg-diameter
(The 95% confidenqe limits of the slope are; 3.62888 and
- 27 =



FRIALE YOIK~SAC INDEX s LARVAL|YOLK-SAC INDEX s LARVAL
'LENGHTH RATIO LENGTH RATIO
EARLY SEASON LARVAE LATE SEASON LARVAE
I . 0.340 04339
II 0.274 0.270
III - 0.302 04301
v 0,308 0.293
v ' 0.334 04333
VI 0.301 04310
ViI 0.297 0.305

Table 2. Body-proportions of Early & late Season Yolk-

Sac larvae.
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Tzble 3. The resultis of iwo experiments comparing the mean lengths
and yolk-sac indices of turbot larvae which have the same moth-
er, but different fathers. 95% confidence limits are given
in parentheses. Asterisks denote rows in which the 95% con-

fidence limits did not overlap (see text for further details).



1.98544).
There was no significant correlation between larval

1ength.at hatching and yolk-sac index (r = 0.0818), or bet-
ween the ratio of yolk-sac index : larval length (y.s.i./1.1.)
and egg-diameter. In fact, this ratio appeared to remain
reasonably constant for the larvae of any particular female,

regardless of the time of spawning season to which they be-

longed (see Table 2).

%, EFFECT OF DIFFERENT MALE-CROSSES ON THE LENGTHES AND YOILK-
SAC INDICES OF LARVAE HATCHING FROM A PARTICULAR BATCH OF
EGGS: |

Tables 3a & b each compare the mean lengths and yolk-
sac indices of larvae hatching from a single batch of eggs
which had been split into three "lots" - each egg-lot being
fertilised by a different male., The figures in parentheses
give the 95% confidence limits of the mean, The larvae
grew as the:measurements were being made (it took approxim-
ately 20 minutes to collect and measure each sample of 20
larvae) so only three conéecutive treatments were compared
with each other (i.e., the figures in each row in Tébles
%3 & b). When this was done, it was found that in all but
three rows (which are asterisked in Tables 3a& b ), the 954 ‘
confidence limits overlapped., It was therefore deduced th—
at there was no significant difference between the lengths
and yolk-sac indices of larvae which shared the same mother
but had different fathers,

Tables 4a & b give the numbers of larvae hatching in
each tfeatment»tank. These show considerable variation,

both between different males and between triplicate samples

- 28 -



a) Female A.

SAMPLE MALE I MALE II MALE III
A 9 18 30
B 24 28 46
c 36 22 34
TOTAL 69 TOTAL €8 TOTAL 110
b) Female Be
SAMPLE MALE IV MALE V MALE VI -
"D 12 12 23
E 19 8 22
F 31 66 32
TOTAL 62 TOTAL 86 TOTAL 771

Table 4. The number of hatched larvae in each male-cross experiment.

SURVIVAL FIGURES FOR GROWTH COIZPARTSCHN TRIALS
FEIALE TANK KULBBER

1 2 3

1 {(Early-season eggs) 0 12 13

I (Late~-season eggs) 138 0 24

II (Early-season eggs) 0 101 8
I1 (Late-season eggs) 0 2 4
I1I(Early-season eggs) 6 9 0
I11(late-season eggs) 205 0 140

Table 5.

Number of larvae surviving in each rearing-tank on Day 10 -

after hatch in each of the growth comparison trials.
(Eacn  krial  Was Cerminoted on EO\A \o.)




Fig, Ta. Comparison of growth rates of early and late season turbot larvae.
Both types of larvae shared the same mother (Female I). 2Zero on the x axis

indicates the onset of hatching.
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Fig. 7b. Comparison of growth rates of early and late season turbot larvae.
Both types of larvae shared the same mother (Female II), Zero on the x

axis indicates the onset of hatching.
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Fige, T7ce Comparison of growth rates of early and late season turbot larvae.
Both types of larvae shared the same mother (Female III). Zero on the x
axis indicates the onset of hatching.
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using the same male,

4, EFFECT OF EGG-SIZE ON THE SUBSEQUENT GROWTH AND SURVIVAL
OF EMERGING LARVAE: S

Figs. Ta,b & ¢ compare the growth-rates of the early-
and late-season larvae of three females up to the tenth day
after hatching. A mean length was taken for 10 larvae from
each of the triplicate experimental tanks and then a furth-
er;meap:length was gompﬁted using these three mean values,
Each point in Pigs. 7a,b & c therefore represents a mean of
‘three means, (The mean larval lengths and yolk-sac indices
fbr each of the triplicate experimental tanks are given in
Appendix Ib). The growth-rates varied slightly, but in
general the growth-rates of late-season larvae were as géod
as those of early-season larvae. Thus, as can be .seen ih
Figs., Ta & c, the late-season larvae tended to remain sligh-
tly smaller., However, it is quite possible that the lengths
of the two types of larvae would have converged if the exp-
eriment had been continued for longer since their standard
deviations were already overlapping at Day 7. Although the
lengths of the late-season larvae of Female II (Fig. Tb) be-~
came greater than thbse of early-season larvae around Day 6,
this was probably due to a shortage of rotifers in the lar-
val tanks containing the early-season larvae on Days 3-4,
Although remedied as quickly as possible, the growth of the
early~season larvae seemed to suffer for this period of in-
sufficient food.

Table 5 gives the numbers of larvae surviving in each
éxpérimental tank on the tenth day after hatching, There

is considerable variation both between early- and léte-
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Fig. 8. The relationship between a turbot female's maximum mean
egg-diameter in a single spawning season and her weight. A fun-
ctional regression line (Ricker, 1973) was fitted to the data.
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Pig. 9. The relationship between a turbot female's maximum mean
egg-diameter in a single spawning season and her length. 4 fun-
ctional regression line (Ricker, 1973) was fitted to the data.
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season larvae, and between triplicate tanks of the same types

of larvae. However, neither eérly nor late season larvae had
persistently better survival figures, so there did not seem

to be any significant change in larval performance as the

spawning season progressed.

5. RELATIONSHIP BETWEEN A FEMALE'S MAXIMUM MEAN EGG-DIAMETER
IN ANY SPAWNING SEASON AND HER LENGTH, WEIGHT AND CONDITION
INDEX:

Pigs., 8 & 9 are plots of a turbot female's maximum mean
egg-diameter in a single spawning season against her weight
and length respectively. TFunctional regression lines (Ricker,
1973) were fitted to the two sets of data, giving a correlat-
ion index (r) of 0.6025 for maximum mean egg-diameter versus
weight énd'0.5849 for maximum mean egg-diameter versus length,
This means that each correlation 1is significant at the 95%
level (P< 0.05). |

The relationship between.the two parameters plotted in
. Fig., 8 can be expressed by the equation:

Max., mean egg-diameter = 0.93254 + 0,0193%6 Wt. Female
(The 95¢% confidence limits of the slope are: 0,02550 and
0.14696).

The maximum mean egg-diameter versus length of the moth-
er relationship is expressed by the equation;

Max. mean egg-diameter = 0.76%81 + 0,00471.Female length
(The 95% confidence limits of the slope are: 0,00624 and
0.00356).

No relationship was found between a female's maximum

mean egg-diameter and her condition index (K).
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Fig, 10,

Comparison of hatchery and wild turbot fecundity.

Absolute fecundity data obtzined for "wild" turbot
by Jones (1974).

Estimations of the egg-yields of Port Erin hatchery
turbot females by Jones et. al. (1979).

Recent estimations of the egg-yields of Port Erin
hatchery turbot which take into consideration tke
seasonal increase in the number of egas per gram

welght caused by the decline in egg-size.
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Fig., 11+ Seasonal variation in the number of turbot eggs per gran.
Eggs from Female I were used throughout this figure.
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6. COMPARISON OF THE ABSOLUTE FECUNDITY OF "WILD" TURBOT
AND THE EGG-YIELD OF CAPTIVE TURBOT SUBJECTED TO HAND-STRIP-

PING:
Fig. 10 compares the absolute fecundity data obtained

for "wild" turbot by Jones (1974); the estimations of the egg
yielas of Port Erin hatchery turbot females by Jones et. al,
(1979), and recent estimations of the egg-yields of hatchery
fish that take into consideration the seasonal increase in
the number of eggs per gram weight caused by the decline in
egg—size. These fluctuations make a significant difference
to egg-yield computations because at the beginning of thé
spawning season, eggs are usually of such a size that there
are 900-1000 eggs per gram, whereas at the end of a long
spawning season a female's eggs may be so small that there
are up to 1900 per gram (see Fig, 11).

It can'be seen from Pig. 10 that taking the egg-size
decline into consideration increases the fecundity estimates
of hatchery fish considerably, although they are still some-
what lower than the fecundity estimates of "wild" fish.
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DISCUSSION

1, ©SEASONAL DECLINE“IN EGG-DIAMETER:

From the results presehfed here it is clear that
turbot exhibit a small but obvious decrease in mean egg-
diameter as the spawning season progresses, Further ev-
idence for this phenomenon has come from Girin (1979) who
found that turbot eggs collected from a naturally-spawning
broodstock tended to decrease in size later in the season.
However, the decline noted by Girin was statistically in-
significant - probably due to the fact that.the broodstock
contained several females which would start and finish sp-
awning at different times, so masking the phenomenon to a
certain extent,

The reason for this size-decline is unclear. Turbot
release their éggs from May until early August in the wild
(Jones, 1974), and so there should be abundant supplies of
200plankton for larvae hatching throughout the spawning sea-
son. Therefore, one would not expect the egg-size decline
" in turbot to have evolved in response to fluctuating supp-
lies of zooplankton, as suggestéd for other species by Bag-
enal (1971), Baxter (1359 & 1963), Cushing (1967), Jones
(1973) and others. It would seem more likely that VWare's
(1975) hypothesis which suggested that egg-size is related
to the ambient wate;-tempefature (and thus incubation-time)

provides a plausible reason for this phenomenon in turbot,

2. RELATIONSHIP BETWEEN EGG-SIZE, LENGTH OF THE EMERGING
LARVA AND ITS YOIK-SAC INDEX:
There is a s1gniflcant correlation between egg-size

and larval length, and between egg-size and the yolk-sac
- 32 -



index of the emergent larva, but none between larval length
and yolk-sac index. Therefore, large eggs tend to give rise
to longer larvae or larvae with bigger yolk-sacs,but large
larvae do not necessarily have large yolk-sacs., |

This is further illustrated by comparing jolk-sac in-
dex : larval length ratios. In contrast to herring, in wh-
ich larger eggs hatch to give~1arge larvae with an increas-
ed yolk-sac index ¢ larval length ratio (Hempel & Blaxter,
1963), the yolk-sac index : larval length ratio in turbot
is not proportional to egg-size. However, this ratio app-
ears to remain similar for larvae emerging from eggs spawn-
ied by any one particular female - suggesting that the body
proportions of newly-hatched turbot larvae might be genet-
ically determined by the mother., However, no firm conclus-

ions can be made about this due to insufficient data,

3, EFFECT OF DIFFERENT MALE-CROSSES ON THE LENGTHS AND YOLK~
SAC INDICES OF LARVAE HATCHING FROM A PARTICULAR BATCH OF
EGGS: |

"Crossing" one female with several different males did
not-ha%e any significant~effect on the lengths or yolk-sac
indices of the emerging larvae., Again, this suggests that
the body proportions of newly-hatched larvae are genetically
determined by the mother. It must be noted, however, that
in hybrid experiments performed at Port Erin in which turb-
ot eggs were fertilised with milt taken from male brill, the
newly- hatched larvae were significantly bigger than normal
turbot x turbot larvae., In this instance, the males must
have affected the larval length, '

The number of larvae hatching in each treatment tank
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varied considerably, but this was probably as much due to
egg variability as milt variability because the eggs had not
been sorted for viability before fertilisation, but had been

quickly weighed out to prévent "activation" occurring (see

Section Iv).

- 4, EFFECT OF EGG-SIZE ON THE SUBSEQUENT GROWTH AND SURVIVAL
OF EMERGING LARVAE: | |

- Larvae emerging from large eggs spawned at the begin-
ning of the season did not seem to have any advantage in
terms of growth or viability over small larvae from late in
the spawning season, and the latter performed just as well
under hatchery conditions,

There is no reason to believe that late-season larvae

should be at a greater disadvantage in an "insufficient—
food" regime,either, since their yolk-sac index : larval

1eng£h ratios are no smaller than those of the larger early-

' season larvae,

5., RELATIONSHIP BETWEEN A FEMALE'S MAXIMUM MEAN EGG-DIAM~-
ETER IN ANY SPAWNING SEASON AND HER LENGTH, WEIGHT AND CON-
DITION INDEX:

Figs, 8 & 9 show a significant correlation between the
weight and 1ength of females and the maximum mean diameter
of the eggs they produce - that is, big fish tend to prod-
uce larger eggs at the start of their spawning season, This
confirms work by M#ir (1950) and Nikolsky (1950) who also
found that, in a given population of fish, larger females
tend to produce larger eggs. Unfortunately, it could not

be determined whether this correlation was a function of age
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(i,e., whether older fish tended to produce larger eggs than
younger fish of the same size) because the age of most of
the female turbot was uncertain,

There was no correlation between a female's maximum

mean egg-diameter and her condition-index (X).

6., COMPARISON OF THE ABSOLUTE FECUNDITY OF "WILD" TURBOT
AND THE EGG-YIELD OF CAPTIVE TURBOT SUBJECTED TO ﬁAND-STRIP—
— - . . , o .

' Absolute fecundity estimates made by Jones (1974) sug-
gested that wild turbot had a fecuﬁdity of approximately
1 x10%eggs per kg body weight, However, egg-yield figures
.calculated for Port Erin hatchery turbot by Jones et. al,
(1979) were well below that estimation, These workers were
concerned that this might be due to artificial holding con-
: ditions, stressing females by hand-stripping, or an inade-
quate broodstock diet (Jones, pers, comm, ),

However, the egg-yield figures presented here suggest
that the fecundity of Port Erin hatchery turbot is not too
far behind that of wild fish when the seasonal decline in
egg-diameter is taken ihto account, Most of these egg-yield
estimates are still below Jones' fecundity estimate (1974),
but it must be remembered that Jones estimated the total
number of secondary oocytes in each fish's ovary. This is
likely to be a higher figure than the actual egg-yield sin-
.ce oocyte afresia is a common occurrence in fish's ovaries
(Bowers & Holliday, 1961; Dunn & Tyler, 1969; Htun-Han, 1978;
Wiebe, 1968). f o | _ |

It is therefore suggested that the holding conditions,

stripping techniques and broodstock diet at Port Erin do not

seriously limit fecundity,
- 35 -
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SECTION II




INTRODUCT ION

Fish differ markedly from terrestrial animals in that
the major polyunsaturated fatty aclds in their tissues are
of the w3 rather than w6 series, This applies to marine
and freshwater fish alike, although the latter have higher
concentrations of w6 polyunsaturates than marine fish (Ack-
man, 1967). Biochemical evidence suggests that the great-
er degree of unsaturation found in the tissue fatty acids
of aquatic, and especially marine, animals is an adaptation
to a relatively constant, low temperature environment (Kemp
& Smith, 1970;'Kﬁipprath & Mead, 1968; Smith, 1967; Smith
& Kemp, 1969; Thompson et. al., 1975), and probably serves
to control membrane fluidity at these lower temperatures
(Klmelberg & Papahadjopoulos, 1974),

It is well-documented that 18:2w6 and 20:4w6 fatty
acids have full essential fatty acid (EFA) activity in small
terrestrial omnivores, whilst w? series fatty acids have
partial EFA (Alfin-Slater & Aftergood, 1968; Cowey & Sarg-
ent, 1972; Guarneri & Johnson, 1970), During the last dec-
ade, there has been considerable interest concerning EFA
activity in fish, ZIee et. al.(1967), Castellet. al.(1972a)
and Yu and Sinnhuber (1972 & 1976) all demonstrated the
dietary essentiality of linolenic or w3 series acids for
rainbow trout. Castell et. al.(1972b & c) indicated that
linolenic acid (18:3w3) should comprise at least 1 oOf the
diet (or 2.7%of the dietary calories) to prevent the occ-
urrence of doficiency syndromes in trout. Watanabe et. al,
(1974 ) confirmed these observations whilst Taekeuchi and Wat-
anabe (1976) showed that 22:6w3 and possibly 20:5w3 fatty
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acids have greatef EFA aétivity for trout than linoleaic ac-
id ~ that is, the latter is used as a prepﬁrsor for these
w? long-chained highly polyunsaturated fatty acids (w3HPUFA).

In contrast, Owen et, a2l.(1975), Cowey et. al.(1976a
& b) and Gatesoupe et. al,(1977) demonstrated the inability
of turbot to further desaturate and chain-elongate linolen-
ic acid to 20:5w3 and 22:6w3. Owen et. al.(1975) suggest
this might be due to the absence or reduction of enzymes
responsible for this transformation., Since Leger et. al.
(1979) found that turbot have a limited capacity for tran-
sforﬁing 18:3w3 to 22:6w3 given a high substrate concentra-
tion (3.7 % of theldiet), the latter explanation seems more
plausible;

18:3w3 therefore has little EFA activity for turbot
and the long-chained w3HPUFA must be supplied preformed in
the aiet. Owen et., al.(1975) and Cowey and Sargent (1977
& 1979) point out that this state should not present any
problems_to‘"wild" turbot since they are extreme carnivor-

.es and 22:6&53 is the major polyunsaturated fatty acid in
their natural diet.

A similar condition has been described for red sea
bream (Fujii & Yoné, 1976; Kanazawa et, al., 1979; YOne &
Pujii, 1975) and the work of Owen et. al,(1972) suggested
that plaice could not further desaturate and chain-elong-
ate 18:3w3 under the dietary regimes used in their exper-
iment.

- Bearing in mind the dietary essentiality of «w3HPUFA
in turbot, and the fact that mature females do not feed for
2-3 weeks prior to and throughout their spawning season

(see>Fig, 3), this preliminary investigation was carried
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out to assess whether EFA levels in eggs decreased as the

spawning season progressed,
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MATELRTALE & METHOLS

1,COLLECTION OF SAMPLES ,
Three females with a history of previous spawning
seasons of at least two months duration were chosen fsr
the study. Small samples of eggs were collected at the
beginning,middle and end of each fish's spawning season.
Only freshly—bvulated eggs were used, (See section III
for methods used to determine the time of ovulation),
a) Unfertilised éggs were stripped into filtered seawater
and allowed to siand for about 20 minutes until the dead,
overripe eggs sank.
b) Agproximately 2g of eggs viere netted from the layer
of freshly-ovulated eggs floating at the surface, and these
wefe blotted with tiscue-paper until they were coupletely
"surface-dry."
é) They were then weighed on a Mettler balance and put into
screw-topped glass vials fitied with Teflon caps which were
lined with metal foil.
d) Chloroform-methanol 2:1v/v, with 2,6-di-tert-butylpcresol
(BHT) at 0.0l% w/v to prevent oxidation of lipids, was
imnediately aéded to the vials in sufficient quantity to
coupletely cover the eggs.
e) The vials were stored until analysis in an upright
position at -20°C in a deep-freeze, The maximum storage-
time of samples prior to lipid extraction was 3.5 months,
Additional eggs were éollected at each sampling-time
for dry-weight dete;minations. These eggs were blotted
dry with tissue paper until"surface-dry" ,.then triplicate

sub-samples were weighed into round-bottomed glass flacks,
- 42 -



and freeze-dried. Their dried weipghts were determined and
expressed as a percéntage of their original wet weight.
Each saunple's mean egg-diameter and number of eggs

per gram were determined as in Section 1.

2.EXTRACTION OF TOTAL LIPIDS
Folch et.al's (1957) method for extracting total

lip}d was adapted for this study. Only.glass vials which
had  been previously rinsed in chloroform—methanol‘were
used throughout.
a) Fach sample was homogenised in 10ml chloroform-methanol
2:1 (with BHT) in a centrifuge tube,using a top-drive
hOmogeniser,for at least 5 minutes, (Ice was used to cool the
sample-tube, )
b) Further C-M 2:1 (with BHT) was added giving a solvent
:sample ratio of 15:1 v/w, This ensured a single phase.

c) The tgbe was covered with aluminium foil,packed in ice,
and left to extract at 4°C for 20 minutes,
a) Tissuevsettled to the bottom of the tube and the supernatant
was decanted and filtered through C-M washed glass-wool into
a graduated stoppered cylindér. |

e) The sediment was washed twice with 0.2 volumes of C-M

2:1 (with BHT),centrifuged at 800g for 10 minutes and the
supernatants combined.
£)0.2 volumes of water were added to the combined supernatants
in a stoppered measuring cylinder, This was flushed with
nitrogén and shaken to form an emulsion (It was important

to release pressure in the measuring cylinder after shaking. )
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g) The emulsion was quickly decanted into centrifuge
tubes and centrifuged for 10 minutes at 800g.

h) The upper phase was removed by aspiration and
discarded.

i) A little Folch upper phase solvent system (Chloroform
smethanol:water, 3:48:47v/V/w) was carefully "layered"
on top of the lower phase and swirled very gently. The
epilayer was removed by aspiration and the process
repéated. |

j) The extract was filtered through C-M.washed Whatman
IPS paper(silicone treated filter paper).to remove any
traces of upper phase and precipitated prbtein. The

IPS paper vas changed after each 100ml fillered,

k) The solvent was evaporated in a Bucchi Rotorvaporator
at 5Q°C and the vacuum released under nitrogen.

1) The sample was then taken up in 5Sml of chlorofora in

a Teflon-capped glass vial and stored in a deep-freeze,

3.SEPARLITION OF NEUTRAL AND PHOSFHOLIPIDS

2) Columns were constructed as follows: the fine end of

é lcm wide glass chromatography column was blocked with

a small glass-fibre plug. A slurry of chloroform-
Kieselgel 40 (70-230 mesh,defined) was then carefully added
to the column until it evenly filled a height of about 7cm.
b) 2ml of the 5ml total 1lipid extract wés taken and blown
down to 1lml,

~¢) This concentrated sample wac carefully added onto the
surface of the silicic-acid column and washed through with

20ml of chloroform.
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'd) The eluent was evaporated on a Bucchl Rotorvaporator
at 50°C and shaken up in 2ml chloroform. This was the
neutral lipid fractipn.

e) The silicic acid column was then eluted with 20ml
methanol to collect the phospholipid fraction,

f) The eluent was evaporated as before and taken up in
2ml of chloroform:methanol 2:1

g) The neutral and phospholipid fractions of one of the
samﬁles were run against a lipid standard on a TLC plate

to check that there was no cross-contamination.

4 QUANTITATIVE DETERMINATION OF TOTAL,NEUTRAL AND
PHOSPHOLIZIDS o

The speétrophotometric method of Marsh & Weinstein
(1966).which was modified by Holland & Gabbott (1371), .
was used to determine the percentage concentration of total
lipid in the complete samples and the percentage concenﬁration
of neutral and phospholipid in the separated sampies. The
procedure was as follows-
a) 5QNI triplicates of lipid samples,blanks and 5,10,20,28 and
40 mg of tripalmitin standard in 50ml of chloroform were'
dried in C-M washed glass test tubes,
b) 500uml concentrated H S50, were ajded to each tube. The
contents were stirred and charred on a heating block at
200°C for 15 minutes.
¢) The tubes were then cooled and the contents diluted to
2.0ml with distilled,deionised water and shaken vigorously,
d )The contents of each tube were read on a spectrophotometer

at 375nm in a 2,0cm pathlength cell.
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e) The weight of lipid in each sample was calculated from
the standard plot of weight versus optical density and was
then expressed as a percentage of the original wet weight

of the egg sample.

5.FREPARATION OF FATTY- ACID YETHYL ESTERS FOR ANALYSIS BY
GAS LIQUID CHROMATOGRAPHY |

The method described by Morrison & Sﬁith (1964 ) was
usea as follows-
a)SOQHl of lipid extract vias placed in a 5ml Reactivial
followéd by 3ml of 144 boron trifluoride in 2:1 umethanol;
dichloromethane. This wae fluched with nitrogen and mixed
thoroughly.
b) The Reactivial was hested on a heating-block for 1 hour
at 100°C.
c) The sample was allowed to cool and then 2 voluues of
petroleum ether 30-40°C and 1 volume of water were added.
It was shaken and allowed to separate, The top rhase was
removed via pippette and reserved,and the extractidn was
repeated again keeping‘the top phase.
d) Nitrogen waS~used to blow off the éther and the sample
was taken up - in IOQ#I chloroform, |
e) lMeanwhile, the continuous elution chromatography tank
was prepared by pouring elution solvent (petroleum ether
30-40°C: diethyl ether,25:5) into it and allowing equil-
ibration,
f) 40ml of the sample was "spotted" onto.a precoated sili-
ca gel G thin-layer chromatography plate (TLC plate) about

. 1.5cm abpve the bottom of the plate., Nitrogen was used to
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evaporate the solvent,

g) 3 samples and 10ml of methyl ester standard were spotted
on each TIC plate(with at least 3cm separation 5etween the
spots. )
h) The plates were chromatographed in the continuous elution
tank for 1 hour 15 minutes. They were then removed and
dried in the tank under a stream of nitrogen.
i). The area of the plate where the sample had run was covered
with'another TIC plate with silica gel facing silica gel,
and the area where the standard had run was exposéd to
iodine vapour in an enclosed chromatography tank. The
'methyl ester spot stained yellow in about 10 minutes. This
was used to locate the wethyl ester spots of the samples,
The area to be removed from the plate was marked 1lightly
with a pencil before the standard spot faded,(the spots were
approximately 3cm wide), and the silica gel corresponding to
each sample was scraped off with a razor and transferred to
separate Reactivials,
j) The methyl esters were extracted three times by adding
a few mls., of C-M 2:1 and shaking well, The Reactivial was
- then centrifuged for 5 minutes at 800g énd the supernatants
combined. |
k)-The combined supernatants were evaporated under a stream
of nitrogen and taken up in 10qnl hexane. They were then
stored under nitrogen in a deep-freeze,
1) The TIC plate was replaced in the iodine tank to check
that all the methyl esters had been collected. '

' samples were usually extracted and methylated three

at a time.
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6.GAS-LIQUID CHROMATOGRAPHY(GLC)

GLC analysis was carried out on a Pye 104 gas
chromatbgraph fitted with a conventional glass column
1.2m long x 4mm internal diameter, packed with 5# SP1000
on Acid-Washed Chromosorb DMCS (diamethyl chloroéilané).
Fatty acids were identified by comparison with known
standards and by the log.retention plots of isothermal
runs at‘200°C.(Ackman,l972). The Pye 104 amplifier was

set at an attenuation of 5 x 101. The gas pressures were

as follows: -

hydrogen ; -1.0 kg/cm?
air : 0.6 kg/cm?

argon (carrier gas): 2,0 ml/minute

The chromatograph was linked to a Supergrator III
computing integrator(Colombia Scientific, U.S.A, )which
computed and printed out the pefcentage concentrations of

the different fatty acids.
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SANPLING TIME FEMALE I FEALE IT FEMAIE III

a) Beginning of

gpawning season 8.66 (0.00) | 8.76 (0.11) 8.90 (0.16)

b) Mid-spawning
season 8.93 (0.04) 8.63 (0.00) 8.89 (0.02)
c)  End of

spavning season

8.75 (0.07) | 8.80 (0.04) | 8.91 (0.08)

Table 6. Weights of freeze-dried turbot eggs (expressed as a
percentage of their wet weights) throughout the
spawning season. (Standard deviations in parentheses).



FEMALE AND LIPID CONTENT OF EGGS (EXPRESSED AS % WET WEIGHT)
SAMPLING | TOTAL LIPID | NEUTRAL LIPID| PHOSPHO-LIPID | N+P h\
TIE (1) (P) P
I a [1.288 (0.069) | 0.692 (0.008) | 0,598 (0.001) |1.290 | 1.16
I b 1.342 (0.000) | 0,710 (0.014) | 0.583 (0.014) | 1,293 | 1.21
1 1.506 (0.014) | 0,698 (0.025) | 0,605 (0.024) |1.303 | 1.15
IT a  |1.246 (0.068) | 0.618 (0.020) | 0.558 (0.016) |1.176 -| 1.11
II b |1.219 (0.000) | 0.657 (0.028) | 0.574 (0.011) |1.231 | 1415
11 1.420 (0.078) | 0.727 (0.020) | 0.504 (0.035) | 1.231 °| 1.44
IIT a  [1.481 (0.000) | 0.690 (0.036) [0.559 (0.007) [1.249 | 1.23
IIT b [1.333 (0.150) | 0.714 (0.032) | 0.646 (0.009) | 1.360 | 1.10
IIT ¢ [1.527 (0.000) | 0,657 (0.028) | 0,587 (0.012) | 1.244 | 1.34

Table 7. Results of a larsh and Weistein_Lipid Assay performed on
a)early, b)mid- and c)late season eggs (Standard deviations

in parentheses).

WEIGHT OF LIPID IN A SINGLE EGG (ug)

TOTAL LIPID

NEUTRAL
"LIPID

PHOSPHO-
LIPID

FEMALE AND | EGGS MEAN
SAMPLING | PER | EGG-DIAMETER
TIME GRAM (mm)
I a 965 | 1.056 (0.008)
b 1400 | 0.989 (0.010)
1490 |0.975 (0.011)
II a 1015 | 1.048 (0.009)
II b 1100 . | 1.035 (0.013)
1T 1310 | 1.002 (0.009)
1T a | 1490 |0.975 (0.014)
III b 1535 [0.968 (0.012)
IIT ¢ 1565 |0.963 (0.007)

13.35 (0.72)
10.10 (0.88)
10.10 (0.09)

12,27 (0.67)
11.08 (0.00)
10.84 (0.60)

9.63 (0.54)
8.53 (0.76)
9.54 (0.37)

7.17 (0.08)
5.07 (0.10)
4.68 (0.17)

6,08 (0.20)
5.98 (0.25)
5¢55 (0415)

4.65 (0.21)
5.25 (0.37)

6.19 (0.09)
4.19 (0.12)
4.06 (0.16)

5¢50 (0.16)
5.22 (0.10)
3.85 (0.27)

3.75 (0.05)
4.21 (0.06)
3.91 (0.28)

Table 8., Lipid content per egg throughout the spawning season for
a)early, b)mid- and c)late season eggs (Standard deviations

in parentheses).




Fige 12. A typical gas~chromatogram of turbot egg neutral lipid. The fatty acid peaks of im-
portance to this study are identified in the key below. Chromatography conditions are as des-
cribed in the text. Chart speed is 213 mm/hour.
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Fig. 13+ A typlcal gas-chromatogram of turbot egg phospholipid. The fatty acid peaks of im-
portance to this study are identified in the key below. Chromatography conditions are as des-
cribed in the text. Chart speed is 213 mm/hour.
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FATTY ACID FRALE I FEULE II FRIALE III
a b c a b c a b c

1620 18,89 18.66 16.75 21.24 16441 25,03 14.34 8,60 18,01
16:1w9 & T 11.24 9.78 5.28 15.50 12,91 4.14 12.46 12,45 11,52
1810 7.23 8.12 10.31 3.55 7.28 13.24 5019 8,44 8.01
183109 & 7 31.80  30.89 27.85 40.97 40,07 21.64 44,36 42.01 32,75
18126 4.61 . 4,52 6.53 1. 71 3.22 7.93 1023 5075 3.34
1813c3 2,32 2.74 4¢39 1.50 217 5427 0,72 3.42 2,95
18143 1042 1041 2,72 0.61 1.01 3.19 Trace 1.70 0.88
2031w9& 7 2.06 1.46 1.56 0.60 1.74 0.97 1.63 1.54 0.91
203 3wb6 2.24 0.66 1.82 0.43 0032 2.27 3.35 Trace 0.74
201406 1.14 1419 1.82 Trace 0.80 1.82 0,66 1.38 0.95
2035»3 :

228111 ,% 9,& 7} 3.53 4.27 441 2.70 2.71 2,39 3.01 2.83 3.60
2234 6 0.44 Trace 2,85 Trace 0.75 2.59 0.84 0.57 2,42
221543 1.99 3037 2,27 1,13 1.62 2,52 2,65 2011 2.58
2216w3 11.19 12,92  11.45 9.99 9.00 7,01 9456 9,20  11.36

Table 9. The percentage faity acid composition of turbot egg neutral lipid throughout the spawming season.

" a, by and ¢ denote samples taken at the beginning, middle, and end of the season, respectively.

Trace indicates where the fatty acid composition is £0.20 percent.




FATTY ACID FEIALE I FALE IT FRIALE III
a b e a b c a b c

1610 16,80 20,14  28.73 18.23 19417 24497 17.27  24.32  45.67
161109 & 7 5.89 4.67 2.82 5.85 8.03 6.24 5.07 2,93 1,06
1810 6.25 6.03 7.21 4.83 5.73 5017 5082 7.32 10,28
183109 &7 1749  15.95  17.65 1719 25.81 16434 15.98  16.15 8.83
181206 1.62 1.52 0.24 1.29 1.08 0.51 2,48 2.75 1.85
18133 0.34 0,57 0.43 0.29 0.49 Trace 0.74 1.14 2045
1831443 0.44 0.61  0.63 0.35 0.39 Trace 0.53 1.41 0045
20319 & 7 1.44 133 0.66 1.21 0.99  1.13 1.76 130 0,70
203306 3.83  4.10  3.46 3.42 3,30 2.89 3,57 4.51 2.34
2014wb 0.61 0,51 0.72 0.43 "Trace 0.86 0.72 Trace Trace
20153 '

22110115 &9, & T 8.48 8.04 6,00 7494 5.90 To23 8.75 .98 5030
221406 0.43  Trace 0,49 - 0.48 0.43  0.58- 0.26  Trace  0.45
2215w3 4.85 4,66 3.81 4.80 3.43 4034 4.73 1.€8 2,67
22163 31.54 31.85 27.18 33.68 2527 29.72 32,37 27.45 17.95

Table 10, The percentage fatty acid composition of turbot egg phospholipid throughout the spawning season.

a, by, and ¢ denote samples taken at the beginning, middle, and end of the season, respectively.

Trace indicates where the fatty acid composition is<0.20 percent.




RESULTS

The percentage dried-weight of eggs show no
significant variation either between individual females
or throughout the spawning season.(Table 6 ). Table 7 shows
the percentage concentrations of total,neutral and
phospholipids as determined by a Marsh and Weinstein Assay
(1966). Although the total lipid content appears to
increase slightly at the end of each female's spawning
season, there is no such increase in the combined neutral
. and phospholipid values,suggesting the total lipid
variation is caused by changing concentrations of classes
such as glycolipids,lipoproteins etc.. The ratio of
neutral to phospholipid shows no significant difference
over the spawning season.

Although the amount of lipid per g. eggs remains constant
throughout the season the eggs themselves become smaller
so that there are more eggs per g, at the end of the
spawning season,Therefore these later eggs have a smaller
total weight of 1lipid per egg. The weight of total,
neutral and phospholipid per egg’listed in Téble 8. were
computed using each sample's percentage lipid concentrations,
mean egg-diameter and‘numbér of eggs per gram.

Figs.1l2& 13 show typical gas-chromatograms of
turbot eggs neutral and phospholipid fractions,

Table 9 shows the percentage concentration of
different fatty acids in the neutral lipid fraction.

22:5 w3 and 22:6 w3 fatty acid levels appear reasonably

constant between the eggs of different females and
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throughout each female's spawning season. However, the
levels of 18:0 tend to increase slightly as the spawning
season Progresses as do the percentage concentrations of
18:3 w3 and 22:4&:6, whilst 16:1 @7 and 18:1 w9 levels
fall, Other fatty acid levels tend to remain fairly constant
throughout the spawning season,

Table 10 shows the peréentage concentration of the same
fatty acids in the phospholipid fraction., 1In contiacst with
the neutral lipid, thé percentage concentration of 22:6¢3
and, to a lesser extent, 22:5w3 appear to decrease in the
later batches of eggs whilst 16:0 levels increase as the
spawning season progresses. (It was not possible to assess
whether 20:5 w3 levels fluctuated because the chromatograph did
not resolve the 20:5¢e3 and 22:1wll,9 peaks.)
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DISCUSSION

From the results of this Pilot-investigation,
it would appear that levels of essential fatty acids
(EFA) (e.g.22:5w 3 and 22:6w3) present in egg neutral
lipid fractions do not show any significant variation as
the spawning season progresses, However, percentage
cbncentratﬁons of EFA appear to decrease slightly in the
phospholipid fraction of eggs spawned later in the season,

In addition, the levels of 16:1, 18:0, 18:1, 18:3
and 2254 fatty acids appear to show slight seasonal
fluctuations in the neutral lipid fractions whilst
.phospholipid 16:0 levels increased aé the spawning season
progressed, The reasons for these variations are unclear.
Takeuchi and Watanabe (1976) found {1hat tissue 16:1 7 and
18:1 w9 fatty acid levels tended Y0 increcase when rainbow
trout were fed EFA-deficient diets and decreased again
when the fish received 18:3w3 or 22:6w3 acids in their
food. However, since 16:1 w7 and 18:1w9 levels present
in the neutral fractions of all three turbot females used
in this study and the phospholipid fraction of Temale III
tended to decrease as the spawning-season progressed,
this data is not indicative of a late-season deficiency in
EFA in the female turbot,

The percentage concentrations of cher fafty acids
and the percentzge egg dried-weights remained relatively
constant throughout the season.

Nonetheless all these observations must be heavily
qualified by the fact that minimal sample numbers were
used in this study. A more comprehensive sampling and

- 51 -



analysis programme may well prove the variations to be cir-
cumstantial, . It is also worth emphasising that evén if la-
ter-spawned egés do have reduced levels of polyunsaturated,
- long-chained phosﬁholipids they may not be sufficiently re-

duced to cause detrimental effects to the egg-membranes,

Indeed, the results of experiments comparing growth and sur-
vival of larvae hatched from early- and late-spawned eggs
stripped from the same females used in this GLC analysis
suggest that larvae hatching from later eggs perform just

as well in the laboratory as do early-season larvae'(see
Section I),V Although female turbot stop feeding for up to

8 weeks during their spawning season, they feed quite heav-
ily in the months prior to spawning (see Fig. 3) so it is
quite probable that they have sufficient EFA reserves to
prevent deficiencies in their later eggs. The 6 month old
turbot used in Owen et. al.'s (1975) and Cowey et. al.'s
(1976a & b) lipid deficiency experiments would have had much
smaller reserves of EFA at the beginning of their 16 week

~deficient-diet regime than these 6-7 year o0ld mature females

at the onset of spawning,

Footnote:

It was originally planned to compare the fatty acid
content of eggs from "wild-caught" females stripped at sea
in order to assess the adequacy of Shearwater's broodstock
diet of whiting and sprat. However, attempts to obtain "wi-
1d"eggs from Port Erin, Lowestoft, and Menai Bridge (Angie-
sey) failed and so this part of the study whs abandoned,
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SECTION III




INTRODUCTION

Although the over-ripening of ovulated eggs inside the
lumen of the ovary prior.to hand-stripping has long been re-
cognised as a possible cause of poor egg-quality in captive
fish (e.g., Jones, 1970; Riley & Thacker, 1969), surpriéin-
gly few workers have investigated this phenomenon,

Nomura et. 2l.(1974) studied the morphological changes
which occur in over-ripened eggs of the rainbow trout. They
found that eggs retained in the body cavity for 10 days (or
longer) after ovulation began to show signs of over-ripening,
The yolk of these eggs was éemi—transparent‘and the oil-glob-
ules aggregated into a lump. Turther investigations reveal-
ed the partial collapse of cortical alveoli and formation
of a "blastoderm-like structure permeated with oil-globules",
This phenomenon affected the activation of the eggs by wat-
er-contact since the subsequent collapse of the cortical él—
veoli Was restricted and bipolar differentiation was retard-
ed.

Sakai et. al.(1975) investigated the percentage of eyed
eggs, the hatching rate and the incidence of deformed and/or
moribund alevins of rainbow trout in relation to the over-
ripening process, They found that ova had highest viability
when they were stripped 5-7 days after ovulation - that is,
before‘the morphological changes described by Nomura et., al.
(1974 ) occurred.

Hirose et. 21.(1977) found a similar pattern with ayu
eggs. Here, the percentages of eyed eggs and hatched larvae
were greatest 1 day after ovulation and then decreased rap-
idly. They suggested that ayu eggs remained in good condit-

jon for approximately 48 hours and were completely over-rip-
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ened 8 days after ovulation,

It was thought. that similar over-ripening pfocesses to
those described by the Japanese authors might be causing poor
egg-batches in the Shearwater turbot broodstocks and, furth-
ermore, would explain the large variation found in the phys-
ical appearances of hand-stripped eggs. A closer 1nves£ig-
ation of this toplc was therefore decided upon. However, in
order to study the rate at which ovulated, unstripped eggs
over-ripened inside the lumen of the ovary, the precise time
at which they had been ovulated needed to be determined, Th-
is was attempted in two ways:

1. Preliminary catheterisation experiments,
2. Ovulation-prediction using plots of percentage fertilis-

ation and hatch 'of eggs stripped from particular females each

day.

The appearance of precise ovulatory rhythms in the re-
sults obtained from the second technique led to further in-

vestiga{ioﬁs being made into the following:

%3, The possibility of synéhronising the ovulatory rhythms

of several females via hormone-injections in order to facil-

itate hand-stripping.
4., Ovulatory rhythms of fish kept in a constant light reg-

ime,
5., Whether an individual's ovaries ovulate simultaneously

or alternately.

6. .Whether ovulatory rhythms continue in naturally-spawning

females,

The following sub-sections deal with each of these in

turn. Since the earlier investigations prompted later ones,
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the results of each individual experiment have been fully
discussed before describing the next part of the investig-

ations,



Fige 14. Catheter for intra-ovarian sampling.
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1. PRELIMINARY CATHETERISATION EXPERIMENTS:

There are no visible external signs to indicate when

- a fish has just ovulated, Therefore, it was decided to make
in vivo observations of the maturation of oocytes by taking
regular catheter samples from the ovaries of fish as tﬁey
approached their spawning period, It was hoped that regul-
ar monitoring of oocyte development would give a good ind-
ication of when a fish's first ovulation of that season
would occur. It was important to catch the first ovulation
of the season in order to simplify the study of egg-ageing
Since, at that point, all the eggs released inside the lum-
en of the ovary would be of the same age. ILater in the sea-

son, batches of eggs "overlap" each other and complicate-*

the picture.

MATERIALS & METHODS

- A catheter was made by attaching 40cm of flexible sil-
icone-rubber tubing (Bmm internal diameter) to a 20ml dispos-
able syringe barrel, The tube was rounded at its distal end
by attaching a tube-restrictor (taken from a water-dispenser)
and rubbing both the tube and restrictor with glass-paper un-
til the end of the tube was smooth and rounded (see Fig, 14),

Sampling began approximately three weeks before the ex-
pected spawning date of the broodstock, initially occurring
once every three days. However, the frequency was increased
to once every two days approximately one week before the
first expected ovulation. The catheter tube was gently push-
ed into the oviduct of fhe female and as far into the lumen

of the ovary as possible, Samples were initially taken from

- 58 -~



Fig. 15. Changes in the size-frequency distribution of second-
ary oocytes during the month prior to a female turbot's first
ovulation of the season.

The sample size in (a) to (g) is 100
oocytese.
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SOME OF THE PRE-OVULATORY STAGES OF TURBOT EGGS.

Plate XIII.

Plate XIV,

a - primary oocyte. (1-—egg becoming more hyaline

b- secondary oocyte. € -ovulated egg.

C - egg beginning to turn
hyaline; oil-droplet
formed,



the anterior and posterior parts of the ovaries and compared
but later, sincé no difference could be found between anter-
ior and posterior oocyte size-distribution, samples were ta-
ken by applying suction whilst slowly drawing the catheter
tube back along the length of the ovary, A sample of app-
roximately 2cm® volume was taken each time, MNMS222 was used
t0 anaesthetise the fish for the first saﬁpling procedure but
was found to be unnecessary, and so was abandoned in later
sémplihgs.

| Small sub-samples were taken from the extracted ovary
tissue-and the oocytes.were teased free with seekers, 100
secondary oocytes were measured using an Olympus BHB micros-
cope with a graticuled eyepiece (40 grats.=1lmm), Two diam-
eters were measured for each oocyte and an average taken., A
histogram,showing the frequency-distribution of secondary oo-
cyte diameter was then drawn for each sampling date; Photo- -
graphs of oocytes were also taken, using a Fujica camera att-

ached to the microscope, in order to aid later oocyte-compar-

isons.

RESULTS

Fig. 15 shows the changes in the size-frequency dist-
ripution of secondary oocytes during the month prior to one
female's first ovulation of the season., (In actual fact, 12
cathetérisations were made and histograms plotted - that is,
. on every third day - but only 7 are shown here because the
changes were very gradual). Ovulated eggs were present in
the ovary lumen on 11-7-79. By 12-7-79 some had already be-
gun to over-ripen, becoming large and misshapen. Plates XIII&

xIv show the appearance of oocytes at different stages of mat-

urity.
..59...



DISCUSSION

It proved very difficult to use these histograms and
photographs to predict the time of a fish's next ovﬁlation,
particularlyas it was feared that sampling more than once a
day might seriously damage the female's ovary, These exp-
eriments were therefore abandoned in favour of the second |

method of ovulation-prediction (see following sub—éection)

which proved to be far more successful,
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2. OVULATION-PREDICTION USING PLOTS OF PERCENTAGE. FERTILIS~-

ATION AND HATCH AGAINST TIME:

MATERTALS & METHODS

A female which was very close t0 her first ovulation
of the season was carefully checked every day to see wheth-
er hyaline eggs could be hand-stripped by gentle pressure
over her ovary., (The female had not been subjected to cath-
eterisation), When it was possible to obtain eggs by étrip-
ping, freshly-stripped milt was added immediately. After
at least 3.5 hours, a small sample of eggs were taken from

the floating, surface-layer of eggs., Two lots of 400 eggs

- each wére counted out from each.sample, examined under an
Olympus BHB microscope:and the number of dividing eggs was. -
noted, This figure was used to compute the percentage fer-
tiiisation of the egg-batch.

The two sets of 400 eggs were then incubated at 12.5°C
in 33cmx 23cm x 2lem plastic tanks containing static seawater
with'streptomycin sulphate and sodium penicillin at 50ppm,
until they hatched on Day 6, When hatching was completed
(Day 7) the number of hatched larvae in the two tanks were
counted,a mean taken, and this figure used to compute the
percentage hatch of the egg-batch,

The female was stripped every day, and the percentage
fertilisation and percentage hatch of each egg-batch were
plotfed‘againSt time - zero hour being the time at which the
first 1ot‘of eggs were stripped from the female, The same
male was used to inseminate each egg-batch, |

This procedure.was continued for two weeks (the fish
being stripped at a different time each day to prevent en-
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Fig. 16, An ovulation-prediction chart for turbot female, "Black
Fleck". The percentage fertilisations and hafches were computed
from duplicate samples of 400 eggs. Each point on the graph there-
fore represents a mean of duplicates. A sudden rise in percentage
fertilisation and hatch indicates the presence of freshly-ovulated
eggs. The numbers 1 to 4 inserted over the 5th. ovulatory peak
correspond to Plates XV to XVIII., Zero on the x axis simply indic-
ates the start of the experiment. See text for full details of the

ovulation—-prediction method.
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trainment) by which time an ovulatory "pattern" emerged from
the results (see Fig. 16). An increase in percentage fert-
ilisation to greater than 90% was taken to indicate a fresh-
ly-ovulated bétch of eggs, and an average time-interval bet-
ween the first four ovulations depicted in Fig. 16 was est-
imated. This estimated time—iﬁterﬁal was uéed to predict
the approximate time the next ovulation would occur and the
fish was stripped every hour over a 3 hour period which en-
compassed the expected time of ovulation.

This was repeated for one further ovulation and then
the female was left for 2.5 weeks, only being stripped twice
a week at the same time as the other spawning females, Af-~
ter this time, daily stripping was again resumed to see if
the female had retained the same time-interval between ov-
ulations.

This daily stripping procedure was repeated for 15 oth-
er females from 3 different broodstocks, Percentage fert-
ilisation and percentage hatch were measured as before but
the sample sizes were reduced to two lots of 200 eggs and
these were Incubated in smaller plastic containers (400ml

capacity) due to space-limitations in the egg-incubation

room,

RESULTS
Fig. 16 shows the "pattern" obtained by plotting the
percentage fertilisation and the percentage hatch of egg-
patches stripped from one particular female and fertilised
by the same male. The plot demonstrates a clear-cut ovulat-
ory rhythm, The "ovulatory period" (i.e., the time interval

between two ovulations) was computed to be 86,5 hours by tak-
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TIME OF STRIPPING
(nours)

¢ FERTILISATION

BATCH-WEIGHT (g)

342 ( 1100p.m.)
346 ( 5:00p.m.)
347 ( 6300p.m.)
349 ( 83:00p.m.)

0.00
87,80

76,00

9975

10
1
20
100

Table 11a. Results of sampling over the 5th ovulation monitored

in Fig. 16.

TIME OF STRIPPING
(nours)

- % FERTILISATION

BATCH-VEIGHT (g)

231.5 ( 6:30a.m.)
435 (10:00a.m.)

440 ( 3:00p.m.)

0:00
76,70
97.25

2
40
92

Table 11b. Results of sampling over the 6th ovulation monitored

in Fig. 16 (see text for details).




THE APPEARANCE OF EGGS AT DIFFERENT STAGES OF OVER-

RIPENING. WITHIN THE LUMEN OF THE OVARY: Plates XV - XVIII
correspond to the numbers 1-4 inserted over the 5th.
ovulatory peak in Fig. 16.

~— g
Ay,
Y

te
e
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s v

gt
v

e

Plate XV. Good quality eggs stripped approximately 3h
from the start of ovulation.

Plate XVI. Poor quality eggs stripped approximately
45 h from the start of ovulation.



Plate XVII, Infertile eggs stripped approximately
67 h from the start of ovulation.

Q - "spotted, infertile" b - "dimpled" egg.
| egg(s.1i.).

Plate XVIII. Sunken, infertile eggs stripped app-

roximately 85 h from the start of ov-
ulation.



ing a mean of the intervals between the first four ovulat-
ions shown in Fig., 16. The time of the fifth ovulation was
thus predicted to be 346 hours from the start of the exper-
iment (i.e., 5p.m. of the 14th, day).The female was therefore
stripped at 342h (1p.m.), 346h (5p.m.), 347h (6p.m.), and
349h (8p.m. ). The percentage.fertilisations and weights of
the different egg-lots are shown in Table 1lla,

Similarly, the sixth ovulation was predicted to occur
at 432.5 hours from the start of the experiment (i.e., %a.m.
-of the 18th, day). The female was again stripped over her
expected-ovulétion time and the percentage fertilisations
and weights ofithe egg-lots are shown in Table 1lb., From
these results, it would.appear that it takes approximately
4-6 hours for a complete batch of turbot eggs to be ovulated.

When daily stripping was resumed after subjecting the
female to the more usual twice-weekly stripping programme
for a fortnight ( the eggs simply being stripped and discar-
ded to prevent severe overcrowding of the bvary), she was
still found to have the same ovulatory period as at the st-
art of the experiment 5,5 weeks before,

In addition td the female having a constant ovulatory
period, the eggs themselves showed é relatively constant
rate of ageing.} This meant that eggs stripped at any time
during the ovulatory cycle could be aged to the nearest 24
hours, thus giving an estimate of when the female last ovul-
ated, Since the ovulatory period of the fish was known, the
next ovulation-time could then be predicted. Plates XV to
, XVIII show these different over-ripening stages of turbot
eggs. The photographs correspond to the numbers 1-4 insert-

ed.over the fifth ovulation peak in Fig. 16, This rate of
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Fig, 17. An ovulation-prediction chart for Female "VCV".

The percentage fertilisations and hatches were computed from

duplicate samples of 200 eggs. Each point on the graph there-

fore represents a mean of duplicates. A sudden rise in perc-

entage_fertilisatibn and hatch indicates the presence of

freshly-ovulated eggs. 2Zero on the x axis simply indicates
the start of the experiment. ' ‘
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Figs. 18 & 19. Ovulation-prediction charts for Females LFH (1980)
and XXX respectively. The percentage fertilisations and hatches

were computed from duplicate samples of 200 eggs. Each point on
the graph therefore represents a mean of duplicates. A sudden fise
in percentage fertilisation and hatch indicates the presence of
freshly-ovulated eggs. Zero on the x axis simply indicates the

start of the experiment.
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Figo, 20. An ovulation-prediction chart for Female "VVW",
demonstrating the alternation of long and short ovulatory
cycles in this turbot female. The percentage fertilisations
and hatches were computed from duplicate samples of 200
eggs. Each point on the graph therefore represents a mean of
duplicates. A sudden rise in percentage fertilisation and
hatch indicates the presence of freshly-ovulated eggs. Zero
on the x axis simply indicates the start of the experiment.
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Fig 21. An. ovulation-prediction chart for Female "VIV",
demonstrating the alternation of long and short ovulatory
cycles in this turbot female. The percentage fertilisations
and hatches were computed from duplicate samples of 200

eggse. Each point on the graph therefore representé a mean of
duplicates. A sudden rise in the percentage fertilisation and
hatch indicates the presence of freshly~ovulated eggs. Zero
on the x axis simply indicates the start of the experiment.
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FRIALE YEAR WEIGHT LENGTH OVULATORY PERIOD
\kg) (em) (n) B
X0 4980 2.00 40.0 93 (%2)
OAw 1980 2.90 45.6 12/100
xc 1980 | 3.27 41:5 62 (+2)
. XCX 1980 3.50 54,0 90 (*5)
XXX 1980 4.20 50.5 70
S II 1980 | 4.98 5502 83 (*2)
VWV 1980 5430 59.0 96/72
vev 1980 5.30 61.0 63 (*2)
Black Spot 1980 5. 60, 58.2. 270 (2 Ovulations)
VIV 1980 -5.80 58.5 . . 90/70
vev 1981 6.10 62.5 671 (t2)
co 1980 6.20 59.3 85 (*3)
wWI 1980 6.50 61.5 60 (*4)
1FM 1980 6.70 62.5 85
BUM 1980 6.70 64.0 =92 (2 Ovulations)
Black Bar | 1981 7.00 59.5 85 (*6)
Black Fleck 1980 | 7.10 62.0 86.5
Black Spot | . 1981 7.30 60.5 65-70
- B 1981 T+50 65.5 =95 (2 Ovulations)
Black Fleck 1981 8.00 62.7 113 (%2)

Table 12, The ovulatory periods and sizes of 16 different turbot

females (four females were monitored for two consecutive

years). The limits of wncertainty (figures in parentheses)

do not necessarily indicate fluctuations in a female’s

ovulatory period, they merely reflect the frequency of

sampling. Asterisks indicate those females with altemat-

ing long and short ovulatory periods, Females monitored

for two ovulations only are noted,



over-ripening was found to be very similar for eggs from oth-
er turbot females,

It is also clear from Fig. 16 that although the‘perc-
entage'fertilisation of eggs can remain quite high (greater
than 80%) for 30 to 35 hours after ovulation, the over-ripen-
ing prbéess affects the "quality" of the first divisions so
that éfter 18 to 20 hours, very few eggs survive to hatching.

Figs, 17 to 21 show the percentage fertilisation and
hatch plots for 5 other turbot females, It can be seen from
these figures that although each female has a regular ovulat-
ory rhythm, the ovulatory period varies between individuals,
This is further demonstrated in Table 12 which gives the ov-
ulatory periods of 16 females computed from percentage fert-
ilisation and hatch plots in the same manner as described
above., (4 females were monitored for 2 consecutive yearé).
No relationship was.found between the size of a female and
the length of her ovulatory cycle, In additioh, the cycles
6f individual females appeared t64vafy from year to year, but
no firm conclusions could be drawn on this account due to in-
sufficient data.

Tigs. 20 & 21 clearly show that a few turbot females
have alternately long and short ovulatofy periods rather than
one constant period, The results of further investigations

into this phenomenon are given in sub-section 5.

DISCUSSION
Each of the females monitored closely in this study app-
eared to have a regular ovulatory rhythm but the time-period
between ovulations varied between individuals - the shortest
being 60( £ 4) hours and the longest 113(X 2) hours. However,

the ovulatory period of most females seemed to fall between 80
- 64 -



Fige 22. A demonstration of how Shearwater's twice weekly strip-
ping programme may have given a false impression of some female
turbots' breeding value. The fact that most turbot appear to ov-
ulate every 3.5 days during the spawning season resulted in some
females being continually stripped when the eggs in the lumens of
their ovaries were over-ripe (and were thus labelled as "Bad Breed-
ers")., Conversely, other females were usually stripped just after
their ovulations (and were therefore labelled as "Good Breeders").
For further explanation, see text.



~Bad Breeder"

a)
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%

J b)

sonesiiuad A
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Fig- 22.



and 90 hours; that is, most females ovulated every 3.5 days.,

Since all females used to provide eggs for the hatchlery
were originally stripped routinely twice a week, this 3.5 day
ovulatory period could explain why some females usually gave .
good eggs, some females always gave infertile eggs, whilst
the egg-quality of other females varied considerably, &f a
feméle was initially stripped just after her ovulation, it
was likely that the next time she was stripped 3-4 days lat-
er, her eggs would again be freshly-ovulated and therefore
of gbod quality. If, however, a female's initial stripping
was 1.5-2.5 days after her ovulation, not only would all the
eggs of that particular batch be infertile but probably the
.éggs.of most of her later batches since the female would co-
ntinue to be stripped at this time in her cycle (see Fig. 22).
~ Those females whose egg-quality varied considerably probably
" had ovulatory periods which weré'greatef or shorter than 3.5
days. The fwice—weekly stripping programme thereby gave a
false impression of_some females'! breeding-value, This is
further confirmed by the fact that fish labelled as "good-
breeders" one year did not necessarily perform well the next
(and vice versa), and by "bad-breeders" sometimes giving
good gquality eggs if they were stripped outside the usual
twice-weekly routine, '

Therefore, in order to genetically select female turbot
broodstock, it 1s necessary to compare the different percen-
~tage hatches obtained from the females' freshly-ovulated egg-
batches (e.g., female "Black Fleck" did not usually give g
hatch of greater than 50¢%, whereas female "VIV" always gave
very good hatches - see figs. 16 & 21 respectively). It is

useless to select females by comparing eggs at different st- -

ages of over-ripening.
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FEMALE TOTAL EGG | NUMBER AT |% FROM 1st. | % FROM
WEIGHT (g) | HATCHxWo DIVISION | TOTAL
vvI 1513 302 31.0 20,0 ROUTINE
TWICE-WEEKLY
Black Spot | All Dead - - - STRIPPING
Black Bar 2960 270 16.0 9,0 REGIME
LPM 2244 108 13.5 5.0 (1979)
101 1444 - 305 34.9 21.0
I 904 630 86.0 69.5 STRIFFING
USING
Black Spot 521 145 33.5 28.0 OVULATION
Black Bar 1346 185 25.0 13.5 PREDICTION
LFM 618 125 32.5 20.0 CHARTS
(1980)
101 783 142 2545 18.0

Table 13. Comparison of the 1979 and 1980 egg and yolk-sac larval
| production figures of 5 female turbot, all from Brood-

. stock 1. (Figures computed by Mr. N. Pullerton, Shear-

water Fish Farming Ltd..)




Ovulation-prediction by plotting quality of eggs' first
division against time (see sub-section 4 for further details)
has already proved useful ih general hatchery procedure, Al-
though females need to be stripped fréquently at first in or-
“der to determine their ovulatory period, this method ultimat-
ely saves time because the eggs and larvae obtained are usual-
ly of better viability, In addition, because of the higher
percentage hatches obtained from freshly-ovulated eggs, suff—
icient larvae are obtained by stripping only 3 or 4 females
at any one time, rather than routinely stripping all the fe-
males twice a week, Usually'B or 4 females are monitored cl-
osely for a few'weeks, then a different group of females is
chosen for the next few}weeks, and so on until the end of
the spawning season., This helps to alleviate the stressing
of‘feﬁales by continual stripéing.

The advantages of the ovulation-prediction stripping-
method is reflected in Table 13 which compares the 1979 and
1980 egg and yolk-sac:larval production figures of 5 female
.turbot.(Figures computed by Mr, N.’Fullerton, Shearwater Fish
Farming Ltd.) In 1979 a routing twice-weekly stripping pro-
gramme was usei'so large quantities of eggs wefe collected,
However, many egg-batches gave low percentage hatches, 1In
1980, ovulations were predicted in the manner described above
so these 5 females were subjected to stripping for a shorter
period of time (note the lower total egg-weights) but, in ge-
neral, both the percentage hatch and actual number of yolk-
-sac larvae were higher than those in 1979,

TFewer female broodstock are required when ovulation-
prediction methods are employed, but it is helpful to inecr-

ease the number of male fish in the tank to ensure that suff-
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icient milt is available whenever one of the monitored fem-

ales ovulates fresh eggs.

-67 -



%, ATTEMPTS TO SYNCHRONISE THE OVULATORY-RHYTHMS OF SEVERAL

FEMALES BY HORMONE INJECTIONS:

" Once it became éppéfent that turbot females showed pre-
cise ovulatory rhythms, it was decided to investigate the
feasibility of synchronising the ovulations of several fish
by the administration of hormone injections., Having several
females ovulating in synchrony would reduce both the number
of man-hours spent hand-stripping fish and the amount of dis-
turbance and stress to which the broodstocks would be sub-
jected, since the fish could all be stripped at the same time
on the same day rather than on several different days, It
would also facilitate the stocking of Shearwater's large
10,000 1 larval-rearing tanks with larvae of the same age. Ob-
viously, synchronisation would only be of commercial advant-
age if the hormones used were effective, cheap and easily
administered.- Bearing this in mind, a primer dose of salmon
pituitary extract followed by injections of either a crude
preparation of l7a-hydroxy 20;3dihydroprogésterone(1%&&{2oap)
or'17a-hydroxyprogesterone(l7a(ﬂiP) were decided upon for the
following reasons, |

17«0H 208P has been shown to be highly effective in in-
ducing oocyte maturation and ovulation in trout, both in vitro
(Fostier et. al., 1973) and in vivo (Jalabert et. al., 1976),
and carp (Jalabert gi. gl;, 1977), and in causing in vitro
oocytevmaturation in northern pike and goldfish (Jalabert,

1976). It also has some maturation-inducing activity in win-

" ter flounder (Pseudopleuronectes americanus) oocytes incubat-
ed in plasma (Campbell, 1975). Similarly, the in vitro stud-
jes of Goetz and Theofan (1979) led them to suggest that 17a

OH 208P may stimulate natural germinal vesicle migration and
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breakdown, and ovulation of yellow perch oocytes. Schmidt
and Idler (1962) found both 17« OH208P and 17«OHP to be
present in high concentrations in mature and postspawned

Oncorhynchus nerka, However, Campbell et. al.(1976) have

demonstrated that plasma concentrations of 17«Q0HP rise
from 3,5ug/100ml in pre-mature winter flounder females fo
53(4',26_2;5'g/100m1 in maturing fish, whereas the concentration
of 17«a0H20B8P does not increase, They therefore suggest
that, in this species, 17aOHP may be involved in oocyte '
maturation rather than 17a0H 208P. Taking all of this into
consideration, it was decided to test the effects of both
steroids on oocyte maturation and ovulation in turbot, .

Although 17a0HP is available cheaply, pure l7a(n{éoap
is extremely expensive and its use could not be justified in
this experiment. It was therefore decided to follow Jalab-
ert et. al.'s (1977) example and make a crude preparation
(approximately 70% ) of 17 «OH208P from 17 «OHP using meth-
ods described by Norymberski and Woods (1955) and Smith et.
al.(1962).

A priming dose of gonadotropin was used because prev-
ious workers have shown that this procedure greatly increas-
ed thé efficiency of fhe subsequent steroid injection (e.g.,
Jalabert et. al., 1977). Although the gonadotropin used (i.e.
salmon pituitary extract) was costily, only very small amoun-

ts were used for "priming" and so the expeﬁse was not great,

It must be noted that when this experiment was attem-
pted, 6vulation—prediction charts had been drawn for only 5
fish. The ovulation periods of all these females had fallen
be;ween 80 and 90 hours, It was therefore postulated at this
point that ovﬁlatory periods were very_similar for all indiv-
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iduals, That is, if the initial ovulationé were synchron-
ised, the ovulatory rhythms of the females would remain
reasonably "in phase" for several weeks, After studying a
greater number of fish's rhythms, it was realised that this
was untrue., Unfortunately, it had not been possible to
postpone the hormone-experiment until the "constant ovﬁlat-
ory period" hypothesis had been tested because this was the
only time of year at which there were sufficlent numbers of

‘mature female turbot to make the trials statistically valid,

MATERIALS & METHODS

Experimental Fish:

46 fish (34 females; 12 males) that were known to have
spawned during the summer of 1979 were transported by air
from the Shearwater onfgrowing site at Wylfa, Northern An-
glesey to the Isle of Man hatchery in January, 1980. The
fish were transported in large polythene bags one-third full
of seawater. These were sealed with metal tags after oxygen
had been "injected" into the water and into the air-space
above. |

On arrival at the hatchery, the fish were put into a
7.6mx3,8m rectahgulap metal tank that already contained an
established summer-spawning broodstock consisting of 20 fish,
The two broodstocks were kept separate by a mesh partition
constructed across the width of the tank, All fish were
subjected to a light/dark regime of increasing photoperiod
which was scheduled to induce spawning in June of that year,

The transported fish were allowed to settle down un-

. disturbed except for feeding and cleaning until April when

they were freeze-branded for identification purposés, sexed,
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weighed>and measured,

It was surprising that most of these fish vere small
— the majority being of 2-3kg weight and 40-45cm length -
since all of them were at least 3 years old, However, this
was fortuitous as far as the hormone experiment was concer-
ned since they required smaller doses of hormones and Qére
less commercially valuable than the other large broodstock
femaies at the Port Erin hatchery which had well-establish-
ed spawning récords. '

Injected Material:

'Injections were made intraperitoneally and the doses
were adjusted so that each fish received 1lml of injected
material per kg of fish bodj weight,

The salmon pituitary extract was made from acetone- .
dried pituitary powder (International Enzymes Ltd., Syndel
Laboratories) in the following manner. The required amount
of pituitary‘powder.wgs homogenised in 15-30 volumes (w/v)
of physiological saline (8%. NaCl) using a glass-teflon hom-
ogeniser, This extract waé centrifuged at 14,000rpm for 15
minutes, and the resultant pellet discarded. Additional
saline solution was added to the supernatant to give an ex-
tract concengration equivalent to 4mg of pituitary'powder
per ml of physiological saline, Fresh extract was made for
each day of use,

The crude 17« 0H 208 was prepared by the same method
used by Jalabert et., al.(1977); that is, by selective reduc-
tion of 17TxOHP's 20-ketone groups with sodium borohydride
in methanol-dimethylformamide (Norymberski & Woods, 1955;
smith et. al., 1962). This procedure was most kindly perf-

ormed by Dr. Andrew Grimm of Bangor, U,C.N.W.,. The crude
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17 «0H204P contained approximately 30% of 17T«xOHP and over-
reduced derivatives. The 17«OHP was pﬁrchased from Sigma,
Both steroids were dissolved -in pure.ethanol and then,
Jjust béfore injection, they were precipitated as a suspens-
ion in 8%. saline so that there was 20¢% ethanol in the in-
jected product (Jalabert et. al., 1977). |

Determination of Stage of Oocyte-Maturation:

Oocyte-maturation stages of the female fish were det-
ermined both by external examination and catheter sampling.
The scale of external development used was as follows:

0 - no development,

1l - ovary beginning to swell,

2

3 - ovary very swollen; spawning imminent,

ovary swoilen; vent red.

4 - "running" with hyaline eggs.

Ovary samples were.taken using a catheter as in sub-section
1, and the oocyteé were "cleared" with a 1l:1 (v/v) mixture
.of methylated spirits and acetié acid, This treatment made

the nuclei visible under the mlcroscope so permitting'the‘
oocyte'development stage to be assessed using a similar sch-
eme to Jalabert et. 2l.(1977):

'f'nucleus at the centre of oocyte,

-‘migrating nucleus,

- nucleus at periphery of oocyte,

U o W »

- mature oocyte; after germinal vesicle breakdown,
before ovulation,

.Plates XIX to XXII show some of these maturity stages,

| The samples had to be dealt with immediately after ad-
ding the cleafing solution since its action continued, even-

tually making the nuclei difficult  to see, Therefore, sev-
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Plate XIX. Stage A oocytes, i.e. centred nuclei,

Plate XX. The same oocytes as above "cleared" with
methylated spirits/acetic acid.



Plate XXI. Stage B oocyte, i.e. with a migrating
nucleus,

Plate XXII. Stage D oocyte, i.e., mature, pre-ovul-
atory oocyte.,




eral subsamples of the extracted material were quickly scan-
ned using an Olympus BHB microscope, and a note made of the
most abundant oocyfé stage'and the most advanced stage.
Photomicrographs were also taken for later reference,

?reliminary Trials

On 9th, May, 3 females were selected which were all at
maturity stage 1,A (i.e., approximately 4 weeks away from
their expected first ovulation). Each weighed 2kg. They
were injected with the equivalent of 4mg/kg of acetone-dried
salmdn pi%uitary powder (A.D.S.P.) on Day 1, followed by do-
ses of lmg/kg of 17«OHP on Days 2 and 3,

Attempts were made to hand-strip ripe eggs from the
females on Days 3 to 8, inclusive.

Experiment 1:

On 24th. June, 8 fish were chosen whose maturity stag-

es and weights were as follows:

Control Fish Experimental Fish
Maturity Stage Weight Maturity Stage Weight
1). - 2,A " 6.2kg 5 .2,A 3. lkg
2)  .1=2;A . 3.2kg 6) . 1-2,A 2.8kg
3 2,A 3.3kg 7 '}".-2'7‘3;.,13 1.9kg
4) . 2-3,B 4.2kg 8) -."2'_.-3',53 3.1kg

On Day 1, the experimental fish were injected with
4ng/kg of A.D.S.,P., followed by a dose of 2mg/kg of l7«OHP
on Day 2. The control fish were given saline injections (&%,
NaCl) of 1ml/kg on Day 1 and 1lml/kg of saline containing 20
ethanol on Day 2. | ‘ |

Attempts were made to hand-strip egegs ffom_bofh cohtrol

and experimental fish on the next consecutive 6 days,
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Experiment 2:
On 29th., June, 9 fish were selected with maturity stag-

€s and‘weights as folloWs:
: Experimental Fish
Control Fish '
' Group A Group B
Mat/St  Wt. Mat/St  Wt. Mat/St  Wt.
) 2,A 2,8kg 4 2,A 3.2kg T 2,A 2.lkg
2 2,A 4.9xg 5 2,A 3,3kg 8 2,A 2,9%g

%) 1-2,A 1,8kg 6) 1-2,A 3,6kg 9) 1-2,A  2.9kg

On Day 1, both groups of experimental fish were inject-
ed with 4mg/kg of A.D.S.P.. On Day 2, Group A experimental
~ fish were given injections of 4,4mg/kg of 17«031’ana-Gropp
B fish were given crude 17otOH 208P injections as follows:
) Fish 7)  4.9mg/ke o

Fish 8)  3.0mg/kg

Fish 9) 4,9mg/kg
The 3 control fish were given saline injections on Day 1 and
20% ethanol in saline injections on Day 2.

) Attempts were made to handstrip eggs from both control

and experimental fish for the next six consecutive days.

~An.ovulatién—synchronisatima experiment using 8 control
fish and two-groups of 8 experimental fish (one for 17« OHP
injections, and one for 17«OH 208P injections)was planned,
However, this was abandoned due to the failure of these in-
itial trials, and thg realisation that some females had diff-
erent ovulatory periods- that is, even if several females’
ovulations were initially synchronised they would slip out

of phase after a few ovulations,
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FEMAIE| DAY 1| DAY 2 | DAY 3 | DAY 4 | DAY 5 | DAY 6
A Saline | Saline * -—— * —_—
CONTROL B Saline | Saline - — | - —
FISH c Saline | Saline — - — —
D Saline P —— - % —
E Primer| 17aOHP| —= -| -=— — _—
EXPERINENTAL | p' | primer| 17aOHP| —m= | === | =—— | —--
FISH G Primer * — - -— *
H Primer| 17aCHP| —— _— —_— *

Table 14. <he sequence of in;j‘ections given to control and experimental
fish in Experiment 1, and the results of monitoring these
fish for a further four days. Asterisks indicate the presence
of freshly ovulated eggs in a female’s ovary.



FEMALE| DAY 1| DAY 2 | DAY 3 | DAY 4 | DAY 5 | DAY 6

I Salinel Saline * —— _— »*

CONTROL J Saline Saline —— —— — ——
FISH e Saline| Saline | —— | ~—= | —- —
L Primer| 17aOHP | -— _— — —

EXPERIMENTAL |y | primer| 17a0HP | ~o= | —= | — | ——

GROUP A. ¥ . | Primer| 17a0HP | o | —— | o=~ | -

) 0 Primer{17a208P | —— - * -—
EXPERTIMENTAL | p Primer[i7a 208 P

GROUP B. Q Primer{17a208P | —— — ] —— -—

. Table 15. The sequénce of injections given to control and experimental
fish in Experiment 2, and the results of monitoring these
fish for a further four days. Asterisks indicate the presence

of freshly ovulated eggs in a female’s ovary.



RESULTS

Preliminary Trial:

Ovulations were not induced in any of the females used
"in this trial, In fact, all three fish’s ovaries regressed
somewhat after the injections and the females only céﬁe into
spawning condition about 8-9 weeks later, right at the end
of the season.

Experiment 1: -

As can be seen from Table 14, the experiment was comp-
letely unsuccessful, The ovulations which occurred appeared

quite random in nature and must have been spontaneous rather
than induced by the administered hormones.

Experiment 2:

Table 15 shows the unsuccessful nature of this exper-
iment. Nelther 17 0H P:nor 17 «OH 208P injections induced ov-—

ulations in any of the females.

DISCUSSION

It is obvious from the results pPresented here that 17«
OHP and 17eOH 208P given at the stated concentrations do
not induce ovulation in turbot, In fact, in the preliminary
trials, 17«OHP actually seemed to have an inhibitory effect
on oocyte maturation, It is possible that this inhibition
was in part due to the females' oocytes only being at the
first stages of maturity when the hormone was administered
since Riley‘and Jones (pers, comm,) found that turbot at ear-
ly stages of maturity also regressed their ovaries when giv-

en HCG injections which were intended to induce ovulation,
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4, OVULATORY RHYTHMS OF FEMALES KEPT IN A CONSTANT-LIGHT

REGIME:

Several species of batch-spawning fish have been shown
to have rhythmic periodicity of reproductive behavioﬁr with
spawning confined to a limited period of day or night (Ahl-
strom, 1943; Daugs, 1965; Egami, 1954; Forselius, 1957; Gam-
ulin & Hure, 1956; Legault, 1958; Marshall, 1967; Robinson
& Rugh, 1943). Light has been shown to be a principal fac-
tor in the preciée timing of spawning in some of these spec-

ies; for example, Oryzias latipes (Egami, 1954; Robinson &

Rugh, 1943); the zebra fish, Brachydanio rerio (Legault, 1958),

and Trichopsis vittatus and T. pumilus (Marshall, 1967).

In all of these examples, ovulation occurred no more
than a few hours prior to egg-laying (provided . tank condit-
ions were optimal -Egami, 1954; Robinson & Rugh, 1943), Ac-
cordingly ovulation times also show a periodicity. In add-
jtion, Stacey et. 21.(1979a & b) have shown that both the pre-
ovulatory gonadotropin surge and the ovulation of the gold-
fish are_synchronised by photoperiod; ovulation occurring at
approximately the same time of day at temperatures from 12~
16°C.

"Round-the~clock" plankton samples taken by Simpson
(1972) indicated that plaice in the southern North Sea spawn
between 1900 and 0600h in early January, extending to 1100h
by mid-February. Although dab in the same area spawned fhr-
oughout the day and night, more eggs were released between
midnight and noon, Simpson also found that the spawning of
_sprat in the Irish Sea in January and early liarch was limit-
ed to the period 2200h to noon with most eggs being released

between midnight and 0400h. Furtherkplankton samples taken
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by Simpsoh indicated that the spawning of pilchard in the
English Channel in June was almost completely limited to the
period 2000 to 0200h, Finally, Jones (1972) states that the
few natural spawnings which occurred in his experimental tur-
bot broodstock all took place at night,

In view of all this evidence in favour of diel ovﬁlat-
ory and spawning behaviour in fish,it was rather surprising
to find that female turbot ovulated at various times during
the day and night (see Tables lla & b), apparently only dep-
endent on some form of endogenous rhythm and completely ig-
noring the "on-off" stimuli of their light/dark regime (18h
light : 6h dark), It was therefore decided to investigate
this phenomenon further by mohitoring the ovulatory rhythms
of two females placed in a.constant light regime (24h light:

Oh dark).

MATERTALS & METHODS

The ovuiatory rhythms of two female turbot subjected
to the usual 18h light : 6h dark photoperiod were monitored
for four days by stripping eggs from them daily, Actual per-
centage fertilisation figures were nqt computed for this ex-
periment. Instead, the degree of over-ripening of the eggs
was assessed by observing their first and second cleavages
under the microscope and comparing these with the "ageing-
scale" described on page 63and in Plates XV_td XVIII. This
was a'very accurate and rapid method of détermining the day
on which ovulation occurred, since only freshly ovulated eggs
showed really good quality first divisions, |

After four days, the two fish were subjected to a con-

tinuous light regime (24h light : Oh dark). In order to do
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Fig, 23+ Tank-system for "Constant Light" Experiment.
(Not drawn to scale; see text for tank dimensions.)
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this the fish had to be isolated from the rest of the brood-
stock and placed in al.22mx 0.6m x 0.6m i‘ibregléss tank which
had seawater flowing through it at a rate of 3'i/minute. The
seawater passed through a biological gravel filter beforehénd
(see Fig, 23) and aeration was supplied to air-stones plac-
ed at either end of the fish-tank, The water in the fish-
%ank was kept at 14.0(*0.5)°C for the duration of the exper-
iment (i.e., the same temperature as the water in the main
broodstock tank) and continuous lighting was provided by a
fluoréscent~strip—light placed in the corner of the room so
that the fish received a diffuse light which was similar fo.
that over the main bropdstock—holding tanks,

Although it would have been preferable to monitor the
females! ovulatory cycles for at least two weeks before sub-
jecting thgm to a constant light regime, this was not poss=
ible because the f;sh were coming to the end of their spawn-
ing season, and so time was limited. .

Monitoring of the fish's ovulatory rhythms continued in
exactly the same manner for a further two weeks - that is,

the fish being stripped daily and the quality of their eggs

being assessed under the microscope,

RESULTS
Transferring two females from their usual 18h light : 6h
dark regime into one of constant light did not have any dis-

cernible effect on either female's ovulatory rhythm (see Figs.

240 & b).
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Figs, 24a & b. Ovulation-prediction charts of 2 turbot females
“transferred from an 18h Light : 6éh Dark regime to one of constant
light (see arrows on graphs). Turbot egg—quality declines rapid-
ly after ovulation, so "good quality" eggs on the graphs denotes
the presence of freshly-ovulated eggs in the females! ovarian lum-
ens. Plates XV to XVIII show the appearance of the different qual-
itj stages of turbot ezggs used in the y axes of these figures.
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DISCUSSION

The results of this experiment suggest that turbot
females do not depend on any "lights on/off" stimuli to act
as pacemakers for their ovulafory rhythms. ‘However, it was
only possible to monitor the two experimentai females for
3-4 ovulations in constant light (they both stopped ovulat-
ing at this point) and so the experiment did not completely
disprove rhythm entrainment, It is possible that the ovul-
atory rhythms were simply "free-running" whilst the femalesl
were in constant light. |

Nonetheless, since all females seem to ovulate success-
ive egg-batches at completely different times of the day and
night, it seems safe to assume that ovulation is not trigger-

ed by any "lights on/off" stimuli, However, even though ov-

;uiafion does not-seem to be-confined to a limited period of
- the day9or night, there is no reason to assume that natural

spawning behaviour shows the same rhythmicity.
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Fig. 25. A bypothetical explanation of the fact that a few turbol
females have alternating long and short ovulatory cycles instead
of one constant ovulatory period as in the majority of cases. The
hypothesis assumes that the paired ovaries of turbot ovulate ali-
ernately. That is, if the ovulatory period of a female was 80 hours, °
then each of her ovaries would ovulate every 160 hours; the ovaries
‘being 80 hours out of phase with each other if the female showed
"regular ovulations" (as depicted in (a)). If, however, the phas-
ing was not quite "correct" the female would appear to have alt-
ernating long and short ovulatory cycles (as depicted in (b))-
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5. WHETHER AN INDIVIDUAL'S OVARIES OVULATE SIMULTANEOUSIY

OR ALTERNATELY:
T'Althéqgh in the majority of cases +the ovulatory per-

iod of an individual female remained remarkably constant th-
roughout the spawning season, the ocqasional female showed

an alternation of long and short intervals between her ovul-
ations (see Figs. 20, 21 &‘24b). This was observed in only

3 fish, but in each case the alternating pattern was very
precise, For example, the fish "VIV" ovulated after 70 hours
then after 90 hours, after 70 hours then after 90 hours, aad-
sc on(see Fig. 21)..

This strange phenomenon seemed to suggest that the pa-
ired ovaries of the female turbot might ovulate alternately.
That‘is, if the ovulatory period of a female was 80 hours
then‘each of her ovaries would ovulate every 160 hours, the
ovaries being 80 hours oﬁt of phase with each other (see Fig,
25a). If, however, the phasing was not quite "correct" the
female would appear to have alternating long and short time-
intervals between ovulations (see Fig, 25b).

This seemed unlikely because turbot ovaries are in much
greater contact with each other and "fused" to a greater deg~
ree than the paired ovaries of higher mamméls, which do show
alternate ovulations, In addition, no mention of a similar
phenomenoﬁ occurring in other fish species could be found in
the literature. However, the alternating pattern was so clear-
cut that it was decided that a closer investigation was warr-
anted;

The phenomenon was studied in three ways:

a) A dye-mark experiment,
" p) Catheterisation experiments.
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¢) The examination of the ovaries of a female sacrificed

just'prior to her ovulation,

MATERIALS & METHODS

a) Dye-Mark Experiment:

A solution of "fast-green" was made by dissolving lg
of “"fast-green" in 56ml of physiologicai saline (8%.NaCl in

) distilleé water). Then, a female turbot which was 1
day away from her next ovulation was anaesthetised with
MS222 and a catheter tube (see Fig. 14) was introduced into
her oviduct. The tube was gently pushed as far back into
the lumen of the upper (i.e., left) ovary as possible. It
was known that the catheter had entered the upper ovary, as
opposed to the lower one, because it could be seen moving
underneath the fish's skin, A few ml of "fast-green" solut-
ion were taken up in a 20ml disposable syrihge barrel and
injected into the ovary lumen by attaching the barrel to the
catheter tube protruding from the oviduct.- The catheter was
then removed, |

The fish was hand—stripped daily and the resultant

eggs were examined for traces of dye. -

b) Catheterisation Experiments:

Temale "VIV" was taken a few hours after ovulation and
all her ovulafed éggs were stripped away by hand, A cathet-
er tube was then introduced into her upper ovary and a sample
of oocytes removed by suétiqn. A clean catheter tube was
then introduced into the lower ovary (this time the tube cou-
1@ not be seen mo§ing underneath the skin of the upper side)
and another oocyte sample removed,

100 secondary oocytes from each of these two samples
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were teased free‘with seekers and their diameters measured
'under the microscope using a graticuled eyepiece ( 2 diam-
eters at right angles to each other were measured per oocyte
and a meanltaken). A frequency-distribution diagram of ooc-
yte diameters was drawn for each ovary and compared,

This procedure was repeated two days later when the
female was approximately 12 hours away from her next ovul-

ation.

c) Comparing Ovaries of a Sacrificed Female:

In the previous method, it was assumed that if the
catheter could be seen moVing beneath the skin of the fish's
upper side it must have entered the upper ovary, and if it
could not be seen in this way it must have entered the lum-
en of the lower ovary.. .However, this introduced an element
of uncertainty into the results, When the frequenéy-dist—
ribution diagrams for both ovarieé were almost exactly the
same, it was declded to sacrifice one of the smaller femal-
es and compare her two ovaries to make certain that the ooc-
yte samples of the previous experiment had not been taken
from the same ovary. |

A small female which was about 12 hours away ffom her
next ovulation was culled and her ovaries removed by diss-
ection., Frequency-distribution diagrams of the diameters
of 200 secondary oocytes were drawn for each ovary and com-
pared (100 oocytes being taken from the anterior and post-

erior lobes of each ovary).
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Plate XXIII. Showing clear, freshly-ovulated eggs (above)
and dyed, over-ripe eggs (below). See text
for details of this experiment,

Plate XXIV. Showing that unovulated oocytes teased from
the ovarian tissue were not dyed by the "fast-

green", See page 83 for details,




RESULTS
a) Dye-Mark Experiment:

The eggs that were hand-stripped from the experimen-
tal female the day after dye had been introduced into her
upper ovary consisted of a mixture of fresh eggs (ovulated
during the night) and some very over-ripe eggs (left over
from the previous ovulation 3-4 days earlier). All the
over-ripe eggs had taken up the "fast-green" dye, whereas
the freshly-ovulated eggs were completely ciear (see Plate
XXIII). |

' Initially, it was thought that this result was indic-
ative of the female's ovaries ovulating alfernately. It
was very disappointing when the female stopped ovulating
at this point because it was hoped that the next batch of
eggs that were stripped would confirm this result by the
freshly—ovulated eggs being dyed turquoise (coming from the
upper, left ovary), and the over-ripe eggs remaining from
the previous ovﬁlation being clear. (coming ffom the lower,
right ovary). However, when further checks were made into
the validity of this method, it became apparent that the dye
only marked eggs that had already been ovulated into the
o#ary—lumen when the dye was introduced. It did nof dye un-
ovulated eggs within the body of the ovary. (This was found
by taking a small ovarian sample from another female by}cath-
eterisation and placing it in a solution of "fast-green"

'dye in physiological saline for a few hours. Only the out-
ér tissues of the ovary and ovulated eggs were stained. As
shown in Plate XXIV, unovulated oocytés teased from the ov-
arian tissue were‘not-dyed). The results of the dye-mark

experiment therefore failed to indicate whether or not tur-

bot ovaries released their eggs alternately.
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Fige 26, Size-frequency distributions of secondary oocytes from the
left and right ovaries of 1 turbot female 12 hours before her next

ovulation. A sample-size of 106 oocytes was used from each ovarye
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Fige. 2]. Size-frequency distributions of secondary oocytes from the
left and right ovaries of 1 turbot female a few hours after her ov-
ulation (and after hand-stripping). A sample-size of 100 oocytes

was used from each ovary.
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Fig, 28, Size-frequency distributions of secondary oocytes

in the left and right ovaries of a female turbot sacrificed
approximately 12 hours before ﬁer next ovulation. 2 samples
of 100 oocytes were measured from each ovary - 1 from the an-
terior lobe and 1 from the posterior lobe.
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b) Cathetérieation Experiments:

No significant difference could be seen in the size-
frequency distribution of unovulated oocytes taken from the
upper (left) and the lower (right) ovaries of female VIV,
either before or after ovulation (see Figs.26 & 27).

The similarity between the upper and lower ovary.;amp—
1es_indicates that both ovaries ovulate in synchrony,

¢) Comparing Ovaries of a Sacrificed Female:

~ ‘There was no significant difference in the size-freq-
uency distribution of unovulated oocytes in either ovary of
the culled female,i.e. oocytes were at the same stages of
vdevelopmenf.in both ovaries (see Figs, 28a,b,c & d). Théreé

fore, the paired ovaries of female turbot appear to ovulate

in synchrony.

DISCUSSICON
Since the validity of the "dye-mark" experiment was

later discredited, itnéan be assﬁmed from the results of the
catheterisations and culling that turbot females' paired ova-
ries ovulate in synchrony and "alternation of ovulation" is
not the answer to the peculiarflong and short ovulatory per-
idds observed in some females, These alternating ovulatory
periods must be a manifestation of alternating long and short
hormone-release cycles, but exactly how they are caused and

why they should be so regular cannot at present be explained.
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6. WHETHER NATURALLY-SPAWNING TURBOT SHOW RHYTHMIC SPAWN-

The experiments described in the previous sub-sections

demonstrated that captive female turbot have very regular
ovulatory rhythms which vary between individuals and, apparen-
tly, are not cued by "lights on/off" stimuli, However,'fhe
hand-stripped broodstocks at the Port Erin hatchery are in
very unnatural holding conditions, so much so that their nat-
ural spawning behaviour is suppressed. The author was there-
fore curious to find out if a female's endogenous ovulatory
rhythm would (i) be reflected in rhythmic spawning activity

if she were allowéd to spawn, and her eggs be fertilised;
nafurally; or (ii) whether courtship behaviour could over-
ride the basic ovulatory rhythm and induce ovulation in some
way.(Pfesumeably, a female's oocytes would have to be at.a
well-advanced stage of maturity before induction of this nat-
ure could be pOSSible),

‘ Bearing in mind that eggs become inviable about 18 hours
after their ovulation due to ageing processes, some form of .
synchronisation must occur between the male and female before
successful fertilisation can take place. If endogenous ovul-
atory rhythms do occur in'wild-spawning, it might be necess—
afy for close pair-bohding between a male and female over an
extended period of time. In this way the female could indic-
ate to the male by behavioural and/or pheromonal signals-when
she was about to ovulate, and thus initiate courtshipf If,
however, courtship itself is capable of inducing ovulation
in females, such close pair-bonding would not be necessary,

It is interesting that Manx fishermen say that on the

rare occasions they net turbot, there are usually two fish
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Fig, 29, Dimensions of the outside water storage pond.
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Fige 30. The egg-collecting net used in the experiment reported in sub-section 6,
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taken in close proximity to each other, and these are gener-
ally a male and female (Bowers, pers, comm,), Possibly, then,
the natural spawning behaviour of turbot does involve a len-—
gthy pair-bond.

The following experiment attempted to monitor wheﬁher
& naturally-spawning male and female turbot showed regular,

rhythmic spawning activity,

MATERTALS & METHODS

A female that was approximétely two weeks away from
her first spawning of that season, and whose ovulatory rhythm
had béen monitored very closely the previous year, was sel-
ected for the experiment; On 27-5-81, she was put into an
outside water-storage pbnd along with two ripe males, The
dimensions of the pond are shown in Fig., 29, Fresh seaﬁat-
er was pumped into its base at each high tide until the wat-
er-depth was 2.25m, Since the pond acted as a reservoir for
the University of Liverpool's Marine Biological Station, the
water-level gradually dropped after each pumping as water
~was used. The lowest water-level monitored during the exp-
eriment was 1.60m, |

The three fish were left undisturbed in the pond for
a week; and then the water surface was skimmed daily to a
depth of approximately O.5m using the net shown in Fig., 30
(mesh size = Imm)., A handnet (24cmx 9 cm) was used to skim
eggs close to the pond walls,

Any eggs that were collected in this fashion were put

into clean seawater and inspected under the microscope,
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DATE TIMNE EGG-QUALITY

11-6-81 | 12 a.m. Poor quality - some spotted, infertile.
15-6-81 12 aele Freshlyaovulated-"water—activéted".
28-»6—81 1 p.m.. | Freshly-ovulated - "water-activated",
13-7-81 - 4 p.m. Fair-poor quality - "water-activated".
17-7-81 "~ 6 p.m. Féir—poor quality - "water-activated.

Table 16. The occurence of naturally spawned eggs in the outside
pond. (See Section IV for details of the "water-activ-

ation reaction).



RESULTS
Table 16 indicates the‘days on which eggs were skimm-
ed from the surface of the pond, Although most of these eggs
appeared to be quite freshly-ovulated, none had been fertil-
ised, they were simply "water-activated" (see Section IV for

further details of this phenomenon). No clear spawning rhythm

was apparent,

DISCUSSION

The males were "rﬁnning"iwith ripe milt when they were
put into the pond, and Girin (1979) obtained hatural spawn-
ing and fertilisation behaviour in turbot held in a smaller
| pond than the one used in this experiment (Girin's pond had
a volume of 40m®). Therefore the fact that the males did not
fértilise any eggs 1s probably due to all the experimenfal
' fish, male and female, being hatchery reared and nof used to
being allowed to spawn naturally. It is also possible that
the presence of two males in the experimental pond interfered
with normal spawning or pre-spawning activity.

The fact that no regular spawning rhythm was apparent
by inspecting eggs floating at the water surface does not
necessarily mean that females lose their endogenous ovulat-
ory rhythm, The female could have retained ovulated eggs
in the lumen of her ovary without spawning them, as happens
in captive, hand-stripped females. If this was the case, the
- eggs would have been over-ripe when they were eventually re-
leased and so would have sunk to the bottom of the pond, thus
escaping the sampling net.

In summary, no conclusions can be drawn from this exp-

erimen% due either to the apparent absence of natural spawn-
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ing gctivity in the exrerimental male turbot, or to the ex-

perimental conditions,
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SECTION IV




INTRCDUCT ION -

The previous section dealt with the ageing of ovulated
oocyteé inside the lumen of the ovary prior to hand-stripping.
This final section reports an investigation into how long
male and female turbot gametes are ablé to retain their viab-
i1ity after they have been stripped frdm the fish, and wheth-
er contact with seawater affects their rate of ageing.

. The experiments were prompted éhiefly by éome sperm
cryopreservation trials that were being carried out at Shear-
water's Port Erin hatchery. Since the deep-frozen milt sam-
' »pleskwere rather valuable, it seemed foolish to thaw them for
use until it was certain that sufficientAquahtities of fresh-~
ly ovulated eggs were-aﬁailable. Therefore, the females were
" usually stripped in advance. However, the milt samples took
a few minutes to thaw, so it was necessary to find out how
long unactivated and seawater- activated eggs could retain
their fertility.

Another reason for these investigations is the fact
that if several female turbot are being "hand-stripped" at
the same time, it is much quicker and eaéier to make a."pool"'
of milt (from about three males) right at the beginning of
the operétion and use this to fertilise all subsequent eggs
that are stripped. Since this method of "hand-stripping" was
used routinely at Port Erin, it was important to defermine

how long "stripped" milt remains viable,
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MATERTALS & METHODS

1. PILOT STUDY:

"An initial test was carried out to indicate how long
"stripped", unfertilised eggs could retain their fertility
if they were not activatéd by seawater,

Eggs from a female turbot which had ovulated within
the previous 10 hours were stripped by hand into a 33cmx
23cm'x 21lem dry, plastic tank, The time of ovulétion was de-
termined as described earligr (see Section III, p63) Three
samples of approximately 5g each of these eggé were trans-
ferred to dry, plastic beakers pf 400ml capacity.

Milt, freshly stripped from two males, was added to ap-
proximately 10ml of clean seawater and stirred. (The same
two males were used to supply milt throughout the experiment),
1 ml of this milt suspension was added to one sample of eggs
and 300ml of seawater at 14°C were poured in immediately af-
terward. .

After 50 minutes, the two males were again stripped and
1 ml of freshly-made milt suspension was added to the second
sample of eggs, immediately followed by 300ml of seawater,
This process was repeated for the third‘egg—sample after a
further 77 minutes, At the end of the experiment, approxim-

ately 3g of fresh eggs were stripped from the fémale to act
as a control., These were fertilised immediately by adding
1 ml of fresh milt-suspension and 300ml of seawater.

After second cleavage (approximately 3 hours after fer-
tilisation), 200 eggs were counted out from each sample-beak-
er. Any over-ripe eggs (i.e., eggs from an earlier ovulation)

were not included in the sample. The percéntage fertilisation
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for each treatment was computed by counting the number of
dividing eggs in each 200 egg-sample.

Each sub-sample was then incubated in separate 400ml
plastic beakers of seawater containing sodium penieclllin and
streptomycin sulphate atVSOppm.. The beakers were put in an
egg-incubation room at 12,5°C untii the larvae hatched. When
hatching was completed (Day 7) the numbers of hatched larvae
were counted and the figures used to compute the percentage

hatch for each treatment,

5. MILT-VIABILITY EXPERIMENTS:

Experimehts were carried out to investigate how long
milt remains viable after 1t has been stripped from the male
adult. The ageing of both unactivated ("dry") and seawater- -
activated ("wetﬁ) milt_was  studied.

Eggs were stripped from a female which‘had recently ov-
ulated and a few graﬁs of them placed in li dry, plastic bea-
kers of 400ml capacity. Seawater was not added until after
milt-addition. The eggs were therefore in an unactivated
state prior to fertilisation,

Milt was stripped from two males, mixed and then divi-
ded into two equal aﬁounts. Seawater was added to one of the
milt samples in a ratio of 1:1 (v/v). The other milt sample
was not activated by seawater contact. At set intervals (see
Tables 18a & b), the two types of milt ("wet" and hdry" milt)
were added to}two different samplesAof unactivated eggs, im-
mediately followed by 300ml of seawater at 14°C. 2ml of "wet"
milt, as opposed to lmlof "dry" milt, were used in the fert-
i1isations to compensate for the dilution factor,

At the end of the experiment, fresh milt was stripped
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from the same two males and used to fertilise a final beaker
of stored, unactivated eggs. This served to test that the
unactivated eggs had not lost their fertility during the
course of the experiment, '

Three houré after milt-addition, the percentage fertil-
isation for each treatment was assessed, the sub-samples in-
cubated, and the percentage hatch computed in exactly the
same manner as in the pilot study,

‘ This experiment was repeated twice more, on different
dates, using different males and females, However, in these

later experiments only percentage fertilisation was monit-

dredo

3, EGG-ACTIVATION EXPERIMENTS:

A series of trials to investigate how long unfertil-
ised, seawater-activated turbot eggs retained their fertil-
ity were carried out as follows.‘ Eggs were stripred from
a female that had recently ovulated and were left
unactivated in a 33cm x 23cm x 21lcm dry; plastic container
until milt had beén taken from two males and mixed with
approximately 15ml seawater. ( The same two males were used
throughout each experiment.) The plastic container was
then three-guarters filled with seawater and at set interv-
als, approximately 2-3g samples of the activated eggs were
1ifted from it, put into 400ml plastic beakers and fertilis-
ed with Zmi milt solution. The seawater-levels were
zdjusted to 300ml in all beakers.

In the first trial, the same milt solution was used
throughout the experiment and its viability tested at the
end by using it to fertilise some freshly-stripped eggs.
However, in later trials a fresh milt solution was made
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every lOminutes to safeguard against milt ageing and
losing its Viability over the course of the experiment.

In trial (a), eggs were stripped from the same female
24 houfs'after'the initial stfipping and subjected to the
same procedure, This was to investigate whether over-
ripening of ovulated eggs inside the lumen of the o#ary
prior to hand-stripping had any effect on their fertiiity-
period once they were seawater-activated. (The ovulation
cycles of the adult female had been carefully studied
prior to the experiment so that her ovulation times could
be predicted to within a few hours.) |

Each treatmeht in trial (d) was run at two different
temperatures ( 11°C and.15.0°C ) to check whether _-
temperature of the activating seawater had any effect on
the fertility-period of stripped, activated eggs.

Three hours after milt-addition, the percentage
fertilisations were assessed by counting the number of
dividing eggs in a 200 egg sample taken from each

treatment. Again, any over-ripe eggs were ignored,
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TIME-PERIOD LEFT STANDING IN | % FERTILISATION | ¢ HATCH
OVARIAN FLUID AFTER STRIPPING

0 minutes 94,6 73.5
50 minutes : 87.4 64.1
127 minutes 88.5 60.9

FRESH EGGS & FRESH MILT -
STRIPPED AT 127 MINUTES AFTER 80.7 56.9
START OF EXPERTMENT ‘

Table 17. The percentage fertilisations and hatches obtained
from eggs which had been left standing in their
ovarian fluid (without seawater contact) for vary-

ing periods of time after "“stripping".




Fig. 31a, b & c. The percentage fertilisations achieved in 3
separate experiments using "wet" and "dry" milt that had been

left standing for different periods after stripping. Percen—
tage fertilisations were computed by counting the number of

dividing eggs in a 200 egg .sub-sample.
® "wet" (or seawater—activated) milt
® "dry" (or unactivated) milt

o % fertilisation obtained by the dry-stored eggs
(used throughout the experiments) being insemin-
ated with freshly-stripped milt at the end of
each experiment.- This procedure was carried
out to check that fertility of the eggs had not
declined markedly over the course of the exper—

iments.



Fig.31.

(o} o (o]
‘8 .IB . -
o U ©
3 o 3
- - O
of o
| O O
[~ o
- o
Q
lw -
-
5 b c
o o E
‘4 4(
Q
R L E
-
O O
(] (]
- O L. O
o™ N
. O O
- -
Tr——TT T T T | R | T 1
(=] (=] o © Q
QO ") o [} 0 o
- -

uoljesijiyiag abejuadiad



a) Seawater activated ("wet") milt.

TIME FROM STRIPPING | % FERTILISATION o HATCH .4 HATCH
. . % FERTILISATION
AND ACTIVATION
-3 minutes 97,4 90.7 0,93
13 minutes © 94.5 93.0 0.98
28 minutes . 21.8 19.7 0.90
52 minutes 13.0 13.0 1,00
73 minutes 12.2 1202 1.00

b) Unactivated ("dry") milt.

TIME FROM STRIPPING | % FERTILISATION | (% HATCH < HATCH
% FERTILISATION

3 minutes 98.3 96.3 1,00

13 minutes - 8501 1 19.0 0.93

28 minutes 62.3 59.1 - 0.95

52 minutes 35.4 | 34.8° 0.98

73 minutes 1842 18,2 1.00

Table 18. Showing the ratios of percéntage fertilisation s percentage
hatch in the first milt-viability experiment. (Corresponding

to0 Figo 513.0)




RESULTS

1. PILOT STUDY:
Table 17 presents the percentage fertilisations and

percentage hatches obtained from the different treatments
in the pilot study. Clearly, freshly-ovulated turbot eggs
can be stored in ovarian fluid outside the female's body

for at least two hours and still retain their fertility.

2, MILT-VIABILITY EXPERIMENTS:

Fig.31a,b,c shows the'percentage fertilisations
achieved in three separate experiments using "wet" and."dry"
milt that had been left standing for different periods
after'stripping. "Wet" milt rroduces good percentage
fertilisation for approximately 15 minutes after stripping
and activation, and then its viability declineé rather
quickly, levelling out at about 30-40 minutes from stripping.
In contrast, the "dry" milt has a slower, constant rate of
ageing. However, variations in the ageing rate occur
between th¢>milt from the three different males, especially
in the "wet" milt.

The pércentage hatch: percentage feftilisation ratios

were very similar for all of the milt treatments in the

first experiment (see Table 18).

3. EGG-ACTIVATION EXPERIMENTS:
Fig.32 shows the rates of decline in fertility of
seawater-activated turbot eggs hand-stripped from four

different females. The different egg-batches appear to
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Fig. 32a, b, ¢ & de The rates of decline in fertility of sea—
water activated turbot ezgs hand-stripped from 4 different fe-
maless Trial (a) compares the fertility decline rates of freshly‘_
ovulated eggs (o) and the same eggs. which had been left in the
female's body for 18 to 20 hours longer (®). Trial (a) compares
the fertility decline rate of ‘eggs stripped and fertilised at

11°C (4) with that of eggs stripped and fertilised at 15 C ().-
The open circles (O) in Trial (a) indicate the percentage fert—
ilisations obtained by inseminating freshly stripped eggs with
fresh milt at the beginning and end of the experiment. (The same

milt suspension was used throughout this trial). The open cir-
cles (O) in Trials (b), (c¢) & (d) denote the percentage fertil-
isations obtained from dry-stored eggs (from the same batches
used in each of the experiments) being inseminated with freshly
stripped milt at the end of the trials. (In these later 3 trials
fresh milt suspension was made every 10 minutes to safeguard
against milt ageing and losing its viability over the course of
the trials). |
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Plate XXV.

Comparing water-activated and fertilised
eges.

I' - water-activated egg.

S - fertilised egg (of the same age as "r")
which is at the 3%32-64 cell stage.



have different rates of fertility-loss, The fish eggs mon-
itored in the first experiment were especially different

(see Fig 32a).

There did not appear to be any significant di;ference
in the rate of fertility decline of freshly-ovulated eggs
or of the same eggs that had been left in the female's Bbdy
for 18 to 20 hours longer (see Fig., 32a), There was also
no apparent difference between the fertility decline rates
of eggs stripped and fertilised at two different temperat-
ures (see PFig. 32d).

It was noted that all the "infertile" eggs in these
trials'had, in fact, been "water-activated". This phenomen-
on has been described in detail for other teleost species
by Rothschild (1957), Yamamoto (1961) and many others, Bas-
ically it involves the formation of a perivitelline spacé,
due to émptying of cortical granules (induced by water con-
tact), but no division takes place. The cortical reaction
usually renders the egg impenetrable to sperm due to clos-
ure of the micropyle (but not by a sudden internal block to
sperm as in sea-urchin eggs (Yamamoto, 1961);); Plate XXV
compares a freshly-ovulated "seawater-activated" egg with

an egg of the same age but which has been fertilised and is

at the 32 to 64 cell stage.
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DISCUSSION

Yamamoto (1961) states that although anisotonicity
of the spawning medium is not the sole cause of water-act-
ivation, isotonicity is important in keeping ova in a fert-
ilisable state for longer periods. However, he points'but
that although goldfish eggs can retain their fertility af-
ter being stored in ovarian fluid outside the female's body
for several hours, they are activated by immersion in al-
‘most isotonic Ringer's solution, though at a slower rate
than in fresh water (Yamamoto, 1948 & 1954 - both cited by
Yamamoto, 1961). Since similar results havé been found in
the dace and ayu (Kanoh & Ito, 1953; Ito, 1953 both cited
by Yamamoto, 1961), Yamamoto suggests that "the eggs are
in an inhiBitory state because of the presence of an inhib-
itor either within them or in the ovarian fluid or both,"
It is unfortunate that in the exﬁeriments described in this
section, no trials were conducted to determine whether tur-
bot eggs are activated by isotonic Ringer's solution, due
to  time-limitations and the death of several spawning
. females, ,

It is quite probable that changes in pH may also plgy
an important part in the activation reaction, TFor example,
Billard et, al.(1974) found that higher percentage fertil-
isations were obtained in rainbow trout eggs when the dil-
nant used in artificial insemination was between pH 8.5 and
9.5.

In the 1ight;of this earlier work, the results of the
pilot étudy seem to be quite straightforward., The eggs were

stofed in 6§arian fluid which would have had the same osmol-
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arity and pH as the eggs, and which may or ﬁay not have con-
- tained an "égg-inhibitor". Therefore, no activation shock
occurred and the eggs retained their capacity to be fertil-
ised., "Dry-stripping" of eggs at the Shearwater hatchery
has sinée proved useful when conducting insemination trials
with cryopreserved milt, and helps to conserve supplies of
freshly-stripped milt (see Introduction to this section),

The "water-activation" reactions described by Roths-
child (1958), Yamamoto (1961) and others also helps to ex-
plain the progressive loss in percentage fertility with time
in turbot‘eggs which were stripped directly into seawater
(see Figs. 32a to d). 'Presumeably, ;s the interval between
water-contact and sperm-addition increased, .progressively ..
more eggs became "water-activated" so that they were impen-
etrable to sPerm.- However, 1t is rather surprising that the
fertility-decline rates appeared to vary between eggs from
different females, The eggs used in the first egg-activat-
ion expefiment had an especially different rate of fertility
decline (see Fig. 32a)., Since these eggs were stripped from
an Easter/summer spawning female whilst the eggs monitored
in FPigs. 2b and c¢ were stripped from winter-spawning females,
it was feared fhat the lower ambient temperatures might be
causing the winter eggs to have lower activation rates, Tri-
al (d) was therefore run at two différent temperatures, How-
ever, there was no significant difference between the two
activation rates (See Fig, 32d), so it would appear that tem-~
perature was hot the cause of the different rates of fertii-

ity-loss observed in different female's eggs. This is in con-

trast to Yamamoto's (1944) work with Oryzias latipes where a

higher temperature caused the disintegration of cortical gra-
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nules to occur at a faster rate. _

It was originally thought that the rate of fertillty-
loss might be affected bj the length of time the oocytes
had been retained in the ovary after ovulation, It had been
observed that freshly-ovulated eggs showed first cleavage
in just under 2.5 hours from fertilisation whilst older eggs
that had been retained in the ovary for about 24 hours and
which only showed "fair" quality divisions (applying Linc-
oln's (1976) egg-quality scale), did not start to divide un-
411 about 4 hours after fertilisation., It was therefore
postulated that the degree of "oocyte-overripeness" might
affect the rate of water-activation in a similar manner,
‘However, this is not supported by the results depicted in
Fig. 32a. The reason'fbr the apparent discrepancy between
.eggs from different females is therefore unclear,

Yamamoto (1954b) found that although the corticél reac-
tion induced by water—acfivation was complete after 5 minut-
‘es in goldfish eggs, activated eggs inseminated after 5 min-
utes still showed 7% fertilisation (as determined by their
normal development); He therefore concluded that in the gold-
fish the micropyle of some eggs remains open for a short per-
iod after activation, permitting sperm entfy even though the |
cortical reaction had occurred. The results depicted in Fig.
32a to d seem to suggest fhat the micropyle of some turbot
eggs also remains open for a period after water-activation,
so permitting fertilisation to occur, If the percentage of
eggs with late-closing micropyles altered between femaies,
“this might offer an explanation to the apparent difference
in rates of ferpility-loss in different femaies. However,

many more trials need to be run to investigate whether this
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is a real phenomenon or an artefact,

The results of the milt-viability experiments showed
that the percentage of eggs fertilised with seawater-activ-
ated milt declined markedly after approximately 15 minutes,
although it had remained very high until then, However, the
viability of "dry", unactivated milt declined more steadily.
Possibly this is a reflection of different metabollc rates
in the two types'of milt, Water-activation, brought about
by changes in‘osmotic pressure (e.g., Yamamoto, 1961), chan-
ges in pH (Petit et. 2l.,1974 - cited by Billard et. al.,
1974), or the removal of some form of inhibitor or "andro-
gémone" (Hartmann, 1944 - cited by Rothschild, 1958), induc-
es spefm—motility and therefore muét increase the métabolic
rate of the sperm. However, "dry" turbot milt is, presumeab-
1y, inactive(sperm was not observed under the microscope‘in
1ts undiluted form) and therefore should have a lower metab-
olic rate, It therefore seems logical that "dry", unactivat-
ed milt should lose its viability at a slower, more constant
rate. -

Nikolsky (1963 - cited by Bléxter, 1969 ) suggests that
sperm motility is short lived whére spawning takes place in

fast-flowing water (c.f., 10-15 seconds in Oncorhyncus; 230-

290 seconds in sturgeon, which spawn in slower flows; and sev-
eral hours or days in herring, spawning at sea), It is deb-
ateable whether turbot milt fits Nikolsky's hypothesis, al-
though-1it certainly has a much longer life %han milt of the
freshwater species. This might, however, be due to the high-
er osmolarity of seawater (Yamamoto, 1961),

Since the percentage hatch : percentage fertilisation

ratios achieved with turbot milt left standing for long per-
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iods after stripping were just as high as those ratios ob-
tained from milt used within a few minutes of stripping it
can be concluded that "old" milt (whether "wet" or "dry")
does not have a detrimental effect on subséquent egg-devel-
opment provided it is capable of fertilisation,

In view of the results of the milt- and egg-activét-
ion experiments 1t is adviseable to gdd milt and eggs to
seawater simultaneously if the "wet" method of fertilisation
is employed. ZProbably the easiest way to do this is to add
half the milt to the seawater-filled stripping tank; immed-
iately hand-strib the female's eggs into the water, and then
add the remainder of the milt,

Due to time-limitations, the experimental work in this
section had to be cut short, There are several other exper-
iments which need to be performed. Although stripping éggs
into isotonic Ringer's solution in an attempt to prolong
fertilisability may have very limited applications in gen-
eral hatchery procedure (it is far easier to let the eggs
stand in their ovarian fluid), it would be very interesting
to investigate different methods of short~term gamete stor-
age - for example, by applying Blaxter's (1955) method for
herring gametes in which he stored fhem dry at 4°C for sev-
eral days. Storing sperm in buffered diluvants is another
possibility which needs investigating., If short-term stor-
age of turbot milt proved successful, it would not only
quicken the artificial insemination procedure but would also
alleviate stress to the males caused by continual stripping,
Similarly, short-term storage of unfertilised eggs could pro-
duce more efficient stocking of hatched larvae, If a large

'batch of good eggs is stripped from a female, a significant
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proportion of the hatched larvae will usually be discarded
due to inadequate stocking facilities or larval food supp-
lies., 1If 1arge batches of eggs could be divided, half fer-
tiliéed immediately and the rest stored for a few days prior
to fertilisation, the hatching and stocking times of the
larvae would thus be "staggered" and so more of the larvae

could be used in the hatchery.
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CONCIUDING REMARKS

The causes and effects of variations in fish egg qual-
ity présent a research field of considerable dimensions and
it must be clear to the reader that the work described in
this thesis has barely scratched the surface ofvthis comp-
lex topic., This is particularly obvious in Sections II and
IV where the reported experiments are no more than prelim-
inary investigations which will hopefully provide a basis
for more detailed work in the future, '

Additional topics for future investigations could in-
clﬁde a full comparison of hatchery and "wild-spawned" tur-
bot eggs; determining the effect of different broodstock-
holding conditions and diets on the viability and chemical
composition of the females' eggs; techniques allowing short-
term storage of gametes; the possibility of inducing "hybrid-
vigour" by crossing turbot from different géographical areas
(Shearwater hope that they will be able to obtain hybrid st-
rains of European and Black Sea turbot sometime in the fut-
ure); and finally, determining how the turbot's ovulation-
cycles integrate into their nafural spawning regime, It is
difficult to anticipate how this ovulétory periodicity is
adaptive to the natural environment of the turbot since the
females' ovulations do not appear to be synchronised in any
way. However, the very fact that this mechanism has evol-
ved strongly éuggests that it must convey some advantage to
the parenis and/or offspring. Therefore, before the ovulat-
ory-cycles can be fully understbod, more information is re-
quiréd'concerning’the naturél spawning behaviour of turbot,

On a more academic level, eluqidation of the hormonal
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sequence controlling the ovulation-cycles presents a comp-

lex task in itself, It would also be very interesting to

determine whether similar ovulatory-cycles occur in other

batch-spawning flatfish,
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APPENDIX Ta

Data concerning the relationship between the mean egg—-diam-
‘eter of a particular egg-batch and the mean length, yolk-sac
index and the yolk sac : larval length ratio of the emergent
larvae. (See Section I(2) and Figs. 5 & 6).
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. (mm) - (mm) (mm?) (zm)
0.985(0.012) 2.456(0.065) 0.747(0.051) 0.305
1.023(0.007) 2.559(0.099) 0.771(0,068) 0.301
1.014(0,011)  2.519(0.049) 0.840(0.028) 0.334
1.028(0.011)  2.710(0.083) 0.783(0.071) 0.289

©1.053(0.010) 2.733(0.068) 0.834(0.059) 0.305
1.004(0.009) 2.401(0,069) 0.848(0.043) 0.353
0.994(0.009)  2,379(0.058) 0.855(0.039) 0.359
1.039(0.013)  2.634(0.049)- 0.836(0.030) 0.3%18
1.001(0.010) 2.656(0.045) 0.747(0.032) 0.281
0.997(0.009) 2.664(0.091) 0,702(0.192) 0.264
0.997(0.008) 2.506(0.,078) 0,768(0.034) 0.307
1.020(0.014)  2.534(0.072) 0.8€4(0.050) 0.334
1.040(0.014) 2.623(0,064) 0,870(0.041) 0.332
0.979(0.010)  2.465(0,056) 0,821(0.040) 0.333
0.983(0,009)  2.478(0,050) 0,811(0,044) 0.327
0.962(0,009)  2.276(0.083) 0,765(0.036) 0.336
1,010(0.013)  2.414(0.063) 0,909(0.040) 0.3717
1.035(0.,008) 2.658(0.060) 0.743(0.045) 0.280
0.975(0.008) 2.563(0.083) 0.716(0.071) 0.279
0.951(0.013) 2.503(0.054) 0.704(6.056) 0.281
0.979(0,011)  2.538(0.096) 0.666(0.039) 0.263
0.978(0.009) 2.370(0.049) 0.789(0.032) 0.333



MEAN EGG~-
DIAMETER:
{(mm)
0,999(0.010)
1,011(0,006)
1.014(0,012)
1,069(0.010)
© 0.970(0.010)
0.996(0.010)
0.947(0.010)
1,009(0.011)
0.997(0.011)
0.946(0,013)
6.979(0.017)
0.896(0.007)
' 1.040(0.009)
1,046(0.007)
1.062(0;012)
1,050(0.012)
0.991(0.007)
0.997(0.012)
0.998(0.007)
0.981(0.010)

APPENDIX Ia (cont'd)

MEAN LARVAL
P

2.459(0;659)
2.721(0.067)
2,558(0.038)
2.676(0.044)
2,518(0.069)
2.443(0.086)
2,421(0.113)
2.589(0.136)

2.418(0.086)

12.484(0.106)
2.578(0,108)

2.503(0.096)
2.756(0.084)
2,681(0.067)

2.683(0.065) .

2.820(0,098)

- 2,666(0.104)

2.686(0.078)
2,455(0.080)
2,498(0.090)
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MEAN YOLK-
Harls
0.731(0.151)
0.790(0.039)
0.844(0.048)
0.656(0.040)
0.638(0.078)
0.568(0.092)
0.609(0,098)
0.589(0,095)
0.661(0,074)
0.753(0,045)
0.809(0,041)
0.913(0,063)
0.771(0,079)
0.735(0.069)
0.724(0.079)
0.832(0.053)
0.751(0,078)

MEAN YSI/LL
RATIO:

(mm)

0.297
0.290
0.316
0.261
0.261
0.235
0.235

0.237

0.256
0.273
0.302
0.340
0.274
0.276
0.270
0.339
0.301



APPENDIX Ib

Data from expefiments comparing growth of early and late

season larvae. (See Section I(4) and Figs. 7a, b & c),

FEMALE I (data corresponding to Fig. Ta)

Earl& Season larvae:

= 1,062(0,012)

eggs stripped on 11-11-80; mean egg-
diameter

TIME FROM FIRST MEAN YOLK-~SAC

MEAN LARVAL

HATCH (hours) - LENGTH (mm) INDEX (mm?2)
3,0 .2.683(0,065) 0.913(0,063)
27.5 3,118(0,052) 0.627(0,082)
58,0 3.348(0,085) 0.404(0,031)

% 82,0 3,539(0, 072 0.129(0,043
u 3 534(0,109 0.110(0,018
3,523(0,101 0.119(0,119
127.5 3,968(0. 117% | Depleted
3.898 0,112 "
| 3.97 0. 080 "
151.5 4.124%0 151§ "
4.243(0,208 "
4,23%(0,142 "
173-5 40454 O. 256 "
4,449(0,13%4 "
' 4.518(0.208 n
202,0 4,921(0,274 "
4.9%3(0,23%4 "
4,603(0.268 "
226,0 4.959%0.274§ "
5.161(0,273 "
4,666(0,292)-none "
remalining

Iate Season Larvae: eggs stripped on 13—12—80; mean egg-diam-

eter = 0.998(0.007)

TIME FROM FIRST MEAN LARVAL
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"HATCH (hours) LENGTH (mm) M¥§§E§°{ﬁ;§§°
| 4.5 é;455(0.080) 0.801(0.052)
29,75 2,823(0,134) 0,409(0,044)

49.0 2.964(0,113) 0.338(0,111)



FEMALE I, late Season Iarvae: (cont'd)

TIME FROM FIRST
'HATCH (hours).

% 74,5

“ 12400

" MEAN TARVAL

LENGTH (mm)

3,224(0,034
.216%0.084
.218(0. 050

MEAN YOLK-SAC

INDEX

0.088
0.088
0,086

(mm?2)

20.017
0,009
0,007

§

Depleted '
"

626(0, 249
60(0.138

6 "
949§O 194§ "
8
8

.69120.1102

144.75
43(0,347 "

95(0.213% "

.43320.39og "
4,319(0,.23%4 n
One tank coll-

apsed,

217.0 4.51020.338; | "
4,755(0.348 "

3
3
3
3
3
3
3
3
4

198.75

- PEMALE IT (data corresponding to Fig, 7b)

Early Season larvae: eggs stripped on 18-11—80; mean egg-—

giameter = 1,050(0.012)
TIME FROM FIRST

MEAN LARVAL MEAN YOIX-SAC

HATCH (hours) LENGTH (mm) INDEX (mm?)
3,0 2.820(0,098) 0.771(0,079)
32.0 3.201(0,073) 0.557(0.092)
51,0 3.379(0.050) 0.365(0,050)
*73.5 3,510(0, 069 0.088(0. 015
3,500(0, 063 0.087(0,010
3 473%(0,0%8 0,081(0.012
104.0 825%0 063% Depleted
3,783(0.084 "
3,700(0,092 "
148,.5 4, 155%0 182%' "
4.201(0.1%0 "
3,990(0,187 "
20500 4 45 O 210 n"
4,586 §° 395 "
4.500(0.305 "
246.75 4.632(0.237g | "
‘ 4.611(0.251 "

One tank coll-

apsed.
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FEMALE II
Tate Season Larvae: eggs stripped on 11-12-80; mean egg-

diameter = 0.997(0.001)

TIME FROM FIRST ~ ~ MEAN LARVAL MEAN YOLK-SAC
HATCH (hours). LENGTH (mm) INDEX (mm2)
6.0 2.686(0.078) 0.724(0.079)
33,0 2.924(0,066) 0.449(0,062)
58.5 3.156(0,087) 0.241(0,096)
* 79.5 3.404(0,083) . 0.092(0, 015
, 3,451(0,085 0. 087(0.011
z.428(0,032 0.087(0.010
103.5. g.g?ggg.gg%% Dep%sted
3.577(0. 061 "
151.5 i.ggg%g.%%g; "
.Oﬁe tanﬁ coll- " ‘
apsed,
17305 40190§0.281; 1]
40451 0.112 "
227.5 4.583(0.284§ "
5.135(0, 305 "
242,5 5.30320.2553 "
5.413(0. 288 "

FEMALE III (data corresponding to Fig. Te)

Early Season Larvae: eggs stripped on 7-11-80; mean egg-

diameter = 1.046(0,001)

PIME FROM FIRST MEAN LARVAL MEAN YOLK-SAC
HATCH (hours) LENGTH (mm) INDEX (mm?2)
3.0 2,681(0,067) 0.809(0,041)
24.5 3,055(0, 065) 0.554(0.025)
51.5 3.301(0.096) 0.356(0.030)
%76.0 3,256(0.112 0. 092(0. 012
3.485(0.196 0.100(0, 022
3.549(0,053 0.087(0.008
103. 0 3,703(0,139 Depleted
3.685(0.007 "
3.674(0,073 "
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FEMALE III, Early Season Iarvae: (cont'd)

TIME FROM FIRST
.HATCH (hours)

146.5

MEAN LARVAL
LENGTH (mm)

MEAN YOLK-SAC
INDEX (mm?)

096(0.284 Depleted
135(0.184 .o
0.167

4.

4’0
4,022 "
174.0 4.428(0.332 "
4.389(0,109 : "
4,366(0,078 "
200.0 4.544§o.o44§ "
4.801(0, 217 "
4,686(0.377 "

219.0 4.961&0.2903 "
4.940(0.326 :
One tank coll-
apsed,

245.0 5.334?0.508; "
5,301(0,465 |

Late Season Iarvae: eggs stripped on 10-12-80;  mean egg-

diameter = 0.991(0.001)

TIME FROM FIRST MEAN LARVAL MEAN YOLK-SAC
HATCH (hours) LENGTH (mm) INDEX (mm?)
3.5 2,666(0.104) 0.735(0,069)
.~ 57.0 3,328(0.110) 0.275(0,033)
wmopmen swiesy
3:46220:094 0. 063(0. 001
101.0 3.515(0.110g Depleted
3,645(0, 092 "
One tank coll-~
apsed,
125.5 3.688§O.137g n
| 3.830( 0, 080 n
175.0 4.169(0;158g n
4.305(0.230 "
196.5 4.531§o;167§ ]
4.534(0.410 "

% = laryvae transferred into triplicate experimental tanks,.

Standard deviations in parentheses.

- 112 -



APPENDIX Ic

Data concerning the relationship between the size of a fe-
male turbot and her maximum mean egg-diameter in that part-

icular spawning season. (See Section I(5) and Figs. 8 & 9.)

MAX, MEAN -EGG-  WEIGHT OF LENGTH OF CONDITION
DIAMETER (mm) MOTHER (kg) MOTHER (cm)  INDEX (K)
0.990(0.013) 2,16 43,3 2,66
1,065(0.017) 6.70 62.5 2.74
1.028(0.008) 6.20 61.2 2,70
1.053(0.010) 2.27 45,5 2.41
1.041(0.009) 4.80 - 58,5 | ‘ 2.40
1.027(0.020) 4.30 56.7 2,36
1,024(0.010) 4,77 53.0 3,20
1.067(0. 008) 5,30 60.5 2,39
1.035(0,013) 4,10 57.1 2.20
0.999(0,010) 3.52 50,3 2,71
1.050(0.015) 5.60 58,2 2.84
1.030(0.013) 4.50 55.5 2,63
1,018(0,020) 3.98 53.2 2,64
1.010(0.,011) 2,50 40.3 3,82
0.974(0.025) 455 54,8 2,76
1.028(0.011) 5.60 62,5 2.29
1,033(0,012) ~ 6.70 64.0 2,56
1.053(0.010) 4.40 55.0 2,64
1.050(0,009) 5,70 57.5 3,08
- 1,039(0,013) | 5450 60.0 2.55
1.065(0,015) 6.10 61.0 2,69
1.078(0.011) 7.10 62.0 2,98
0.986(0.009) 2.80 40,0 4,38
1.015(0.010) 6.20 59.3 2.97
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APPENDIX Ic (cont'd)

DIKHEUER (ma)  MORWER (kg) MOMWSR (cw) IVDEX (K)
0.980(0.013) 4,20 50,5 . 3.26
0.992(0,015) 1.90 40.0 2.97..
1.031(0.012) 3,10 46,2 3.4
0.959(0.,010) 2.30 43.6 2.78
0.999(0.020) -  3.10 50,0 . 2.48
1.002(0,011) 5.50 58.5 2.75
1,004 (0. 006) 3.70 52.8 2.51
1.037(0,012) 4,50 57.0 S 2.43
0.947(0.009) 3,60 53.7 2.32
1.040(0.009) 5.60 59.3 2,69
1,010(0.015) 3.00 54,0 1.91
1.034(0.017) 4.70 ‘ 57.1 2.52
0.962(0.009 ) 5.30 56.0 3.02
1.03%6(0,016) 5.00 56.5 2.77
1.021(0.011) 3,00 53.5 2.35
1,019(0.010) 3,60 54,0 2.29
1,025(0.007) - 4.50 59.0 2.19
1,040(0,009) 6.50 61,5 _. 2.79
1.060(0.008) 7.30 60.5 ” 3.30
1.056(0.010) 7.00 59.5 3.32
1.050(0.012) 7.00 64.0 2.67
1.062(0,012) 8.50  63.0 3.40
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APPENDIX Id

Estimations of captive turbot fecundity which take the sea-

sonal decline in egg-diameter into consideration,

FEMALE'S BRAND BODY WEIGHT (kg)  FECUNDITY

VVo 5,60 1,049 x 10%eggs
v 2.16 0.879 x 10%eges
VAR 4,50 2,286 x10%eggs
VIV 5.00 . 2.827 x 10%eges

xC 2.27 2.615 x 10%eggs
IPM . - 6.00 4,735 x 10%eggs
BWM 5.40 3,402 x 10%eggs
Black Spot 4,30 3.080 x 10%eggs
101 A 3,90 0.994 x 10%eggs
White Fleck - 4.00 1.884 x 10%eggs
Black Bar 4,20 ' 1.605 x 10%eggs
VeV 4.50 4.095 x 10%eggs
Black Fleck | 5.90 2,567 x 10%ggs
X 352 3.449 x 108eggs
cCI | 3.60 3,852 x 10%eggs
XX0 | 5,50 2.475 x 10%eggs
VA 4.77 1.813 x 10%eggs
VVI 4.10 2,173 x 10%eggs

(See Section I(7) and Fig. 10).

- 115 -



APPENDIX Tla

Data from the Marsh and Weistein standard plot of lipid

weight versus optical density.

Blanks = 0.00 20pg T
0.00
0. 00

n

Spg T = 0.06 28ug T
0.06
0.06

10pg T

1

0.130 40pg T =
0.150
- 0.135

(where T = tripalmitin standard).

A linear regression line was fitted to the
ationship between 1lipid weight and optical
pressed by the equation:

| y = 0,0141x - 0,00529
40 3 ¥ = 0.5577)

20 3 ¥ = 0,2760)

The correlation coefficient (r) = 0.9997

(i.e., when x

( and when x
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o. 275
0,265
0.270

0.41
0.37
0.39

0.55
0.52
0.60

data. The rel-
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APPENDIX IIb

A print-out from the Supergrator III computing integrator.

(The names of the fatty aclds were added by hand later).

RUM FPARRAM
INIT PK WDTH 0.1
MIN FK SIZE  200.

SENSITIVITY  70.

TIMED EVENTE
TYPE TINME

e

3

0.01
2.00

rAl DATHA

NO

LW 00 N 0 U A WY e

[ — — — — — — — — |
(Y] w ~ (o)) (&) B N () ro Lo o

20

TIME
2.75
3.09

4.08

5.25"

5.85

7.04

9.22
10,13
12.38
16.35
17.91
20.€9
21.e7
0

rn
(&)
O

(42
o

(4]
ro

4.

0

3
35.70
54.11
63.79
70.35

(0]

YALUE

AREA
HEIGHT
5365 TT
€57
1607 TT 14:0
175
873 TT
g2
27966 - V0
16c6
3320 TT Vo2 lwAy]

2971 BY
200 BY 130
18306 Yy VB:14T
3118 VB 1822090
1291 BY%:3wd
1477 VB 2011947

28
239 BY

5184 VE 20t wb
10187 BVf2oisia3
{21%.;.5\\‘\"7
281w
1904 VB 221543

cco VW
S

1594 YW igtipws3

 (Female III, phospho-

lipid fraction.)

CAaLC PARRAM

TYPE CALC 1
TYPE RESULTS 1
SYS FACTOR 1.
MIN REPORT 0.2
IDENT FARAM
CAL TRBLE NO 0
 NORMALIZATION
, ND TIME FCT CONC
1 2.75  4.88177
2 209 1.283TT w0
3 4.08 - 0.697TT
4 5.25 22.000 e
S 5.85  2.650TT 1btveqs?
€ 7.04  2.371BY
7 9.22  6.623BY 1%:0
& 10.12  14.610WW 181w
9 12.38  2.488VB ‘w2l
10 16.55  1.03{BY 1w3w3
11 17.91  1.179VE 207
13 21,27  1.272W 15:4e3
14 25.90 4.136VE 204w
15 22.36  8.128BV {20:5w3
16 34,93  0.225vy Vi
17 '35.70  1.520YB 22'5.3
19 €3.79 24.830 22:6.2
20 70,35 0,327
TOTAL 99,630

31117 22

1e2
409
3

TOTAL

125334

- 117 -
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APPENDIX III

Data from the ovulationépredictioh charts described in Sec-

tion III. (See also Figs. 16-21 and Table 12).

Female “XO"

Time from Start of
Experiment (hours)

0.0
22.0
44.5
69.0
98.5

120.0
143.0
168.0
191.0
212,0
236.5
261.5
285.0

. L] L] * L) - -* L ] - [ ] L] L ) -

Female "O "

Time from Start of

Experiment (hours)

0.0
21,5
48.5
74.0
93.5

120.0
149.0
173.0
194.5
221.0
241.0
270.0
290.0
355.0

Female "XC®

Time from Start of
Experiment (hours)

0.0
26.0
50.8

5245
55.0
75.0 |
99.5
127.0
147.5
170,0

e o o ¢ o ¢ * & o

L ] * .. L) L) L - L L] o L) . L ) - L]

P
. ©

[ L] [ ] [ ) L] [ ] L] L] L *®

% Fertilisation

e & e & ¢ ® ¢ o o o o s o
e ¢ ¢ &6 o o * s o O ¢ s o

0
e o

e o o o o o
OOV OPODOOWN

owm N0
OOOVVIOHHDODOOOWUNW |

Description of Eggs

L ] L] [} L] * [ ] [ ] L L] [ ] L L] . . [ ]
L J L 4 L L - L J [ ] * Ll * * - [ ] [ L ]

% Fertilisation

* L] L L ] L ) . L )
CO~NOOONO I+~ O

SO0 PO O
OO:\’OI’\)OO\H\O(XJ

!
[
[
904)
!

all sunken
fair/poor

s, 1.

dimpled

good
fair/poor
S.1i./dimpled
all sunken
good

s.1i.
s.i,/dimpled
fair/poor
s.1i.

dimpled

no eggs - fish spent

% Hatch
88,0

eNoloRoRlojoNoNe,

-~
L [ ] [ ] L [

(o)
QOO OMNMNWO OO

e o o o ¢ 0 & o o o
L ]

L] L] L] L] L] [ ] L] L] L 3 L



Female "XC" (cont'd)

Time from Start of ¢ Fertilisation ¢ Hatch

Experiment (hours) . ..

» ’ 19200 . . . 73010 . . . 62'7
219.0 . . . 83.70 . . . 0.0
243.5 [ ] L] [ 97.40 * * ¢ 9600
267.0 . . . 7411 . . . T3.1°

Female "XXX"
Time from Start of ¢ Fertilisation 4 Hatch

Experiment (hours)

L
OO0OOWOOWOOOOOo

0.0 o e e 78.55 « e e 70,0
21.5 o e e 21.85 « o 0.0
44,0 s . e 0.00 e o e 0.0
68,5 . e 90.50 ., . . 65.5
119.5 o e 0.00 e e e 0.0
142.5 ¢ e e 98.00 ., . . 95.5
167.5 o . e 50.00 . e . 0.0
190.5 o e e 0.00 e o e 0.0
211.5 ° . . . 96090~', ] L] . 9605
23600 . . . 52.50 I . ° OIO
Female "II"
Time from Start of &% Fertilisation % Hatch
Experiment (hours) .
0.0 o e e - 85.60 e o e 0.
-45l8 . . [ O;OO L] . ] 00
ﬁ7103 [ . 3 95025 . . (] 640
96.0 L] L ] L ] 36.95 L ] L ] [ O.
12003 . . ° 0.00 ° . . 0.
144.3 o o & 8l.30 . . . 4.
19208 e« e . ) 0.00 . . . O
215.3 L ] L [ ] O‘ Oo L] - [ ] O.
237'5 L] . . 68040 [ [ ] [ 220
26308 . . . 63060 . . . O.
308.3 . . . 42,30 . . . 40.
311.8;'; L L ] L] 95. 50 L] * L ] 91.
Female "VVV"
- Time from Start of ¢ Fertilisation ¢ Hatch
Experiment (hours) . .
0.0 . [ Y . 0.00 [ ] ] [ ] O'O
24.5 « .+ . 84.25 « o+ . 19.1
50.5 e v 38.90 -, . . 0.0
71.8 ° . . 0.00 . . . 000
12§.g 9 . ..‘ 0000 . . ] 0.0
. . ° . 85010 . . . 7503
169.0 e e e 0.00 s e e 0.0
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% Hatch

¢ Fertilisation

Time from Start of
Experiment (hours)

Female "VVV" (cont'd)

MNMOOOOOONOO

MOCOCOoWoo
(o)) o @
L4 L] [ 4 [ ] . * L] L 4 L
L] [ ] L] L] L] L] : L] L] *
L L . [ ] L * . » L J

NOVOoOOoOoOINMOO

e » ® o o o ® o o
VDO OO+FMONOO
o<+ oNOVH

% Hatch

¢ Fertilisation

Time from Start of
Experiment (hours)

Female "VCV" (1980)

NO <0 O0OOINVOMNOME=OO

e e ® o o & o o o & 0o 0o o+ o
VOoOVUMNMOONHODOHOOTWOO

N O oW W o

- L ] L] L J [ L] L ] L ] L] [ ] [ ] L ] * L L] L]
* - * L ] L 4 - L L) L . - L L 4 L) L] L]

2046027501100510

o o o o @ o & ® o o o o o o o @
+OWVWOINMNANO OV O IO

e © & o 2 @ o o & o e o s s o o
e ® & 5 © o o o ¢ & o & & o o o
e o » 5 o 8 ¢ & o © ° o s & o ¢

oV INOONOOO0O00INO N

e e o e e ®°
O<tOHOHNNNNMONO oD

NWN~ON~-OA <0 D0 HWOYO O
HAAN NN NN

WOOWOOO

[ ] L] » - L] L] L
VOONWMOOO
N —

% Hatch

[ ] L L L L L] L]
L] * . [ ] L] * L]

MNoOYOMNO O

DI N

% Fertilisation
- 120 -~

o . L] L ] L L] L
- L ] L [ ] ® L [ ]

OO NV INLN

AN<FI~0VN <

Experiment (hours)

Female "Black Spot" (1980) - only two ovulations monitored.
Time from Start of




Female "XCXM

Time from Start of

Experiment (hours) Description of Eggs

0.0 . . . . ood-fair
50,0 . . . . s.1./dimpled
76,0 e e e very good
100.5 o e . e fair/s.1.
122,0 . . . . s.i,/dimpled
146.,0 . . . . s.1./dimpled
167.0 .« . . . very goo
218,0 . . . . s.1,/dimpled
240'0 O . . [ - no eggs
265.5 . . . . good
309.0 . . . . s.i./dimpled
338. 0 . . . . no eggs - spent
Female "VIV"
Time from Start of ¢ Fertilisation % Hatch

Experiment (hours)

OIO L * L] 76.1 . [ ] [ OOO
24.0 e e e 30.0 o e e 0.0
48.0 o o 98.5 . e e 94.8
69.5 L] L] L 81'2 L] * L O.o
9205 . . K 57.4 . ° 3 000
114-5 ] . (] 1209 . . . 9-7
119.0 o e e 98.8 o e e 97.0
142.5 e e 80. 2 s o e 0.0
16700 ] 'Y . O;O ° . . OOO
187.0 [ ] e * 0.0 L] * [ 3 O.O
210.0 [ [} L] 9405 . . . 88°9

260.5 L] * L] o.o . . L o.o
284.5 o e e 93.1 o« o 88.0
30700 . . 3 7405 [ . . 008
33105 . . ., 40.0 . . ') 000
356.5 L [ ] L] OQO L L L) 0.0
37708 ° . [ 98.2 . ° Y o. 8507
402'5 ’. L ] L] 6905 L] L ] . O.O
42700 . . . 20.0 . . . 0.0
458.5 .« e e 96.4 « o+ .+ 96.0
4‘9808 . . . 79.3 . . [ 000

Female "VCV" (1981)

Time from Start of

~ Experiment (hours) Description of Eggs

O.O L4 . . . pOOT

24.5 e e e s.1,/dimpled
42.5 . . . . good

92'5 o .- . . poor/s-io
114.0 . . . . good

165.0 . . . . all sunken
170’0, . . . . all Sunken
17 .0 . . . . ood

248-0 . . . e g.i /dimpled
%?0-0 e e e e good
2 O.o L4 1] [ . Poor
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Female "CO"

Time from Start of ¢ Fertilisation ¢ Hatch
Experiment (hours) : -
0.0 ] [ [ ] 8302 . - . O‘O
2300 . L] ,o‘ 8.0 . (] L] 0.0
47.0 * o s 80,0 o« o e 71.5
98-0 . e . 1000 ° . . 0.0
121,0 o e e 0.0 e o+ e 0.0
146.0 ° P . 92.8 . -o [ 101
169.0 o e 56.3 e e e 0.0
190.0 o e+ 30,0 o o e 0.0
208.0 e s e 0.0 e o 0.0
214.5 . L] L 40.0 o L J [ 4 ?
238.5 c o 85.9 « « o . 41.5
262.0 [ ] [ . lo.o [ ] L L 0.0
288.5 « « 0.0 « o e 0.0
Female "VVI"
Time from Start of ¢ Fertilisation . ¢ Hatch. .
Experiment (hours) : .
Ooo--\ . Y » 0.0~ . .o 'Y « 0.0u
22.5 L] - [ ] 96.5 * . L] 95.5
48,0 o+ . . 86.1 e e« e 0.0
6900 [ ] . [] 0.0 . [} [ ] OOO
95.0 o e e 92.6 c e e 53.6
117.0 e e 0.0 « o . 0.0
143.5 L] [ ] . 9903 [ L) L] 9506
16500 L] L] [ 8405 [ ] [ ] [ ] 1701
192.5 o« o 0.0 « o e 0.0
Description of Eggs
260.0 o« s . poor (approx. 30-40 7 fertilisation)
267.0 . . s.i./dimpled
285.0 o e e dimpled
311.5 s o s dimpled
333.0 o o e dimpled
358, 0 . e s good
382.0 . e s.i./dimpled
406.5 « e e very good
454.5 e o » fish spent

(This female appeared to "slip out of step" in her final ov-
ulations, possibly due to stress because she had been heav-
ily stripped earlier in the season).

Female "IPM"

Time from Start of ¢ Fertilisation % Hatch
Experiment (hours) .
Olo L] L] L ) 73.1 * L ] L 0.0
22.5 « o e 0.0 « o e 0.0
46.5 o o e 72.0 « « o+ T70.0
51.5°  + . . -99.8 e« o 953

- 122 -



‘Pemale "ILPM" (cont'd)

Time from Start of ¢ Fertilisation % Hatch
Experiment (hours) . .
6905 . ™ ° 82.2 . . . 25'4
99.0 « e e 10,0 .« o e 0.0
125.0 o e s 0.0 e .o . 0.0
147. 5 . L] L 100. o [ ] [ ] [ 80. 0
16805 . . [] 6104 [} . . 0.0
19000 . ‘» . 0.0 . . . 0.0
216.0 o o e 45,0 o o e 42,3
218.5 o s . 96.9 o e e 93.7

Female "BWM" (1980) - only 2 ovulations monitored.

Time from Start of ¢ Fertilisation % Hatch
Experiment (hours) .

0.0 . * . 95.7 ° . . 7801

23.0 e e e 78.2 « e e 0.0

46,5 ¢ o e 0.0 . s e 0.0

68.0 o o s 0.0 o o s 0.0

9l1.5 e e e 98.0 . . . . 82,6

149.O [ ] L - 0.0 L] L ] L] OIO

165.5 L L J L] 0.0 * L ] L ] o'o

19000 [} ) . 53.0 ° ° . 0.0

21205 . [ . 0.0 Y ° . 0.0

spent

" Pemale "Black Bar"

Time'from Start of

Experiment (hours) Description of Eggs

0.0 . . . . good

21.5 . . . . poor

49‘0 L] L] .. Y S.i./dimpled
14200 . [ * . OOd“fair
169.0 « . v . S.1./dimpled
192,5 e e e . dimpled
21400 [} [ (3 4 gOOd

287.0 . . . . very good
360.5 e e e . s.1,/dimpled
40805 . L) [ ° S.i./dimpled
454.0 . . . . s.1i,

0.0 . . . . ood-fair

26.3 . . ° . %TET

47.8 .« e e . s.i,/dimpled
96‘3 . . . . fair/s.i.
120.3 « e e e poor/s.1i.
170.3 o e e s good

266'8 . . . . S.io

290.3 [} [} . . dimpled
312.3 . e e very good
336.8 © e e . fair/poor
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Female "BWM" (1981)- only 2 ovulations monitored.

Time from Start of

Experiment .(hours) Description of Eggs

0.0 . . . . s.1i./dimpled

22,0 . . . . good.

69.3 « + « « s.i./dimpled )

9505 . . . . m:pled
117.0 . . . . very good (Jjust ovulated)
165.5 . . « . s,i,/dimpled
194.5 . . . . dimpled
239.5 . . . . all sunken
266.5 e« o « + all sunken

fish spent

Female "Black Fleck" (1981)

Time‘from Start of

Experiment (hours) Description of Eggs

0.0 . . . . good
27.0 . « « . s.i,/dimpled
14700 .- . . . gOOd/Soic
169.0 ° . . 3 Se io .
216.,3 . . . + . all sunken
242.5 . . . . . good
264’.0 . . . . fair
312.5 . . . . all sunken .
33605 . . . . all sunken
341,5 . . . . good .(just ovulated)
386.5 . . . . fair
411.5 . . . . Gimpled
435.0 . . . all sunken
483%,0 . . . . all sunken
506.5 . e« « o+ no eggs - fish spent

Each of the percentage fertilisation and hatch numbers is

a mean of duplicates, Plates XV to XVIII show the appear-
ance of eggs defined as.good, poor, spotted infertile (s.i.),
dimpled and sunken and indicate their approximate ages.
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APPENDIX IVa

Data from milt-viability experiments. (See Section IV(2)
and Figs. 3la, b & c). .

i), ‘For data from experiment performed on 7-11—80, see
Tables 18a & b

ii) 10—12—80'- corresponding toeFig. 31b:

"WET" MILT: | "DRY" MILT:
‘Age: o Pertilisation: = Age: % Fertilisation:
5 mins, ' 97.5 5 mins. ' 97.0
.12 mins, 97.5 ' 12 mins. .~ 96.5
16 mins, o 92.9 30 mins. 75.5
20 mins, 75.5 60 mins, 42.4
25 mins, 65.8
%30 mins, 54.5
60 mins, 25.1

(Fresh milt, used to fertilise the dry-stored eggs after 70
minutes from the start of the experiment gave T77. 27 fertil-
isation).

iii), 11-12-80 - corresponding to Fig., 3lc:

"WET" MILT: ’ "DRY" MILT:
Age: % Fertilisatien- Age- % Fertilisation:
5 mins, .  89.7 2 mins, 96.0
. 12 mins, 87.0 10 mins, 92.4
30 mins. 58.2 15 mins, .90.4
40 mins, 27.4 39 mins, - 87.4
70 mins, 11.1 58 mins, ‘ 59.3

(Fresh milt, used to fertilise the dry- stored eggs after 70

minutes from the start of the experiment gave T75. 97 fertil-
isation).
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APPENDIX IVb

Data from egg-activation experiments, (See Section IV(3)
and Pigs, 32a, b, ¢ & 4.) , )

i), Female "XC" - corresponding to Fig. 32a.

(22-6-80) . -
Time-lapse Between
Water Contact And ¢ Fertilisation
Insemination (mins),
2 « e e 73.2
5 . . . 48,7
10 | e 17.2
15 ' . . . 20.2
20 . e 11,2

(Preshly stripped eggs used to test milt-viability:
beginning of experiment - 70.7% fertilisation
end of experiment - 40.3% fertilisation).
(23-6480 - i.e.,Jéne day over-ripe eggs from Female "XC")

Time-lapse Between

Water Contact And . % Fertilisation
Insemination (mins), :
1 . . . 83.7
“ 7.5 . . . | 44.9
19.5 . . e e 7.7

ii). Femaie "Black Bar" - corresponding to Fig. 32b,

(27-11-80)
Time-lapse Between _
Water Contact And ¢ Fertilisation
Insemination (mins). -
1 e e e 98.7
> . . . 98.8
5 . .« e 98.8
10 .o 96.9
15 : . o e 86,2

(Dry-stored eges fertilised with freshly stripped milt at
the end of the experiment gave 97.5% fertilisation).
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iii), PFemale "Black Fleck" - corresponding to Fig. 32c,

(28-11-80) ]

Time-lapse Between
Water Contact And

¢ Fertilisation
Insemination (mins), . ‘

1 Ce 92.3

5 e 86,7
10 | .. 74.3
15 Ce . 38,8
25 ' . e 5.6
30 Ce 4.6

(Dry-stored eggs fertilised with freshly stripped milt at
the end of the experiment gave 83,16% fertilisation.

iv). Experiment to inVestigate the effect of temperature
on the rate of the water-activation reaction - correspond-

ing to Fig. 32d.
14,5 - 16°C

Time-lapse Between
Water Contact And
Insemination (mins).
3.0
7.0
-15.5

21.5

Time-lapse Between
Water Contact And
Insemination (mins).

2.0

6.0

% Fertilisation

95.3) g5.6
3833 95-65

96.9)
95.9)

74.7)
79.6)

76.5)
67.3)

- 72.7)

96.40
77.15

71.90

Fertilisation

94.2)

96,9 95+55

94‘03) S o
97.4) 95.9



Temperature Experiment (cont'd)
Time-lapse Between

later Comtactdnd | f Pertilieation
14.5 Ce ;’gi; 73.95
20,5 e g}f:gg 72,7
27.5 Co T]ggg 71.95

(Dry-stored eggs (kept at 11°C) fertilised with freshly st-
ripped milt at the end of the experiment gave 91.53 90.10%

, 88,7
fertilisation).
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