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After the stock collapse in the 1960s the main spawning grounds of Norwegian spring spawning herring have been located off the Møre coast (northern grounds) and after 1989 spawning has also occurred at previous important grounds off the south-western coast of Norway (southern grounds). An
overall objective of this study is to identify offspring from the different main spawning grounds in their
nursery areas several months later. This requires criteria for identification of larval components from
the main hatching areas. Peak hatching time at the two main spawning areas differ by approximately
one month, being earlier at the northern spawning grounds. Passive drift from the southernmost areas
adds another 2-3 months to this time difference until the larvae from the southern spawning grounds
reach the spawning grounds off Møre. Otolith microstructure analysis of larvae collected along the
drift path of the separate larval populations are used to trace past growth patterns. The results show a
significant difference in back calculated increment width at age and in back calculated hatching
distribution, and indicate that otolith microstructure can be used to separate components of offspring
from the two spawning grounds.
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INTRODUCTION

The stock of Norwegian spring spawning herring collapsed in the late 1960s (DRAGESUND & al. 1980). Changes
in the migratory pattern of the stock followed, but already some years before the actual collapse, the spawning had gradually moved towards northern grounds. The
historical important spawning grounds off south-western Norway were abandoned in 1959, and subsequently
the spawning has mainly occurred at northern grounds
off Møre and less frequently off northern Norway
(DRAGESUND & al. 1980; RØTTINGEN 1990; BERGSTAD & al.
1991). In 1989 when the strong 1983 year class recruited
to the spawning stock, spawning was observed at the
grounds off south-western Norway for the first time
since 1959 (RØTTINGEN 1990). At present, less than 5 %
of a total stock of 2.8 mill tons (ANON 1994) is spawning
at the southern grounds (JOHANNESSEN & al. 1995).
The herring migrating southwards from the winter areas will first reach the northern spawning grounds and a
few weeks later they will reach the southern spawning
grounds. Despite the relatively small amount of eggs
deposited at the southern grounds at present, it is inter-

esting to study the significance of these grounds in the
rebuilding process of the stock. Otolith microstructure
analysis is a tool which potentially can be used in such
studies. Since PANELLA (1971) discovered daily increments in fish otoliths, many studies have been conducted
using otolith microstructure analysis to obtain knowledge about the early life history of fish (MCGURK 1984;
CAMPANA & al. 1987; WATANABE & al. 1988; YOKLAVICH &
BAILEY 1990; FOSSUM & MOKSNESS 1993) and its importance in fishery research is increasing. The fish otolith
contains information about the environmental conditions
which the larvae have experienced. For example one can
back calculate larval growth and age (GEFFEN 1982; LOUGH
& al. 1982; MOKSNESS & WESPESTAD 1989). By applying
otolith microstructure analysis it is possible to separate
larvae which have grown under different environmental
conditions, and this has been done examining spring- and
autumn spawned herring larvae (FOSSUM & MOKSNESS
1993). ZHANG & MOKSNESS (1993) have shown that
juvenile otoliths can be treated to expose larval growth
pattern and this extends the time period during which the
fish can be separated.

Fig. 1. Average surface temperatures in March-May along the
Norwegian coast based on average values from 1936-1970 (data
from MIDTTUN 1975). Dashed lines represent possible drift of
larvae from the northern Møre component (M) and the southern Karmøy component (K).

FOSSUM & MOKSNESS (1995) measured significant differences in hatching distribution and otolith increment
width at age for larvae of Norwegian spring spawning
herring sampled from two patches, one north of 66° N
and one south of 64° N. They suggest that the two
patches are from northern and southern spawning
grounds respectively. The difference in hatching
distribution is expected since the mature herring reach
the northern spawning grounds before they reach the
southern. When studying the temperature regimes the
two components of larvae experience while drifting from
the spawning grounds (Fig. 1), we see that the southern
component is drifting in an environment of increasing
temperatures. This difference in temperature is expected
to result in differences in somatic growth rate, and
differences in otolith increment width at age. This can
thus be used to identify the larval components.
In this study, otolith microstructure analysis is applied to characterise larvae from two of the main spawning
grounds of Norwegian spring spawning herring. The aim
is to consider if such information can be used to separate
the components from these spawning grounds at a later
stage.
MATERIAL AND METHODS
Herring larvae were mainly sampled at two transects off the
west coast of Norway (Bømlo Transect, B1-B5 and Fedje
Transect, F1-F5, Fig. 2) each with five stations (five nautical
miles apart). In addition three stations were sampled west off
Florø (E1-E3 Fig. 2) in an eddy observed by satellite data, and
from information of the drift pattern of an Argos buoy (A.
Johannessen, pers. commn). These stations were all located in
the area between the northern and southern spawning grounds.
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Fig. 2. Map of southern Norway with the northern (S1) and
southern (S2) spawning grounds indicated. Sampling stations:
E3-E1 = eddy samples; F5-F1 = Fedje samples; B5-B1 = Bømlo
samples; N.S. = northern sampling stations.

Since herring larvae drift along with the northward flowing
Norwegian coastal current, it is likely that the larvae caught in
this area hatched at southern grounds. The sampling cruises
were conducted in the period 5-23 May 1993.
Larvae were also sampled at stations north of the
northern spawning grounds 20 May 1993. Data from an
Argos drifting buoy released at the southern spawning ground
west of the island Karmøy 15 April indicated that the
southern larvae could not have drifted this far north by late
May. It is therefore assumed that the larvae caught here,
hatched at northern spawning grounds.
Four sampling nets were used. T-80 (ELLERTSEN & al. 1984) is
a conical dip net with 0.5 m2 opening and 375 µm mesh size.
This net was mostly used to sample small larvae and was hauled
vertically from 150 m (or 10 m above bottom when depth was
less than 150 m) to the surface. The Gulf III (ZIJLSTRA 1970) is a
high speed sampler which was towed behind the vessel cruising
at five knots. It was lowered to a depth of 60 m and then hauled
to the surface. The mesh size was 375 µm and it was used
throughout the sampling period. The MIK sampler (MUNK 1988)
is a trawl with a 2 m- (diameter) opening. It was used the same
way as the Gulf III sampler but at a slower vessel speed
(3 knots). Mesh size was 375 µm. This is an efficient sampling
trawl for catching large larvae (MUNK 1988) and was used during
the last cruise. Harstad trawl is a 10x10 m pelagic trawl with a
mesh size of 500 µm in the cod end (GODØ & al. 1993), and it was
operated the same way as the MIK.

Fig. 3. Back calculated hatching curves for the three groups of
larvae.

Fig. 4. Average increment widths in the otoliths at age for the
three groups of larvae.

Four cruises were carried out sampling southern larvae,
5 May (Bømlo Transect, T-80 and Gulf III), 10 May (Fedje
Transect, Gulf III), 18 May (Fedje Transect, Gulf III), 2223 May (both transects in addition to stations in the eddy,
Gulf III and MIK). The northern larvae were sampled 20
May using Harstad trawl. A maximum of 20 larvae from
each haul were used for otolith examination and sub
sampling was carried out with a plankton splitter when
samples were larger. A total of 328 larvae were used for
otolith examination in the study. During the first two cruises
some of the larvae were too young to be aged by otolith
analysis. To get correct back calculated hatching curves the
age of 109 yolk sack larvae from the early cruises were in
addition determined according to SÆTRE & al. (1987) using
developmental stages (DOYLE 1977).
The larvae were sorted out of the sample immediately
after catch and preserved in 96 % ethanol (BROTHERS 1987;
BUTLER 1992). The larvae standard length (SL) was measured
and the otoliths were dissected out. The SL was not corrected
for shrinkage. The sagittae were used for otolith examination
(SECOR & al. 1992). Both sagittae were mounted on glass
slides using clear nail polish (MOKSNESS & WESPESTAD 1989),
and examination of the otoliths was carried out as described
by ANDERSEN & MOKSNESS (1989), and BUTLER (1989) under
1000 X magnification. The examination of daily increment
widths was carried out along the longest radius, and daily
increments were counted and measured starting at the hatch
check (METHOT 1981; CAMPANA 1992). The first increments
after the hatch check were often difficult to see with the
applied apparatus and the increments were then set to be 0.8
µm (because this was the width measured when visible).
The collected material was classified into the following groups,
1: the eddy sample, 2: the other southern sample, and 3: the
northern sample. One criteria applied for separating larvae
from different spawning grounds was the age of the larvae. The
larvae were aged by counting the otolith increments and adding
10 days to compensate for the yolk sac period (ANDERSEN &
MOKSNESS 1989). Kolmogorov-Smirnov (K-S) nonparametric
tests were used to test for significant differences in hatching

date frequencies. Increment width at age was another criteria
used to separate the larvae components. The average increment width at age were calculated for the three groups and
tested for differences using t-test corrected with Bonferroni’s
method (JOHNSON & FIELD 1993). This was done by dividing the
level of significance (0.05) by the number of tests performed
and thereby making the test more conservative. Growth curves
for the groups were also back calculated by first establishing a
relationship between SL (in mm) and otolith radii (OR, in µm)
for each group.

RESULTS

The back calculated hatching curves (Fig. 3) show an
overlap between the group from the eddy and the other
southern group with mean hatching date being 23 and 25
April, respectively. The average hatching date for the
northern group was 30 March. Comparing the northern
group with the two southern groups gave significant differences (K-S-test, D > 0.93, p < 0.001).
There were differences in average increment width at age
between the groups (Fig. 4). At age 15 days the curves were
similar and the average increment width were just below 1 µm.
From age 15 days the curves splitted into three components,
the eddy group, the southern group and the northern group.
The eddy group had the widest increments throughout the
period examined for this group, and there was a clear increase at
age 34 days to about 2.3 µm/day. The southern group had
narrower increments and did not show the same jump at age 34
days. The narrowest increments were observed in the
northern group. Differences in increment widths were
found comparing the northern group with the eddy and
southern group respectively (t-test, p < 0.05/12), Table
1), and also between the eddy and southern group (t-test,
p < 0.05/12).
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Fig. 5. Standard length versus age for all larvae of the three groups.

Standard length at age are presented as scatter plots
for each group (Fig. 5). Tests for differences in slopes
were performed and differences were found between the
southern and northern group (t-test, p < 0.05/3).
Relationships between SL and OR were established,
and a linear relation between ln(OR) and SL gave the best
fit (highest coefficient of determination, R2, Fig. 6).
There was a decline in back calculated growth rate
from age 15 to 20 for all groups (Fig. 7) and the highest
growth rate was found in the northern group (0.6 mm/
day). From age 20-30 days the eddy group had the highest growth rate (about 0.5 mm/day). At the end of the age
period the northern larvae had a growth rate of
0.3 mm/day.

Table 1. Results from t-tests comparing average increment
widths at age 20, 25, 30, 35 days post hatching. Significance
level, 0.05 and 0.01 were corrected for using Bonferroni’s
method resulting in new significance levels of 0.05/12 = 0.0042
and 0.01/12 = 0.00083, n.s.: not significant, **: p < 0.01/24.
Groups compared
Southern/Eddy
Southern/Northern
Eddy/Northern
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20
**
**
**

Age (days)
25
30
**
n.s.
**
**
**
**

35
**
**
**

DISCUSSION

Earlier studies have applied otolith microstructure analysis to identify components of larvae (FOSSUM & MOKSNESS
1993; MUNK & al. 1991; MOKSNESS 1992a), and they all
show that such analysis may be a useful tool in recruitment studies. This study is the first to use this tool to
identify different components of Norwegian spring
spawning herring, a stock which is in the recovery phase
after the collapse in the late 1960s.
For identification of spawning components, samples
are required of all components which are identified a
priori. We have to know which component we are analysing to establish the criteria for identification. This, we
believe is achieved by sampling in areas were only one of
the components could be present at the time of sampling.
Four different nets were used in sampling, and this should
be corrected for in quantitative analysis (SOMMERTON &
KOBAYASHI 1989). Samples were taken both at night and
daytime and this should also be corrected for in
quantitative studies (JOHANNESSEN & MOKSNESS 1991).
However, this study had no aim of being quantitative
and the principal aim of sampling was to get a broad
sample of the composition of the larvae present in the
investigated area at the time of sampling. We believe that
this aim to a large extent has been achieved by selecting sampling nets according to the expected size of the
larvae; T-80 early in the sampling period, when larvae

Fig. 6. Relationship between ln otolith radius (OR) and standard length (SL) for all larvae from the three groups.
The equation of the relationship and the coefficient of determination, R2, is given.

are expected to be small, MIK and Harstad trawl later in
the sampling period when larvae are expected to be bigger,
and Gulf III throughout the sampling period.
The relationship between number of otolith increments
and age of herring larvae has been examined by MOKSNESS
(1992b), who concluded that the increment formation is
daily. There have also been conducted studies to test the
accuracy and precision of otolith analyses (CAMPANA &
MOKSNESS 1991).
The average back calculated hatch dates for the northern group being 30 March is very similar to those obtained by FOSSUM & MOKSNESS (1992) for the years 1985
and 1989, and by FOSSUM & MOKSNESS (1993) for the
year 1990. The 1991 year class though had a different
average hatching date, 18 March (FOSSUM & MOKSNESS
1995). This suggest relatively stable year to year hatching periods. Back calculated hatching curves in this study
suggest that there is a one month time lag between the
hatching at southern grounds compared with northern
grounds. This difference is most likely due to different
migration distances from the wintering area to the two
spawning grounds (JOHANNESSEN & al. in press). Therefore, one can in the future expect differences in the hatching distribution from the two grounds even if the overall
hatching varies from year to year. Changes in migratory
pattern may, however, alter this.
CAMPANA & JONES (1992) suggested that back calculated hatching curves should be corrected for cumulative

Fig. 7. Average back calculated somatic growth curves (standard length) for the three groups. The curves are based upon a
relationship between otolith radius and standard length.

mortality. The reason for this is that the older larvae will
have experienced a longer period with mortality than the
younger larvae and may therefore be underestimated in
the samples. Such corrections are not made here because
this requires actual mortality data. Also, the samples,
except those from the earliest Bømlo and Fedje Transects,
are taken at least one month after hatching and therefore
the significance of a correction would be relatively small
since the mortality is expected to be smaller in this period
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than shortly after hatching (CAMPANA & JONES 1992).
Average otolith increment size at age was of most
importance to the present study, because this was expected to be the best criteria for identifying the two
components. The increment width is determined by factors such as temperature and prey situation (MOKSNESS
& al. 1995) and variability in these factors may result in
different increment width pattern. The two components
showed significant differences in average increment width
at ages 20, 25, and 30 days. The eddy group, except from
being different from the northern group, also had
significantly higher increment widths than the southern
group. These two groups were assumed to belong to the
same component and the differences in increment widths
suggest that the eddy larvae had experienced other
conditions than the southern group. Studies from other
areas have shown different larval feeding conditions inside eddies, than in the surrounding water masses (CANINO
& al. 1991) and this may explain the higher increment
widths recorded in the otoliths of the eddy larvae. The
average temperature history (Fig. 1) may explain the
difference in increment width between the northern and
the southern component. Controlled laboratory experiments are, however, needed to resolve the influence of
temperature and food availability on otolith increment
widths. There were large day to day variations in average
increment widths for all groups when approaching the
end of the available age period. This may be due to the
decreasing number of larvae in the material through the
age period.
Differences in environmental conditions may result in
different accuracy of the age estimates. For example will
the larvae have a longer yolk sac period at lower temperatures. The number of unreadable increments in the
area after the hatch check will also be influenced by the
environmental conditions. Therefore, the average increment width at age-curves may be skewed on the x-axis,
and just testing for differences in average increment width
at age, may be inadequate. A better way to test for differences in increment pattern will probably be to look at the
slopes of the curves, and this may be applied in
future studies. On the other hand, since the northern
component experience the lowest temperatures, the age
of these larvae will tend to be underestimated. This will
skew the curve of average increment width at age for
these larvae to the right and strengthen the differences
already revealed by the tests.
The differences in the relationship between standard
length and age between the groups were difficult to interpret. The northern group showed the lowest slope
(although not significantly different from the eddy group)
which was expected considering the otolith increment
width data. Back calculated growth curves for standard
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length did not give the same picture as otolith increment
growth. The growth in standard length showed that the
eddy larvae had higher growth than the other groups
from age 20 to 30 days, and that in the rest of the period
the northern group had the highest growth. The basis for
the growth curves were the relationship between otolith
radius and standard length and the different groups contain larvae of different size groups. This will probably
affect the relationship since larvae of different ages do
not necessarily have the same relation between otolith
radius and standard length. Therefore, to back calculate
somatic growth rate, one should have a broad sample of
age groups to base the calculation upon. At least, the age
groups should not vary much between the groups analysed. Also, there may not be a simple linear relationship
between standard length and otolith radius (MOSEGAARD
& al. 1988; SECOR & DEAN 1989; CAMPANA 1990) and this
would affect the results. At the earliest ages all the growth
curves showed high growth rates (over 0.8 mm/day).
This may to some extent be a result of the difficulties of
interpreting the inner part of the otoliths. If the inner
increments were in fact smaller than the 0.8 µm they
were set to be (and this may very well be the reason way
they were not seen), this will tend to overestimate the
growth at age. Therefore Scanning Electron Microscope
(SEM) analysis would be preferred to obtain accurate
data for the first days after first feeding. This problem,
however, declines as the larvae grow, and after age 20
days there is no longer a problem to count and measure
the increments.
The conclusion from this study is that otolith microstructure analysis is a useful tool in identifying components of larvae which have experienced different environmental conditions. There seems to be two criteria
which are best. Hatch date analysis can be used in the
early stages, but as the larvae grow, the age of the larvae
becomes difficult to determine and hatch date analysis
will then be less useful. Increment width pattern is assumed to be a better criteria and can be applied as long as
the microstructure of the otolith can be analysed. ZHANG
and MOKSNESS (1993) have shown that adult otoliths can
be treated to expose the larval increment width pattern.
If the larval increment widths shall be used to identify
the origin of adult herring in the future one should build a
data base where information on increment width at age
for larvae from different spawning grounds is recorded
every year. This is necessary to monitor possible year to
year differences. Otolith analysis therefore has to be an
annual event, and this would provide unique possibilities
for studies of later stock composition and migrating
pattern.

ACKNOWLEDGEMENTS
This study was funded by the Norwegian Research Council
(Programme MARE NOR), project no. I.501.024.

REFERENCES
Andersen, T. & E. Moksness 1989. Estimation of age in days
and daily growth rate in larval and juvenile marine fish
based upon reading daily increments in their otoliths. –
Rapports et procés-verbaux des réunions. Conseil international pour l’exploration de la mer 191:474.
Anon. 1994. Ressursoversikt 1994. – Fisken og havet
Særnummer 1:1-104.
Bergstad, O.A., I. Røttingen, R. Toresen, A. Johannessen & O.
Dragesund 1991. Return of the Norwegian spring spawning herring (Clupea harengus L.) to historical spawning
grounds off southwestern Norway. – International Council
for the Exploration of the Sea CM 1991/H:24.
Brothers, E.B. 1987. Methodological approaches to the
examination of otoliths in aging studies. – Pp. 453461 in: Summerfelt, R.C. & G.E. Hall (eds). Age and
growth of fish. Iowa, Iowa State University Press.
Butler, J.L. 1989. Growth during the larval and juvenile
stage of the northern anchovy, Engraulis mordax,
in the California Current during 1980-1984. – Fishery
Bulletin U.S. 87:645-652.
— 1992. Collection an preservation for otolith analysis.
– Pp. 13-17 in: Stevenson, D.K. & S.E. Campana
(eds). Otolith microstructure examination and
analysis. Canadian Special Publication of Fisheries
and Aquatic Science 117.
Campana, S.E. 1990. How reliable are growth back calculations based on otoliths? – Canadian Journal of Fisheries and Aquatic Science 47:2219-2227.
— 1992. Measurement and interpretation of the microstructure of fish otoliths. – Pp. 59-71 in: Stevenson,
D.K. & S.E. Campana (eds). Otolith microstructure
examination and analysis. Canadian Special
Publication of Fisheries and Aquatic Science 117.
Campana, S.E., J.A. Gagne & J. Munro 1987. Otolith microstructure of larval herring (Clupea harengus): Image
or reality? – Canadian Journal of Fisheries and
Aquatic Science 44:1922-1929.
Campana, S.E. & C.M. Jones 1992. Analysis of otolith
microstructure. – Pp. 73-100 in: Stevenson, D.K. &
S.E. Campana (eds). Otolith microstructure examination and analysis. Canadian Special Publication
of Fisheries and Aquatic Science 117.
Campana, S.E. & E. Moksness 1991. Accuracy and precision
of age and hatch date estimates from otolith microstructure examination. – ICES Journal of Marine
Science 48:303-316.
Canino, M.F., K.M. Bailey & L.S. Incze 1991. Temporal
and geographic differences in feeding and nutritional
condition of walleye pollock larvae Theragra
chalcogramma in Shelikof Strait, Gulf of Alaska. –
Marine Ecology Progress Series 79:27-35.

Doyle, M.J. 1977. A morphological staging system for the
larval development of the herring, Clupea harengus.
– Journal of the Marine Biological Association of
the United Kingdom 57:859-867.
Dragesund, O., J. Hamre & Ø. Ulltang 1980. Biology and population dynamics of the Norwegian spring spawning herring. – Rapports et procés-verbaux des réunions. Conseil
international pour l’exploration de la mer 177:43-71.
Ellertsen, B., P. Solemdal, S. Sundby & S. Tilseth 1984. A case
study on the distribution of cod larvae and availability
of prey organisms in relation to physical processes in
Lofoten. – Flødevigen rapportserie 1:453-478.
Fossum, P. & E. Moksness 1992. Daily growth rate and
hatching date distribution of Norwegian spring
spawning herring (Clupea harengus L.). – ICES
Journal of Marine Science 49:217-221.
— 1993. A study of spring and autumn spawned herring
(Clupea harengus) larvae in the Norwegian coastal current during spring. – Fisheries Oceanography 2:73-81.
— 1995. Recruitment processes of the strong 1991 year
class of Norwegian spring spawning herring (Clupea
harengus) derived from otolith microstructure examination. – Pp. 467-480 in: Secor, D.H., J.M. Dean &
S.E. Campana (eds). Recent developments in fish otolith
research. University of South Carolina Press.
Geffen, A.J. 1982. Otolith ring deposition in relation to growth
rate in herring (Clupea harengus) and turbot
(Scopthalmus maximus) larvae. – Marine Biology
71:317-326.
Godø, O.R., J.W. Valdemarsen & A. Engås 1993. Comparison
of efficiency of standard and experimental juvenile
gadoid sampling trawls. – ICES Marine Science Symposia 196:196-201.
Johannessen, A, & E. Moksness 1991. Herring larvae (Clupea
harengus) in the Skagerak area from December 1987
to April 1988. – Fisheries Research 11:155-170.
Johannessen, A., A. Slotte, O.A. Bergstad, O. Dragesund. & I.
Røttingen 1995. Reappearance of Norwegian spring
spawning herring (Clupea harengus L.) at spawning
grounds off southwestern Norway. – Pp. 347-363 in:
Skjoldal, H.R., C.C.E. Hopkins, K.E. Erikstad, H.P.
Leinaas (eds). Ecology of Fjords and Coastal Waters.
Proceedings of the Mare Nor Symposium on the Ecology of Fjords and Coastal.Waters, Tromsø, Norway,
5-9 December 1994. Elsevier, Amsterdam.
Johnson, C.R. & C.A. Field 1993. Using fixed-effects model
multivariate analysis of variance in marine biology and
ecology. – Marine Biology Annual Review 31:177-221.
Lough, R.G., M. Pennington, G.R. Bolz & A. Rosenberg
1982. Age and growth of larval Atlantic herring,
Clupea harengus L., in the Gulf of Maine - Georges
bank region based on otolith growth increments. –
Fishery Bulletin U.S. 80:187-199.
McGurk, M.D. 1984. Ring deposition in the otoliths of larval
Pacific herring, Clupea harengus pallasi. – Fishery
Bulletin U.S. 82:113-120.
Methot, R.D. 1981. Spatial covariation of daily growth rates of
larval northern anchovy, Engraulis mordax, and northern lampfish, Stenobrachius leucopsarus. – Rapports et

291

procés-verbaux des réunions. Conseil international pour
l’exploration de la mer 78:424-431.
Midttun, L. 1975. Observasjonsserie av overflatetemperatur
og saltholdighet i norske kystfarvann i perioden
1936-1970. – Fisken og Havet. Serie B 5:1-51.
Moksness, E. 1992a. Differences in otolith microstructure
and body growth rate of North Sea herring (Clupea
harengus) larvae in the period 1987-1989. – ICES
Journal of Marine Science 49:223-230.
— 1992b. Validation of daily increments in the otolith
microstructure of Norwegian Spring spawning herring
(Clupea harengus). – ICES Journal of Marine Science
49:231-235.
Moksness, E., K. Rukan, L. Ystanes, A. Folkvord & A.
Johannessen 1995. Comparison of somatic and otolith
growth in North sea herring (Clupea harengus) larvae;
Evaluation of growth dynamics in mesocosms. – Pp.
119-134 in: Secor D.H., Dean J.M. & S.E. Campana
(eds). Recent developments in fish otolith research.
University of South Carolina Press.
Moksness, E. & V. Wespestad 1989. Ageing and back calculating growth rates of Pacific herring, Clupea pallasi,
larvae by reading daily otolith increments. – Fishery
Bulletin U.S. 87:509-513.
Mosegaard, H., H. Svedang & K. Tabermark 1988. Uncopling
of somatic and otolith growth rates in Arctic char
(Salvelinus alpinus) as an effect of differences in
temperature response. – Canadian Journal of
Fisheries and Aquatic Science 45:1514-1524.
Munk, P. 1988. Catching large herring larvae: gear applicability and larval distribution. – Journal du conseil
international pour l‘exploration de la mer 45:97-104.
Munk, P., M. Heath & B. Skaarup 1991 Regional and seasonal
differences in growth of larval North Sea herring (Clupea
harengus L.) estimated by otolith microstructure analysis. – Continental. Shelf Research 11:641-654.
Panella, G. 1971. Fish otoliths; daily growth layers and
periodical patterns. – Science 173:1124-1127.

292

Røttingen, I. 1990. A review of variability in the distribution
and abundance of Norwegian spring spawning herring
and Barents Sea capelin. – Polar Research 8:33-42.
Sætre, R., Bjørke, H. & P. Fossum 1987. Studies on herring
larvae off western Norway in 1987. – HELP (Havforskningsinstituttets egg- og larveprogram) 8:1-16.
Secor, D.H. & J.M. Dean 1989. Somatic growth effects on
the otolith-fish size relationship in young pond reard
striped bass, Morone saxatalis. – Canadian Journal
of Fisheries and Aquatic Science 46:113-121.
Secor, D.H., J.M. Dean & E.H. Laban 1992. Otolith removal
and preparation for microstructural examination. –
Pp. 19-57. In: Stevenson, D.K. & S.E. Campana
(eds). Otolith microstructure examination and
analysis. Canadian Special Publication of Fisheries
and Aquatic Science 117.
Sommerton, D.A., & D.R. Kobayashi 1989. A method for
correcting catches of fish larvae for the size selection
of plankton nets. – Fishery Bulletin U.S. 87:447-255.
Watanabe, Y., J.L. Butler & T. Mori 1988. Growth of Pacific
saury, Cololabis sairas, in the Northeastern and
Northwestern Pacific ocean. – Fishery Bulletin U.S.
86:489-498.
Yoklavich, M.M. & K.M. Bailey 1990. Hatching period, growth
and survival of young walleye pollock, Theregra
chalcogramma, as determined from otolith analysis. –
Marine Ecology Progress Series 64:13-23.
Zhang, Z. & E. Moksness 1993. A chemical way of thinning
otoliths of adult Atlantic herring (Clupea harengus)
to expose the microstructure in the nucleus region. –
ICES Journal of Marine Science 50:213-217.
Ziljstra, J.J. 1970. Herring larvae in the central North Sea. –
Berichte der Deutschen Wissenschaflichen Kommission
für Meeresforschung 21:92-115.

Accepted 10 December 1995.

