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ABSTRACT: Otolith increm ent analysis of 0-group plaice P leuronectes p la tessa  L. from the  North 
Frisian W adden  Sea (F. R. Germany) revea led  significant d ifferences in s ize-a t-age  b e tw ee n  1981 and  
1982. Backdating  sh o w ed  se t t lem ent to have  occurred at about  the sam e  da te  in both years. Since w a ter  
tem pera tu re  conditions during  the  su b seq u en t  m onths in 1981 a n d  1982 w ere  also almost identical,  it is 
concluded  that  food limitation o ccurnng  in different parts of the nursery  may h ave  led to growth 
differences.  The  sam e holds true for differential growth of subpopula tions in different nursery  a reas  in 
1981. Grow th acceleration was reflected in the m ean  w idth of daily increments,  deposi ted  during  the 
bottom-living stage, in otoliths of plaice which en co u n te red  rich feeding a reas  during  the season. 
Furthermore,  slower growth rate  was observed in 0-group plaice populat ions on the  e d g e  of the  W ad d en  
Sea. However, time of settlement,  as show ed by daily increm en t  readings,  proved  to be  the sam e  as in 
populations in the main nursery ground. In this case, re ta rded  growth outside the nursery  can  be 
a ttr ibuted  to water  tem pera ture ,  food limitation or the action of b reakers .

INTRODUCTION

Since Paralella (1971) first described daily growth 
increm ents  in fish otoliths, several studies have  been  
conducted  on this subject. Otolith microstructure a n a ­
lyses have b ee n  carried out on tropical, tem pera te  and 
cold w ate r  species (Struhsaker & Uchiyama 1976, C a m ­
pana  & Neilson 1982, Radtke & D ean  1982), and  effects 
of environm ental factors on daily increm ent formation 
in various fish species have been  s tudied  under  
laboratory conditions (Wilson & Larkin 1982, C am pana  
1984, Gutierrez & M orales-Nin 1986, Eckm ann & Rey 
1987). Daily inc rem ent analysis of fish otoliths also 
provides important information about early life events 
in studies on population  dynam ics (Brothers & M cFar­
land 1981, Victor 1982).

Plaice P leuronectes p la tessa  L. is a flatfish of great 
commercial im portance in the North Sea. The transition 
to the bottom -dwelling m ode of life, and  the arrival and 
growth of this species in the W adden  Sea (the main 
North Sea nursery ground), have b een  well-studied 
(Ehrenbaum  1911, Bückm ann 1934, Kuipers 1973,

1977, Rauck 1974a, Berghahn  1984, van der  Veer 
1986).

Otolith m acrostructure  of plaice has  b e e n  considered 
in age ing  studies (Reibisch 1899, Rauck 1974b). Some 
observations on the microstructure of plaice otoliths 
w ere  also reported  by Blacker (1975) a n d  Berghahn  
(1985). Recent experim ents  on daily inc rem en t depos i­
tion in otoliths of early -s tage plaice show ed  tha t the 
n u m b e r  of increm ents  is ag e -d ep en d e n t ,  while the 
increm ent w idth is g ro w th -d e p en d e n t  (Karakiri 1989, 
Karakiri & von W e s te m h a g e n  1989). Analysis of daily 
increm ents  m ight thus reveal growth events  in the life 
of individual plaice.

In the p resen t study, m icrostructure w as  ana lysed  in 
otoliths of 0-group plaice from the  North Frisian W a d ­
den  Sea, F. R. Germany. We exam ined: (1) differences in 
otolith increm ent growth b e tw e e n  0-group plaice sa m ­
pled in sum m er 1981 and  in sum m er  1982 and  assessed 
w h e th e r  these  differences w ere  correla ted with differ­
ences in food supply recorded  in the nursery  b e tw e en  
the 2 years (Berghahn 1987a); (2) otolith inc rem ental  
growth differences in 0-group plaice b e tw e e n  samples

© Inter-Research/Prin ted  in F. R. G erm any 0171-8630/89/0055/0015/$ 03.00



16 Mar. Ecol. Prog. Ser. 55: 15-22, 1989

from areas  with different food supply with in  the same 
year  (Berghahn 1987a); (3) age  differences be tw e en  
large 0-group plaice individuals sam pled  in the nursery 
g round  and  the  small plaice which occurred  over the 
outer sand  bars on the ed g e  of the W adden  Sea.

MATERIAL AND METHODS

Sam pling. Sam ples w ere  collected on the  tidal flats 
in the  North Frisian W a dden  Sea using a 2 m  beam  
trawl o pera ted  from a f lat-bottomed boat during high 
tide and  a push  ne t  during  low tide in breaker-pools  
along the  b each  on the edge  of the W a dden  Sea (Stn 
AS). H igh tide sam ples  w ere  taken  along a transect, S2 
(Fig. 1), pe rpend icu la r  to the shore b e tw e en  H a m ­
b u rg er  Hallig and  N ords trand  Island. Sam pling was 
carried  out in 1981 an d  1982. For dates  and  feeding 
conditions see Table 1.

Im m ediate ly  after the catch all fish w ere  fixed either 
directly in 96 % ethanol or in buffered  formalin and  
transferred  to 96 % ethanol a few w ee k s  later.

Otolith preparation. A total of 110 otoliths of 0-group 
p la ice w ere  used for otolith m icrostructure analysis.

Sagittae were rem oved  after dissecting the postopercu- 
lar area. After extraction otoliths w ere  c leaned  from 
ad h e ren t  tissue and  stored in 75 % ethanol until final 
preparation. Only 1 sagitta was exam ined  because  a 
preliminary exam ination show ed both left and  right 
sagittae to be identical with regard  to the microstruc­
ture discussed.

SEM preparation. Otolith microstructure analysis 
was carried out em ploying Scanning Electron Micro­
scopy (SEM) in all cases in w hich exact age  de te rm in a ­
tion w as required.

Air-dried otoliths w ere  m oun ted  in Schellack with 
the convex side up. For precise and  plane grinding up 
to the  midplane, otoliths were  ground on a rotating 
glass-plate using silicium carbide as an abrasive 
(Karakiri & von W este rnhagen  1988). Grinding was 
carried out gradually, exam ining each  specim en under  
a stereomicroscope until the sagittal m idplane was 
reached . The otoliths w ere  then  rinsed with w ate r  and 
polished using fine silicium carbide (grain size ca 
1 pm). Afterwards, the otoliths w ere  rinsed, air-dried 
and  e tched  for 2 to 5 min with 0.1 M  EDTA (ethyl- 
enediam inete traace ta te)  buffered at pH 7.4. Finally, 
each  specim en was r insed well with distilled w ater  and

Fig. 1. Research area. S2: t ransect  in the 
main nursery  sam pled  during high tide; 
AS: station on the edge  of the W adden  

Sea sam pled  during  low tide
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Table  1. Sam pling da tes  and characterization of sampling 
areas according to feeding conditions as described by Berg­
h ahn  (1987a). Sam ples from 16 Ju n e  1982 were  tak en  at Stn 
AS. All other sam ples were  taken  in different sections along 

Transect  S2

Nursery ground Nursery  ground Poor feeding
(limited food (abundant food area

supply) supply)

25 May 1981 24 M ay 1982
6 Jul 1981 6 Jul 1982

5 Aug 1981 5 Aug 1981
7 Aug 1981 7 A ug 1981

12 Aug 1981 12 Aug 1981
3 Sep 1981 3 Sep 1981

18 Ju n  1982 16 Ju n  1982

dried in an  oven for 12 to 24 h according to size. Larger 
otoliths w ere  additionally dried in a vacuum  exsiccator 
in order to p reven t artifacts and  alterations caused  by 
moisture.

Specim ens w ere  coated with gold and viewed with 
an SEM (Stereoscan 90, C am bridge  Instr). SEM pho to ­
graphs at various magnifications (70 to 2000x) w ere  
used  for counting daily increm ents and  m easur ing  
increm ent widths.

Light m icroscopy preparation. Otoliths of 0-group 
plaice sam pled in A ugust and  S ep tem ber  1981 were 
analysed by m eans  of light microscopy; this was an 
appropria te  m ethod  since it w as only necessary  to 
m easure  outer inc rem ent widths rang ing  from 4 to 
10 pm.

Otolith p repara tion  procedure  was the sam e as 
described above. For light microscopy, however, 
otoliths n e e d e d  to be  ground  and  polished on both 
sides, but not etched. Afterwards, otoliths w ere  cleaned 
of the m ounting m edium  and e m b ed d e d  in Euparal. 
Otoliths were  allowed to clear for 10 d in Euparal and 
exam ined  under  a com pound light microscope con­
nec ted  to an im age analysis system (Videoplan, Con- 
tron). Increm ent w idths w ere  m easu red  along a preder- 
m ined  axis perpend icu la r  to the increm ents (400 x 
magnification).

Prerequisites of otolith microstructure analysis. The 
following information from experim ental da ta  on plaice 
otolith microstructure (Karakiri & von W este rnhagen  
1989) was taken  into consideration:
-  the first increm ent in plaice otoliths is deposited  4 to 

6 d before hatching.
-  following the first increm ent deposition, one incre­

m en t is deposited  each  day and  the process of daily 
increm ent deposition in otoliths of early-s tage plaice 
is not in te rrup ted  by environm enta l changes.

-  otolith growth in terms of increm ent widths reflects 
somatic growth and  growth rate of young plaice.

RESULTS

The m axim um  diam eter  of the otoliths investigated  
r anged  from 450 to 1500 um. Plaice sagittae show ed the 
clustered pat tern  typical for flatfish (Fig. 2a): the 
primordium formed during the  late em bryonic stages 
ranged  from 18 to 23 pm in d iam eter  and  was followed 
by a few thin increm ents  (< 0.4 pm). In the later stages, 
increm ent width tends to increase  as the larva grows 
(Fig. 2b). The transition to the bottom -dwelling  m ode of 
life is m arked  by the formation of 4 to 6 accessory 
primordia, which are new  calcification centres. Incre­
m en ts  deposited  after the  transition to the  bottom- 
living stage are m uch  w ider  than  the larval ones, r a n g ­
ing from 4 to 8 p m  in fast-growing fish (Fig. 2c). S u b ­
daily increm ents  (usually 2 per  daily increment) were  
deposited  during  the bottom-living stage.

Growth and age in 1981 and 1982

A m ong the 0-group plaice sam pled  in the nursery  in 
the sum m ers of 1981 (25 May and 6 July) and  of 1982 
(2 M ay and  6 July), individuals of the m ed ian  length  
group w ere  ta k en  for otolith analysis. Size (total length; 
TL) of specim ens sam pled  on 25 M ay 1981 r an g e d  from 
16 to 29.5 mm while that of specim ens sam pled  on 24 
M ay 1982 ranged  from 30.5 to 36.5 mm  indicating 
strong growth differences b e tw e en  the 2 years. Simi­
larly, m ed ian  length  of plaice sam pled  on 6 July 1981 
ran g e d  from 18 to 46.5 mm  w hereas  specim ens sa m ­
p led  on the sam e da te  in the following year  had  
reached  56.5 to 71m m . Otolith increm ent analysis of 
plaice from M ay 1981 and  M ay 1982 revea led  a range  
in age  from 88 to 98 d (Fig. 3a); no age  differences were 
de tec ted  b e tw e en  these 2 groups. The sam e w as true 
for plaice sam pled  on 6 July  1981 and  on 6 July  1982 
(128 to 139 d; Fig. 3b). Thus, these plaice of the same 
age  show ed extrem e differences in size-at-age 
be tw e en  the 2 years. However, no significant differ­
ences w ere  found in the duration  of the larval p h ase  of 
all groups (55 to 7 0 d). C onsequently ,  daily increm ents  
deposited  during the  bottom -dwelling  m ode of life 
w ere  w ider in specim ens sam pled  in 1982 (ranging 
from 2.8 to 4.2 pm) than  those from spec im ens  sam pled 
in 1981 (ranging from 1.0 to 2.5pm).

Effects of different feed ing conditions on otolith  
increm ents

Feed ing  conditions in the area  w ere  assessed  by 
Berghahn  (1987a). Otolith inc rem ent w id th  of plaice 
individuals sam pled  in A ugust and  early S ep tem ber  of 
1981 in areas with limited food supply (tidal flats close to



Fig. 2. P leuronectes  
platessa, (a) Sagitta  of a 
22.5 m m  plaice caugh t  on 
25 M ay 1981. SEM; bar = 
200 ,um. (b) Typical c lus­
tered  pa tte rn  of a plaice 
sagitta; p: primordium, a; 
accessory primordia, 1: 
larval-s tage increments,  
b; bottom -stage  incre­
ments.  Bar = 100 pm, (c) 
Daily increm ents  d e ­
posited during  the b o t­
tom-living stage; d: one 
daily increment,  arrow in­
dicates a subdaily  incre­

ment. Bar = 50 pm
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Fig. 3. P leuronectes platessa, (a) Somatic growth differences of 
0-group plaice (median leng th  group) b e tw een  M ay 1981 and 
May 1982. Age de te rm ined  from sagittae  (n = 20). (b) Somatic 
growth differences of 0-group plaice (median length  group) 
be tw ee n  July 1981 and  July 1982. Age de term ined  from 

sagittae  (n = 20)

tidal channels) w ere  significantly different (ANCOVA, 
F=  4.96, p  <0 .001) to those sam pled  in areas with an 
unlim ited food supply (tidal flats). The significantly 
w ider  increments deposited  during the last month in 
otoliths of the majority of plaice caugh t in early S ep ­
tem ber  in areas with a b u n d a n t  food supply ranged  from 
3.5 to 8 pm (Fig. 4). On the other hand, plaice individuals 
sam pled in August on the tidal flats close to tidal 
channels  with limited food supply deposited  relatively 
thin increm ents rang ing  from 4 to 5pm.

Otolith m icrostructure inside and outside the main 
nursery ground

Otoliths w ere ana lysed from small plaice (16 to 
20 mm) caugh t in b rea k e r  pools on the edge  of the 
W adden  Sea (Stn AS), outside the main nursery 
ground, and  from large plaice (25 to 35 mm) caught in 
the nursery field (Transect S2). Increm ent analysis 
revealed  tha t the small individuals caugh t on 16 June  
1982 outside the nursery  were  almost 4 mo old, the

sam e age  as the la rge individuals caugh t on 18 June  
1982 in the nursery. The exceptionally  slow growth of 
the specim ens from the b rea k e r  pools was verified by 
the narrow  increm ents deposited  in the otoliths during 
the bottom-living stage, not exceed ing  1.0 to 1.8 pm 
(Fig. 5). In contrast,  the w idth of increm ents  of the 
bottom -stage large individuals caugh t inside the 
nursery ranged  from 2.8 to 4 pm. No differences w ere  
found in the duration of the  larval phase  which ranged  
from 50 to 65 d.

DISCUSSION

In this study, m icrostructure was ana lysed  mainly 
with SEM on otoliths g round  up to the m idplane and  
etched. Reviews by C a m p a n a  & Neilson (1985) and 
Brothers (1987) recom m ended  the  deve lopm en t of a 
specific m ethod  of otolith p repara tion  to obta in  reliable 
results regard ing  n u m b e r  and  w idths of daily inc re­
ments. Daily inc rem ent deposition in early-s tage plaice 
otoliths was confirmed experim entally  in previous 
work (Karakiri 1989, Karakiri & von W este rnhagen  
1989). The sam e exper im en ta l  studies revealed  that 
increm ent deposition on plaice otoliths a lready starts in 
the preha tch  stage, as reported  for m um m ichog  F un­
dulus heteroclitus  (Radtke & D ean  1982). Moreover, 
experim ental studies show ed  m ean  inc rem en t w idth to 
reflect fish growth in both larval and  juvenile  plaice. 
Consequently , otolith increm ent analysis, apar t  from 
ageing, may provide an indicator of environm ental 
conditions and  changes  and  their influence on the 
growth rate of young plaice.

The ana lysed  0-group plaice otoliths revea led  the 
pat tern  typical for flatfish otoliths described  for other
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Fig. 4. P leuronectes p la tessa . Differences in the  m ea n  wid th  of 
the outer  30 increm ents  in otoliths of 0 -group plaice sam pled  
in late  sum m er  1981 in a reas  with limited food supply and  in 
areas  with a b u n d an t  food supply. E: otolith edge;  10: outer 
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inner increments;  N: otolith nucleus, n  = 50 sagittae
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