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Repetition'of’rearing experiuents. in. sole. a;‘done’ihfl965ef
- .was hlnaered by & number of’calanitiee'whlch reduced the num-
.ber of. spavwners. ‘Unexnected reuultu in reurlnb enables me to

ve, more or leou, only a uunmary. An exact exp101tat10n of
d951 ns is planned in the near fubure.
‘The first time that 1 observed the adult soles spawning, the
fishes vere swimming close to the water surface,-and presoed
together but with normal swimning carriage. Sometimes e nard
projected out of the water, the male in the upper nosition,
vpawning vas observed one time in  the evening when it was ‘
rather dark and one time in the afternoon in daylight (table 1).
Boles (caught Oct. 1yw4) spawned in 1965 and also this year.
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‘0 cdead unfertilized epys wvere found. lMature fish, freshly
cau ht, also spawned but yielded only 5% fertilized eggs.
I would estimate that several females had Spgwned withouf
mzles (table 2). ' . _
The incubation time of egns is very short (table 3), and the
larvae are Very undeveloned at hatching. Newly hatched larvae
{ca. 2,5 mm long) were somevhat motionlessly floating at the
avrface, with the yolksac to the unperslde. After a time
(compare table &), depending on the temnerature, the ldrvae
began - always pnassively - to leave the surface and drift ver-
tically with the head downward. A swarm of them loozed lixe’ ,
small sailing boats upon a lake. 1 think at this stage, name-
ly in this vertical position, the'larvae‘are‘more easily swept
uith the current, and gradually, retaining this upright posi-
tion, sink to current free places at the seabotton. when they -
l ch the bottom, the differentiation of the digestive LTAeU |
ailows food intake. The eyes, colorless atb natehlno, are now
*1Qwentated and the dlaneter of the yoliksac is half of that
- at natching. The larvae are now 9,6 mm long and beg ;in to feed.
Their continous hlttlng against the bottom, and gnappine res_
ninds one of a band of pec“inb'chlckeno. S0, in their natur
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itat, it seems that the larvae successively are raining to the
senbottom, and accunulate at current free places. The importance
cf this behavior for the survival of larvae becomes visible in
theresults of rearing experiments. this year. '
When I again tried to rear larvae in contalnero which Lnls ‘
Sime were ‘round for better flitratlon and homooenwtv of con~
ions and had an "inside fllter", no larvae survived the ab-
serption of the yolksac. I assumed that there 'were‘a number
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of réaséns'réspon ible for this total mortallty '”he obser-

'§atiqn that larval survival was markedly better in contai-

ners with unfiltrated-water,hdependlng on the orlwln-of
this water and the larvae counts per unit, gave reason for
the suspicion that the larvae are protist-feeders., It is
difficult to demonstrate the intake of nrotlsts fron th°

 larvae because the vulnerable, and colorless protlsts can-

.not be seen in the digestion-tract.

Evidence of protist feeding was possible to determine in
the following way: i culture of the ciliate Holosti-—
cha reared at lelgoland was fed, when very hungry, with a
dénse culture of the greén flagellate Dunaliella. One hour
later the ciliates were completely filled with the gréen
flagellates and had a_dark green color. When the sole lar-
vae were.added to this mixed culture, after an hour, their
digestive tract was filled with dark-green mass. Pure cul-
tures of Dunaliella alone do not giﬁé this effect. ALL lar-
vae fed with this ciliate (Holosticha) survived and started
feeding on Artemia nauplii, when they had reached a length

of 4,2 to 4,5 mm. However at thls stages the ciliates mey
"not yet be omitted from their diet. When they were fed with ar-

temia, ciliatefree by washing them with freshwater, the lar-

“vae became more and more darkly nigmentated, and eventually

2lmost black before dying. This was after metamorphosic and

" eye migration, with a. length of 11 mm. In the same way as

done with the ciliate, the intake of the flagellate Oxyrris
can be made visible. But larvae which fed only with Oxyrris
and .rtemia dic at the beginning of bonificetion. The best

- grouth was observed when the rearing-water contains the ci-

1;dto Uronychia.But since it eat no Dunaliella, and is coior—

© less Uronychia is impossible to detect in the. digestive, truct

Waen I tried to rear the larvae with artemia nauplii on1j,

they alwvays starved. Only a few larvae took hrtemla, but theset
also died. ‘ | ; ’ "_‘
On *“he other hand, exclusively protist-food for an unnaﬁurally ;

long period seems to be responsible for the defective deyelopm

ment of pigmentation on the upperside of the scles. For instance
several lavrvae growing up in the spawning pond ate their first
Artemia nauplii. when more than 5 mm long. 4 few of these
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ffisne01mens were . ¢ather gulte colo“less.» ' 4

'i:The ObllbatOIy vrotlot feegln preoenteu dlffwcultles 1n
"5ftemperature experlments.AUp 50. now’ a qulcker develo»ment
;dt ﬁighér temperaturQSV(l5 to 20°C or more) is perceptlble

‘Une may GgudeLU that sole-Try ar

'~

if the larvae get food enough. A4As comﬁared with results:
"obtained in a steady l5oC experiment, “earlng—expcrlnents
~ carried out at tempc:aturés changing daily from 1% to 17 C
:showgd that cgpos required a prolonged incubation tinme and
» ,Athat‘larvae.are smaller at hatching. The yblk resorption*

'-;dées not correspond to the morphological differentiation o
-~ of the larvae but‘is quicker. For instance.the eyes are not;‘V‘”
u'g‘ plbmcntated when the yolksac has half the diameter at. |
V hatch1ng and food-intale should normally\begln.Young fish
" reared under the same temperature conditions grow more

. Op < . *
slowly. than those at & consta ant 157C. Sc adaptation to

a new temperaturc seems to cxpend aﬂdltlonal energy . The

temperature-change was produced by a heater connected w1th ;{<

~a switching-clock, switching the illumination tube,forﬁthe"f"'~ s

artifical 12 hour day. Thus the temperature rdse‘successivé¥ o

\vly during two hours to its higher level. after switching
- off, the temperature desccended slowly %o the lcvel of the.

climatic-room ccntaining the agquorias

It may be of intcrest that the behavior of the larvae is -

g
influenced 1little by changing lighti-intensity or angle of -

penetration. Their orientation is aluays directed to the
- substrate. It is obvious how very well they can find their

"

way. around a morvhologicslly ceuplex environment. I think

~this abi llty mey originate fromw the foct that possibly:

their symmetrical ancestho orshinka

bited the strongly articu-
lated rocky sublitoral zone. ' :
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The behavior of the sole-lavvae nrescnts great difficulties
‘in catching samples rcp:csenting the stock. For this reason;.
‘laboratory invostigations nay be the best mebthed to 1mab1ne

how- the nature of a natural “ole~ﬂu”vcry‘iu conutrucued. _
likcly to be found where

(D

“dead. plankton sink to. uhC coa-boto Toni, and therefore bood

“fOC@lng conditions znre ave ¢¢&u10 uO tuc'small meaop ~mma1

organisms which the 1 TVas need.
R - 4 -




- h -

The obllgatory protlst fcedlng seems to be a spec1al
characteristic of sole-larvae but, probably the "green-
food-remains" as described by séveral authors, may be the
result of protist-feeding by pelagic fish-larvae also.

VYater temperature of the spwaning

53 females, 2 males).
Spawning days underlined.

date temperature
26.1.66 5°¢
G.2. | 4,89
15.2. 3,29
17.2. 7,0°
5.3. 11,0°
6.5 15,0°
8.3. 10,5°
12.3. 10,0°
13,5, 8,5°
16,5, 9,0°
17.5. 11,0°
18.3. 1),00
1., &,5°
15.:x. 3,0°
144, 8,0°
165 04 8,00
24, 2,52
2654 10,2°
27.4 10.4°
204, 11,0°
30.4. 11,3°
1.5 11,02
2.5 12,5°
5.5 15,2
4.5 13,2°
5.5. 13,6°
spawning observed GOOn.n.
a.5. 13,6°
10.5. 13,82
11.5. 13,6°
12.5. 15,6°
:L:-E.‘_ 1“,20

nond (soles caught Oct.lO64,

date temperature
15.5.66 14,8°C
16.5, 14,5°
17.5. 1e,6°
18.5. 15,20
20.5. 1,07
spawning observed 46°“p.m.
21.5. 14,0°
22.5, 14,0°
23.5. 15,62
24,5, 12,6°
25.5. 12,8°
27.5. 12,5°
29.5. 12,5°
30.5. 14,09
31:5. 135,82
1.6. 12,5°
_2.6. 12,07
3.6, - 1%,8°
4.6, 14,2°
_5:6. | 15,4
SIS i5,7
8.C. 16,6
4.6 1o,
10.6. 17.0°
11.4. 17,0°
12,40, 17,50
L5.t, 17,4
Y6, 18, 6°
15.6. 18,7°
16.6. 19,0°
17 .6, 19,89
18.6. 19,8
15.6. 18,5°
20.6. 18,39
21.6, 18, %°
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Table 2

. Water temperature of the spawning pond (maturg soles
freshly caught 12.5.1966, sea-temperature 6,8°C)

date temperature date temperature
1 15.5.66 12,2°C 4.6.66 13,4°C
16.5. 12,0° 5.6. 15,2°
12.5. 10,6°_ 6:5. 15,52
only dead eggs . 8.6. | 16,60
‘;i‘f' 12%20 9.6: 16,8°
S o 10.6. 17,0°
;27), Sfbo 11.6. 17,0°
5.5 | 736 12.6. o 17,3°
245 e 1%.6. 17,8°
.2_ ;24 o __2.5__8__. 148,65, 18 40
only dead eggs ‘ ] ’ o
27.5, 8,20 15.6., 18,50
29,5, | 6,49 16.6. ‘18,80
50.5. 9;00 17.6. | 19,50
51.5. 9,00 18.e, 19,8O
1.6. 9’50 | 19.(.’-). 18,60
2.6, 9,60 20.6. 18,3
_2:8. 22t 21.6. 18,3
~ _Table 3-
Incubation time of eggs
tempefature - -
10° ¢ 6 days ( 50% hatched )
14° ¢ % days - ( 50% hatched )
20° ¢ 2,5 days( 50% hatched )
TaBie 4

e e et S e et s 4

Development of early larval behavior: at 14° ¢.
date - |

20:5.66 4,30 p.m. spawned

23.5. 11.9° a.m. 50% hatched

25.5. ' drifting close to surface :
26.5.  10.°° a.m. 50% %rifting vertically'ard sinking
26.5: 5:°% p.m. all drifting vertically and sinking
27.5. 3,90 p.m. 80% "pecking like chickens"

28.5. 11.°° a.m. all "pecking like chickens"



