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.' !.:";'ABSTRACT
• ; t' ", ; • t' ~;:.' ~ :

An experi~erit was carried' out aboa'rd RV CIP.OLANA in. May, .1979 to, esti-:

mate the' d6~clopmeri~' rate of cgg~ 'oi" thc ling' '(Moivamolva) ~~cr a ra~ge .'.
'" _,,'<. r'.\;'~f.~ ':~,'..• :-' ~.; .. .' . • ", t.:t';'.-;.. " .f,., • .' ••••

of ·temperatures uSlng athermal gradlcnt incubator. Tbc results were used .
... 'I. .':' ....

to calculate regression coefficients for development rate against mean

tcmperKture~' 'Th~ best ~urvival Qccurred at tempe~~tures betw~e~ 7. 9~C and
. . .. . -'

12.50 Candranged from2i.O·t~ i9~'6%, whieh i8 the normal range of,tempera~

ture for dcvcloping ~ggs foünd' i~ thesea.".......

•

•

INTRODUCTImi ;;
• ~ • I· ~

Durihg diROL\i:lA cruise" 5 .in 11ay 1979 the opportunity was taken, t;o "
; ",' I' ~ ~:'" ; '.' ..", ' : ~ .' ~ '.", .'. ' ": ',' .. '

obtain data on thEi development rates of Hng (Molva molva L.) eggs ovar

a range öf tcmphiattires~ L'i~3 ~gg~h-ad'~~~~i:~USly been rea~~d throug~' to

hatching anef":thcÜ: de~~lo~~e'nt no'~~d in -s~me de~aii. (M'Intosh ~nd Prince,
',' . i : '. .' :::., .' '. " . . " -,. . '

1890) but the' effe'ct"of different temperatures on the development: was not; ,:-,.
: ~ ,:. : ~ .. .' - - ... . '; . .--

studied. A knowledge of thc'rate at which,eggs develop at different con-
••_r'" • ~''''', t .• ; ,".: " '_1. • :' t ;: : .' ~ .-.~.~.; '.'

stant- temperatures is needed to estimat~ the number of eggs produced in :'1,;',
• . '. .' .:" i . ,~ .. . . .

one season by the mcthod used for,Horth Sea plaice (Harding and Talbot,
1973;' Ihinrti~t~t' ei: al~ ,;1974)'. '.:.' .

:': . ", ..: .~ 'j': ,':,'

" ,

...
. ,_, I. ""t

Only t~o mature and running 1ing were caught, one male and one female.
, ~ " . ' :!.

11ATERIALS AND METHons '

They were taKan ~ith a Granton trawi at 'a d~pth of 219-212 m, between.1
• '•.'. I' " \." .''i ,: ;~, • . " . .,

positions 59 0 24.2'N 060 31.51'W and 590 18.4'N 060 32.0'W.
~ " _. • ~ :. ~ '" I' • -'. .:

Eggs and sperm were stripped from the fish into a bow~ ,eontaining a
'" _ . .' . . l . :.' .. ". ',I .: .~.•.•• ! . < "':' I' ; ,J j .~: ',".' .'. \ ,

little clean sea water. After allowing a few minutes for fertilisation to

take place, thc eggs were transferred to a glass jar with a mesh lid and

• I

flushed with clean sca water for 20-30 minutes to remove excess sperm,

b100d and ovarian tissue. Batehes of 200-400 were put into 70 ml g1ass

ciftci
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tub~s,each containing about 50 ml of clean sea water, in an incubation

....'

Thc tubcs wereThomas !:! a1. , 1963).

teoperatures from 4.40c to 15.40 C. Tbe

daily (morning and evening) up to thc
',: .. ';,' ,

the tempcrature of the uater in the tubes
. . "',_-, "' I "

One extra observation ,gas cade ab?ut every two days to re'IJ.ove·' '.

block (Halldal and 'French, 1958;

arranged in ~row to cover eleven

eggs were examined at least twice

time of hatching. At these timcs

was noted.

•

•
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IB

sequent thickenins at one pole (4-5).
'. '.. :

11 From the first sign of the pricitive strcak until closure of the

blastopore. Abdominal somites appear (6-9).

111 Growth of the tail end of the embryo until it spreads around
\ : ~.'., . ~ ~

three-quarters of the circumferencc of the.esg. Development of the eye,
•• j ::~:~.... . ., .~,' ..•.. ~ i ", I . " ,.' ',.:, ,:': ~;" .• r··

and of pigment spots on thc postcrior end of the embryo (10-17).
::~ ~ i' -:-,'!~... :- ' ,';~. ' ..;~.":.,

IV Growth of thc embryo until it, spreads around the full circun-. .' .. ".. ' . \ - ..
ference of the cgg (18-21). ,

:. ;.{;j :.' 1'~ " f. :i L~" . '; .:., ". , , , " , .: .. "'·1

V Growth.of the embryo'until the tail is past,the head (22-25).
. " .. ,. I '.,~ • -. ' • .'

"

dead eggs and to change the watcr. As the eggs neared hatching, observa-

tions were made more often, at intervals of frot:l one to six hours. ".
" ' ,';'~ ":'::,:.

Photographs were taken, and a sample of eggs prcserved in 4% neutral

formaldehyde, when changcs in development were noticed from the previous ...._

observation. Arecord was kept of thc numbcrs of dcad eggs and of the
, .': .' .' : ... ' l,;' , • " • ~" • .'

numbers of eggs which hatched, to calculate thc percentage survival
':;', ,. • . I., _,,;.o" I I • " .~ r "••1' :';

throughto hatching~" 'Thepreserved sam~les of eggs were not included in
!)' .;, ;.. " , :.' ' : ':," ~;. ',' ..' I;: ' ~'; . I ..

these calculations.
. .

Thc batch of eggs held at 12.50 C was dead after 44.6 hours, when
• " . ~ j' .'. • ' . • .. : ••, :

they had reached Stage IB, nnd were replaced with surplus cggs from a

s~~~k.·'\~nk held ä~' il~20C. These 'eggs wcre at Stage' II and continued
• • •• J ,: ~.' ..... ••••t

developing at the higher temperaturc.

The preserved saI:lples and photographs were latcr used to st~ge... thc .'
." ,: I ' , •

eggs according to Simpson's (1959) classification of plaice eggs, which
~.' . t .: :-. ~ '",: '.: '.' ' {. '., "" . .

lJaS based on Buchanan-Wollaston's (1923) grouping of Apstcin's (1909)
::'.~ • :.', . ' , '.:~. ) ~~;'~~"!";':'\

Stages. Thc, 'six Stages' uscd' are described below, and illustratcd in
, .:"~::.t:"':!f:.J ;_",~r~ ....I' .';"."

Figurc 1 (figurcs in parcntheses corrcapond to Apstein's Stages).
:1",{~ I... ·~~~ !"!~."~:'!:! '.• '-;

IA From fertilisation until clcavage produces a cell bundle in
: ;~"'.,; 'J'~~),'.-:.~- : .

which the individual cells are not visible (1-3) •
. , .' . i : : .. ' '. ~ . '. : ': ·.5 ~..

Formation of the blastodisc, visible as a 'signet ring' and sub-
" :~!~. ..~ .• . f1 t ' ~'

I " ~
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RESULTS

Thc'sea tcnlperatu're "at the position of'capture o~ i th~:IJ~ture"lingwas

9~SOC. Th~'male'fish'wa~ 96·~ti·lo·~g und the fe~~ie fi~h i6'i-dra~':~hich

places 'the~<both 'at thc 'low~r .end "~f 'the Size ~ange for nuitu~~ ·ling.

lVheeler (J 969) "states' that ina1es' teach oatur1.ty at an' ~v~·r.:iG~~l'i~ngth of : I i'~
80 cmJand feIJaies at an averag~;~f 90-100 co•. H~ giv~s th~ da~ioum
length "reached.'as '200 CI:l.·

'He~surenients:~olcire mdde '~f the ditl6eters or' a11 ~hc preserved egga. ,";
", ,-.. ~ c, ,l-" r '.' ; .. '

and di'E.~'i~':oÜ· ~globLiics. '/.\ 'sa~ple cf :1'00 of these meas'ui'e6e~tswas us~d

to calculate' 'thEi"ID:aan diritiet'~r und standard deviation 'f~r aggand oi~'
~ • < • - :. .'

globule~ Thcse lo/'cre found to be 0.96·IllIJJ s.d. 0.01 me J for the eggt and

0.26·inmJ'·S.d. 0.01 ~~ for"th~ oil globule •.. These ara belOl~ the lower

lir.:1id·; of the' s{ze range~';'giv(m byRussell (1976) J which ':ire 0'.97-'1.13 mo

for egg and"O.28::'0.3i I:lm for oil glob:ule. Hiemstr'a (1962) ~llows f~~ cl
..... ..... . •.. " '. \". . . '.;" I'

shrinkagc'of'7% for··eggs pre'scrved:,in 4% formalin and 10% for aggs prc-

serv~d":in'70%'alcohol. . Calcuiating correctcd figu~es gives 1.03 nun for
... f . .. .... l . _. '. '. I . ." 1.. ".

the,egg andO~28 mci for'thc oi1 globule J bringing both mca~u~ements within
.' .,'

Rusg~llts size ·range.
, .

Thc mäximUci survival rate at one temperature was 29~6%J which nay be

compared:with that achieved using"the saoe'technique 'for other species.

Lockwood 'ei:: 21. (1977) achieVed 90% survival 'for'mackcrel'J Walker and'Pipe!'
. r': ~.. ~. .~ ~. {

(1977) 46%"for horse ciacketel J and Riley (pe~sonal' cOrJmunication) "at least
• ....• ' ' .~·i.~ i: '( ·\~'.~d"'i~· '1

90%" in the experiments using sole (RileYJ 1974) and'cod (Thompson and

Riley J 1979).

Stage IA was reached throughout the experimental tempcrature range of
_ I . ". " " • ':,. '.. . • ~. , i ; ~ ~ f ..:~ . .

4.4°C'tö"'IS.4°C J but eggs held at ·13.2-1S.4°Cdid 'not develop 'beyond IA J
and those held at 4.40C and ri~20C'did not :'reach the end of 'Stage' '11.

, '" _ . . , ' • :. • ; :. '.; ~ .' ".. ~' r· ;'; ~:

Table I' shows' the 'title ta"kcri' in hours fram fertilisation to the end of
.' t' . . " • .,' \ .... : .., • . ;. ~", ! : t "l ....;

each of the six development stages, the mcans and standard deviations of

the tcmperatu~e ob~ervationsJ' and the percentagc' survival' thr~ugh ih'hatching.

Thc fhted regres'~ions of' 'd~velopme~~ ti6e on mean"t:eoperature are shown in

Figure 2. . " .
-":'Shice Russ'ell (1976) hotcs that' preserved' Hng eggs may be confuscd

with pre-se'rv~d cggs·· ..of Tr~chhrus t~achurus 'a'nd Mullus s'pp'. ~ a table ~olas

draw-'(Table 2)' showing theegg diamcter'J ' o'il glob'ule diameter J and'spawn

ing period for ling' eggs an~fother eggs of s'imi1ri~ slze' and appearance~'
,,:. .' ::. .i.... ..' . I •

~. w •
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DISCUSSION

The pereentage survival through to hatehing is Dueh lower than in the'"

similar"experiine'nts~th'eggs-ofother 'spccies.": U'Intosh '~:md Prinee '~1890)

noted that"Hng' egg:s we~~ 1!l.ore delieat:e than those of 'tod or haddoek, and

M'Intosh and Masterman (1397) notcd that thc 'outcrcapsule of the ~ling ,

egs was hardcr and tiore casily rupturcd than that of ':i:hß cod egg, and
hence the :'fo:mcr would' burst ra-therthan collapse under pressure. Althougli'

none of ,the Hng eggs whieh died durinB the, experiment' were seen to hav&, 'j",

this kind of daoage~"the handling 'during watcr changcs and obserVritidrid:

may hav'e:p~'oduc(iddiunagc not' visible undcr 'low-pmlcr mieros·copy.: . - ,',': .i.:"',

Table 2 shows' that th'e 'cg~r'of Hullus is' smaller" than ihe 'small~'st

Hng egg, und Üs oil globule i5' nlsc;:'sma1'1ar lhanthc smallest found ib.'

Hng cggs. T. trachurus' eggs may be 'as large as some Hug eggs" but tl1ei'r' ','

oil 'globt.tles:arc relativcly st1:l11er, and thcy havc a' segcicnt'ed yolk, so'

are unHkelyto' be mis'takcn for Üng. Merluecius merluecius eggs are,-:

closer iri' size' to those of ling, 'hut the relative' size of the cil globuie~"''-::'
, ,

• .')' - " ,". ' . • '... :' • :., '., • .-... .' i ,', '.
lS shghtly' smal1er • However, the peak spawnlng perlods do' not cOlncldc ~ , , ,",

; . ~ i. ... .' ': ' .' . ' .
render1ng it unlikely that the two'specics of egg ,nIl often oceur together

in plankton samplcs. Consequently, the eggs of the~e thrce species will

probablynot be mistnl~en for linge 'Howevcr, ling eggs which have been

fixed'in formalin or aleohol, and havcshrunk, nay sometimes be wrongly'

iderttÜied' as' anothet- specics, result'i.'ng in an under-estimate of., the ..
: -: ~~ i ~. -:- ~.. "','

nuob'er' of' Ung eg'gsl in a saople.'
l\fo,.... t:···
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Tahle 1 Ling egg uevclopment rates. The time, inhoursfrom fe~tilisation, for eggs to reach theend of development
stages; plus thc timcs to' hatching (50% hatching :is ,.th~ time to the end of S,tage V). The perccntage of ferti
lised eggs which survived 'to hatching is also siven for, 'each tcmperature. The regression coefficicnts are for
thc fitted regression. l~ttime =A ln temperatute + ~ ,

\

Mean \:' 'Hours to;:ends of St~ges % survival,:s .d'l'
tempo : temp~ " to hatching
(OC) .' lA IB lI,' lII, IV first: lastf' 50%

"

; hatch" hatch hatched
, ,

4.4 0.30 75.2 110.9 ; 0
5.6 0.29 62.9 87.3 135.3 207.6 '267.5 284.2 284.2 0.5
6.7 0.31 : 50.3 75.4 123.4 159.2 220.2 235.3' 251 .~ 239.3 ; , 13.9
7.9 0.33. 38.9 50.3 110.9 135.2 171 .5 189.0 r213.3 196~7 , 25.8
9. I ,~0.35 38.5 50.4 98.7 123~4 '.. 147.5 ' i 65. 8 188.0 168.7 25.8

10.2 ~0.37 27.2 50.5 '" 37..3: )8~'i
,

123.4 '139.5 156.3 1.45.0 29.6... l~,

11.1 0.20 ' 27.3 . 38.6 -, 0
12.5 ',0.23 27.3 : > 57.4 '; 87.3 98.7' .117.6' 121.0 112 •.5 21.0*
13.2 -' :0.76 - - -:. - - !--- .. 0..

14.4 c9·21 - O·
15.4 0.31 0

':.,-
~ rr

Regression coefficient
. - i

1.02 ~:I :09A -1.09:', - I .10 - - ..l.2,8 - 1.17
. 7. i8 ;,

.,

Regression coefficient B 5~,98 -;- :6.35 6.75 7.80 ' 7.69
Correlation coefficient . , 0.96 :: 0.94 0~91 ,: 0.98 . 1,.00 1.00. .. '

..

*from Stage 11 to hatching. ' ..
'~".' i~,

", .~ ...,,-" ,",, ,

"

~

':: -, "".
.:' ,., " ; , ~t.:

"-,. "; . :.:...
',- "~.,

"
,-

.. "
. .:.~':

": '.'
J •••

'.

.
-'



Table 2 Sizes and spawning periods for ling and other eggs (after Russell, 1976)

l

Species Er>"Oi.>
diame.ter
(mm)

Oi! globule
diameter
(OL'1)

Spa'Vming period

Holva molva 0.97-1.13 0.28-0.31 Harch-July. Probably mainly April-June

Herluccius merluccius 0.9/.-1.03 0.25-0.28 July-August (North Sea). June-August (Channel)

Trachurus trachurus 0.81-1.04 0.19-0.28 l1ay-Septcmber

Hullus spp. 0.81-0.91 0.23-0.25 June-July (North Sea). May-July off Plymouth
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Figure 1 L ing egg development stages.
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Figure 2 Ling egg incubation stage duration from laboratory observations.
The curves are fitted by the regressions given in Table 1.

/


