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ABSTRACT Seasonality estimations using incremental data usually suffer from small sample sizes and
from the lack of comparison with sufficiently large modern samples. The present contribution
reports on incremental studies carried out on large assemblages of plaice (Pleuronectes
platessa) and haddock (Melanogrammus aeglefinus) from a late medieval fishing village
(Raversijde, Belgium) on the North Sea coast. In an attempt to refine previous seasonality
estimates made for this site, and to expand conclusions concerning general methodology,
extensive monthly samples of modern otoliths of these species, caught within the North Sea,
have also been investigated. The modern material shows that the timing of the seasonal
changes in the edge type (hyaline or opaque) of the otoliths is extremely variable and that it is
dependent on the fishing ground, the year considered, and the age of the fish. It also appears
that the increase of the marginal increment thickness is highly variable, to such an extent that
the thickness of the last increment of a single otolith is mostly useless for seasonality
estimation. Where large archaeological otolith assemblages can be studied, preferably
from single depositional events, seasonality determination becomes possible on the condi-
tion, however, that the archaeological assemblage corresponds to fish that were captured
during their period of fast growth. The growth ring study on the otoliths from Raversijde shows
that plaice fishing took place in spring and that it was preceded by a haddock fishing season,
probably in late winter/early spring. Copyright � 2004 John Wiley & Sons, Ltd.
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Introduction

For more than half a century, wildlife and fishery
services have established ageing methods using
the hard tissues of fish (e.g. Le Cren, 1947;
Marzolf, 1955; Watson, 1964), birds (e.g. Klevezal

et al., 1972; Stone & Morris, 1981) and mammals
(e.g. Morris, 1972) in order to gain insight in the
age structure of populations. For mammals, tooth
replacement and tooth wear were used initially
(e.g. Matschke, 1967; Laws, 1968; Habermehl,
1985), but later on cementum layer counts
were introduced (e.g. Laws, 1952; Klevezal &
Kleinenberg, 1967; Keiss, 1969). It was precisely
the extrapolation, from the available wildlife
literature, of this more refined analysis of
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incremental structures that allowed the establish-
ment of the age at death of an animal within
archaeozoological studies on the basis of dental
material (e.g. Stallibrass, 1982). Starting from the
assumption of fixed reproductive seasons for the
species investigated, it consequently became pos-
sible to investigate seasonal killing on the basis of
the detailed age at death estimations. For such
assessment of seasonality in archaeozoological
material, however, the methods used in wildlife
studies needed to be refined. In archaeozoologi-
cal seasonality studies using incremental struc-
tures, most attention has been paid to mammals
(e.g. Bourque et al., 1978; Lieberman, 1994;
Lieberman & Meadow, 1992; Lubinski, 2001)
and molluscs (e.g. Ham & Irvine, 1975; Koike,
1975; Milner, 2001), whereas fish (see below)
have received less attention, thus hampering the
full exploration of the seasonality issue. More-
over, it has proven to be vital that sufficiently
large modern samples are used of the species
under study, in order to document the increment
changes throughout the year (cf. Monks &
Johnston, 1993: 31), a methodological step that
was only rarely taken in the past (e.g. for mol-
luscs, Gaillard & Testud, 1980; Claessen, 1993).
However, seasonality studies do now increasingly
concentrate on the analysis of modern control
samples (e.g. Burke & Castanet, 1995; McKinley
& Burke, 2000; Weinand, 2000; Whittaker &
Enloe, 2000; Lubinski & O’Brien, 2001).

In fish, incremental studies have been carried
out on vertebrae (e.g. Desse, 1983; Noe-
Nygaard, 1983; Desse & Desse-Berset, 1993),
fin spines (Brewer, 1987; Van Neer, 1993) and
otoliths (Smith, 1983; Carlson, 1988; Hales &
Reitz, 1992; Van Neer et al., 1993; Higham &
Horn, 2000). As in mammals, it is evident that the
information yielded by modern population stu-
dies was limited to the timing of annulus forma-
tion, since fishery studies are primarily interested
in age profiles of populations and growth rates.
The majority of the archaeozoological seasonal-
ity studies in fish mentioned above used the edge
type of the analysed structure and gave a rather
subjective measure of the amount of marginal
increment available (compared to the expected
total increment width). The gradual increase in
the marginal increment throughout the year has
not been studied in detail, except in a few cases

(Carlson, 1988). The latter author offered much
criticism against the methodology used thus far
and concluded that growth ring analysis of ver-
tebrae and otoliths is unreliable for seasonality
determination. Not all authors, however, agreed
with this view (see Desse & Desse-Berset, 1992).

Otoliths grow by the deposition of aragonite,
a form of calcium carbonate that is deposited on
an organic matrix. The appearance of the arago-
nite changes during the year, depending on
environmental conditions such as food
(Alhoussaini & Pitcher, 1988) or temperature
(e.g., Brothers, 1981; Mosegaard et al., 1988). In
general, however, during periods of rapid growth
the otolith forms an opaque zone while in periods
of reduced growth the otolith has a more hyaline
(or translucent) appearance. Seasonal changes in
the otolith structure vary geographically, but in a
review (Beckman & Wilson, 1995) the dominant
period for opaque formation was demonstrated to
fall in spring and summer in both northern and
southern hemispheres.

The present study investigates possible seaso-
nal fishing for two species, i.e. plaice (Pleuronectes
platessa) and haddock (Melanogrammus aeglefinus), at
an archaeological site, on the basis of the exca-
vated otoliths. In order to interpret the edge type
on the archaeological otolith samples, the timing
and appearance of edge types were first investi-
gated on recent otoliths from both species. In
addition, the monthly increase of the marginal
increment was studied in modern material. On
the basis of these recent observations, and the
archaeological test-case, it was evaluated what
the possibilities are for establishing the season of
catch for different types of archaeological assem-
blages, i.e. a single otolith, an assemblage of
specimens derived from a single event (a single
catch), and an assemblage of specimens from
deposition over a longer period.

Material and methods

Plaice and haddock, as North Sea species, are still
of great economic importance, hence abundant
data could be gathered from the fishery biology
literature. During a EU-funded project involving
partners from fishery institutes in The Netherlands,
England and Belgium, large samples of modern
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otoliths from different parts of the North Sea
(Figure 1) could be analysed that formed a valuable
database against which the archaeological otoliths
could be studied. In a total of 4595 modern plaice
otoliths and 1297 haddock otoliths the edge type
(hyaline or opaque) was identified (Table 1). For
the analysis of the modern increment widths, a
subsample comprising 387 plaice was studied.
This material, together with other medieval and
post-medieval assemblages and further recent oto-
liths, has already been used in a study of the

diachronic changes in growth rate related to fish-
ing pressure (Van Neer et al., 2002).

The archaeological material came from the
former fishermen’s village of Raversijde, located
west of Oostende, along the Flemish coast
(Figure 1). Rescue excavations at the site have
uncovered mainly structural remains and refuse
deposits dating from the 15th century AD
(Pieters, 1997). Analysis of the fish remains
from the site, and the available historical infor-
mation, has shown that the late medieval fisher-
men visited fishing grounds in the North Sea, off
the English and Scottish coasts, concentrating on
the catch of herring and gadids. Flatfish, espe-
cially plaice, were also an important product but
these species were probably caught in more local
coastal waters, off the Flemish coast (Pieters et al.,
1994; 1996; Ervynck et al., in press). Within the
present study, otoliths were used that were col-
lected from sieved samples from a wide variety of
archaeological contexts (ditches, refuse dumps,
etc.). However, one special context (hereafter
called ‘the pit’) was treated separately: a refuse
pit containing the bones from the heads and tails
of several hundred individuals of plaice, without
doubt the leftovers of the processing of a single
catch (Van Neer & Pieters, 1997). In total, 119
plaice otoliths were sectioned from the pit and
279 specimens from the other contexts of the
site. In addition 202 haddock otoliths from var-
ious contexts at Raversijde were analysed. A
single event deposition of haddock remains was
not available from the site.

In a previous study (Van Neer et al., 1999) 50
plaice otoliths from the pit at Raversijde were
analysed, but the procedures were different com-
pared to those used within the present study:
growth lines were observed on complete speci-
mens and on a subsample of broken and burned
otoliths. This previous study lacked comparison
with modern reference material. In this study
both archaeological and modern material was
involved, and sections were used because much
of the recent material available for haddock and
plaice was in the form of thin sections.

The preparation of the thin sections of both
the recent and the archaeological material follo-
wed the procedures described by Bedford (1983).
Otoliths were embedded in black polyester resin
and transverse sections of 0.4–0.5 mm thick were

Figure1. The ICES divisions of the North Sea from which modern

otoliths were studied and the location of the archaeological site

Raversijde.

Table 1. Number of modern otoliths analysed for edge type,
excluding specimens where edge type was unclear (sampling
year1996)

Month Plaice Plaice Haddock

Central North Eastern English Central North

Sea (IVb) Channel (VIId) Sea (IVb)

Jan 196 134 91

Feb 245 138 109

Mar 233 126 101

Apr 184 167 106

May 325 151 111

Jun 194 141 98

Jul 237 156 117

Aug 269 159 110

Sep 176 161 94

Oct 285 215 120

Nov 212 176 126

Dec 161 154 114

Total 2717 1878 1297
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cut through the centre, exposing the nucleus and
the annual ring structure. Although the transverse
plane, which bisects the anterior-posterior axis of
the otolith, produces the most compressed cross-
section with the least surface area and smallest
distance between sequential growth structures, it
is generally the easiest and most accurate method
of capturing the full growth history from larval
nucleus to the edge (Mosegaard et al., 1998). The
otolith images were digitized using a microscope
and a digital camera. The edge type of each
sectioned otolith was identified and the incre-
mental measurements were taken from digital
images of the sectioned otoliths using image
analysis software. The greatest width of the
otolith and the X-Y coordinates of the hyaline-
opaque transition were recorded at the outermost
tips of each annulus, after which these X-Y
measurements were converted to annulus dia-
meter. However, the direction of otolith growth
changes with age from a posterior-anterior direc-
tion (increase in otolith width) to a dorso-ventral
direction (increase in otolith thickness), as illu-
strated for a plaice otolith in Figure 2. The
annulus diameter was thus calculated for the main
axis of growth, which is defined as the greatest
width axis. Therefore, the X-Y coordinates of
the tips of each annulus were projected on the
main axis of growth (A-A in Figure 2). The
distance between the projected tips of annulus i
is the otolith diameter at age i. The obtained
measurements were then used to calculate annual
growth increments. The increment following the
last completed annulus is referred to as the
marginal increment.

The results obtained will be described in two
parts following the two basic approaches: identi-
fication of the edge type (opaque or hyaline) and
measurement of the marginal increment. The
numerous observations made on the modern
material will always be discussed first, followed
thereafter by presentation of the results obtained
from the archaeological material.

The edge type of the otolith

Plaice

Based on a previous growth study (Rijnsdorp et al.,
1990) it is concluded that the transition from
hyaline to opaque on average corresponds to
the 1st April and that the growing season
ends on the 30th October. From the monthly
analysis of the recent otoliths it is now clear that
this pattern is not clear-cut and that large varia-
tion in growth patterns must exist between indi-
viduals. Figure 3 shows that during almost all
months of the year opaque and hyaline otoliths
can be found within the plaice population, be it
in different frequencies.

The first conclusion from the recording of the
recent plaice otoliths must thus be that the edge
type (hyaline or opaque) of a single archaeo-
logical otolith will always be insufficient to
determine the season of capture of an individual
fish, because each edge type can be found
throughout most of the months within a year.
Of course the probabilities of finding a certain
edge type are different for each month, but

Figure 2. Schematic thin section of a plaice otolith with indication of themeasured increments.
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complete certainty will never be achieved. This
would only be possible in the case of a 100%
occurrence of a type within a certain month, a
condition that is seldom observed in fish popula-
tions today.

When dealing with an assemblage of archae-
ological otoliths from one context or a variety of
contexts within a site, possibly representing a
long period or multiple depositions, the use of
the H/O (hyaline/opaque) ratios has equally low
probability of being successful. A given ratio
within such an archaeological assemblage can
never be explained in an unequivocal way, since,
even when the deposit dates from a single year,
the ratio observed can be the reflection of a single
short fishing season or can be an average of
unknown amounts of fish captured at different
periods within that year. When the assemblage
investigated was deposited during several differ-
ent years, the situation becomes even more
complex. However, when dealing with an assem-
blage of archaeological otoliths that represents a
single depositional event, the H/O ratio could be
of use. Even then, large samples will be needed,
so that the effects of individual variation are
tempered, but the ratio could then be significant
and may in some cases indicate a particular fish-
ing season. However, since growth is a cyclic
phenomenon, comparable frequencies of hyaline
versus opaque are found to occur in very different
months, for example in April and November of

1996 for plaice from the central North Sea
(Figure 3).

There are even more complicating factors
hampering the evaluation of all types of archae-
ological assemblages. The data indicate that the
timing of deposition of opaque material is depen-
dent on the area where the fish come from and on
the age of the individuals considered. Figure 3
shows the percentage of opaque and hyaline
edges observed for each month of 1996 for plaice
from the central North Sea and from the eastern
Channel. It appears that the development of a
new opaque zone on the edge of the otolith
started in April (9% of the central North Sea
plaice and 43% of the English Channel had an
opaque edge). By May, nearly all otoliths exam-
ined in the eastern Channel had an opaque edge
and the opaque zone continued to develop on the
edge for the next 3 months. By contrast, in the
central North Sea there was a steady increase in
the proportion of opaque edges, but a significant
percentage of the individuals retained a hyaline
edge throughout June and July. The switch to
hyaline growth also started earlier in the eastern
Channel: around 40% of the fish had hyaline
material on the edge in August compared to
about 10% in the central North Sea. In both areas,
the majority of otoliths (82–100%) had a hyaline
edge in the period from October to March.

The differences in growth of plaice in the
eastern Channel and the central North Sea are
thought to be largely due to temperature differ-
ences between the two areas. Temperatures in the
shallow eastern Channel (and the southern North
Sea, for which we do not have sufficient samples)
increase rapidly in May and June and reach a
higher average temperature between July and
September than is the case in the deeper waters
of the central North Sea. Average temperatures in
the southern Bight reach 16�C whereas north of
56�N temperatures remain between 6�C and
10�C. Opaque material is thought to be deposited
during periods of high food availability and low
temperatures (Mosegaard et al., 1988). The
change to hyaline deposition is thus probably a
response to a decrease in food in late summer
while sea temperatures remain high. Measurable
growth ceases in October or November and the
hyaline edge remains until new growth starts the
following spring.

Figure 3. The seasonal change inpercentage edge type fromhya-

line to opaque for modern plaice from the central North Sea (IVb)

and the eastern Channel ( VIId) in1996.
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The seasonal changes in edge type are not
only depending on the area, but can also differ
from one year to the other, as shown by the data
from 1995 and 1996 (Table 2). Without doubt,
such variations also occurred in the past. Another
factor that needs to be taken into account is the
fact that younger fish start growth earlier in
the year than older animals. Figure 4 compares
the growth rates for North Sea and eastern
Channel plaice at 3 and 6 years. In the eastern
Channel, 60% of the 3-year-old individuals had
an opaque edge in April whereas only 20% of the
6-year-olds had started to form opaque material.

The difference was even more marked in the
North Sea where 20% of the 3-year-olds had
an opaque zone on the edge in March and nearly
100% in May. The 6-year-olds, however, were
slower to start growth: there was no evidence of
opaque material in April and only 40% had
formed opaque material on the edge in May.

From the above, it follows that it can only be
profitable to work with assemblages of several
otoliths found in archaeological layers instead of
considering each otolith individually. However,
as has been explained, it is obvious that a mere
comparison of the H/O ratios from archaeologi-
cal sites to the ratios available from the modern
specimens (Figures 3 and 4) cannot yield much
relevant information concerning the season of
capture, except in cases where there is archae-
ological evidence that the deposit was formed
within a relatively short period (and even then
confusion between months can occur, see above).
Moreover, it must not be forgotten that the
aforementioned modern data show that growth
differences exist between various fishing grounds
and different age groups, and that interannual
variations also occur. Of the analysed archaeolo-
gical otoliths only the plaice specimens from the
pit at Raversijde can be considered to represent a
single depositional event. All the other contexts
from the site contain fish remains that may have
been deposited over a long period within the year
and this for several years or decades in a row. The
latter contexts can represent a mixture of fishes
that were captured over several months but since
the exact length of the fishing season is unknown
and since it cannot be established what the
monthly amount of captured fish was, it is impos-
sible to reconstruct an average H/O ratio that can
be expected in a particular period of the year.
Thus, only crude seasonality estimates may be
conducted using the H/O ratio and they will
always be rather unreliable. If an archaeological
context yielded plaice otoliths that exhibit exclu-
sively hyaline edges, it could be assumed that
fishing took place in winter (although hyaline
specimens occur throughout the year). Similarly,
a 100% frequency of opaque edges would be
typical of summer fishing (although this edge
type occurs from spring to autumn). Clearly,
even more interpretation problems will occur
when both edge types are present.

Table 2. Monthly percentage of opaque edges observed in
modern samples of central North Sea (IVb) plaice in the years
1995 and1996

Month 1995 1996

1 0.0 2.0

2 0.0 0.0

3 2.3 1.7

4 32.8 9.2

5 61.6 44.9

6 74.2 50.5

7 88.3 72.2

8 95.6 91.8

9 59.7 85.8

10 18.6 17.5

11 8.3 8.0

12 0.6 5.0

Figure 4. Percentage of otoliths with opaque edge at age 3 and 6

in the central North Sea and the eastern Channel.
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Of the 279 otoliths recovered from a variety of
contexts at Raversijde, 43% have an opaque edge.
Not surprisingly, this ratio is difficult to interpret.
It corresponds to what has been found in the
modern specimens from the English Channel in
April and September, and it also corresponds to
the values observed for the months of May and
June in the central North Sea (Table 3). How-
ever, this ratio can also be attained in various
other ways, e.g. by assuming that fishing started
in winter when most edges were hyaline and
continuing into spring and early summer when
opaque material was laid down. Moreover, the
exploitation of various fishing grounds, different
age groups and interannual variations can have
had their effect.

In the case of the single depositional context
from the Raversijde pit, these drawbacks do not
have to be taken into account. Of the 119 otoliths
from the pit, 95% have an opaque edge. This ratio
corresponds well to the August value for the
central North Sea and to the May and June values
for the English Channel (see Table 3 and Figure 3).
Starting from the H/O ratio, it thus appears
that plaice from the Raversijde pit were captured
in late spring or summer. If these fish were from
the central North Sea, then the seasonality
estimate is certainly in contradiction with the
season expected from historical sources (Egmond,
1997) and also with the isotope data derived from
plaice otoliths from the same context (Patterson
2000; Patterson et al., in preparation), both indi-
cating plaice fishing during spring (see discussion

below). However, if they were caught off the
Belgian coast, then the fish would be expected to
show growth patterns more similar to the English
Channel sample. This would suggest that the fish
were taken in a late spring fishery, which is still
later than indicated by the historical sources. The
possible role of a different age composition of
modern and historical samples also needs to be
taken into account. The historical material com-
prises mainly relatively young specimens (see age
distribution curve in Figure 5) compared to the
modern samples, animals for which the growth
would have started earlier in the season. How-
ever, the seasonality estimate remains the same
when the 3 and 6 year classes of the Raversijde pit
are analysed separately and compared to the data
in Table 3: 100% opaque edges (n¼ 11) for the 3
year class and 93% for the 6 year class (n¼ 29).
An interpretation problem thus remains.

Table 3. Percentage of opaque edges observed in modern samples (sampling year 1996) of plaice from different zones and in
differentage classes (numberof specimens inparentheses)

Month Central North Sea (IVb) Eastern English Channel (VIId)

All ages (n¼ 2717) Age 3 (n¼ 237) Age 6 (n¼ 272) All ages (n¼1878) Age 3 (n¼ 317) Age 6 (n¼171)

1 2 6 0 0 0 0

2 0 0 0 0 0 0

3 2 20 0 0 0 0

4 9 62 0 43 62 26

5 45 97 37 95 100 89

6 51 96 43 96 100 100

7 72 100 97 100 100 100

8 92 88 94 59 57 80

9 86 50 86 43 45 43

10 18 2 10 0 0 0

11 8 0 3 0 0 0

12 5 0 6 0 0 0

Figure 5. Age distribution of plaice from Raversijde in the pit

(n¼129) and in all the other contexts (n¼ 472).
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Haddock

The distribution of haddock has varied over time
and the species was more abundant in the North
Sea at the beginning of the 19th century than
today (Rijnsdorp et al., 1996). Nowadays, the
species is absent from the southern North Sea,
but historical data show that it was abundant in
late medieval times (Egmond, 1997). It is obvious
that this lack of modern otolith collections from
this area will hamper comparisons with the
archaeological material.

The data considered regarding the growth of
modern haddock are from populations from the
central North Sea sampled in 1996. It appears
that, in that year, growth in modern haddock
from the central North Sea remained at a low
level until May, with only 10% of samples show-
ing an opaque edge type (Figure 6). About 60%
of haddock had developed an opaque edge in
June and all samples showed opaque edges in
August. The start of hyaline growth appears to
have been delayed until September and around
10% of haddock samples continued to show an
opaque zone until December.

Extrapolating the observational results of the
modern plaice otoliths, it is conceivable that the
presence of different age groups, various fishing
grounds and interannual variation will also be
factors that must be taken into account. How-
ever, detailed data to evaluate these factors are
not available, especially because haddock no
longer occurs in the southern North Sea. It is
likely that the haddock populations formerly
living in the southern North Sea will have started
the deposition of opaque material earlier than

those from the central North Sea, but there are
no recent data to corroborate this.

The observation of the edge type in haddock
otoliths from Raversijde was less straightforward
than for plaice. Aside from otoliths that had a
clear opaque or hyaline edge, there were speci-
mens that showed a hyaline edge at one side of
the thin section and a very narrow opaque incre-
ment at the other side (indicated as H/O in
Table 4). The latter specimens were from indivi-
duals that were clearly at the end of their slow
growing season and in which the new growth was
starting. Among haddock from Raversijde, 14%
had a hyaline edge at their complete periphery,
but when those otoliths are added that have such
an edge type on one side the ratio becomes 57%
hyaline edges. This H/O ratio observed in the
Raversijde haddock would correspond to what
can be expected in the central North Sea today in
May-June or September-October. As mentioned
earlier, however, a fishing season early in spring
can be postulated for the late medieval haddock
populations of the southern North Sea. Of
course, other restrictions in the interpretation
also occur, similar to those mentioned for plaice.
The haddock assemblage from Raversijde has
been collected from a variety of contexts and
therefore does not represent a single catch.
Haddock fishing is likely to have extended over
several months and the ratio observed could have
been obtained in various ways.

The marginal increment width

Plaice

As the ratio of opaque versus hyaline edges is
a very crude measure in seasonality estimates,

Figure 6. The seasonal change in percentage edge type from

hyaline to opaque for modern haddock from the central North

Sea (IVb) in1996.

Table 4. Edge typeof haddockotoliths fromRaversijde

Edge type Number %

H 28 14.4

H/O 82 42.3

O 49 25.3

O- 35 18.0

Total 194 100

H, hyaline; H/O, hyaline on one side, opaque at the other; O,

opaque; O-, narrowopaque.
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the width of the marginal increment must now be
taken into account in an attempt to use the
monthly otolith samples of modern specimens
as a reference to predict the season of capture of
the archaeological specimens. Figure 7 shows the
monthly mean width of the marginal increment
for the third and fourth ring of modern plaice.
From April onwards, the postulated start of the
growth season, a clear and steady increase of the
increment is visible, which reaches a plateau in
July-August. It is, however, also evident from the
standard deviations that there is an enormous
variation within each month, and, consequently,
a very large overlap between months. This large
variation, being the result of variation in growth
itself combined with the variation observed in the
appearance of the opaque and hyaline zones
(early or late growth start), severely reduces the
accuracy of any seasonality determinations fol-
lowing this approach. In the case of a single

archaeological otolith, it will appear that the
marginal increment measurement corresponds
to practically all months of the year within the
recent data set (Figure 7). Even when dealing
with material of many individuals from a single
depositional event, such as the pit at Raversijde,
problems remain with this approach. Even then,
the average marginal increment and the standard
deviation will not necessarily be conclusive.
Figure 7 (bottom panel) shows, for instance,
that the same variation is seen in the months of
February, July and December. When dealing with
an assemblage of archaeological otoliths from
one context or a variety of contexts within a
site, possibly representing a long period or multi-
ple depositions, the mean and variation observed
will be even more difficult to interpret.

It is possible that enlarging the modern otolith
sample may improve the reference curve, but it is
unlikely that the standard deviations will
decrease sufficiently to make this approach a
successful application. An additional drawback
of the method is that the modern samples do not
necessarily show the same growth pattern as the
historic ones. Table 5 shows that there is a
difference between the modern and archaeologi-
cal samples in the mean width attained at various
ages. The modern, overexploited, populations of
plaice grow more rapidly than the late medieval
ones (see also Van Neer et al., 2002), and, as a
result, the growth increments are larger in the
modern material. This potential source of bias has
to be added to the variation expected from the
fact that growth can start at a different moment
depending on the fishing area, that growth is age-
dependent with younger fish starting their
growth earlier in the year, and that growth will
vary between years. Reference curves should
thus be made for different age classes, from

Figure 7. Monthly mean increase (and�one standard deviation)

of the marginal increment for the third ring (upper panel) and

fourth ring (bottompanel) ofmodernplaice.The solid vertical lines

indicate the beginning and the end of the growing season as it is

usually defined for plaice (start 1st April, end 30th October). The

numberof specimens in eachmonthly sample is indicated.

Table 5. Mean width in mm of plaice otoliths at various ages
from themodernandarchaeological samples

Ring Modern Raversijde

3 3.85 3.24

4 4.23 3.80

5 4.44 4.13

6 4.59 4.33

7 4.84 4.56

8 5.05 4.86

9 5.39 5.40
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different areas within the North Sea and for many
different years. Constructing a curve based on
archaeological otoliths is, of course, impossible
since the capture date of the specimens is
unknown. However, as will be shown below,
observing the archaeological material is useful
for the analysis of the full widths that can be
attained by each individual full increment.

An alternative approach is to express the
observed marginal increments as a function of
another measurement from the same otolith sam-
ple. This could reduce the variation linked with
many of the factors described above. Monks &
Johnston (1993), in a theoretical overview of
possible methods for seasonality estimations
from growth increments, concluded that sophis-
ticated methods are not very rewarding. They
postulated that good results could be obtained by
comparing the width of the marginal increment
to the width of the preceding full growth zone, a
method that has already been applied to another
sample of plaice otoliths from Raversijde, where
each marginal growth increment was expressed as
a percentage of the preceding increment (Van
Neer et al., 1999). However, the relation between
the widths of successive growth zones has been
examined for plaice from Raversijde (Figure 8)

and it is obvious that there is no significant
correlation, possibly as a result of individual
and interannual variation in growth. This
explains the results that were obtained previously
(Van Neer et al., 1999: Figure 5) whereby com-
plete rings had a width of between 40% and
150% of the previous ring!

Since working with relative widths (which, in
the case of plaice, are not based on significant
regressions) involves more calculations and intro-
duces uncertainties, it is preferable to work with
absolute values. First, the distribution of the
marginal increments at a certain age can be
analysed. When dealing with an assemblage
deposited over several years, a unimodal distribu-
tion of the marginal increments could occur if a
single fishing season existed, although interann-
ual and geographic variations are likely to blur
the picture. In the case of a single depositional
event, thus an assemblage of fish captured at the
same time, a unimodal distribution is expected,
possibly showing less variation than in the case of
a multiple or longer depositional event. When
dealing with otoliths from an assemblage corre-
sponding with fish deposited at different seasons
or over a long period of the year (or successive
years), several peaks in the distribution can be
expected (in the clearest case), although in most
instances a more blurred picture will occur. In
theory, the form of the distribution could thus
reveal whether we are dealing with a seasonal
phenomenon or not. As a second step, and in the
case of a unimodal distribution of marginal incre-
ments, it is possible to compare the position of
the mean or modus with that of the distribution
of complete increments for the same full growth
ring (to be observed from all specimens from the
same assemblage that are at least 1 year older).

The distribution of the marginal widths of
plaice from the pit at Raversijde, which corre-
spond to a single catch, is shown in Figure 9 and
compared to the expected mean thickness of the
complete increment calculated from individuals
from the same site (arrowed in Figure 9). Except
for the fourth ring, for which the sample size is
rather small, the distribution of the marginal
increments resembles a unimodal distribution,
as expected. Moreover, compared to the arrows
that indicate the mean increment of complete
rings, the peaks are situated towards the left part

Figure 8. Relation between width (in mm) of second and third in-

crement (upper panel), and between fourth and fifth increment

(lower panel) of plaice from Raversijde.
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of the graphs. This indicates that the capture
must have taken place at the beginning of the
growth season. Single catches later within the year
would gradually shift the peak towards the right
part of the graph, so that ultimately the peak
would coincide with the location of the arrow.
However, since growth is not a linear process and
slows down as the season continues, this shift will
not happen at a constant pace and will therefore
complicate the interpretation (or recognition of a
single event later within the year).

Still better an approach is to compare the
distribution of the marginal increments with
that of the complete rings. For plaice from
Raversijde, the frequency distribution of the fifth
increment widths for complete rings are shown in
Figure 10 plotted against the distribution for fifth
rings that are marginal. The peak in the distribu-
tion of the complete increments corresponds to
the arrow in Figure 9. As in Figure 9, it is obvious
that plaice from the pit (Figure 10, upper panel)
were captured at the beginning of the growth
season, since the widths of the marginal incre-
ments are in the left part of the graph. Similarly,

single catches later within the year should be
indicated by a unimodal distribution more
towards the right of the graph. However, it is
again conceivable that such later single catches
will be more difficult to place, since the growth
slows down later in the growing season, as already
explained above. When the marginal increments
of all the other contexts at Raversijde are consid-
ered (Figure 10, lower panel), it appears that the
major fishing season was also early in the season,
as in the single depositional event, but that it
continued for a longer period. From the Raversijde
examples it is clear that a distinction can be
made between single catches and assemblages
that were fished over a longer period.

Haddock

The method outlined above has also been applied
to haddock otoliths from Raversijde. Figure 11
shows the widths of their fourth marginal incre-
ments and compares them to the widths of
complete fourth rings of individuals from the

Figure 9. Distribution of the marginal increment (in mm) of the i th ring for plaice from the pit at Raversijde. The arrow indicates the

expectedmeanwidth of the complete i th rings of the same site.Upper left: fourth ring; upper right: fifth ring; bottom left sixth ring; bottom

right seventh ring.
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same site. The position of the marginal incre-
ments’ distribution differs completely from that
observed in plaice. The distribution of the mar-
ginal increments coincides more-or-less with the
one of the complete rings, meaning that the

majority of haddock were captured when their
growth was slow or non-existent. It is clear that
the seasonality estimation obtained for haddock
is at first sight less precise than the one for plaice.
This is due to factors inherent to fish growth:
after a period of fast growth (which starts in the
warmer months with deposition of opaque mate-
rial), growth slows down and hyaline material is
deposited at a rather slow rate. Eventually, there
is a growth stop. This means that in the case of
the North Sea haddock, the fast growth will
already result in a rather wide increment that
can attain a thickness equalling or approaching
the expected width of the full increment. In terms
of seasonality estimation, this means that such
otoliths with a broad marginal increment can be
derived from fish that were still growing (but
towards the end of their growth season) or from
animals that were in a period of growth cessation.
This period can cover more than half a year
(from October to May according to the data
from Figure 6). The graph in Figure 11 also
shows a peak of narrow, marginal increments
that corresponds to haddock that had just started
their new growth. For those specimens it is
obvious that the capture took place within a
rather short period, although it is impossible to
find out when this was exactly because haddock
no longer live in the southern North Sea.

From the foregoing, it is clear that a precise
seasonality estimate, using objective criteria, can-
not be given for the specimens with a broad
marginal increment. It is only when circumstan-
tial evidence is used that the reconstructed fish-
ing season can be narrowed down. We know that
haddock otoliths from Raversijde do not repre-
sent material from a single depositional event, but
if we refer to historical information describing
haddock fishing as a winter activity, followed by
a plaice season in spring (Egmond, 1997), then it
is unlikely that the fishing season for haddock
would have lasted over 6 months. Two main
fisheries are indicated for haddock: one in the
spawning period (February to May, with a peak in
March and April), mainly in the northern North
Sea, and a later fishery between September and
October, when haddock were found feeding on
central areas of the North Sea (Parrish, 1956;
Quéro, 1997). However, there is obviously no
information for the southern North Sea since the

Figure10. Frequency distribution of the width of the fifth increment

(in mm) for complete rings and for marginal increment of plaice

from Raversijde for the pit (upper panel), and for the rest of the site

(lower panel).

Figure 11. Frequency distribution of the width of the fourth

increment (in mm) for complete rings and for marginal increment

of haddock from Raversijde.
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species no longer occurs here. The combination
of the edge type data (Table 4) and the increment
widths (Figure 11) suggests that haddock were
captured over a period of only a few months
maximum. The narrow marginal increments in
Figure 11 correspond to the specimens indicated
as ‘O-’ in Table 4, and it is conceivable that the
otoliths with the broad marginal rings in Figure 11
(i.e. the specimens with a hyaline edge, and the
H/O category from Table 4) correspond to fish
captured just before their new growth season was
going to start. This would mean that the assem-
blage of Raversijde consists mainly of haddock
fished rather late within the winter season and
into the spring or early summer period, when the
new growth started.

Discussion

General implications

The analysis of modern otoliths from fish with a
known capture date has shown that there are
severe shortcomings to the use of growth incre-
ments in the establishment of seasonality. Obser-
ving the frequencies of hyaline and opaque edges
proves to be too crude to allow any precise inter-
pretation. Moreover, it appears that the timing of
the transition of one type to another is variable
according to region. In addition there is interann-
ual variation, and changes in edge type are also
dependent on the age groups considered. Finally,
the timing of the transition from one edge type to
the other is only known for modern populations
and it is not sure that these can provide useful
reference data in all cases (see further).

To obtain more precision in the seasonality
determination, the width of the marginal incre-
ment must be taken into account. Modern sam-
ples, such as the ones available for this study,
allow the construction of a growth curve that
documents the monthly increase in width of a
given ring. The same drawbacks mentioned
above (regional, interannual and age-related
variation) apply here as well. Although the con-
structed curves show a clear average increase of
the absolute increment width during the growth
season, it appears that the individual variation
within each monthly sample is huge. This pre-

cludes the use of the width of a single archae-
ological otolith for the prediction of season of
capture of the corresponding fish. Also the use
of the mean width obtained from a large sample
of archaeological otoliths, even when represent-
ing a single depositional event, cannot yield an
accurate seasonality estimate because of the large
variation around the mean.

An alternative way to approach the problem is
to express the observed marginal width as a
measure of the expected width, and thereby using
reference information from the archaeological
material itself. Monks & Johnston (1993), in their
methodological study on incremental analysis,
concluded that in many cases good results can
be obtained by supposing that the expected
width equals the width of the preceding ring,
but in the case of the fish studied here, a very
poor relationship was found between the widths
of two consecutive rings. As an alternative, this
study proposes to quantify the marginal growth
by comparing the size distribution of the mar-
ginal increment to the distribution of the widths
of full-grown rings from the same rank (same year
of life). This means that the analysed rings are the
same age, but not necessarily all the fish. The
advantage of this approach is that the effect of
regional variation is ruled out, assuming that the
archaeological sample investigated does not
reflect catches from many different fishing
grounds. Of course, interannual differences in
growth can still play a role, but they will have a
less prominent effect when the distribution of
both complete and marginal rings are calculated
on the basis of specimens representing different
calendar years.

Applying the method proposed to an isolated,
single otolith is not recommended, but in the case
of assemblages representing a single catch, or even
of larger assemblages representing multiple depos-
its, useful results can sometimes be obtained.
However, in any case, sample sizes need to be
sufficiently large to obtain meaningful distribu-
tions. The distribution of the fully-grown rings is
wide and reflects the large variation also observed
in the modern otoliths. Moreover, depending on
where the distribution of marginal increments falls
with respect to the complete ones of the same
rank, the seasonality estimation will be more or
less accurate. When the marginal rings are narrow,
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and only the tail of the upper part of the distribu-
tion overlaps with the lower end of the distribu-
tion of the complete rings, the conclusion can be
drawn that the fish assemblage corresponds to a
catch at the very beginning of the new growth
season. However, within the growing period the
marginal increment distribution will soon start to
overlap with that of the complete rings. The
growth rate is high at the beginning of the new
growth season, but soon it gradually slows down.
The result is that, except for the initial part of the
fast growth season, the overlap of the two dis-
tributions will be such that it becomes impossible
to decide where in time the marginal growth
needs to be placed. Despite the apparently large
sample size of the modern otoliths available, it
appeared that the material was insufficient to plot
significant distributions documenting the gradual
monthly shift, a pattern already illustrated by the
large variation in Figure 7.

All this means that extensive modern samples
are needed to document the present-day growth
characteristics of the species studied archaeo-
logically. Even then there remains a degree of
uncertainty, as fish growth may have been
different in the past due to different predation
pressure or different climatic conditions. In
certain cases, it is not even possible to study
the present-day growth patterns of species from a
given region because their distributions have
changed and they no longer occur on former
fishing grounds near studied sites. Finally, there
may always remain a fundamental problem with
the comparison between recent and archaeologi-
cal sets of otoliths because both samples may
have been collected in different ways. The mod-
ern specimens come from fish that were caught at
sea using modern fishing technology while the
archaeological material derives from catches car-
ried out in a more traditional way. It is thus
conceivable that the recent material represents
a more complete, or more random, sample from
the populations than is the case for the archae-
ological material.

Implications for Raversijde

The plaice and haddock otoliths from Raversijde
were grouped into three large assemblages: 119

plaice otoliths corresponding to a single catch,
279 plaice specimens from various other con-
texts, and 202 haddock otoliths also representing
multiple deposits. The advantage of working with
this material is that it is abundant and that the
Raversijde material derives from part of a fish-
ermen’s village only occupied during the 15th
century. The available otolith material from other
archaeological sites in Flanders (cf. Van Neer
et al., 2002: Table 1) is less abundant, dating is
less precise and, because they are derived from
consumer sites, the material is likely to be less
homogenous as far as the geographical origin is
concerned. It is fortunate that both plaice and
haddock otoliths from Raversijde are so abun-
dant, since the historical sources (Egmond, 1997:
118–119) indicate when their fishing took place
in the 16th century in the southern North Sea:
plaice fishing started early February when the
landings of haddock decreased. Around March,
vast quantities of plaice occurred inshore and
their exploitation lasted for 2 or 3 months.
Against this background and also taking into
account present-day ecological data, an evalua-
tion of the increment data obtained is facilitated.

The distribution of the marginal increments
widths of plaice otoliths representing a single
depositional event (Figure 10, upper panel)
clearly shows that we are dealing with a catch
that took place when the new growth season had
just started. At the beginning of the growth
season plaice resume feeding with a diet domi-
nated by molluscs (Todd, 1914). The context
with the plaice remains under study yielded large
numbers of Donax vittatus shells, representing
stomach contents of the fish (Van Neer & Pieters,
1997). This also supports the hypothesis that the
fish were captured shortly after the start of feed-
ing in the spring. The historical scenario is
corroborated by the evidence from the otolith
analyses described above, pointing towards
plaice fishing in spring, except for the ratio of
hyaline versus opaque edges from this single
catch which indicates fishing in summer. How-
ever, the reasons for this aberrant estimation have
already been mentioned and include the fact that
only modern reference data can be used for the
H/O ratio whereas the marginal increment data
were compared to full rings from the archaeolo-
gical population itself.
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The assemblage of plaice otoliths collected at
several other locations of Raversijde (Figure 10,
lower panel) produces a marginal increment
width distribution that is only slightly different
from the one seen for the single catch. It seems
that plaice fishing at Raversijde has always been
an activity that took place at the beginning of the
new growth season. A random sample of 13 plaice
otoliths from this assemblage was used for oxygen
isotope analysis. The results demonstrate that the
fishing season was consistent in all specimens
(Patterson, 2000; Patterson et al., in preparation).
�18O(CaCO3) values are at a seasonal maximum or
are just beginning to decrease, indicating that
these fish were captured in late winter/early
spring, most likely in the month of March.

The interpretation of the increment distribu-
tions is less straightforward for the assemblage of
haddock otoliths (Figure 11). The marginal incre-
ment distribution corresponds more-or-less with
the distribution seen in fish that have terminated
the growth of that particular ring, with the
exception that there is a significant number of
specimens that are clearly at the beginning of a
new growth season. As already explained above,
the otoliths with narrow outer bands represent
fish that just started their new growth season,
which in adult specimens, is after spawning.
Nowadays haddock spawn in the northern North
Sea mainly between March and April (Parrish,
1956; Quéro, 1997). The growth patterns of
other gadoids from various parts of the North
Sea (Knijn et al., 1993) suggest that the late
medieval haddock that populated the southern
North Sea must have started spawning earlier
than the modern northern populations. However,
it cannot be established exactly when this was.

It makes sense to consider the other indivi-
duals—with the fully-grown rings—as fish that
were caught in the period just before those in
which the new growth had started, but this can-
not be proven using the increment data as such.
This is a problem inherent to the use of growth
rings: once a critical marginal width is reached, it
is impossible to distinguish specimens that were
caught towards the end of the growth season or
the period of growth cessation. This period lasts
approximately half a year, meaning that objective
seasonality estimations cannot be performed on
this basis. The same methodological problem had

already been encountered during the analysis of
growth rings in the pectoral spines of catfish
(Van Neer et al., 1993). Oxygen isotope analyses
of haddock otoliths from Raversijde will be
performed in an attempt to narrow down the
seasonality estimation in a more objective way.

Conclusion

It was believed at the beginning of this project
that the large sample sizes of investigated archae-
ological otolith assemblages and their compar-
ison with extensive modern otolith collections
would enable the refinement of methods for
seasonality analysis. Considerable criticisms of
increment studies for archaeozoological purposes
had been offered by Carlson (1988), which were
countered, on a rather theoretical basis, by Desse
& Desse-Berset (1992). The present analyses,
however, confirm the difficulties inherent to
archaeozoological applications postulated by
Carlson (1988). The conclusion from the fore-
going analyses is that the chances of obtaining a
good seasonality estimation depend on 1) the
season of capture itself: when the major season of
capture coincides with a period of rapid growth,
especially the beginning of a new growth season,
chances are high that this season can be deter-
mined, and 2) the amount of material and the
type of context from which it is derived: single
depositional events, or a rather short seasonal
event that is repeated year after year, are likely to
produce better results. Finally, circumstantial
evidence is of course much welcomed, such as
historical data on former fishing practices, as well
as data on the feeding and spawning behaviour
and related migrations resulting in seasonal
changes of abundance and accessibility.
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