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e ,1?lanktonic larvae of,the, Non-my lobstel' (Nephrops norvegicus, (L.»: were.' ::,

collected.()n aseries, of t\~elve, cruises'inl the sea area off. the" north-east

,c()a~t::of.England, in 1976., ,The larval distr'iJ:>ll'J:,ion',\-las restrictedto~nown

locations of adult abundance over muddy bottoms in deep water betwee~_the\\Fa:rn,:,

De~ps, and, BaY!Ilans .Hole, and :inthe Outer: S~l~er ,J)i~ ~,,' Production of .Stage,.l, ,larvae

was. measu~ed ,at, 57 .,6 X 1091:in 1976 ;andpeak; hatching occurred in mid·l1py." ..,.MqrJ:a~­

ity,thro~gh,the larval stages was ,est.imated at 87% equivalent to il ..da,ilyr~te,i'(Z)

;of. 0.07~ ;and was· similar ,to ,that observed' in lüboratory, experime~ts.',The size:,of

the spawning.stock was estimatedat. 5,300,tonnes basedon theseasonal ..,pro.duction

,of Stage l,larvae (corrected for a 10% per month mortality durinE;, development, , ,.,'.. ','" . . .'

through the egg stage~) and,fecundity estimates fram ncarbyScottJsh stoc~s.

",-! . .'",i',. "

INTRODUCTION , f','

; Twelve pl:aFlkton surveys, }'lere unde~taken in the seil area off' the north-east ',~

,co~st of, ,England\,between January and .Noyembcr 1976 to study the distribution,

,abundance, mortality.anq. drift of the, eggs and larval, stages of fish. ,The area
, 0 0

su~veyed,wasfrom lati tude ' 53, N,to 56 Hßnd bet~een the east .Goast .of,'Engl~D:d, "

and longi~~de 2
o

E•..,(Harding et al.., 19?51). ';;,; '. ,. .,'J (',j~:', ::",:

(',c'" ; ,.Adult, Neph:r'ops .norvegi;cus :(~) ;9c.curi \-!'~tp.int~is .area and there i~ a long'

established cormnercial:fisheryoffithe,Northumberland coast which catches about
• " • " ~ " .. J " _ ._ " . ..' ". • ',~ , • , I • • '

1000 tonnes annually. The larvae are known to be planktonic (Sars :,1884, ,,1890; ,.' " /',.. ' ,

Jorgensep:;, 1925;, Santucci,,. ,1926a, 192,6b, 1926c, .1927) and, to .occur ,~Il:, this area

(Jo,rgensen,; ,l~25)., ,Wl.lile,:~t<?ck.,es1=iIl}at~s,of fish. specie,~based on theü\ plan,k-.

tonic Elggs are ,'cqrmnon ,(Cy.sh~ngi1957 ;, r ,S,?uth\l1ard, 1963 ;': U?ckwo.od;et,.aZ." ~97a) .

,this method has not .been applied,·;tocrustaceans;.although~Scarratt,(1973)u~ed _':"

Stage ,I larval. number as ,an inde~,of aPundance for the spawning:.stock of,the :",

American lobster , Homarus wne1Jicanua. .:The. present paper. at:t.,empts,.to, test this ...

method of stock assessment for Nephropc norvegicus (L),and provides an estimate
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MATERIALS AND METHODS

Neph.i>ops ,nOrvegicus (L) occurred on six cruises'Det'~~eri'MaY"and'Oct6ber~':i'::
• :' ,". ..' '!' •• ' • ;'~'. ' ': j;.' ..... ~ . ..... ,..' ."~'.~ :.,:.(.~ •.,'

their distribution being"generally restricted to the northwest quarter of the

surveyarea. The sampling grid was the same for all cruises, except 10 and.li
":~\"""I'. ,..~ •.~'~:'" ~~. . .~ .. ':~~~t·>"t' .~ ;' . .:. : :. "I:, .. ': :':".~"':,:: ::.. .i..:',}l·..):

wh7J;l·~1;:he:,.internati.-Oriälgr~d for.,her.:dng l'arval surveys :~as,:combined w.ith the ': .. '

sta~d~~d pl~kt~n ~id. .samp;~swere'takcri" 'af' intervals Of '9 'or'üi nalltic~1'6iles
along lines of latitude which wcre 15 nautical miles apart on thc standard plank-

• •• • ."••.".,.:' ": " ••" '.' l..,' ..., ... rt" (-""" ",

ton gr'J..d and at 10 nautJ..cal mJ..le J..ntervals along IJ..nes of latJ..tude vlhJ..ch·were· '. J

.... '.'~'.~~ . '::, ,. ' .. ~ ~.:r:.~. I' :" ..'"",;" .: ..: ~~ ·~):·~':1:!."~"·1"

10 naut ical miles apart on the International herring .la!yal: ~:td.. .The.~hole', ".; ~'

water column was samplcd ·;usiD.g thc Lowestoft"'hißh'speed"planktön sa.i:lpler (BevEb:4:bn

and Tungate, 1967), which was fitted with a filtering net of 270 microns square

aperture and had a 42 cm diameter mouth opening. A flowmeter mounted in':th~ '~outh

opening"of·~.thc nose;cone'. was usedFto calculatethe' volume of ·water;filtered. The e
catch at',:cli:lch' station was" fixed 'in' 4% buffered . formalin and 'subsequehtly:tI'ans:-~

ferredto an '.obseI'vation·'and prese'rvingfluidfor examina'tion and'stor~g~:(Nichols

and"W6od~ ':1978l;r·< :.:'. ", ur,· ...::.,.>'...... .,:,: '. .~..: .,'<. ':.

'::'.~'''' ,:i, Becausd'; of ·thsi!'.r~lativoly largc size Nephrops larvae ·\'lere·· easiiy sorted-·;'

~·!from· tha 'plankton:samples 'by' eye· and later-separated'mici\oscopically:'intotliree"

:larval" development stages .'. (Suntucci'; 1926a) ~ ~".Humbers ~.per haul were' ·converted'to

numbers uridcr.one:"square mctI'eof :sea:: surface 'andp"lottedon tharts at'tthe' sampling

"positions.' The:' distribution of each stage on each cI'uis'e was then ,'cöntoured at' ~

selected ' intervals "of density and ·:'the areasbetween :contciurs' 'fourid'by ·planimet'ry.

Tbc product of :the area"bctween :,two contour Tevels' and"their rrie'c:in density gave:~~'

numbers within contours, and these were then summed over all contour levels to

give total numbcrs of each Staße occurring on each cruisc. The total"'numbers'':W~re e
converted ·to numbers' produced 'per dayby diViding by' the Staße 'du:riation '(Farmer,

1975 )':using' thci mean seatemperattire" at stations 'within the'distribution~:" Ntimbers

produced .peIl day of all"Stages' ware· plotted against ·thc mid-date: o"f each sampling

period ..toforma set :of'curves' rcpre'senting' the 'pr6duction":of eacn ::sfage :thr6üghout
• '. '.' . \·>ro. . ..., '; '\

the scason (Figure 1). Thc urea under leach curve ;was:'-deterrriined by planimetry'"

to give the total:~number['-of'each 'Stage prodüc~d 'iiii ..th~ '§eär. "Th~:'rri6rt'(ility between

c;:lch Stage' and thc' :instantaneous .daHY "'rriÖrtality rate"(' Z' ) "vic're' then ;calciuÜit'ed

from'these:!:d:cita"(Table;T)~:"'" ~., ':'.> '" :.' :.;, " ., " :.::.:,';T:, :",;';".1 ::,::.;

':." 'I The"'av'eragc'-size 6f· f themale and female :zIeplWopo',was'recatctiltltedfrorn Tabie 6

in' SyniondS "(1972) !'and·ithc,':numbers ·'of; adult·'females ·'deterrrtin'~;d using 'the 'esfimate

of i Stage ,1 \larvac ~ pröduced; '\'lhich ;was adjusted' foX'·' egg', los'ses 1 dUring·the'· ine;\iliation

periöd:.(Farmer, '1975),,:;"and';fectindity datalfrom"Thomas (1962)". ::'Total spat4-ning·'stock

weight:"was raised 'fI'or:lthe ,number of.·femalesusing·!'a. 1:1 ~ratiö;·bf· male Ito ~femäle'

and :1.ength/t'1eight' regressions from 'Symonds (,1.972) (Tab1.e"2·)~"':\· , " " :..... !~': :';·.L,'.'!'·; :;',

. , ,...... ' ..
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RESULTS
.:.:,.,:~:,~. ;' .:::'~ .~ ,:". ":~~::"":';'" >,'••:~ ';, ,'.. :If.

, The. ,distributions of Stage I larvae. on foul' cruises, covering the maximum

period~~f. h~~c~in~'))~tw~~~'Hay'and J'~~;'~~d 'illu~tra~i~g' ~~e';~;id ,d!=cline in
-~ .~ , • , '., ~i .:" e :". .' ••...:', ." • •

nurnbers hat.ching.in Augu~t, ur.e. shown .in Figu~c 2. The southern edge of the

distrib~ti6~ of larv~'~ fr'~;;'~'spa~ing area in the 'F~th ~f'~or~h can" ~'e c]~~arlY
· . :"'-_ ., .,:.' ." :':. (' , '.. . .. . '''',\.~': ~',~.~...~ 70..r ':', ;",:

seen on RV,CORELLA CI'uise 7. The production from this patch\..as not" included in
.' • . ' 1 ' , • • .;. : • ' '. _,' ~ :::".'. , • • , ," I

the ~orth-eastcoast spa~~in& stock es~imate~
" "':,,: \~l .!, • • .:' , , • ' :

Figure 3 shows the distribution of Stage I1 larvae in mid-A~gu~t. The F~th
'.. '.

of Forth patch is still clearly defined and a ne\~ patch in the area' of the Silver

Pits demonstrates that another sub-population of Nephrops had released larvae between
. . '. ( ~ "-\ .-

the Ju.ly ..ilnd Augus~ .cru~ses •. The lossof larvae, between Stages I and Ir was _~l~.l,!)o
• . ;" ~ ...... ::".". .' . ' : ~ '. .." ':' \.' -:.' : ,," .~. - : ~:. .. • ' '..,.' . '... . , "'. i"' ."" ,. . -' \ . ~,c.;

and between Stages II and III was 80.2%;,: the .C?verall mortali~y throu,gh the larval
. . . .. . ... ' ~ .

stagcs was 87.0%. The total spa\-.ning stock was'estimated at 5,300 tonnes.
";' .: ;: . ~' . , ... " . ~ .

'.> ~....."'''''''

D1SCUSSION

Larvae of iv~;hrops began.hatching in M~; and appeared for th~ first time i~'::
. '. t ! . > • ,~ " •• ~ '{ :.:. ,', .. ~ •••• • " t'", ~, , "

,,;.~collections made on RV CORELLA Cruise 7 in lJlid ~Hay, which provedto be near the .
... .,' '. <..' .,. . ..;'.'.. .' ' , .. ,'./ ',' '. .:,;,.", '

peak.h~tching period in 1976. Numbers of Nephrops larvae l..ere 10\'1 cOffipared Hith
<'~'~~' ,,".;:: .. ~ '\~. " '::''. . ' ::".;., " ,,). ,'.,\",~:"~,,,~, '.' •

fish larvae taken in the same collections f~r ,..hi.ch the sampling grid wasdesigned;
.. ,', ~ " . . ..... ~.. . ,

only 116 Stage I larvae Herecaught during the season. This fact,is undoubtedly

due .~~. ~h~'rest~i~t~d'dist~ibuti~~ O/~dUltS',' Hhic~ are '~onfined't~ rriuddy b~~toms
:.: ~,'........ " '.,~;' ~' .~.,,;:.~.~ .'; ' ... , ". ' , ".,~.,,: ,..,. ,., .' ,~, ,'," ',... ' ", :'

in deep water betwecn the Farn.Dceps and Baymans Hole and in the Silvcr Pits, and,. '., . .. .-... ~. , " ",' .-, . /' :' ,. :. '. '; " ,". ,'. .:,:: ';'

to the widely dispersed grid of sampling stations. Nevertheless, the.distribution
" :' '. ',' .' ..., '~;:. .'" ,. .. . , _' . , .' .' " '. . .• . , I,.'.'.~; (t,' ~.

of larvae reflects the adult,ftistribution, and nurnbcrs wcre sufficiently high during
\~ .···:1; .t\·~' .'." , .. ':' ,.", " ', .. ~. '.:," .••

the peak ,release period to allow accuratc charts to bc drawn (Pir,urcs 2 &.3) and
• • . , """ • :.'. :.".. • . ,:- .• '. - • " ~ :. ~ .'. .-. .•.• ,o;. , •

to allow scasonal abundancc and Polortali:ty estimatcs tobe made (Table 1, Figure 1).
• ..' ' .' • • l ~ F' , ..', '.' '. • .• , ' '. ..,'._. \0,:

The 87% mortality in the la~val phase is of the same order. asthat measured at

72% in lab()r~~~r; .. e~periTll~~t's,u~der ~p~iI:1~l' co~ditio~s of tempe~at~re'for .a .. sub

;~;tl1a~;i~n"'~'f N~phrop~ fr~~portugues~ 'i~te;s (~i8~ci;edo, 1971).' .··Th~~'e:~~~s~~~-
.., ',". • , .' ,...,. .. , ......:: -r ' ,.,.. .' '~ , .'. 1 .~l

ments of production and mortälity depend upon adequate sampling of thc distribu7· ~ . \ .', ~ ,.....',.': ~,'. -'. - '~".. " " . .... '. ' . ." , , .. "

tions, of iar\~ae-in spac~ .und tim~' .anei acc~ratc a8'e~~g 'o~ larvae •. · Th~ high .sp~ed
• ,,!,, .. ' • ." ,', ~ ;. '" I • ~ " : " t . . . ' .'... ~ . , .. ,,' " . .. ' . '. \ ~'. . .

plankton net undoubtedly collects larvac in proportion to thcir,übundancc and

verticül ,distribution .und despite widcly spaced -st~ti~ns 'adequ~te 's~~~ia{r~solu-
'", .. \ ~.' '," ; ')'," ,., ~. l ... :, -':. - >", " -" , ,~f:, .+. ~ ~', : ... '. '.. ". ~ '~ ':'!' t~ ...~;

tion Has attained~ On thc other hand inforPolation on the devclopment.rate of larvae
, '.'. '.:::! .' .; r' : • ,.'- .'," :. i .. . ~ '., . ~ 1, :: • ", ;~' !

is rather poOl' though sufficiently accurate for a preliminary exercise of this type •
• t j ,'P, ," , " . .: ", '

The stock estimate of 5,300 tonnes 'is ~lso suDje~t to si~il~r'dr;ors a~d·d~pend3
.'.;,;' 1 .• ' :1,;,' '.' ", '. " ;, , ~ .. ',: ';', , ',' ~.'" ~. '~'''.''~. """ '" ~ ... ", ' .- .. l!.}'ct'ff",.';

upon, an estimated rnortality of 70 per cent during incubationof thc eges; unknown
... ',.:' ." ~"": ,'. ,'.- .....' ~ ". . ,." : " "'. '. '.: ." ,.' •• ', ,- ,,'.' .',.' '~-~'. '" .. , + ~' .. ~.,

prc-zoea mortality;.a fecundity estimate based on a population of Nephrops from
....:' ,''', ~ \ ..' ••• ~'......:'""~.. ; .. -' ,' .. , .... ".; ... " .,: .·~.• ~~.l,'~

Sco,!=t}sh .yater~; an assumed ratio of 1:1 males to females in the Northurnberland

sp;Wri~~g. st~c~' mid a 'calcuiatcd'i":~~raße ~eight"dcrived f~om me~n' lengths ~i' ~ciies
' ..,~ 16 '. ..: .."'; ' .. ,

3
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A mUlti,purpose plankton sampier.
..' ," "j'.r ~\. '>:. -'. ': :'.~':f.

and females from the Northumberland stock in n previous yenr.

Despite all these possible errors the spawning stock estimate of 5,300 tonnes
• ~: t·· . ".:; ' •. ,; l~.:~·-.'· .,< : .• :. :,' '-:.~' .,f·.... ~... ··,~ . ,":'~ \ ,,,;..; ",:".:" .... :..;~. .~~ ,. .

~s of the r1ght order ?f magnitude to sustain n fishery ofl,OOO tonnes per annum.

A mo~~ acdurat~ e~tim~~e·cci~ld··~riiY'bci '~btaÜi'ed :~ith'a direcited series of ".

research c~ui~cs t~:'~bt~iri irifor6.:xti~ri':·~n la;v~lab~ndanc/on~ fine grid of

~tiati6rik a~cito cOllcct ad~it Nephro'ps. for fecu~(Ü.ty estimat~s; sizes o~ s?;a~ning
riJal~s';~~d 'f~rri~ies 'and 'the s'ex' ratio. I~ ndditi~~'mor'e accur~te estimat'esof

...", , ' '.

development rates of eegs and lurvao' andof mortality rates for eggs and pr.e-zoea

~t~~~s are ·required. . , .

'".' -',:' \ " i
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TABLE 1 Est.imates.. of abundance and mortality in Nephrops, ~orvegicus.<~.)
larvae off the NE cöast of Englarid in r976::.. " . ,-,. , .

Stag-e·· No~.·.produc~d

" x 109 (N)

%·108s Age in:~':'Log . tio/Nt·· .;'Stage . ',:: .:.:.. ... ) ,:Z
e

days ' äu'ratiön"Ü) . ::-.:.. "~i;

.....

11 37~931

,.. ',' .J '\

II! 7.505. , .'

I to IrI

••..•.: • • ••• !, "

13.50 0.1200
, '.: ' .." . .~ .

",:0.0315
: .. i.; ",

0.0762.'.: ~26.75

. 13.25
14.0

34.1. 0.41698

"".'

" 27.25
80.2 1.6202

,. ~: ,; " :
y

40.75
: '~. , :. "," -:

87.0 2.0372

57.556I

Z is the instantaneous mor.tality rate per rlay calculatedfrom z· =. (log No/Nt) .1fte

where t = stage duration in days, No=the numbers produced at time 0 and Nt=the
numbers produced at time t

TABLE 2 A stock estimate of Nephrops norvegicus (L.) from larval surveys
off the NE coast of England in 1976

Numbers of Stage I larvae produced in the 1976 spawning season

Equivalent numbers of eggs laid

Mean fecundity of females

Number of mature females

Total weight of females
Total weight of males

Total

57.5559 x 109

16.4445 x 10
10

2236

73.544 x 10
6

2061.4 tonnes
3229.3 "
5290.7 tonnes

Assuming the average weight of spa,~ing females to be 28.03 &.and that of males
43.91 g and the sex ratio in the spawning population 1:1.
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Figure 1 Seasonal production of Nephrops norvegicus (L.) larvae off the north-east
coast of England in 1976. Production estimates are plotted against mid­
cruise dates for CORELLA Cruise 6/76 to 13/76 as indicated on the xaxis,
für larval development Stages I(X) , 11(0) and lilA.
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Figure 2 Distribution of Stage I larvae on four cruises covering the main release
period of larval Nephrops.
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Figure 3 Distribution of Stage II Nephrops larvae in August 1976.


