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The grouth.rate of 42 artificially reared post-larvae of

Nephrops, ~rvegJcuG was followed individually during some months

in·1974. The average du~ation oi each stage increased with . age

and the increment per moult in carapace length was foun~ to be

just under 1 mm. The avorage carapace and total lengths were' de

termine~ for each stage and the increment per moult in percenta-
ge of pre-exuvial lengths was estimated.

The post-larvae were fed mostly alive animals as small
benthonie amphipods and' iscpods, the size of whieh was seleeted'

aeeording to the stage of thc Nephrops individuals.

Regeneration cf lost appendices was normally - ~verified

after two moults, although after the first moult they were 0.1

ready present in a reduced size.

Experiments TIith purified ~ater were earried out o.nd the
effieieney of a biologieal filter within the rearing units was

tested.
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I NTRODUCT ION

The growth rate of thc post-larval and juvenile stages of

Nephrops por~~~eE_~ is particularly difticult to follow because

young individuals nre very seldom caught in nature.The smallest

Nephrops cvar captured werercportod by HILLIS (1972) and mcasu

red 4 mm of earapace lcngth. Tho growth of carly post-larval stß

ges resulting from larvao caught in thc planl~ton was also given

by HILLIS (1971).

In tho artificial culture .of ~~~~~ (FIGUEIREDO, 1971)

and (FIGUEIREDO and VlLELA, 1972) some pont-larval stages were

obtnined in laboratory experimontD and thoy survivod for about

three months. Later oxporiMonto on artificial renring (FIGUEIRE

DO, 1975) produced a groater nn~bor of post-larvao, the growth

of whieh is reported in tho prosent paper.

nmTHODS

Tho gro~th of 42 artifieially roarcd post-larvae metamor

phosing bctween 12 March and 6 April 197~ was followcd indivi

dually in bcal~ors of 400 cl until tho third post-larval stage

was reaehed; thoy'wctc then transfcrcd tu beakers of 1000 ml.

Scawater rceireul~ted in the laboratory and troated with n bio12

gieal filter was uscd to fill tho boakcTs. The te~pernture of

the water varicd bctwccn IGQ and 20Q C, following the air tempe

rature'of tho room. An uncxpccted increasa to 23-24Q C occurred

on the 21st and 22nu of May cauoinb thc ceath of most individuals.

The results fer post-larvao livine after that date ~ay have been~

influeneed by posnible phyoiological dioturbances during those

days.

Tho salinity of tho uater ~nG maintained botween 32% and
33%' and~in all eases a ecntinuouG air supply was furnished.

Nephrons of the first pOGt-larval stage ware given Cran

gon crango~ eggs ~3 food. OUring the following stage also small

amphipods a~d isopods were eiven unddurlng the last 'ones only

living amphipods of largcr sizcs wcro furnished. When Crangon

•
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eggs were given the water in the beakers was ehanged daily to
prevent fouling of the water. When alive animals only were fur
'rii~hed aS food 'the 'water' was eha~ge'd' 'every' seeond dny.: !Inl" "'all

casos small frands 'af Fueu~ spiralis nnd 2~3'ml:of n pure 'phyt~
. . '. ' .'" ·i·' l'< " ,-\ .,.

plankton eulture, usually Nannoehloris ~:(?)~ were 'added when~

ver thc wntcr was ehnnged.

, Ueasurements of' both' fotal and carapaee' 'lengths' were 'ta-
o • 0"'-':' ..•... , . ..', .. , . " . . ",_

ken on'the exuviaewith an eyepiee mierometer fitted to a bino-

cular mierose,o~e,~ :~T~e:",t,~t,~,~" l~~~t~ ~as,.~~~s.~r,?.~,~rom t~.e...~.~.P;of
the rostrum until the postorior margin of ,the telson, setae ex-'. .' .. ~ . ~. . ',- . . ' .
elu,ded, and t~e ,earnp~e~ ..lCng~I:: ..w~~ ~~ken' f.ro.~ ..th~ ~y~ .~~~t~t_: to
the middle point of the postcrior margin of the cephalotoraxlVe

. ' -
ry often thc cxuviac wcre eaten and some were found so ,'damaged

i ' f

that they eould not be measured. Ueasurements on alive' animals
, ." :

were exeluded due to thc frailty of the young animals;'

RESULTS

1. Growth and biometrie relation

'Annex Tablc A ineludes- the,data of,42 Nephrops post-lar
- -

vae showing total and'earnpaee lengths nt sueeessive stages and
duration of each stage. As stated above,' this paper·dealsmainly
with the results obtained before the ineident with the increased
tcmperature whieh oeeurred on 21-22 May. The. mortality. "until
this time wa~" 54.7%, p~~~iblY du~ in 'part '(21.4%)' t~ eo~tamina-

,tion of the ~~~e:r: whe.~ tho su1?~tit.':ltiC!~of .. Crahgon .~gg~~ ... !~ieh
are mcrely ,soas~nal, by the flcsh of, thc. Crangon itself was
tried. This oeriur~ed: betwcen 8 and 11 Ap~il.' "I

Tho 45.3% survival suffered prosumably fromtho two~days

incroase of temp~rat~re and died suecessively of . 'during : th~
following 'days. Th~~e were, however:, three exeeptions (NQs :l~ i2
and 22 in 'Annex Tabie A) one'.of whleh lived untl{'No'vembcr :and !

attained a total 'le~gth of 32 mm (io mm of' carapac'e longth)" at
• . ' ; I '

its 7th p~st-lar~~i stage. B~aring in mind that 'these failures
., "... ..... .' . ".

in the artificial rearing were'partly responsable for the mort~

lity, it seems nevertheless of some interest to estimate the
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. percentage of the individuals that reached the first four post

-larval stages and average duration of each stage. ,These figu 

res are rep~rted in Table I.

,TABLE I" -, Percentage of individuals that reached the suc.oessive

post~larval stages and average duration of each stage .

.- :

, '

% Post-Iarvae Average duration ( days)
: " - .. -

.. -(-.

PI 1 100.0 16.2
,. -.

PI 2 35.7 19.9

PI 3 28.6 ., 20.8 .. ,.. l. .
PI 4 11.9 26.6

- ..-_--=.._~-

•

It will be noticed that there is an increase of the nvo
.. ' rage duration of each successive stage. The average of total and

carapace lengths for each stage are'shown in Table II. e~ly one

pont-Iarva in stage 5 could be measured, the figures in brackets.
, .

, . TADLE II - Growth of ear1y post-1arvae of Nephrops norvegis~.
. '~

. : ~ ..~ .

oi
ions

.---
.' Average total. Number of Average carapace Number

1ength (mm) observations 1ength (mm) observat
:-0-._'_

PI 1 13.16 37 4.03 41
: ' ,

:

PI 2 15.70 15 4.97 17
, , ' , , ..-

PI 3 17.91 12 5.81 14

PI 4 21.28 5 6.71 6'
,

('22'.6)PI 5 (1) (7.3) ( 1)
, .

_..... - .. - .•• :c:_ .... <::::a .~J~._.~ _= ::== ...
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The average~total and carapace lengths reached~are plotted

against time in Fig. 1. Tho averago total lengt.h' .in_<:.re~e~.~ : per

moult lies roughly betwoen 2 and 3 mm and the average carapaco

. length incremont is just under 1 nun.' The increment in total and

,.. 'rcnrapaco ,lengths, as a percontage of the pre-exuvial dimensions,

j are· shown in ,Table IIL

TADLE 111 - Average increment per moult,' in'percEmtage of pre-:

'.. , -exuvial lengths of· early post,:",larvae of. Nephrops

• . .... : .norvegicus .

", .. , .

" i' Average lncrement·ln·
}.'-.' "

Moult· Total .. , Number of Carapace Number.:of

.. length (%): . observations length (%) observations

PI 1 ,- PI 2 14.83 :.' , . 12 22.58 16 ": -:

PI 2 - PI 3 18.25 7. 19.96 ; ,9, ' .

PI 3 - PI 4 10.53 3 8.50 3

.:' ~'Since the ~~rfoctoxtensionof tho abdo~e~isgenerally

difficult to obtain the measurement of the total length issome

. 'what ·a·pproximat·ivc.· 1'his measurement i8' also less frequent bo-

cause the'tip'of the rostrum and thc telson may sometimos be

, dahiago'd ~ In order to faclli tate thc use .of thc cnrapace length

' .. ' as: n' st'andard measurement'~ a relation has be'en' worked out between

.' carapac'e" and total le'ngths, expressed by the followlng equation:
. ,

TL = 2.899 Cl + 1.387
, . .'.~

This correlation was obtained by mensuring of 70 e.xuviae,
, ,

part ~f them belonging to successive stages of the same indivi-

dual. All but one (the PI 5reported in Table 11) are lis~ed.in

". Anrie~ Table A. The e'stimated value~ are plotted in the gra{Jhic
' .. ' '.

of Fig. 2.
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'2. Regeneration

When metamorphosing some post-larvae loose'one or both

of theJr big elaws' and often also one or more pereiopods.' Nor

mally one single mou1t is suffieient to start regeneration :of
the appendiees, but these do not reaeh the normal size until
the young,Nephrop~haye.p~rforme~at!leasta,seeond moult •

....._~... ~ .·....Here is refered a. partieular ease of' regeneration of

the telson. An abnormal larvn of stage .II.~:(FIC!lEIREDO, 1975)
found some diffieulty in moulting into larval stage II! due to

.....a ...deformity.. of_.its furea. whichwas~twisted_near.the. bifur~ll,!;i<:>!1...!.._.
Just after moulting·the'furea:was·earefully cut off in orderte
facilitate the' following mou1t,. the metamorphosis. This occurrod :

~in anormal way'and withinthe expeetcd;period of time, but the
---post·... larvn· had"a" smnll·bourgeon··on'"the"right· angle 'of-thc' distal";

margin of the telson, This, however, disappeared when the post-.
-larva moulted irito post-larval stage 2.

"3 ~":Feeding and -behaviour '_'H" •• ' _ .

,In previousexperiments the post-lnrvae.were given minced. . ' ,.','..
.flesh of mussel~, and cock1es .in a~ditioll to.Crangon .egg~,. In the
present.experiments small amphipods andisopods were for the,first

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

time used as food and they proved to be very adequate since" the
" l,' , " ~ • "' ~. _ ,

. young Nenhrops enjoy:, eh~sing alive ~~imals and.. bre;;tld!lg,,:the~., with
. their c1~ws,. aowever, the. size ()f the .food-:-nnimals ,.had, .~o be. ca

:reful1y e~osen, in. order to be c.()mpatib1e. with the., size._ '; o~ .~the

Nephrops. After the fi!st post-larval stage only very snall nm

phipods or i'sooods measuri~g' ab~ut2' mm were furnished, a1tern&

tively with Crangon eggs. To post-larval stage 3 higger indivi-
'duals (+ 3 mm) were given' , and wcre;'oft~n' sll~cess'fuily consumed.- " .-' . .

I • . _ ' ~. " • ..' .".,;,..... " I" 1 ~, • " ; '.. ~ • ... • ,

Post-1arvae hnving on1y one clnw bad loss capabi1ity to catch
• . ;. ~' : ," ; •.• ;. . _ '. I ~, .'; ... , : ' . r r

1iving animal~; to them additioD3:1 food consisting of Crangon
.• I :~. '; •• ~'. ~:' "j " .• '!" ",.~. ~ ", ••• ·1 ••

oggswas daily furnished. Some individua1s lost both the~r claws
, ,

as they metnmorphosed nnd bad thorefore to be fed Crangon oggs

•
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only. Usually after two moults the claws,were regeneratcd und
they coult thon bo;fed also amphipods und isopods. In post~lar

, . -
val stage ~ bigger amphi?ods nnd i~opods rnnging from ,4 to 5mm
were given .. Fi~ally, ~fter post~lnrval stage 4 'o~iy' ~ather big

.' ~rnphipodS me;~urin~ more thim :5 m~ were' furntshed, 'Amphipods

were ~n the wholem~~e readilY eaten, than isopods, very pr~b~-
. ,

bly due ~o the curling of the last ones.

,'.:, Very often also, grent part of the Fucus spiralis fronds
,provided to the beakers was consumed. ,. In the feeding experiments

, it was noticed that the acti~ity and pigmentationof,the post-

,~larvae were greatly increased when living animals;were, given
as food. The pigmentation was more reddish in some parts of
the carapace and claws as compared with post-Iarvae fed Crangon

eggs only.

Chasing activities take placc, on the bottom of the vessel,

~ the post-larvae behaviour being in this case,very similar to
~,tImt of the adults. During a great part of the time, howevcr,
the post-Iarvaetypically swim fast· round and up and ,down the

vessel.

4. Water'treatment·

. The water used in the culture heal::ers was kept in a 'w'ell

aereated closed circulating system of 360 1 capacity, and was

treated by means of kind of a hiological filter' This was quickly
de~eloped by the activity ~f'b~nthoni6 amphioods and :~~i8ooods

'which fed unon fronds of thc brown seaweed Fucus' s'niralis Air
was nrovided to the water'thus per~itting aerobicbacteriae to
oxidize the' waste prod'.lcts excreted by the amphipods 'and" iSOPOcID

into 'inorganic compounds which were quikly'incorporated by.addod

phytoplankton forms. An intensive ~rimary production occurred
allowing:the,developmcnt of a.micro-community consisting mainly

of.copepods, small worms,and protozoans.'This community concen
tratcs as a fine substrate on the,botto~ of the aquariu~ and can

easely be maintaincd in full activity within thc recirculating
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.::water system,< acting' as a' biological' filter. '. :' ~ '.

Two rearing exp~~iment's wer~ carried 'out ad~lirig'a sinall
• ~ . -' '" ~: • '. '. ;.. -:" . ' t • ~ - • . . ~ . /. ' . ..' ,

amount of this fine living ~ubstrate to' the water'inthebe~
. \ . :"1 • • ~'. ..' ~ ': ' .~... ,'- ",."' i : ~ ~. • ' ~ , . ,0 • • ~"';. •

kers, in order to determine the purifying capacity of the fil-
I: ' . ; _.::-..,.' , ':. " . " '- I • ". ." : :.:" C: 1 ~. , ;: . :':; . • ~-.

ter. Crangon flesh and eggs were daily furnished to the-post-
: J : '... '. • .":: '. ~ l '. ';',. ~ . ..

-larvae and were never removed. The water was changed at inte!,
·vals'of,;.5':"5~.days only'andno signs of fouling had ever occurred.
The~two·post-Ia~vacilived46and;52 days·under thes~ ~ohditions

'and the'causes:of their'death' were respectively;difficulties:at

the moult'and'the mentio~ed~incidentwith'increased temperature.

,,'
DISCUSSION

.' "

...
. :' .:

I·' ,('

•
.' '" ,." The average incremcnts per: moult, 'given in' percentage of

'the pre-exuvial lengths, does not'differ substancially:from'th~

se reported by HILLIS (1971) . .'The increase per moult in carapa

ce length (just below l' mm)" agrees with that: estimated 'by FARMER
(1973). According to this author young Nephrops up to 14 'mof l 'of

carapace length belong to year class 0 and had moulted about 10
times. This is also in agreement with thc present, result~ since

.. -. ,~,... .- . - ." .. " .. -- ... ,~- ....... '.'~ ."
the oldest Nephrops obtained lived for about 8 months and meas~

, ,J;'ed 10, mm,of carapace .leng~h,~h(m .. i t died at its 7th post-Iarvnl.

stage.. ;:. '. ",' , .,, . ,

;, The results of t~e p:resent ~~p,erimentsshow that, much, has
yet.. to be, done to, improve the survival· of, the ,post-larval ,stages

.' ' • • • '. _. • • . i!. '.. _~. .. • , • •

of Nephrops,under labo~atory~onditions..Light condit~ons'jinsu!
..... ~~--- _" ". -- .

ficient food.andspace,limitations maynegatively influence ,the
. - ~, ... . , ." .

growth ~at~,.,whi.ch on the othe~::hand may be ~rtificially.,acc:ele-
.' rated ,by, t~mperatures. higner,~han: those fou.nd in, the, ~atural:en-

vironment ..',....,' ,3";'\'

;~ The' deaths of

about 23-24Q C, hut
'vel for:post~la~vae

several individuals ati~·t~mperatureof

the 'survival around 20Q f C show~, aletal ',le
of, Nephrops somewhat· above 20Q. C.;."

, .; ~ . ,..... >' , l ':'. ~..; f'" • ~ " I , , • ~. • • , ' .. ,

Rearing post-l'arvae in beakers was facilitated by tIie
use of the biological filter, as described above. The stabili-
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zation of the filter was obtained in a short time and this re

sult may be of some value for future l~rge-scale experiments.

Chemical and bacteriological analysis are at present being
carried out in order to evaluate thc officiency of the filter.
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ANUEX -.T ABLE. A
Total and Carapace Length, in nm., of Nephrops post larvae at s~ccessive stages and d~ration (0), in days, of each.stago.

Pl 1
TL CL

1
2
3
4
5
6
7
8
9

10
11
12
13
14

I 15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

, 30
31
32
33
34
35
36
37

I 38
39
40
41
42

lde
Aetamcr
phos1s

12:3
13:3
16~3

19.3
21.3
21~3

22.3
26.3
27.3
30.3
31.3
31.3
31.3
1.4
1.4
1.4
L4
1.4
1:4
2.4
2.4
2:4
2.4
2.4
2.4
2.4
2.4
2.4
2.4
2.4
2.4
2:4
2.4
2.4
3.4
3.4
3~4

3.4
3.4
5.4
5.4
6.4

14.5 L
13:0 E
13:0 1;
13~2 j:
12.8 j:
13~0 \:

14~21:
14:0 ~
12.9 j
14:0 ~
13:0 j

12:8 i
13.2 i
13.7 1
13.6 ~
13.6 j
- .

13.7 1

13;1 i
12~51;
13:0 j
14.0 1
13. 5 ~

13.0 ~
12: 5 ~
12.0 j
12:8 j
12:0 1
12:0 l
14.0 [~
12.6 i'
12.3 1
12~ 5 l
12.8 ;
14.0 1
12.8 j
14.4 1
12.8 j

4:4 ~
4:01
4:0 ;
4:2 :
4: 1 ~
4;0 1

4:3 ~
4:5 j
3:9 ;
4.0 [
3~7 ;
3.8 i
3.8;
3:9 :
4~0

4:7
4:2
3.7
4.3
4.1 j
4'" :t .. \:

3:7 j
4.2;
4:2 [
4.01
4:1 ~

4:5 j
3.9 ~

3~6 j
3.8 1
3:7 \
3.81
4:3 :
4:0
3:8
4:0
3:6
4:6
4.1
4.41
4.1

o

17
(26)
14

(14)
24
(8)
15
21

(15)
15
16
13
16
13
17
(9 )
15

(16)
17
15

(22)
14

(14 )
(7)
(7)
20
16

(30)
14
17

(16)
(2)

(15)
(2)
15
(6)
(6)
(5)
(2)
16
17
(3 )

TL

16.1

14.5

17 .0
15.6

14:8
15.2

15.5

13.5

16.5

16.0

16.2

17 .5

15.7

15.0

16.5

Pl 2
CL

5.0

5.3
\,.~-

4.6
4.9

4.9
4.9
4,5

5.4

5.2

5.0

-
5.6

5.0
5.2

4.5

5._2

o

18

18

17

17
(5)

20
18
18
19
20

2.5

(28)

20
26

23

22
(11)

16
(32)

19

20
23

TL

H.2
PO

...
-

20.9
-
-

16.5
20.0
17~3

18.1..
-...
...
-

17 .0
18.8

15.5

...

17.8
19.6

P1 3
CL

-
--

6;-0
...

-
6.-5

5:6
5:9
5:6
5-;6
-
-..
...

5.5
6;0

6.0
-

5;1

5.5
-...
-
-

5.7
6.4

o

20

26

20

(19 )
19
19

(18 )
16
(4)

(15)
(15)

33

(8)

(ze)

(18)

...

(13)
(16)

TL

26.5 ~

2~.0 I
23.5 i- :

- .

2~.0 I

Pl 4
Cl

7~0

-
6-;3

6.4

7.5
...

6.2
...

7.0

o

34

18

(1)
28

2r

...

...

D~b

of
Oaatil

4.11
8:4

26:5
2"4

23:5
30~3

23.5
21.4
11:4
23.5
24~5

24:9
23;5

23 0 5 I
17 .5
iO~4 I
14~5 I
17:4
23:5 I
28.5
24.4
21~8

16:4
9.4 I
9:4

22:5
29~4

2:5
22.5
21 :5
18.4
4.4

17 .4
4~4

24: 5 I
9.4 I
9.4 I8.4
5:4

29.5
31.5
9.4

Figures in brackts corraspcnd to the number of days the post-larvaa have beanin astated stage unti1 they died.
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