FISHERIES RESEARCH BOARD OF CANADA
Translation Series No. 1400

e Rate of digestion; gelection of food and daily
: rations in herring larvae, Clupea harengus L.

By Harald Rosenthal

Original title: Verdauungsgeschwindigkeit, Nahrungswahl
und Nahrungsbedarf bei den Larven des Herings,
Clupea harengus L.

From: Berichte der deutschen wissenschaftlichen Kommission
fuer Meeresforschung (Reports of the German
Scientific Commission of Sea Research), 20 (1):
60-69, 1969. -

Translated by the Translation Bureau (EC)
Foreign Languages Division
Department of the Secretary of State of Canada

Fisheries Research Board of Canada
Biological Station
SaE . Nanaimo, B.C.

1970

17 pages typescript




FRE -y

DEPARTMENT OF THE SECRETARY OF STATE SECRETARIAT D'ETAT

< B TRANSLATION BUREAU BUREAU DES TRADUCTIONS

" 'FOREIGN LANGUAGES @S DIVISION DES LANGUES
DIVISION ETRANGERES

TRANSLATED FROM - TRADUCTICN DE INTO —"EN

German . English

~ AUTHOR - AUTEUR

Harald ROSENTHAL

TITLE IN'ENGLISH — TITRE ANG L.AIS .
Rate of:digestion, selection of food and daily rations
- in herring larvae, Clupea harengus L.
Title in foreign language (transliterate fereign charactera) :
Verdauungsgeschwindigkeit, Nahrungswahl und Nahrungsbedar
bei den Larven des Herings, Clupea harengus L.

REFERENCE IN FOREIGN L ANGUAGE (NAME OF BOOK'OR PUBLICATION) IN FULL. TRANSLITERATE FOREIGN CHARACTERS. |
REFERENCE EN LANGUE ETRANGERE (NOM DU LIVRE OU PUBLICATION], AU COMPLET. TRANSCRIRE EN CARACTERES PHONETIQUES.

Berichte der deutschen wissenschaftlichen Kommission
fir Meeresforschung, 20(1), pp. 60-69 (1969)

REFERENGCE IN ENGL ISH - REFERENCE EN ANGLAIS

Reports of the German Scientific Commission of Sea
Research, Vol. 20, No. 1, pp. 60-69 (1969)

PUBLISHER - EDITEUR : PAGE’NUMBERS IN ORIGINAL

: : DATE OF PUBLICATION NUMEROS DES PAGES DANS

not shown DATE DE PUBLICATION . L'ORIGINAL
EAR | ISSUE, N Pp. 60-69
YEA SSUE, NO.
PLACE OF PUBLICATION - ' annge | VOLUME | numEro NUMBER OF TYPED PAGES
LIEU DE PUBLICATION NOMBRE DE PAGES
IlOt ShOWl’l DACTYLOGRAPHIEES
L)
1969 | 20 1 L7
Fisheries and Forestry - .
'REQUESTING DEPARTMENT  Fisheries Research Board of TRANSLATION BUREAU No. 0032
MINISTERE-CLIENT . NOTRE DOSSIER NO
_ ~— Canada

- Office of the Editor, Ottawa , E.C.
BRANCH OR DIVISION TRANSLATOR (INITIALS)
DIRECTION OU DIVISION . TRADUCTEUR (INITIALES)

B. Bravender, Biological Station ]
PERSON REQUESTING Nanaimo, B.6. paTecomrLeTen 10 April 1970
DEMANDE PAR i ACHEVE LE -
YOUR NUMBER . .
VOTRE DOSSIER N 6410 (FRB File No. 769-18-1k) yNEDITED DRAFT TRANSLATION
. : Only for information

DATE OF REQUEST 12 "‘March 1970 i |
DATE O L A DEMANDE TRADUCTlON NON REVISEE |

Information seulement ‘

SO S8-200-10-6 (REV, 2/688) . l



Y A
SECRETARIAT D'ETAT
BUREAU DES TRADUCTIONS
DIVISION DES LANGUES ETRANGERES

DEPARTMENT OF THE SECRETARY OF STATE
~TRANSLATION BUREAU
.FOREIG.N LANGUAGES DIVISION

CANADA

CLIENT'S NO. ) DEPARTMENT DIVISION/BRANCH CITY
NO DU CLIENT MINISTERE DIVISION/DIRECTION VILLE
769§ﬁ%914 Fisheries Research Board| Office of the Lditor Ot tawa
) of Canada ‘
BUREAU NO. LANGUAGE TRANSLATOR (‘N|T|AL'S) DATE
‘N° DU BUREAU ) LANGUE ) TRADUCTEUR (INITIALES)
0032 German E.C. 10 April 1970

: RATE OF DiGEBTION, SELECTION OF FOOD AND DaILY RATIONS
IN HERRING LARVAE, Clupea harengus L.

by  Harald ROSENTHAL

Institute of Hydrobiology and Fisheries Reseuarch of the
University of Hamburg

keceived ks 13.10.1966.

Abstract

Rate of digestion, sélection of food and daily rations in herring larvac.
experiments with herring larvae digestion time was estimated (ol fenath ol the

B mm): The average rate of passage of Tood through the gad
when jood fills Ve of the tull length of whe gut Larvac
plankion are able to select differeng kinds of foud OrEaninL,

are not well digested in younz herrimg Tarvac, On the basiy of dizes ]
—60 nauplii in 1S T mm larvae and 83128 naupuii i larger farvac ol

L per how
iz fecding the same
et that Arremii-naupiil

NYHEEN I d\l‘:) Tood ratiun

was estimated ay 38
13-14 ma,

INTRODUCT ION /61
The fluctuations in the propagation rate have been
traced by most authors to the death of the larvae through

-starvation shortly after the yolk sac stage. ‘hether

Only for informafion

TRADUCTION NON REVISEE
Information seulement

large parts of the larval population of herring must starve

to death or can survive, depends on numerous environmental

UNEDITED DRAFT TRANSLATION

factors (HEMPEL 1963, BLAXTER and HEMPEL 1963, HEMPEL 1965) .

The density and distribution of the food organisms will have

f*?Ber. Dt. Wiss. Komm. Meeresforsch. (Rep. Germ. Scient. Comm.
" Sea Research), 20 (1969), No. 1, pp. 60-69.

1 This report is part of a dissertation, prepared under the directio:

N of Prof. Dr. G, Hempel, for the Department of Mathematics and

 eos_200_10_31 Natural Sciencés of the University of Hamburg.




as liniting effects as the food requircrents and the search
performance of the individual herring larva (LOSLLTHAL and
HEMPEL 1968) have R

A useful measure for estimating the daily food ration
required is the digesﬁian rate (i.e., the rate ol passage of the
food absorbed through the gut) 8o far only those data are
available on this question, which have beeﬁ elther based on
estimates according to plankton catches, or nave been deternmined
by laboratory experiments in rearing tests by switching lights
off or on (feéding interruption) (BLaXTBR and HOIEBEL 1961). A
summary of the observations made so far at sea and in the
laboratory are found at BLaXTER (1965).

MATERIAL oD LETHODS
The larvae came [rom artificiully fertilized eggs from
18/19 '

herrings which had been caught on/éovember 1965 in the southern
North 3ea (near Ijmuiden). They wefe'reared on Helgoland, and

the conditions corresponded largely to the technique uscd by

BLAXTER and HEMPEL (1961) for keeping thelarvae., .;The temperature
in the rearing basin (about 140 1) amounted to 10 * 0.1°C. The
basins stood in a constant room (artificial light; max. 1,500
lux at the water surface ol the aquaria). The food offered
varied and flﬁctuated with the varying successes of the plankton
catches (width of mesh of the nets ’ﬂi/band 150/L). Artemia
nauplii were added to the food (see further details in IOSEN-
THAL 1967, 1968; ROSENTHAL and HEMPEL 1968) .

Fgr thelpurpose of determing theﬂTate ol passage of
the gut. contents also in dependence of the state of {illing of

the gut, the measurements have been carried out on individuals.

’
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LILLELUND's method (1957) of feeding varying food érgdnism
populations to freshwater fish spawn could not be apjiied here,
because it was impossible to make available food organisms of a
certain species in sufficient quantity for the individuul feeding
periods. Uoreover, the larvae would be disturbed in their
natural feeding behavidur by short-tern chenges. Larger losses
must be ekpectéd through inguries. |

| The experiments were carried ovut in the following
manner: With a wide-necked pipette, the larvae were caught Iron
the experimental aquarium or basin after feeding, and were care-
fully transferred with the pipette to a I'etri dish. The letri
dish was tilted so that the water was allowed to flow off freely.
The herring larva now tried to swim against the water current.
By proper tilting of the dish, the [low-off rate could be re-
gulated in such a Manner that the larva always remained in the
centre of the dish, until only a small water {ilm surrounded the
larva in the end. The entire procedure was not allowed to take
ﬁp nore time than only a few seconds - poésibly less than five.
After the water had flowed out of the pipette with the exceptibn
of the water film surrounding the larva, the dish had to be
swung around to and fro by 90° several times - at the same moment.
The larva became'immediately.disoriented and remained lying
quietly there for some seconds. In this manner the larva was
prevented from continuing its SWimming.movements and from banging

its head constantly against the glass of the dish and thereby

injuring itself. For the same reason it was necessary to con-

tinue to work very quickly.When:the larva was quiet, it was
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photog wphed under transillumination with Ll tincculurs alrenay

-

prepar:i for taking the picture. Jubsequentliy, the dis!h was

immers.d into a vessel. I the larva swan avay unaadged, it
could !¢ photographed again after two bowrs. From the difference
of the .Lengthsof the gut fillings of both "pLhoto saapic.", 1t was
possibLc to Calpulate~the time ol passage o. toe entire gut con-
tents, unléss a compression of the gut coutoents cccurred in the
last 5.t section. Furthermore, it was inportont Lot tie 2xperi-
mental animal remained exposed to constant tou, erature conditions

throughout the work procedure. To this end, it wuas unece. sary to

ensure before each experiment that the iciri wishes, thoe individual

H

basins as well as the pipeties und the glusce jlate of

Pl

the binocular serving as a stand had the proper tai.or:turoe. /63

51light, short-term temperuture [luctuations sl.ocked the larvae
and influenced. the neasurements. In order to avoid lengthy ad-
Justments and searching for the desired picture section, it was
the . ) )
reconsended to mark off exactly /camera ivame size on tho nicros-
cope stand. Only after numerous preliminary experiments had

failed was it possible to achieve a satisfactory manual dexterity.

There was only some prospect of success vhen the entire working

procedure took less than 30 scconds. dali of the exjerirental indi-

viduais survived the procedure without any noticeable danmage.
Damages were immediately noticeable by the changed swirming be-
; y
haviour of the indkdgl. This method [failed in cases of larvae
with a total length of more than 14 nn.
RESULTS

1. DIGEST ION'RATE IN DEPELDENCE OF PHE FILLING STATE OF THE GUT




TABLE 1 | 62
\
Experiments for the measurement of the rate of passage of the ‘
food filling the gut in larvae 11 to 1., rm in length.
Experitent on 20.12.1965, Duration of experiment: 3 hours
(Wild plankton, 70-u -net)

: \
Total j iumber- of planktonts in gut average Estimated
length A and gut filling in rm | rate of time of

! : mm Beginning ond [ passage vassage of

‘ Y of experiment L/ hae entire gut
&qmber\\ mm Humber // : coutents
\ in hrs.

i Anzahl dor Plashier xm Darm
Yo Tatal- uind Darmiuilung nd aan
'% | 11‘1:‘1;‘ ' Verudisbeging Versudiwende . N
.‘ ’ . ‘ - Anzald nat Anzaht ma e Sy oS,
4 il - 7 - i
; 120 3 - 2 - .
l 13,5 “ - 2 -
! 14,0 3 - i -
11,0 7 1,9 2 C,6 PR 406
l 11,0 4 L5 0 - 33 3
1.0 6 1LY 3 bt PR Y
i 115 11 33 3 ] ) 45
R 3 i 5 5 25 ;
H 11,5 [ 35 3 1,3 R 3
Lo 7 2,7 3 W7 MRS 3
|1 5 22 A i R 5et)
; 11,5 8 2.4 3 o . <
K 11,5 6 23 4 i/ . 89
K IR Y 4,0 O 23 N 6-7
‘ } 12,0 ? :,2 B :,h 4
E,' I 128 K 3,1 i L7 ot 6-7
: ‘ 12,9 10 Tt 6 kR LT 49
12,C N 32 5 22 M Sy
12,8 10- 3,0 3 1,2 Sl +
12,0 5 BN ! G Ml Y-
{ 12,0 7 2,6 + W7 233 S=Y
12,2 N 3,6 4 2,2 7 7-3
12,0 6 2,9 3 1,7 s 7-3
12,0 5 29 3 2.2 c.23 18
12,0 10 4.8 3 2,5 o 6-7
12,5 + 1,6 0 - 53 3
12,5 9 2,1 3 1,6 S0 ic
12,5 ? 2,1 + e 253 6~7
A 125 ? 29 3 32 57 5
i i2,5 + 29 3 1,4 c.A2 5-6
i 25 9 4,1 c - - -
) 125 9 4.1 C - -
; T ) i 12,5 S 2,6 S - -
£ i 13,0 S 2N 2 i7 A6 7-%
130 6 2,5 + 1,4 257 6-7
13,0 -6 3.1 + 1,8 543 6-7
13,0 6 38 5 2.0 MR 9
13,0 ) S +5 2 1,3 He -5 -
13,0 6 2.8 3 20 C,20 ic
3 13,5 N 3,7 5 23 So7 7-8
¥ 13,5 9 3.9 3 2.7 3,70 9
E 14,0 5 3,5 2 i,4 5,80 4-5
§?4~ 14,0 6 32 3 1,8 0,47 6-7
; ]
L]
’ *




In general, there is a relaticnundiy le

Cont'c:
Sween the 1 63

time of passage and the gut filling state il the observed values

are based on

the gut length.

- gut fillings occupying between 1,3 and 2,4 of

In many cases, the observation has been made
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‘ Digestion time in hours

FIGURE 1. Digestive rate in dependence of gut rilling state.
Calculated values for the time ol passage of the
entire gut contents on the basis of measurements at
2~hr. intervals on herring larvae, 11-14 rum in length.
Within broken line: premature defecation observed.

that in cases of considerable gut filling, a much more rapid’

assage is achieved. This can perhaps be intervreted as a
p }
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"plug effect” (subsequently closer coiressisn ov the food), 04
whizh might be caused by the intensive intestinal peristalsis.

On the other hand, the rate of jassage slows down when less than
1/3 ol the total length of the gut is filled. 'This beéame AT -
ticualarly obvious when the last food lragments were large and
closed the anus like a stopper. aAccording to these observations,

about
the rate of passage - with/ 1,3 gut filling - reached mean

values around 0.4-0.5 mm,/hour (compare Table 1).

On the basis of the experimental results one can cal-
cﬁlate a-digestion time between 4 and 10 hours, in some cases
more, with a mean gut {illing of 2 to L mm (L-9 planktonts). &s
Figure 1 indicates, the values are considerably disjersed. This
should be traced, among other thiinygs, to the varying size of the
. plangtonts. The digestion rate of nauplii is higher than that of
Copepbdite stages. There are differences in the digestion rate
when the arrangement of the planktonts inside the gut varies in
larvae with the same gut filling state. A relatively large
planktont at the end of the gut preveﬁts the quicker passage of

no longer
nauplii fed later (compare Fig. 5), which are then/arranged llke
a string of pearls in the posterior gut section but are situated
right next to and on top_of each other because of the intensive
peristalsis in many cases. The lumen of the gut is therby quite
often slightly enlarged.

It was noted in numerous experiments that a premature

had been
defecatlon occurred shortly after the. 1anaa/caught and trans-

ferred, partlcularly in cases of smaller larvae.' After this often

spontaneous faeces exmmmlon the digestion continued at the normal .




rate for the rewmainder of the gut contents. The shorter digestion .
time, which is probably caused by shock reacticn or a disturbance,
is marked by triangular symbols in Fig. 1 and surroundea by a brokean
line.

In the experiménts, sudden defecation was [requently ob-
servable on those larvae which had their gut tightly filled with
food orgamsms. With exclusive feeding with artemia nauplii, it was
observed in one case that one larva, about 17 mm in length which

‘ during rphotographing.
had fed 46 nauplii, suddenly excreted 34 Artemia/ The remuining
12 nauplii followed in the transferral to the vessel.
| 2. SELZCTICN OF FOOD

It is surprising that in spite of equal vlaniton
offered with the same "feeding chances" larvae of equal size
will, at the same time, prefer difflerent plar kbonts as food. For
this reason, BLAXTER and HUBLPEL (1961) ascribe special significance
to the greater variety of food rganisnks in wild plankton as food
in rearing experiments. Whereas in these observations, in one
experiment only nauplii were snapped (compdre Fig. 2a), prinarily
the copepodite stages were found in other larvae, and both in
other larvae. With such an early individual sleddon capacity,
the digestion time may vary. This also favours early growth
diversification (fast or poor growth).

Even shortly after the first food intake, the larvae do
not show a uniform interest in all the food organisms offered.

It would seem as if there were particularly frequent and intensive
reaction ﬁé.thbse\planktonts for which they had snapped success-

fully previously. This. behavious could be regarded as '"self-

training". It is not known how firmly the predatory scheme is
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iririnted because individuals could be observed only during one
fexding period, but not for several aays. itlowever, 1t was note-
worthy that at the beginning of adaitional artemia feeding (about
10 days after the first food intake) the artemiss were hardly 065
noticed by the larvae. aArtemiaswere snapped only when almost no
COpepod—nauplii were left in the aquarium. .bout 3 to 4 days
after the Tirstvﬁrtemia had been offered, the.artemias were

noticed just as much as the copevod-nauwlii.

-
i

B e e ; ————n
¢
»
‘

FIGURE 2. Food selection by herring larvae, 13-16 mm in length.
Both larvae were caught in the aquarium at the same
time after feeding with fine plankton - a (above): only
nauplii in the gut (21), b (below): primarily cope-
podite stages, only 1 nauplius.

e e e —— e e ey

FIGURE 3. . Primarily artemia eggs in the gut; three nauplii
were fed last (in picture on right side). '
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However, individual exceptions show that occasionally the

most varied thiﬁgs are snapped. Thus, one larve nad fed almost
and all the others on nauplii.

exclusively on Artemia eggs (compare Fig. 3)y The srtemia eggs

had gotten into the basin by mistake.

During the expériments, a considerable amount of phyto-
ﬁlankton had been introduced with the wild plankton into the
aguaria. Howevér, phytoplankton (soaoalled green food remains)
were never found in the guts of the herring larvae. However, this
{ ' is not to say that hérring larvae in the sea never feed on phyto-
planktonts. At the beginning of each feeding period, the zoo-
plankton density was large in our basin, and the attention of the
larvae was primarily directed to it. When the zooplankton supply
was exhausted, the phytoplankton was already dead on the whole, and
had sunk to the bottom of the aquarium.

3. DIGESTIBILITY

Only indications ol the digestibility of the food offered
can be reported. Shortly after the beginning of the food intake,
the young larvae are not yet capable of fully digestinglthe fed
-planktonts. During the experiments for the measurement of the
digestion time, it was noted repeatedly that there were great

of illumination
variations in the state/ of the food organisms in the gut. Partly
they were still so well preserved in the f'aeces that they were
snapped. This observation had also been made by BLAXIER (1965).
| Artemia nauplii would seem to be taken only rarely or
not at all by herring larvae (Downs lagvae) which are 9-12 mm
Iong. According’ﬁo investigations by WEISZ‘(1947); the ratio

of the ectodermal to the entodermal mass of artemias during /66




the first nauplius stage is about 3 : 1. ounly in the course of
the development of the last metanauplius stage will this ratio
e reversed. It would seem entirely possible that the larvae

con-

¥

are incapable of opening the strong chitin exeskeleton's
ne cting seams of the freshly hatched nauplii during the relative-
ly short digestion time. As Fig. La and Lb show, the artemia-

nauplii fed with Dunaliella remained completely dark, whereas the

coprpods, which had been fed much later, were alreasdy strongly

illuvinated.,

R . N
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in larvae
FIG. 4. Digestibility of artemia nauplii,, 10-12 rm in length.
Whereas the copepods are strongly illuminated, the
Artemia nauplii remain dark.

T

FIG. 5. "Blocking" of the gut passage by a larger planktont.
The nauplii which were fed later are piling up in the
anterior intestinal section. Imnediately prior to
this photograph, defecation started (1). The next
planktont moves up to the gut lumen which is becoming
vacant (2).

’
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revertheless, BLaXVRR and
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re.ring larvae of up to 20 nri total length only viti: artemis-

na.plii. . However, the possibility
quintities of plankton entered the
unf'iltered seawater. DANNIVIG and
HOdARt (1953) and KURATA (1959) were
experinents. waevcr, the picture

exyeriments with larvae of plaice

survival rates have been achieved even with exclusive

is not cxol:ded trat small

3,

aguariun. with the inllow of

N
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unsuccessiul in artenia feeding

changes cor: letely in rearing

ad sole.  in this case, nigh
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artemia nauplii (compare FLUCKETLL 1965, LILwY 1964, . ovever, an

food offered

excessive amount o/ would seem to iucr

presanes that the water gquality of

RN
t.ie acuar ia

)
later,
ease mortalitys  R1iLY (Lvbe)
cetoeriorat

CULCLY
A o

in cases of high food guotas dnd that ushtrong bacteria and ciliate

concentrations influence the nmortality

directly or indiroztly.

I can support this assunction on the bLasis of .y own ubserv.uiosns

Moreover , one nmav suspect that (rasticularly

)

the newly

hatched) artemia nauplii contuin substunces which may have a

detrimental ef'fect in cases cof abundant feeding

the mortality.

Hydrozoa cultures (oral report, Dr. .uRibit,

Institute) .

And may prouote

The same effect hes been observed also on

delgoland siclogical

Lo DAILY FOOD RATION, ESTI .aTLp ACCORDING 1O DIGESTICH iuall

If the food digestion rate is known, the approximate

food requirement can be calculated.

since the herring larvae

continue to feed when the food quantity offered remains the samne,

it can be assumed that food intake continues until the gut is

completely filled.

With the possibility of a feeding gveriod of

AN S
[SS]
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abo &t 12 hours, herring larvae, 10-1. . i

abc bt two to three tines.

This applics to

oo lengohy i1l the jut

ES S ey b v s
agiter ven, crabared

arcnd 10°C.
Tne digestion time of the individucl planktont is iuch
more rapid with an empty gut than it 1is with o filled ut. after
a lor ser feeding interruption, the gut coun also be (i1lled very 07
quick,y. On hungry larvae, about 25 .us i length, 1 obscrved

60 successful acts of catching rrey vithin five minutes. oLaXWok
< () kX

and HzXrBL (1961) reported up to 50 planitouts per larva for the

This applies also to smaller larvae.
same ‘eeding period for larvae, 35 mm in lengbh./ It way thus be

assw.ed that the éut is very quickly filled at the beginning of
the daiiy feeding period (shortly after daybreak) with abundant
plankton offered, and that the digestion rate can certainly be
higher because of a 'Llug ing" effect than the.measurements showed
on the basis of 1/3 to 3/4 ol the gut fiiled (about 0.5 nay hour).
The wnunber of planktonts which can be fed daily can thus only be
rougly estimated by means of the dijestion rates deternined. It
definiteiy represents a minimum estiﬁate. The nean size of

copepod nauplii can be estimated as being u.2-0.4 rm. I one
considers that the nauplii can lie in the gut in the form of a
string of pearls, and can also be nested in each other (about

50%) (compare Fig. 2a), the gut may be filled with up to 15 nauplii
in larvae, 10 mm in.length, and up to 20 nauplii in larvae, 13-14
mra in length. BLAXTER (1962) found up to 10 nauplii in larvae, iU—
12 mm in length, up to 40 nauplii in larvée, 14-15 rm in length.
Aséuming a dally passage of 2 -3 guﬁ fillings, with a

feeding period of 12 hours, the possible food intake is as follows:




10,1 .ma-larvae 30 - @0 pO)ULT“ ior
25 - 50 \lkk;éﬁ 1
13, -mia-larvae 80 -120 copepou or

60 - 90 artemia
Wi+ . increasing body size, tie reyuirenent riscs raypialy .
From a tct .1 length of 20 mnm upwards, hungry‘larvae are capable
of snapp’'.g a prey of up to 50 planktonts vithia [lve nadnutes.
The dai! requirement of such larvae was not estiniated since it
was imy;;éible to offler planktan in suliicient quantityv und siuce
there ...e no observations available on the digestion rate. LQ?Q~

over, -ne nmust count on a daily periodicity in the intensity of

the . od intake, as RILEY (1966) has found in feeding ex:.eriments

ra

with plaice larvae. In this case the daily lood reqguirement of
10 .itemia nauplii at the time of the first foced intake rose to
about 240 after two weeks. In our experiments, any jpossibly
existing rhythm was veiled by the fro uent variations in the
piankton offered daily.
DISCULION

On the basis of these observation values, the mean
digestion rate can be quoted as 0.4-0.5 mm hr. for herring larvae,
12-14 mm in length. The calculation of the digestion time for
the entire gut contents was made with the assumption that the
passage through the gut is continuous. In fact, the faeces
excretion occury in jerks (compare Fig. 5). The calculations
of the digestidn time may thus include an error of about two
hours, if the measurements were made shortly before or shortly
after an excrgpipn of fages.

With the observation of the premature faeces excretion,

the suspicion arises that something similar occurs in a catch



from the sca. The equipment used for the cutoh is usually SO
nard on tre larvae, that they will die alter « short tiue.
BLAXTER ond HOLLIDAY (1963) also expressed the opinion that an
ejectior >f the gut contents through the impact of the catching
procedure might be conceivable. BHaTTACLARYYA (1957) {ound oniy
a mean of 4.6 food organisms per larva ir .orth sea iarvae,

14 mm ir. length. Oniy one larva had devoured 6. planktonts. 1 66
In his iavestigation on nerring larvae cof the Greifswalder
Bodden, VALDMANN (1961) found, on the averuse, only 2-3 planktonts
per larva in larvae, 16-25 1l in length. ut also other authors
were surprised to notice an always large provorticn of enmnpty guts
in the voung larva specimens (HIBLCK 1Y£L, 1AaRSHALL, LICHOLLS

and ORIl 1937, BOWERS and WILLIaiwOI 1951). On the otler hand,
rearing experiments generally yvieldod hdgher values. DBLaXTLR
(1962) reports up to 1C planktonts per larva for 1arvae, 10-12 1
in length. With an insufficient quantity of plankton supplied,
the values were similar in our experiments (compare Table 1).
BLAXTER and HEMPEL (1961) found, on the average, 5-10 food- or-
ganisms per larva in 8-10-mm-larvae. LUxATA (1959) reported

5-11 planktonts per larva in rearing experiments on Clupea Qallasiil

The early individual food selection would lead us to pre-

sume that such behaviour favours growth diversification in a

. larval population. 4 rapid diversification of growth can be

quite favourable for a larval population. Even if the larvae
remain within a restricted area, the possibility of competition
for food will be quickly reduced, and a wider use of the plankton

will be made‘possible.
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Summary 68

Larvace of Downs herring were artificially reaved in aquaria, Experiments on rate of passage
of food through the gut were carried our aiter the larvae had reached 13-14 mm toral lengih.

Food was provided only intermittently, it consisted of plankion collected of Helgoland
by nets of 75 or 150 micron meshes and of Artemic nauplii. Raze of passage depends on the
state of filling of the gut If the gue is fAlled by one thied average rate is S4-2.5 mm/hour.
Nauplii of copepods pass the gut quicker than copepodites. Total time of passage is 4 1o 10
hours. “Green foud remains” were not observed in the larvae., Experiments showed selection
of particular food items by some of the larvae, At early stages larvae might get printed in-their
preference for some kinds of food. Individual differences in the selection of food might be one
of the reasons for the' differences in growth rate between larvace of the same age.

At capuure larvae frequently defecate part ar most of their gut content. That might be the
reason for low figures of gut content in sea-craght larvae,

Nauplii of Artemia pass the gut of 9-12 mm larvae almost uadigested while nauplit or
copepods are largely digested, only the exoskeleton being extruded. J
The daly ration was estimated under the assumpcion of 2-3 fillings of the gut. Larvae of 69 -

10-11 nun might take 30-60 copepod nauplii, farvace af 13-14 mm take 80—120 copepod

navplii. Number of Artemia nauphi will be lower by about 25 9/,




