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Abstract
The overall objective of this guide is to serve as a user manual for interpreting the scales and
estimating the age of brown trout (Salmo trutta) from the French trout populations.
Three biological forms of brown trout, river, lake and sea, have colonised a large number of aquatic
environments in France, owing to a high ecological plasticity of the species.
Following a presentation of the species, its ecology and its life-history strategies, this document
describes in detail the structure of trout scales and the methods for collecting, preparing and
mounting scales. Definitions of scale structures and a standard notation system for age are
proposed for the three biological forms. This guide is richly illustrated with examples of typical
scales from trout coming from 39 rivers and three large lakes throughout France. Finally, the main
difficulties in estimating the age of fish are analysed via examples, including potential solutions
and a number of recommendations.

KEYWORDS
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Introduction

Given its indisputable commercial value, the brown trout, a species in the salmonid family, has
long been the topic of innumerable studies (Frost & Brown, 1967). From its original range in Eurasia, the species has spread extensively following introductions to many regions around the world
since the 1850s (MacCrimmon & Marshall, 1968). Among all the introduced salmonid species, the
brown trout is by far the species that has best colonised wide parts of the world outside its original
range, thus demonstrating its high degree of ecological plasticity (Baglinière, 1999).
Its biology, ecology, the behaviour and genetic characteristics of its populations are now relatively
well known (Elliott, 1994; Baglinière & Maisse, 1999). That being said, trout remain an ecological
model that is difficult to study in the natural environment due to the high degree of plasticity.
Trout are also a sentinel species in their environments. On the basis of changes in their life-history
strategies, the species can be used to analyse the impact of global change, particularly on the
upper sections of river basins where they are primarily found.
Similar to a certain number of other species, the analysis of the characteristics of trout populations
makes possible to study the species’ biology and ecology, notably its population dynamics and
life-history strategies. This analysis requires an estimation of the age of fish based essentially
on hard structures with periodic growth cycles, e.g. scales. These hard, bony structures are still
widely used to estimate the age and growth of many salmonid species (Baglinière & Le Louarn,
1987). However, estimates remain somewhat uncertain given that numerous and diverse factors
represent potential sources of error, e.g. insufficient biological knowledge, multiple responses of
populations to different environments, lack of knowledge concerning the optimum zone for scale
removing and the definitions of scale structures, reader experience, older fish, etc. Standardisation
of scale interpretation over a wide geographic area is an important factor in ensuring the reliability
of the results and traceability of this sclerochronological method. For salmon, this essential step
led to the organisation of a large number of national and international scale-reading workshops
that produced richly illustrated guides and reports (Baglinière, 1985; Shearer, 1992; ICES, 2000,
2011 and 2013; Niemela et al., 2016). A number of publications address the description and
interpretation of scales from river trout (Baglinière & le Louarn, 1987), sea trout (Richard & Baglinière, 1990; Elliott & Chambers, 1996) and lake trout (Melhaoui, 1985; Buttiker et al., 1987;
Champigneulle et al., 1990), but to date, at least for France, there does not exist any guide to
the interpretation of the scales of all three biological forms of brown trout, namely river, lake and
sea. To that end, in the framework of the COLISA (COLlection of Ichtyological Samples)) Centre
of Biological Resources (Marchand et al., 2018), a part of the environmental section of the RARe
Research Base, a partnership was set up between UMR ESE (Rennes), Carrtel (Thonon-les-Bains),
Ecobiop (Saint-Pée-sur-Nivelle), U3E (Rennes) INRAE and the French Biodiversity Agency (OFB).
The objective is to standardise scale-reading criteria for ageing of brown trout and to provide an
interpretation guide based on the scale analyses of trout populations representing the different
life-history strategies of the species.
This guide identifies and presents the essential scale structures required for scale interpretation. It
also makes recommendations on the preparation and mounting of scales and proposes a notation
system for fish ages that covers all the possible situations for the different trout biological forms.
Finally, it reviews the main difficulties encountered in estimating the age of individual trout among
the populations found in French rivers and lakes using illustrations covering a large number of
typical cases (easy interpretation of scales, but where the results depend on knowledge of the
biological form and population characteristics) and atypical cases (more difficult interpretation).
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1

Presentation of the species,
its range, life-history strategies
and studied populations

1.1 The trout species
Brown trout, Salmo trutta L., are a species in the Salmonidae family and the Salmoninae subfamily.
They are part of the Salmo genus. The number of species in the Salmo genus has varied significantly
over time, due in large part to the adaptive capabilities of brown trout to different environments,
with as a result a high degree of polymorphism. In the past, this diversity led to the description
of approximately 50 European species, including the biological forms (river (or resident), lake and
sea trout) and regional forms, thus complicating the systematics of the genus (Ombredane et al.,
2011). The systematics was recently modified again with a reduction in the number of species
in the Salmo genus from six (Crête-Lafrenière et al., 2012) to four (Sanz, 2017), namely Atlantic
salmon (S. salar), belvica (S. ohridanus), Adriatic trout (S. obtusirostris) and brown trout (S. trutta).
Within the brown-trout species, there are five main lineages, namely Atlantic, Mediterranean,
Marmoratus, Adriatic and Danubian, plus four minor lineages (Sanz, 2017; Tougard et al., 2018).
In France, there is only one species of trout, i.e. brown trout of the Atlantic, Mediterranean and
Adriatic lineages, contrary to the results of a previous study listing three species, essentially on the
basis of morphological criteria (Kottelat & Freyhof, 2007).
The Adriatic lineage is represented only by the ancestral Corsican trout, sometimes improperly
called S. (trutta) macrostigma (Tougard et al., 2018). Trout of the Mediterranean lineage have
colonised all rivers emptying into the Mediterranean. The ancestral Corsican trout has colonised
the head watersheds of rivers on the island of Corsica. Trout of the Atlantic lineage have colonised
all rivers emptying into the English Channel and the Atlantic Ocean. The traditional hatcheryreared strains come primarily from the Atlantic lineage (Ombredane et al., 2011). However,
hatchery-reared strains from the Mediterranean lineage have been observed over the past ten
years (Caudron, 2008).

Biological forms and range
Brown trout in the three biological forms may be found throughout France. The most common is
the river-trout (RTR) form. The lake-trout (LTR) form is the least common. It is native to the large
peri-alpine lakes (Lakes Geneva, Bourget and Annecy) and has often been introduced in mountain
lakes (Alps, Massif Central and Pyrenees) (Melhaoui, 1985).
The sea-trout (STR) form is present along the whole coast of the English Channel and Atlantic
Ocean, but with a variable abundance if the capture data submitted on a voluntary basis to the
National Analysis Centre on Salmonid Captures (CNICS) provide a valid picture of the situation. In
Normandy and Picardy, populations are abundant and include a majority of fish having spent long
periods at sea (one or two sea winters) (Launey et al., 2017). In Brittany, the numbers of sea trout
in rivers are low compared to those observed in rivers in Normandy and the present populations
are composed essentially of fish having spent short stays at sea (four to six months, i.e. finnocks)
(Launey et al., 2017). This lower presence may be caused by differences in the conditions at
sea. The sandy marine habitats along the eastern section of the English Channel are thought
to be more favourable for the dispersal and growth of trout than the rocky habitats along the
western section of the Channel (Quéméré et al., 2015). Starting from the area around the mouth
of the Loire River, the populations of sea trout are much less abundant, with the exception of the
Adour-Gaves-Nivelle basin (Masson et al., 2017). In the latter basin, sea trout are exploited by
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commercial fisheries (Castelnaud, 2001; Prouzet et al., 2001). The populations include both fish
having spent long and short periods at sea, similar to the situation in Normandy (Prouzet et al.,
2001; Lange et al., 2011 and 2015).
Brown trout may also be found in the French territories in the southern hemisphere, in the Crozet
archipelago and the Kerguelen Islands that are part of the French Austral and Antarctic Territories
(TAAF). They were introduced at different points in time, starting in 1954 and up to 1992, using
the French domestic Atlantic strains, wild strains from Poland (a migratory form from the Slupia
River) and, occasionally, a non-migratory Mediterranean strain coming from tributaries to the
Aragon River (Lecomte et al., 2013). The introductions were carried out in rivers and lakes in the
eastern section of the archipelago, primarily on the Courbet peninsula. Natural colonisation of
other rivers took place due to the sea form of the trout, that returned to spawn in freshwater, in
virgin rivers, far from the point of introduction. Brown trout in the three biological forms are now
common on the Kerguelen Islands. Colonisation of the archipelago continues westward, notably
in environments opened by the rapid melting of glaciers or in virgin rivers where no fish were
previously present (Davaine & Beall, 1998; Ayllon et al., 2006; Labonne et al., 2013; Lecomte et
al., 2013).

Genetic characteristics, life-history strategies and biological cycles
In many cases, river forms on the one hand and sea/lake forms on the other live in sympatry in
rivers. No genetic differences were observed between the river and sea forms in a given river
(Charles et al., 2005), which would imply major biological and functional relationships between
the two forms. The same is true for river and lake forms living in sympathy (Giger et al., 2006). It
should be noted that the «marine migratory» trait is only partially inheritable, meaning that a river
or sea biological form can develop from another form. The probability that a given fish will become
a sea trout is nonetheless superior if its parents are sea trout (Ombredane et al., 1996). In addition,
juveniles of the lake and sea forms become distinguishable from the river form at the migrating
juvenile stage during their downstream migration to a lake or the sea, owing to morphological
(silvery white colouring, change of fin colours, longer body and fins) and behavioural changes
(Champigneulle et al., 1988, 1991; Baglinière et al., 2000; Amstutz et al., 2006). For the sea
form, it should be noted that physiological modifications take place in the process of adapting to
the marine environment, i.e. when smoltifying, as in Atlantic salmon (Tanguy et al., 1994). This
transformation is not always required as some high growth juveniles are able to migrate to the
sea without fully smoltifying (Tanguy et al., 1994). This shift in environments commonly results
in an increase in somatic growth, which can be observed on the scales by examining the growth
patterns. This increase is generally observed in the youngest fish that compensate for their smaller
size at the start of the migration and trend toward an optimum size on entering the sea.
Finally, analysis of data series produced during PIT-tag operations on young of year trout showed
that, in coastal rivers, there are not two life strategies for trout (river or sea trout), but rather
a continuum of tactics starting with the establishment in the nursery stream, followed by the
migration in the river and finally the migration to the sea. These tactics are implemented over time
(age at maturity, lifespan) and space (migration distance) (Cucherousset et al., 2005), where the
probability of migrating (stream to river and river to sea) is determined by the growth rate during
the juvenile stage (Acolas et al., 2011). Generally speaking, the factors that influence survival and
growth determine life-history decisions (Nevoux et al., 2019). The existence of this continuum
highlights the high degree of ecological plasticity of trout, which can express itself on two levels:

-- the individual level, as some observations have shown that certain fish can begin their life cycle

with a river-trout strategy, then shift to the strategy of a lake or sea trout (Melhaoui, 1985;
Baglinière, personal publication);
-- the populational level, with the example of the Kerguelen Islands, where the first strains
of introduced trout mainly came from the river-trout form and resulted in the formation of
resident(river), lake and, above all, sea populations (Davaine & Beall, 1998).
Numerous restocking programmes have taken place in the past and continue today, using
domestic strains. Above and beyond the fact that ageing the restocked fish on the basis of their
scales is difficult, restocking can lead to introgression between domestic and wild populations,
thus reducing the genetic diversity and the adaptive capabilities of the latter. The best example is
the introgression of the Mediterranean lineage by the Atlantic lineage in the French Alps, though
today restocking projects can use native Mediterranean lineages (Caudron, 2008).
10
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The work done has made it possible to better understand the adaptive capabilities and the
ecological plasticity of trout and to produce a diagram highlighting the complexity of their
biological cycle, due in large part to the large number of life-history strategies and the size of rivers
(Figure 1). The diagram is valid for all trout populations, including the lake forms whose life cycle
takes place in both rivers and lakes, and certain resident forms that colonise mountain streams
where the possibilities for migration are limited in some cases. Two other, optional strategies must
be mentioned. The first concerns the lake form, where some populations do not migrate up to
the tributaries, but prefer to spawn in the shallower waters of lakes. The lake juveniles migrate
to the deeper sections of lakes to feed. The second strategy concerns the river form, which can
occasionally migrate downstream to an estuary where it remains a few months before migrating
up to spawn. These fish are called estuary trout (slob trout in the U.K.). These strategies may be
detected, in part or in whole, in the growth patterns of scales (stronger growth during the juvenile
or adult stages).

Upstream
C

A
E
Tributaries / streams

River

B

Partial inheritability
of the STR migratory trait

Downstream

More or less overlap
of spawning zones
Cross-fertilization between
the two forms

D

High-growth RTR juveniles
migrating to the sea
Sea

Figure 1. The complexity of the life cycle and the numerous life-history strategies of brown
trout in a river (RTR = river trout, STR = sea trout) (Baglinière & Ombredane, 2013).
A. The juveniles migrating to the main river are essentially the offspring of spawners migrating
in the tributaries.
B. Resident spawners are the offspring of river spawners and produce a majority of the
juveniles migrating to the river.
C. The juveniles are the offspring of spawners present in the upstream part of the river.
D. The juveniles may be the offspring of spawners in the downstream section of the main river
that migrate to the upstream section for spawning.
E. The juveniles may be the direct offspring of sea trout or the offspring of a crossing of river
and sea parents, depending on the overlap of the spawning zones of the two forms and on the
average size of the sea trout (long or short periods in the sea).
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Studied populations
The studied trout populations come from 39 rivers and three large lakes from different regions of
France (Figure 2), namely Brittany, Normandy, Hauts-de-France, New Aquitaine (Basque Country,
Pyrenees), Auvergne-Rhône-Alpes (Cantal, Ain, large peri-Alpine lakes, Alps), Provence-Alpes-Côte
d’Azur and Grand-Est. The Bresle and Oir Rivers (Normandy), Scorff (Brittany) and Nivelle (Basque
Country) are the study sites of the Observatory for environmental research on diadromous fish in
small coastal rivers (ORE DiaPFC). The Geneva, Annecy and Bourget Lakes are the study sites of the
Observatory for environmental research on Alpine lakes (OLA). The trout populations in these rivers
and lakes are monitored over the long term, notably with capture-mark-recapture campaigns (use
of PIT tags). In addition to these populations from continental France, the studied populations
include those from the Kerguelen Islands, sampled in ten of the 42 colonised rivers where the
three forms may live in sympatry (Davaine & Beall, 1997). These are the Rivers Château, Manchôts,
Pointe-Morne, Rohan, Norvégienne, Nord, Acaena, Val-Travers and Clarée and the Studer system
(river and lake). The Kerguelen populations have also been monitored over the long term (tagging,
scale reading, otolithometry) to determine, among other aspects, the effects of climate change
on aquatic environments where virtually no direct, human pressures are exerted. Papers on
interpretation of trout scales from the Kerguelen Islands have already been published (Beall &
Davaine, 1988; Beall et al., 1992). Nevertheless, a number of scales are presented here in order to:
- give examples illustrating the life conditions of a population in a cold environment;
- compare age estimates between scales and otoliths;
- provide solutions for certain interpretation problems.
All the studied populations have different biological traits, but a number of common traits as well,
including the most important listed below.

Populations in continental France (Melhaoui, 1985; Baglinière et al., 1997 ; Champigneulle
et al., 1999; Euzenat et al., 1999; Maisse & Baglinière, 1999):

-- trout reproduce toward the end of the year (short days), from late fall until the middle of winter.
This spawning period may start earlier in colder regions where rivers cool more rapidly and can
freeze in winter. In general, the river form has a longer and earlier reproductive period than the
lake and sea forms, whose periods are shorter;
-- upstream migration of adults (migratory forms) to the spawning grounds is determined in
part by the size of the river and of the spawners. The smaller the river, the later the upstream
migration, the larger the spawner, the earlier the upstream migration (attractiveness),
-- downstream migration of the juveniles of all three forms to their growing zones takes place in
the spring. However, a significant part of downstream migration for the lake form takes place
in the fall. Some observations have been made of sea-trout juveniles migrating in the fall, but
in limited numbers;
-- the lifespan of the three forms rarely exceeds ten years in temperate zones such as France. And
it is significantly impacted by fisheries.

Kerguelen Island populations (Davaine & Beall, 1997):
-- optimal period of reproduction occurs in July (austral winter);
-- migratory juveniles migrate downstream at the beginning of the austral summer (November),
whereas the sea-form adults migrate upstream in April-May (end of austral summer, beginning
of winter);
-- sea trout systematically migrate upstream in rivers for the winter (four to six months) and the
first reproduction generally takes place during the second return to freshwater for males and
the third for females;
-- lifespan can significantly exceed eight years for the river form and 12 years for the sea form.

Finally, for all forms and populations:
-- first sexual maturity occurs on average one year earlier for males (at age two to four years) than

for females (age three to five years), and takes place on average at a later age for the lake form;
are iteroparous and the maximum number of observed reproductions, in temperate
climates, is five for the lake form and seven for the river and sea forms.

-- trout
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Figure 2. Geographic distribution of the studied French trout populations.
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Description of the morphology
and structure of trout scales

Trout scales have already been described by a number of authors (Grassé, 1958; Frost & Brown,
1968; Burdak, 1986; Baglinière & Le Louarn, 1987). They are of the cycloid type, which is the older
type of elasmoid scales (Ombredane & Baglinière, 1992). Scales consist of two main layers, a deep,
fibrous layer and a superficial, mineralised layer on which the ornamentations appear (Ombredane
& Baglinière, 1992).
Scales have a characteristic shape, clearly round to oval, that is typical of the Salmoninae
subfamily. The shape can vary with the biological form, age and size of individual fish, in relation
to the growth rate and sexual maturity. The edges are smooth and the focus (centre) is more
or less centred. A single, main type of ornamentations may be observed on the surface of scales
(Figure 3). They consist of very fine, narrow-spaced lines that are calcareous, surface deposits called
circuli, that correspond to the growth phases of the fish. The circuli are deposited on the anterior
section of the scale, i.e. the part embedded in the dermis, in relatively regular and concentric lines
around the focus. These marks are virtually absent on the posterior section of the scale, i.e. the
exterior, visible part of the scale on the body of the fish, but circuli may occasionally be observed
there as well. Additional ornamentations observed on the anterior section are caused by structural
modifications in the circuli (discontinuities, variable inter circuli space, erosion along the edge of a
scale) and those modifications transcribe events in the life history of the fish (age, spawning marks,
changes in environment).
The analysis and interpretation of scales concerns essentially the anterior section, which grows
more than the posterior section. However, in certain cases, an examination of the posterior section
can fill out the information gained from the anterior section because certain features may be
partially preserved there (circuli, annuli, spawning marks).

Circuli
Winter band

Anterior section

Focus or centre

Posterior section

Figure 3. General structure of a trout scale.
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Scale reading

Collecting, preparing and mounting scales
A standard zone for scale collection has been established for brown trout (Figure 4). It is located
above the lateral line and on a line extending from the anterior edge of the anal fin to the
posterior edge of the dorsal fin. This zone comprises scales typical in shape, highly readable and
with a lower percentage of regeneration. The entire life history of the fish is inscribed in these
scales. The development of regenerated scales occurs when scales have been lost due to a wound,
subsequently healed, in the epidermis of the fish. In a regenerated scale, the osteoblasts initially
produce a disorganised, superficial layer, which serves as an easy means to identify the focus of
a regenerated scale, before again making more regular deposits of circuli. For this reason, the
new scales do not inform on the life history of the fish before the wound occurred. However,
the readability of the new scales and their value in estimating the age of a fish depend on their
regeneration rate (Figure 5). It should also be noted that scales should not be collected from the
lateral line because they may be perforated by the line, making interpretation difficult (Figure 6).

Lateral line

Stainless-steel scalpel

Stainless-steel tweezers

Figure 4. Collection of scales from brown trout,
and conservation bag.

Bag (e.g. bubble envelope)

the optimum zone, tools used
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A

B

Winter band
Figure 5. Regeneration of a trout scale (RTR, Maronne, Lt 320 mm, age 3 + years).
A. Readable scale
B. Slightly regenerated scale, analysable
C. Scale not suitable for analysis

Figure 6. Scale collected on the lateral line of a trout and
impossible to use for age estimation
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It is advised to remove ten to fifteen scales from a live fish (more from a dead fish). The minimum
number of ten is particularly recommended for both older fish and because scale regeneration is
frequent in brown trout (60% of sea trout) (Baglinière et al., 1986). The collected scales should be
sorted (using a binocular magnifier) in view of mounting four to six scales between a microscope
slide and cover slip or between two slides. The scales should not be regenerated and suitable for
analysis.
The scales can be removed by scraping the dermis with a scalpel or a knife blade, or using dissection
tweezers (Figure 4). Tweezers are often used when collection takes place before or during the
reproductive period because the scales adhere more to the dermis and are fairly significantly
eroded, in which case the accessible part of the posterior section is smaller. It should be noted
that tweezers have a double advantage over a scalpel, whatever the removing period. First of all,
they are less invasive in that they do less damage to the dermis. Secondly, tweezers can be used
to remove the scales from the entire standard zone, whereas a scalpel collects scales from a single
section. Consequently, the use of tweezers reduces the risk of collecting only regenerated scales,
which would make it impossible to estimate the age of the fish.
Following removing, the scales should be put in a paper bag (Figure 4) and stored in a dry place
suitable for a long conservation (complete drying without decomposition). Using this technique,
the scales can be conserved for over 50 years in view of new age readings or for genetic analysis
(DNA is present in the mucus and the residual tissue) (Perrier et al., 2013).
It is preferable to clean the scales prior to attempting to read them. Immediately following
removing, the scales can be cleaned without water by rubbing them between two fingers or
using tissue paper for larger scales. Generally speaking, a light cleaning is sufficient. Simply dip
the scales in water and brush off any debris using a fairly stiff paint brush. In a lab, the cleaning
method of placing the scales in a stripper solution with a very low concentration (KOH 5%, Trypsin)
for a limited period of time (less than three minutes) is generally effective. The scales should then
be rinsed and cleaned under water using a paint brush.
The method of making impressions of uncleaned scales on a plastic film (CNICS protocol) is now
widely used. It consists of printing the scale on a strip of cellulose acetate (25 mm x 75 mm) that is
run through a press. The rollers of the press should be clean, i.e. they should be rubbed clean after
each passage using a kitchen sponge and then wiped with tissue paper to remove any sponge
residue. The gap between the rollers must be set according to the size/thickness of the scale. This
may require several attempts in order to determine the correct pressure. A minimum of four scales
for adult salmon and sea trout should be selected using a binocular magnifier. The scales should be
aligned in the same direction, i.e. the anterior section facing down, with the matt side in contact
with the strip, on the left-hand side of the strip with enough space between each scale to ensure
that they do not overlap during printing (Figure 7).

Date and site of
capture.
Characteristics
of the fish

Figure 7. Position of scales on the strip of cellulose acetate prior to impression.
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This method is advised particularly for adult fish (large scales). In some cases, certain scale
structures may be poorly printed or deformed (ICES, 2013) and consequently difficult to read.
This may result in incorrect age estimates and faulty interpretation of other aspects of the fish
life history (spawning marks not visible on the impression, incorrect estimates of anterior growth
[back-calculation1]). However, the impression method has one major advantage. In addition to the
fact that any impurities are not printed, the method preserves the intact scale that can be used
for genetic studies at a later date. This is not the case for scales cleaned with a stripper solution.
Following cleaning or impression, the scales can be read either directly without being mounted
or after being placed between a microscope slide and cover slip or between two slides. At least
six scales per fish (particularly for large trout that are theoretically older) should be read in order
to ensure that at least one is readable and to confirm the estimated age (sufficient repeatability).

Reading scales
In general, the scales, whether mounted, printed or used directly, are read and interpreted using
magnifying optical equipment (magnification by factors of 10 to 50), such as a binocular magnifier
or a microfiche reader. The scales can also be interpreted using digital images produced by a
camera connected to the optical equipment. However high-resolution images are required and the
background and contrast settings must be carefully adjusted. There are three advantages to using
images, namely it is possible to:
- read the scale again if interpretation is difficult;
- share the interpretation of the scale with colleagues;
- make a collection of reference scales.
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1. The concept of back-calculation
is based on the relation between
the growth (length) of the fish
and that of a scale. Using this
relation, the size of a fish at
the time each winter annulus is
produced can be back-calculated
(Ombredane & Baglinière, 1992).
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Identification and definition of the
observed scale structures

Annulus or winter band
The annulus (or winter band) is a periodic histomorphological mark. It corresponds to the cold
period of the year when the growth of salmonids slows or stops. In scale reading, the annulus
is a structural discontinuity which follows the circular shape of the scale and which results in a
tightening, cutting over or fusion of circuli (Baglinière et al., 1992). In trout in temperate zones
(and all types of environment, river, lake and sea), winter bands generally take the form of a more
or less thick band of narrow-spaced circuli that circle around the focus (Figure 8). The winter bands
would appear to be less closely positioned in lake trout during the growth phase in the lake.

Figure 8. A typical winter band
year of growth (RL) .

, often observed between the first and second

The first winter band often appears as the last circulus between two uniform zones of rapid
growth, where the first is made up of more narrow-spaced circuli than the second (Figure 8). In
this case, similar to bones, teeth and otoliths, we may speak of a rest line (RL) which is a theoretical
limit that corresponds to the first broken circulus before the new annual zone (Baglinière et al.,
1992).
On the Kerguelen Islands, the annulus corresponds to half a year in the life of the fish given the
extreme conditions that stops the growth of trout during the six months of the austral winter (May
to October). In addition, the winter band comprises a very small number of circuli or is present
simply in the form of an RL due to the low growth conditions in rivers (Figure 9). This observation
is also valid for the scales of trout living in mountain streams.
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Figure 9. Typical winter bands on the scale of a resident
trout from the Kerguelen Islands (RTR, Val-Travers River,
Lf 190 mm, age 3+).

Annual zone
The annual zone consists of a growing zone (wide-spaced circuli) followed by a winter band
(narrow-spaced circuli) or an RL (Figure 10). For the sea and lake forms, scales have two growth
patterns that are composed of differently sized annual zones. The existence of the two growth
patterns makes it possible to distinguish between the growth phase of juveniles in rivers (slower
growth with finer circuli less widely spaced) and that of adults or subadults in lakes and the sea
(higher growth with thicker circuli much more widely spaced) (Figure 11a and b). This double
growth pattern is much more clearly apparent in sea trout. In the lake form, it has been observed
that the initial, slow growth phase corresponding to juvenile phase in a river is not always clearly
visible (Melhaoui, 1985). Moreover, the change in pattern between low and high growth may
signal an acceleration in growth due to the shift to a ichtyophagous feeding regime in juvenile
trout born in lake (Champigneulle et al., 1999).

Posterior section
Focus or centre

Anterior section

Circuli

Year

RL

Growing zone

Annulus

Figure 10. Diagram of the annual zone of a trout scale.
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Mer
Lac

Rivière

Rivière

A

B

Figure 11. Distinction between the river and lake phases in the scale of a lake trout (A) and between the river and sea
phases for a sea trout (B).

For sea trout, it is often possible to distinguish a third, «transition» zone (called type B or run-out)
that corresponds to the migration period to the sea of the juvenile fish. This zone consists of an
intermediate growth pattern on the scale, between the patterns of the river and sea zones (Figure
12a). This zone can also appear, though less frequently, on the scales of lake trout between the
river and lake phases (Figure 12b).

River

River

Sea

A

Lake

B

Transition zone between the river and sea phases on the scale of (A) a sea trout and (B) between the river and lake
Figure 12.
phases of a lake trout.
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Spawning mark
The spawning mark is a periodic, histomorphological mark. Generally speaking, a spawning
mark is a continuous, concentric line with a more or less significant overlapping of circuli (circuli
deposited before and after spawning are no longer parallel) (Figure 13a, b and c).
The mark often runs around the entire scale and can thus appear on the posterior section (a
decisive criterion). The mark is very frequently visible on the sides of scales, where there is a greater
degree of disorganisation (a continuous white band). Spawning marks are the result of scale
erosion due to the use by fish calcium reserves from the scale at the time of its sexual maturity
(Figure 13d), similar to the phenomenon observed in Atlantic salmon (Kacem et al., 2013).

A

C

B

D

Figure 13.
Marque de reproduction typique : chez une truite rivière (A) ; chez une truite de lac (B) ; et chez une truite
de mer (C) ; érosion sur le bord et la surface de l’écaille chez une truite de mer en période de reproduction (D).
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Age estimation

Birthday date and annulus formation period
For trout, whose chronobiology is very similar to that of Atlantic salmon in temperate regions, the
birthday date is identical, namely the first of April (Shearer, 1992; ICES, 2011). This birthday date
corresponds to the theoretical median date when the alevins emerge. It should be noted that the
date varies for different latitudes, altitudes and from year to year (and will continue to vary due to
climate change), given that it strongly depends on the temperature.
However, it is better to know when the winter band forms rather than the theoretical birthday.
In temperate regions, the band generally forms between February and early May (Baglinière &
Maisse, unpublished data) and between October and November for the fish populations in the
Kerguelen Islands (Beall & Davaine, 1988). The temporal variability in the appearance of the winter
band depends on the age of the fish (it occurs later if the fish has reproduced once) and on the
environmental conditions (it occurs later following a cold winter) (Baglinière & Maisse, data not
published).

System for age notation
Age notation differs depending on the biological form.

For river trout, the total number of annuli on the scale are counted. A plus sign (+) is added if

the fish is still in a growth phase, i.e. there is not a winter band along the edge of the scale (plus
growth). There are also one or more numbers indicating the years that the fish reproduced. For
example, the notation 3+ means that the fish is at least three years old, that it is currently in its
fourth year and no spawning marks are visible on its scales. The notation 3+3 means that the fish
is at least three years old, that it is currently in its fourth year and that it spawned once during its
third year.

For sea trout, there is a zone of slow growth (narrow-spaced circuli) in the centre of scales that

corresponds to the time spent by juveniles in freshwater environments, followed by a zone of high
growth (wide-spaced circuli) corresponding to the sea phase. Consequently, similar to Atlantic
salmon (Baglinière, 1985), it is possible to distinguish a freshwater age and a sea age (Richard &
Baglinière, 1990). The freshwater and sea ages are noted by counting the total number of winter
bands on the scale for each phase (river and sea). A plus sign (+) is added if the fish is still in a
growth phase when caught (plus growth), followed by one or more numbers indicating the winters
during which the fish reproduced during the sea phase.
Four types of sea trout have been defined, depending on the duration of their stay in sea before
their first reproduction (Richard & Baglinière, 1990):
- Type 0 = 0 + with 3 to 6 months of life at sea (also called a finnock);
- Type 1 = 1 + with two summers at sea, i.e. 13 to 18 months of growth;
- Type 2 = 2 + with three summers at sea, i.e. 25 to 30 months of growth;
- Type 3 = 3 + with four summers at sea, i.e. 35 to 40 months of growth.
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For example, the age of a sea trout that spent one year in freshwater before migrating to sea and
then a few months at sea before returning to a river is noted 1.0+.
The age of a fish that spent two years in freshwater before migrating to sea and then 18 months at
sea, with an first reproduction in a river after a period of a few months at sea (0+) is noted 2.1+1.

For the lake forms (the case for trout in peri-Alpine lakes), a low level of initial growth corresponding

to the «river type» 1 to 3, is generally observed in the central section of the scale and often
interpreted as a period spent in a river by a juvenile lake trout. Similar to sea trout, this observation
provides an indication on the river age and the lake age (Buttiker et al., 1987; Champigneulle et
al., 1990). However, a widely accepted definition does not yet exist and it is consequently possible
to estimate a total age for two reasons mentioned in the above section on the annual zone:
- slow, initial growth is not always particularly visible on scales;
- a change in pattern between slow and high growth may signal an acceleration in growth due
to the shift to a ichtyophagous feeding regime in juvenile trout born in a lake.
For lake trout, the age is consequently noted in two manners. The age of a lake trout that spent
two years in a river before migrating to a lake and then a few months in a lake before returning
to a river is noted 2.0+ or 2+.
The age of a fish that spent two years in a river before migrating to a lake, 2.5 years in the lake
with a first reproduction in a river after a period of 18 months in the lake is noted 2.2+2 or 4+3.

26

Guide to the interpretation of the scales and the estimation of the age of brown trout (Salmo trutta) from the French populations, March 2020

6

Examples of typical scales

This section presents a number of scales that should not be difficult or only moderately difficult to
read. They cover a wide range of sizes and ages of immature fish and of those that have already
reproduced. These examples come from the analysed populations representing the three forms.
Generally speaking, the scales of sea trout are easier to interpret than those of the lake and resident
forms that grow more slowly, as observed in the past by Nall (1930) and by Elliott & Chambers
(1996).
The captions for each illustration are organised as follows, namely the biological form, the lineage
if known2, river, stream (river), lake, date of capture (ddmmyyyy), total length Lt in mm (fork length
Lf in mm), age (two notations for lake trout). Notes. In some captions, a number is indicated,
corresponding to the quality number of the individual fish published in the GBIF (Global Biodiversity
Information Facility). Winter bands are indicated with a and spawning marks with a .
If the annulus is visible in addition to the spawning mark, it is also indicated.
These illustrations present essentially trout from continental France, beginning with the river form
(Figures 14 to 86), followed by the lake form (Figures 87 to 100) and the sea form (Figures 101 to
153). For the latter form, the examples are presented in increasing order of type (from 0 to 3). Two
examples of sea trout caught in Scotland are also included.
2. The lineage is indicated only for trout
populations in the Rhône-Alpes region
(SE France) where the ranges of the
Atlantic and Mediterranean lineages
overlap (Atl, Med or Hyb if interbreeding).

The set of illustrations is filled out with examples of scales from the three forms of trout that
colonise the Kerguelen Islands (Figure 154 to 163). Among the latter, the winter bands are
generally clearly identified, while the spawning marks are much more difficult to identify.

River trout

Fig 14. RTR, Bresle,
14092018, (106), 0+.

ig 15. RTR, Touques,
11092002, (99), 0+.

Fig 16. RTR, Oir,
05102010, (115), 0+.
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River trout

Fig 17. RTR, Chesnelais, 31101979, (102), 0+.

Fig 19. RTR, Pont L’Abbé, 16101979+, (117), 0+.

Fig 21. RTR, 3 Fontaines brook (Nivelle),
15102018, (96), 0+.

28

Fig 18. RTR, Gouët, 17102002, (122), 0+.

Fig 20. RTR, Saint-Sauveur brook (Scorff), 09102002, (112), 0+.

Fig 22. RTR, Atl, Leysse, 18012000, 145, 0+. Smolt.
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Fig 23. RTR, Touques, 11092002, (166), 1+.

Fig 25. RTR, Oir, 05102009, (185), 1+.

Fig 27. RTR, Chesnelais, 31101979, (143), 1+.

Fig 24. RTR, Touques, 11092002, (220), 1+.

Fig 26. RTR, Oir, 03102005, (204), 1+.

Fig 28. RTR, Chesnelais, 31101979, (189), 1+.
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River trout

Fig 29. RTR, Flume, 112018, (215), 1+.

Fig 31. RTR, Trieux, 10101984, (218), 1+.

Fig 33. RTR, Boutonne, 03061994, 265, 1+.
High growth, limestone river.
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Fig 30. RTR, Trieux, 10101986, (131), 1+.

Fig 32. RTR, Pont-L’Abbé, 16101979, (245), 1+.

Fig 34. RTR, Touvre 08062008, 250, 1+.
High growth, limestone river.
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Fig 35. RTR, Nivelle, 03052012, (143), 1+.

Fig 36. RTR, Leysse, (Bourget), 18012000 190 1+-2.
Second winter band forming.

?

Fig 37. RTR, Valserine (Rhône), 19062014, 250 1+.

Fig 39. RTR, Touques, 11092002, (267), 2+ 2.

Fig 38. RTR, Risle, 11092002, (243), 2+ 2?.
Spawning may have occurred during the second year.

Fig 40. RTR, Oir, 04102010, (232), 2+2.
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River trout

Fig 41. RTR, Oir, 03102006, (231), 2+2.

Fig 42. RTR, Chesnelais, 31101979, (221), 2+2.
During the second winter, only the spawning mark
is visible. Low growth during the third year.

Fig 43. RTR, Trieux, 10101984, 205, 2+.

Fig 44. RTR, Pont l’Abbé, 06101979, (190), 2+2.

Fig 45. RTR, Pont l’Abbé, 16101979, (235), 2+2.
During the second winter, only the spawning mark is visible.
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Fig 46. RTR, Scorff, 05102001, (231), 2+2.
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Fig 47. RTR, Boutonne, 04061994, (343), 2+.
High growth, limestone river.

Fig 49. RTR, Nive, 08041985, (360), 2+2. High growth. During
the second winter, only the spawning mark is visible.

Fig 51. RTR, Leysse, 18012000, 190, 2+2.

Fig 48. RTR, Lihoury (Bidouze), 13072012, (249), 2+2.

Fig 50. RTR, Sorgue, 07042018, 300, 2(+)2.
The spawning mark is visible on the edge of the scale.

Fig 52. RTR, Hyb, Dranse d’Abondance, 30112000, 181, 2+.
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River trout
Fig 53. RTR, Vieux Rhin, 08042001, 580, 2+2. Very high growth.

Fig 54. RTR, Oir, 01102002, (252) 3+3.

?

Fig 55. RTR, Flume, 01031980, (315), 3 2. The spawning
mark for the third winter has not formed yet.
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Fig 56. RTR, Gouët, 17102002, (304), 3+3.
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Fig 57. RTR, Scorff, 17062000, (333), 3+3.

Fig 59. RTR, Verdun, 15102003, 442, 3+23.
Superficial erosion due to reproduction. During the last two
winters, only the spawning marks are visible.

Fig 58. RTR, Sarre, 101979, (270), 3+23.
The second spawning mark cuts over the first.

Fig 60. RTR, Boutonne, 03041991, 510, 3 3.
The spawning mark is forming on the edge of the scale.

Guide to the interpretation of the scales and the estimation of the age of brown trout (Salmo trutta) from the French populations, March 2020

35

River trout

?

?

Fig 61. RTR, Touvre, 14032009, 489, 3 3?.
The slight erosion on the edge of the scale
suggests spawning at three years old.

Fig 63. RTR, Nive, 03041985, (298) 3+3.
Plus growth is visible on the scale following reproduction.
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Fig 62. RTR, Maronne, 30092013, 291 3+3?
Spawning may have occurred at three
years old.

Fig 64. RTR, Nive, 16042013, (270) 3+3.
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Fig 65. RTR, Sorgue, 10042018, 310, 3 3 ?
A spawning mark may be forming on the edge of the scale.

A spawning mark may be forming on the edge of the scale.
Fig 66. RTR, Atl, Dranse d‘Abondance, 06092000, 155, 3+.
The winter bands are weakly marked, probably due to the
low water temperatures prevalent in the river.

?

Fig 67. RTR, Med Dranse d‘Abondance, 06092000, 188, 3+ 3 ?.
The winter bands are weakly marked. Spawning may have
occurred during the third year.

Fig 68. RTR, Med, Dranse d’Abondance, 30112000, 237 3+3.
The winter bands are weakly marked.
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River trout

Fig 69. RTR, Risle, 11092002, (334), 4+34.
During the last two winters, only the spawning mark is visible.

Fig 70. RTR, Scorff, 24072008, (356), 4+34.
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Fig 71. RTR, Touvre, 18052009, 520, 4+34.

Fig 72. RTR, Nive, 10041985, (424), 4(+)34. The spawning mark is located
on the edge of the scale. The plus growth is just barely visible.
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River trout

Fig 73. RTR, Nive, 22062011, (346), 4+34.

Fig 74. RTR, Bidassoa, 08042014, (360), 4+34. During the third
and fourth winters, only the spawning mark is visible.
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?

Fig 75. RTR, Med, Dranse d’Abondance, 30112000, 262, 4+ 34?
The winter bands are weakly marked; low growth; Spawning may
have occurred during the third and fourth winters.

Fig 76. RTR, Gouët, 24071980, 460, 5+345. During the last three
winters, only the spawning mark is visible.
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River trout

Fig 77. RTR, Scorff, 24032012, (416), 5+345.
During the last winter, only the spawning mark is visible.

Fig 78. RTR, Nive, 13092013, (375), 5+2345.
During the last four winters, only the spawning mark is visible.
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Fig 79. RTR, Atl, Dranse d’Abondance, 30112000, 318, 5+345.

?
?

Fig 80. RTR, Med, Dranse de Morzine, 06092000, 226, 5+45?
Spawning may have occurred during the fourth and fifth winters.
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River trout

?

Fig 81. RTR, Rhin, 11052002, 605, 5+45.
Spawning may have occurred during the third winter.

Fig 82. RTR, Nive, 13032014, (545), 6+23456. Only the first winter band is
visible. The other winter bands are masked by the spawning marks.

44

Guide to the interpretation of the scales and the estimation of the age of brown trout (Salmo trutta) from the French populations, March 2020

Fig 83. RTR, Fier, 07092000, 460 6+ 3456.

Fig 84. RTR, Atl, Redon, 05122000, 379, 6+3456.

Guide to the interpretation of the scales and the estimation of the age of brown trout (Salmo trutta) from the French populations, March 2020

45

River trout

Fig 85. RTR, Med, Dranse d’Abondance, 07092000, 345, 6+456.
The winter bands and the spawning marks are weakly marked.

Fig 86. RTR, Nivelle, 09112010, (502), 8+345678.
From the third winter, the scale shows only fairly indistinct spawning
marks. STPE1006-10058.
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Lake trout

Fig 87. LTR, Atl, Annecy, 18121999, 130, 0+.

Fig 89. LTR, Geneva, 29082000, 300, 1.0+/1+.

Fig 88. LTR, Atl, Annecy, 18121999, 165, 0+.

Fig 90. LTR, Geneva, 09042000, 360, 2.1/3.
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Lake trout

Fig 91. LTR, Geneva, 24032000, 455, 2.1(+)/3(+).
Slight plus growth.

Fig 92. LTR, Bourget, 28072000, 480, 1.1+/2+.
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Fig 93. LTR, Bourget, 20072000, 430, 1.1+1/2+2.

Fig 94. LTR, Geneva, 24032000, 510, 1.2/3.
The second lake winter band has not yet formed.
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Lake trout

Fig 95. LTR, Geneva, 09042000, 630 2.2 /4. The two river winter bands are
weakly marked and the second lake winter band is still forming.
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Fig 96. LTR, Geneva, 09042000, 680, 2.2 2 /4 4.
The spawning mark is not yet very visible.
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Lake trout

Fig 97. LTR, Geneva, 19121983, 780, 2.2+2 /4+4.
A spawning mark is forming on the edge of the scale.
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Fig 98. LTR, Geneva, 09042000, 530, 2.3/5.
The third lake winter band is forming on the edge
of the scale.
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Lake trout

Fig 99. LTR, Bourget, 09082000, 750, 1.3+23/4+34.
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Fig 100. LTR, Annecy, 04062001, 850, 1.6+ 3456/7+ 4567.
The last two spawning marks are very close to one another.
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Sea trout

Fig 101. STR, Vire, 26042016, (206), 1+, Smolt.

Fig 103. STR, Oir, 03032009, (221), 2+, Smolt.
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Fig 102. STR, Oir, 03031998, (226), 2. Smolt.

Fig 104. STR, Touques, 30071986, (317), 1.0+.
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Fig 105. STR, Touques, 10031983, 380, 2.0+.

Fig 106. STR, Calonne, 07071987, (350), 2.0+.

Fig 107. STR, Oir, 20122017, (303), 2.0+.

Fig 108. STR, Gave d’Oloron, 09082011, (390),
2.0+; STPE1306-0487.

Fig 109. STR, Nive, 23062011, (340), 2.0+ ;
STPE1306-0102.
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Sea trout

Fig 110. STR, Touques, 03071985, 435, 1.1+1.

Fig 111. STR, Touques, 17071984, (475), 2.1+1.
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Fig 112. STR, Sélune, 12062001, 430, 1.1+1.

Fig 113. STR, Oir, 05121999, (423), 2.1+1. Erosion of the scale
edge and spawning mark in process of forming.
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Sea trout

Fig 114. STR, Leff, 23082001, 400, 2.1+1.

Fig 115. STR, Nivelle, 12072013, (379), 3.1+1 ; STPE1307-13022.
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Fig 116. STR, Calonne, 10071984, 467, 2.2+12.

Fig 117. STR, Aber-Ildut, 03062001, 550, 2.2+12.
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Sea trout

Fig 118. STR, Gave de Pau, 13062001, (487), 2.2+12.

Fig 119. STR, Luce (Scotland), 25092017, 490, 2.2+12.
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Fig 120. STR, Bresle, 03062014, (705), 2.3+123.
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Sea trout

Fig 121. STR, Calonne, 21061984, (650), 2.3+123.
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Fig 122. STR, Nive, 18052011, (570), 2.3+123. The last two spawning marks have almost
merged all around the scale; STPE1306-0111.
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Sea trout

Fig 123. STR, Touques, 11081983, (560), 2. 4+1234.
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Fig 124. STR, Vire, 28052014, 647, 1.4+1234.
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Sea trout

Fig 125. STR, Gave d’Oloron, 14082011, (640), 3.4+1234.
The last two spawning marks are more difficult to identify; STPE1306-0493.
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Fig 126. STR, Bresle, 31052014, (578), 2.1+. Presence of a wide, sea winter band.
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Sea trout

Fig 127. STR, Touques, 22061984, (496), 2.1+.
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Fig 128. STR, Orne, 23101981, 545, 1.1+. High growth during the smolt stage.
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Sea trout

Fig 127. STR, Touques, 22061984, (496), 2.1+.
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Fig 128. STR, Orne, 23101981, 545, 1.1+.
High growth during the smolt stage.
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Sea trout

Fig 131. STR, Vire, 20052014, 484, 3.1+.
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Fig 132. STR, Aber-Ildut, 03062001, 520, 2.1+.
The first winter in freshwater is not very marked.
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Sea trout

Fig 133. STR, Blavet, 18062001, 610, 2.1+. Presence of a wide, sea winter band.

76

Guide to the interpretation of the scales and the estimation of the age of brown trout (Salmo trutta) from the French populations, March 2020

Fig 134. STR, Adour, 11051985, 646, 2.1+.
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Sea trout

Fig 135. STR, Gave d’Oloron, 22072001, 610, 2.1+. Presence of a wide, sea winter band.
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Fig 136. STR, Vieux Rhin, 25062001, 550, 2.1+.
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Sea trout

Fig 137. STR, Bresle, 02062014, (620), 2.2+2.
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Fig 138. STR, Vire, 03062014, (607), 1.2+2.
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Sea trout

Fig 139. STR, Scorff, 25111996, 718, 2.2+2. Presence of a
supernumary band before the first sea winter.
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Fig 140. SRM, Vieux Rhin, 27062001, 610, 2.2+2. Presence of a
tightening of circuli after the spawning mark.
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Sea trout

Fig 141. STR, Luce (Scotland), 25092017, 590, 2.2+2. The winters in freshwater are difficult to identify.
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Fig 142. STR, Bresle, 24052014, (580), 1.3+23. Continuous growth in freshwater.
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Sea trout

Fig 143. STR, Orne, 20061983, 720, 1.3+23. The two spawning marks are clearly
visible in the posterior section of the scale.
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Fig 144. STR, Dives, 10091981, 700, 2.3+23.
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Sea trout

Fig 145. STR, Vire, 22082001, 730, 1.3+ 23.
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Fig 146. STR, Adour, 27062014, (750), 2.3+23.
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Sea trout

Fig 147. STM, Gave d’Oloron, 11052011, (650), 2.4+234; STPE1306-0253.
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Fig 148. STR, Orne, 15061983, (800) 1.5+2345. The second sea winter band is still visible
because the spawning mark is not too marked.
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Sea trout

Fig 149. STR, Bresle, 24052014, (615), 1.2+.
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Fig 150. STR, Orne, 15121983, (760), 1.2+.
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Sea trout

Fig 151. STR, Gave de Pau, 08072002, (645), 2.2+. The first sea winter band looks more
like a scar winter mark than a spawning mark (see the section on «Identifying spawning
marks»; STPE1306-0533.

94

Guide to the interpretation of the scales and the estimation of the age of brown trout (Salmo trutta) from the French populations, March 2020

Fig 152. STR, Trieux, 06082001, 700, 1.3+3.
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Sea trout

Fig 153. STR, Orne, 29051983, (847), 1.3+. The first winter band in the sea phase consists of a double band
of narrow-spaced circuli, caused by two returns to river during the finnock stage (see the section on «Special structures during first sea phase in sea trout»).
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Kerguelen trout

Fig 154. RTR, Val-Travers, Kerguelen, 21032010, (140), 2+.

Fig 156. RTR, Château, Kerguelen, 01022010, (201), 6+6.
Spawning may have occurred during the fifth year.

Fig 155. RTR, Acaena, Kerguelen, 04022016, (181), 4+.

Fig 157. RTR, Studer, Kerguelen, 24022010, (420), 8+.
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Kerguelen trout
Fig 158. LTR, upper lake (Studer River), 20012010, (446), 4.2+/ 6+.

Fig 160. STR, Pointe Morne, 1502212, (255), 3.0+.
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Fig 159. STR, Manchots, 13062016, (217), 2.0+.

Fig 161. STR, Nord, 05012010, (320), 4.1+.
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Fig 162. STR, Château, 18122009, (535), 3.2+.

Fig 163. STR, Château, 03012010, (740), 4.4 234.
The third spawning mark is located on the edge of the scale.
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7

Using scales to distinguish brown
trout from Atlantic salmon

In the rivers flowing into the English Channel and the Atlantic Ocean, trout live in sympatry with
Atlantic salmon and it may be difficult to distinguish the two species. However, at all life stages, a
number of morphological traits serve to differentiate them (Figure 164). In addition, in adult fish,
the length-weight relationship is clearly different between the two species, i.e. for a same length,
trout are heavier than salmon.

Atlantic salmon Lf 558

Slimmer body shape

Forked tail

Tail only slightly forked
or rounded

Possible presence of black dots above the
lateral line and at the base of the dorsal fin

Black dots on
the dorsal fin

More or less cross-shaped black
dots on the back and sides

Jaw does not exceed
the eye line

Jaw exceeding
the eye line

More massive body shape

Sea trout Lf 543
Figure 164. Morphological differences between adult salmon and sea trout.
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Fig 165. Differences in scales between Atlantic salmon and sea trout
For a same length, salmon scales are larger than trout scales.
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A

B

Fig 166. Differences in scales between Atlantic salmon and sea trout. In fish having the same age and equivalent length, the circuli are continuous, thinner and
more narrow-spaced in sea trout than in salmon, during the sea growth phase.
(A) Salmon, Scorff, 570, 2.1+. (B) Sea trout, Nivelle, 533, 1.1+.
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A

B
Fig 167. Differences in scales between Atlantic salmon and sea trout.
Spawning marks are more pronounced on salmon scales (A) than on those of sea trout (B).
The posterior section of trout scales can be significantly reduced and even disappear.
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8

Difficulties encountered, proposed
solutions and recommendations

General
The difficulties encountered in estimating the ages of brown trout are varied, ranging from the
absence of seasonal or annual structures and the formation of atypical structures, to multiple and/
or overlaid structures.
These difficulties may make it impossible to estimate the age, or result in over- or underestimated
ages. They arise increasingly as fish ages because when fish age and have reproduced a number
of times, their growth slows and scales may become more difficult to interpret (Jonsson, 1976).
Moreover, as fish age, their growth in size shifts progressively to growth in weight. Under these
conditions, the decrease in growth results in a slowing or a stopping in the annual growth of
scales. Interpretations of fish age become more difficult, often resulting in an underestimation of
the actual age (Carlander, 1974; Craig, 1984) or simply in an impossibility to estimate the age.
This «age limit» for trout generally takes place starting at the age of five to seven years (Jarvi &
Menzies, 1936; Hesthagen, 1985). In temperate zones, it may be somewhat later both for resident
forms (eight years or more) and for the sea form, for which the true difficulties begin after five or
six returns and spawning in freshwater (Richard & Baglinière, 1990).
The uncertainty of age estimates increases in step with the age of fish, however, the trophic
conditions of the environment also play a role. Above and beyond any human impacts, these
conditions vary depending on the latitude and altitude, on the size and characteristics of the river,
and on the position (resident fish) in the river (stream order). For example, important differences in
the size-age relationship may be observed due to a decrease in growth in step with reductions in
the river size, from the main stem to a tributary and to a sub-tributary (Baglinière & Maisse, 2002)
(Figure 168a). The same differences are noted between limestone rivers and slightly acid rivers
(Baglinière & Maisse, 2002; Baglinière and Marchand, unpublished data) (Figure 168b). Similarly,
human activities can modify trophic conditions and consequently the growth rate of fish in a river,
leading to age differences between fish of the same size. For example, in two brooks located fairly
close to one another, but where one is a little eutrophic (Roche brook) and the other is eutrophic
(Moulinet brook), a difference of two years may be observed between two marked trout of the
same size (Figure 169a et b).
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Downstream Scorff
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Upstream Scorff
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0
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Age
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1+
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A
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B

Fig 168. Size-age relationship in trout.
(A) A slightly acidic river and relationships with the stream order (Scorff River, Brittany).
(B) A limestone river (Touvres, a tributary to the Charente River).

In addition to the age and environmental conditions, the difficulties in estimating the age of fish
also vary depending on the biological form of the fish and the population, and even on the scale
itself, which explains the importance of mounting at least four to six scales of each fish.

A

B

Fig 169. Scales of two marked trout recaptured in October.
The two fish are similar in size, but differ in age due to environmental conditions in (A) Roche brook,
slightly eutrophic (RTR, Oir, (265), 4+) and (B) Moulinet brook, eutrophic (RTR, (264), 2+).
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Types of difficulties and proposed solutions for correctly estimating age
All the difficulties presented below may be encountered with scales from the three biological forms
(river, lake and sea). The difficulties may occur separately or together, leading to uncertainties and
errors in estimating the ages of fish.

Distinctions between large fish in the three biological forms
It may be difficult to differentiate morphologically between the three biological forms for large
fish, including the river form where its habitat is a large river. A number of morphological traits,
notably the skin colour and spots, may be very similar. However, any uncertainty may be removed
between the sea form on the one hand and the two other forms on the other by analysing the
strontium content of the scales, given that the level is higher in sea trout (Maisse & Baglinière,
1990). However, there are limits to this method of distinguishing the origin (sea or freshwater
environments) of trout on the basis of the strontium level in their scales. The level of strontium
depends on at least three factors in fish captured in rivers, namely the hydrographic network,
the time spent at sea and the catch season. These initial observations concur with the findings
of a recent study showing that among all the profiles of chemical elements in scales (barium,
manganese, zinc, sodium, strontium with respect to calcium), only the barium/calcium profile
can precisely identify the sea form and determine the time spent at sea (Ryan et al., 2019).
Unfortunately, this method would be difficult to use on a routine basis and cannot identify the
river and lake forms.
Scale reading can provide valuable information to distinguish large fish from the three forms. For
example, scale reading has been used to correct visual estimates where the error rate can reach
33% in distinguishing between the river and sea forms (Baglinière et al., 2000). A zone indicating
slow growth located in the centre of a scale, corresponding to the time spent by a juvenile fish
in a brook/river, and an increase in the inter-circuli space beyond this zone, corresponding to the
growth phase of the trout, is often more clearly visible for the sea form than for the two other
forms. On the scales of large river (or even lake) trout, the distribution of the winter bands is
much more regular, with growth phases more clearly visible for trout from large rivers. In addition,
spawning marks are generally more pronounced for the sea form in conjunction with a higher rate
of erosion, in accordance with the observations by Elliott & Chambers (1996).
It should also be noted that there are trout whose life history lies somewhere between those of
the river and sea forms. These are fish that migrate to an estuary for their growth phase. In this
case, the scales have an initial zone, corresponding to the time spent in a river by the juvenile fish
(narrow-spaced circuli), and a second zone where the circuli are more widely spaced, but not as
widely as the marine phase. The differences between these forms (river form from mid-sized to
large rivers, estuary form and sea form) are shown in Figure 170.
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A

B
Fig 170. Trout scales. (A) River form from a mid-sized river (Nive,
10041985, (424), 4+34). (B) River form from a very large river
(Vieux Rhin, 07062001, 510, 2+).
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Period in
the estuary

C

D
Fig 170. Trout scales. (C) Estuary form (Nivelle, 22062011, (346), 4+4) with
two periods spent in the estuary; STPE1104-11009. (D) Sea form (Nivelle,
04072011, (400), 2.0+), a tightening of circuli is visible along the edge of the
scale; STPE1104-11011.
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Domestic fish
Restocking practices still used today, involving domestic fish to which must be added fish escaping
from fish farms, mean that it may be occasionally necessary to analyse the scales of domestic fish.
Generally speaking, the scales of domestic fish reveal either highly irregular growth or continuous
growth where the winter bands cannot be detected, particularly during the first years of life. What
is more, the shape of scales can be highly irregular (Figure 171a). Similar irregularities have been
observed for the river phase (juveniles) on scales of hatchery-reared salmon (Baglinière, 1985;
Shearer, 1992). The development of these particular growth patterns is due to the environmental
conditions during rearing, which are better and more uniform (temperature, feeding ad libitum)
than in the natural environment. The growth of the fish and consequently the structure of scales
will be more or less influenced by the duration of the rearing phase. For example, the consequences
are more limited if the fish is released to the natural environment at the yolk sac resorption stage
rather than after six months of rearing. Similar to salmon, the sea or lake phase of a domestic
trout cannot be distinguished from that of a wild fish (Baglinière, 1985; Champigneulle et al.,
1990; Shearer, 1992), except if the fish has escaped from a fish farm at sea (Figure 171b). Finally,
very often in domestic fish and again due to the conditions during rearing (frequent wounds), the
regeneration rate of scales is high.

A

B

Fig 171. Scales of domestic trout (restocking, fish farming) for which
an age estimation is difficult.
(A) RTR (Flume, 13101983, (300)), irregular shape, central regeneration,
numerous bands and highly irregular growth patterns.
(B) STR (Aulne, 10032001, 530), continuous growth, multiple bands,
unusual upstream-migration period and proximity to a sea trout fish farm.
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When examining the central zone of a scale and, in some cases, the entire structure, the combination
of the above two criteria (a pattern of strong or irregular growth, significant regeneration) can
help diagnose a domestic origin of the fish. It should be noted that for sea trout, capture outside
the normal period for river migration is a further indication that the fish may have escaped from
a marine fish farm.

Absence or difficult identification of the winter band
There are a number of different situations.

Absence of the first winter band
The absence of the first winter band is observed in certain juvenile trout in cold environments
where their growth is slow (Figure 172a). That is the case of rivers on the Kerguelen Islands where
the low temperatures, short growing season and late emergence of the alevins reduces circuli
formation (Beall & Davaine, 1988). This may also be the case for trout populations living at the
edges of their altitudinal range, in high mountain regions. Use of otoliths is often a means to locate
the first winter band for this type of population (Figure 172b). Note that the determination of the
position of the first winter band is fundamental for population studies, otherwise the age may be
systematically underestimated. Scale sampling and reading of fish in the small size classes over
a period of two years are a means to determine whether the first band exists and, if it exists, to
estimate its average position on scales.

A

B

Fig 172. The first winter band is not visible on the scale (A), but is clearly visible on the otolith (B)
(STR, Norvégienne (Kerguelen), 07022010, (320), 4+).
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Absent or imperceptible winter bands
In this case, scales have a uniform structure without any true histomorphological mark. Such
cases concern, above all, trout populations in rivers where growth rates are high and where
the environmental conditions (discharge and water temperature) are relatively constant over
the entire year (the case for limestone and/or resurgent rivers) (Figure 173). However, this type
of uniform growth in scales may also be observed for years during which the seasons are not
overly pronounced and optimum growth conditions prevail over a long period of time. This type of
situation may hinder correct estimates of the freshwater age of sea trout (Figure 174).

?
?
?

Fig 173. Very high growth in a river trout making it difficult
to identify the winter bands (with the exception of the
first) (Touvres, 14092009, 500, probable age 3+-4+?).

Fig 174. Continuous growth of a sea trout in
freshwater environments making it difficult
to identify the first band (Calonne, 07071985,
(345), 2.0+).

This type of continuous structure may also be observed in populations of lake trout in which periods
of slower growth during lake phases may be more difficult to detect on scales (Figures 175a and
b). However, these observations vary depending on the lake, for example, winters during the lake
phase are more pronounced for populations of lake trout in the Geneva and Bourget Lakes than
in Annecy Lake. An absence of bands or the presence of barely visible bands may also occur (much
more rarely) during the sea phase of sea trout, indicating that the winter environmental conditions
are favourable enough and they do not modify the growth conditions over the year.

112

Guide to the interpretation of the scales and the estimation of the age of brown trout (Salmo trutta) from the French populations, March 2020

Finally, it should be noted that continuous growth of scales is also a trait of domestic fish (see the
previous section).
Under conditions of continuous growth, it is difficult or even impossible to estimate the age of a
fish. There are however a number of potential solutions for estimating the age:
-- examine the scales of fish from the same cohort and of similar size;
-- use other calcified structures if they are available, notably otoliths (see the section on «General
recommendations») or the spines of fins (Gerdeaux, 1992; Le Louarn, 1992). Unfortunately,
these structures may also reveal a pattern of continuous growth for the same reasons as those
mentioned above. That being said, analysis of the microscopic structure (daily microstriae) on
otoliths would appear to be an alternative method given that the age can be estimated without
pronounced seasonal rhythm (Baillon, 1992);
-- if the absence of bands concerns the whole population and the sample of fish is large enough,
there are collective and statistical methods to estimate ages. However, they provide only average
ages in conjunction with average sizes (Bhattacharya method, see Laurent & Moreau [1973]).

?

?
?
?

A

B

Fig 175. Scales of lake trout in which the winter bands during
the lake phase are difficult to identify.
(A) Geneva, 09042000, 480, possible age 2.1+ ?
(B) Geneva, 09042000, 750, possible age 2.3+ ?.
Only the last winter band and the spawning mark are visible.

Absence of the last winter bands
This situation occurs in two cases.
The first, more general case concerns trout captured at the end of winter. The last band along the
edge of the scale has not yet formed. Note that the winter band forms between February and the
beginning of May, however, it depends on the general condition of the fish (winter conditions,
whether it spawned or not) (Figure 176).
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Fig 176. Scale of a trout captured at the end of
April (RTR, Nive, 20041985, (320), 4 23) on which
the last winter band has not yet formed and will
appear as a spawning mark.

Fig 177. Scale of a marked trout recaptured in
the Kernec stream (RTR, Scorff, 13011980, (346),
5 2345). It does show no plus growth during
the fifth year after the third spawning mark
superimposed on the fourth).

The second case concerns fish whose growth quickly slowed (relatively older fish confined to a
brook). The first winter bands are visible, but as the fish ages, the subsequent bands are not visible,
particularly given that they may be replaced by spawning marks. This situation was observed in
trout from brooks in Brittany, that were five years old and had reproduced at least two times
(Figure 177). However, it was also observed in fish older than five years and living in cold rivers
where growth rates are low (Hesthagen, 1985). As before, this may also be the case for trout
populations living at the edges of their altitudinal range, in mountain regions or the Kerguelen
Islands. Under these conditions, analysis of the otoliths is generally indispensable unless the fish
was marked during the 0+ stage.

Superimposed winter bands and/or spawning marks
This overlaying of structures may occur in two cases.

Erosion of scale edges during sexual maturation
Erosion of scale edge is highly frequent in spawners during the phase of sexual maturation. It is
more pronounced in large and often older fish, and may also occur on the surface of scales. The
closer the capture of the fish is to the period of reproduction or during the period, the greater
the erosion. This phenomenon generally results in the appearance of a spawning mark (see the
definition) that replaces the winter band and may cause its partial or total removal. In addition,
given that trout are iteroparous, scales may show several spawning marks over the life cycle of
the fish. The marks may overlap on the edge of scales when a fish becomes older (over four years)
(Figure 178). In this case, it may be useful to reconstruct the original shape of the scale in order to
correctly estimate the age of the fish. To that end, the degree of scale erosion may be estimated
by calculating the scale shape index (greatest longitudinal diameter / greatest transverse diameter,
see Burdak [1986]) during the migration for reproduction and comparing it to the scale shape
index of a fish of similar size caught during the growth season or at the beginning of the return
migration to a river.
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Characteristics
Date

Method

Sex

Lf

Age

05 Oct. 2010

Electrofishing

Ind.

91

0+

04 Oct. 2011

Electrofishing

Ind.

177

1+

21 May 2012

Electrofishing

Ind.

235

2+

01 Oct. 2013

Electrofishing

Ind.

271

3+3

19 May 2014

Electrofishing

Ind.

300

4+34

30 Sept. 2014

Electrofishing

Ind.

299

4+34

Fig 178. Scale of a marked river trout recaptured in the Roche
brook (Oir). The second spawning mark is almost invisible because
there are only two or three circuli between the two spawning
marks.

Old fish
In old fish, the annual growth of scales slows significantly or even stops, leading to the
development of only a very small number of circuli or even none at all. The well structured regular
increment (alternation of high and slow growth zones) stops and the annuli can develop over
increasingly short distances as the fish ages to the point of concentrating on the edge of scale
or even overlapping (Figures 179a, b, c and d). This phenomenon results in the superposition or
the absence of winter bands and/or spawning marks, which, from a certain age and due to scale
erosion, replace the winter bands. Superpositioning may cause underestimation of ages in older
fish, particularly for the river and lake forms. Use of other hard structures, particularly otoliths, may
be advisable.
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Centre of the scale

A

B
Fig 179. Scale of an old trout. (A) RTR, Scorff, 07122017, (593), probably older than 9 years.
The winter bands are difficult to identify and the spawning marks are not visible. Ageing is
made even more difficult due to scale regeneration.
(B) RTR, Scorff, 07122017, (545), 9 +. The winter bands are not very easy to identify. The
spawning marks are visible, but the last ones are more difficult because they merge or
partially overlap.
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D

Figure 179. Scale of an old trout. (C) LTR, Bourget, 21092000, 952,1.8+ 45678/9+ 56789. After the
fourth year in a lake, only the spawning marks are visible. The last ones are more difficult because
they merge or partially overlap. (D) STR, Touques, 21011984, (750) 1.6 23456. The fifth spawning
mark is forming along the edge of the scale.
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Presence of additional (supernumary) marks
General case
Additional bands are caused by a physiological stress that modifies the growth rate and leads to a
tightening of circuli on scales (these bands are called checks) (Bilton & Robins, 1971a and b). This
phenomenon may be caused by:
-- stress due to capture (Ottaway & Simkiss, 1977) (Figure 180);
-- variations in trophic resources (Bilton & Robins, 1971c), particularly in immature fish with high
growth rates;
-- changes in environments (Bilton, 1974), notably during the migration of juvenile trout to
growing zones (tributary to main river, river to lake, river to the sea) (see transition zones);
-- disease and/or parasites (Van Oosten, 1957);
-- extreme climatic events (Hofstede, 1974).
Moreover, very recent experimental studies on postsmolts of Atlantic salmon (Thomas et al., 2019)
have shown that:
-- the circuli deposit rate depends on the water temperature and feeding regime, and is generally
proportional to the growth rate of the fish, with some decoupling of the relationship for
temperatures of 15°C;
-- the spaces between circuli are highly variable and did not correspond to the growth rate; a
tightening of circuli on scales occurred during periods of slow growth, but also during periods
of rapid growth at 15°C (Thomas et al., 2019).

Additional
band

A

B

Fig 180. An additional band on the scale of a marked river trout recaptured in the Clarée River (Kerguelen). (A) Scale
when the fish was marked on 23122010 (Lf 92, 1+). (B) Scale when fish was recaptured on 03022012 (Lf 185, 2+).
The additional band was caused by the capture and handling of the fish.
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Generally speaking, additional marks differ from annuli in a number of ways, namely they rarely
run full circle around the scale and their structures is much less pronounced (lesser width and
thickness) than winter bands. However, in some cases, additional marks may be located very close
to winter bands and resemble them structurally, thus suggesting a double winter band, a frequent
phenomenon in sea trout (see the section on «Special structures during initial sea phase of sea
trout»), but rare in river trout. This doubling generally does not result in an overestimation of the
age, however, it makes back-calculations difficult due to the uncertain positioning of the end of
the winter band.

Additional band

Fig 181. An additional band before the winter band on the scale of a lake trout (double winter
band) (Bourget, 1307200, 420, 1.1+ /2+).

But when all the bands (winter bands, spawning marks and additional bands) are numerous and
identical in structure, it may become difficult and even impossible to estimate the age of the fish
(Figures 182 and 183).
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Fig 182. Multiple bands on the scale of a marked trout recaptured in the Oir River (RTR,
0610199, (406)). Given the number, it is difficult to distinguish between the winter bands and
spawning marks on the one hand and the additional bands on the other. Only the fact that the
fish was marked made it possible to estimate the age (6+).
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Fig 183. Multiple bands on the scale of a lake trout (Annecy, 07062001, 875 2? 5+6+?/ 7+-8+?). It is impossible to estimate the age due to the numerous additional
bands, however some spawning marks are visible.
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Tightening of circuli on the edge of the scale
It is fairly common to observe in sea trout a a tightening of circuli along the edge of a scale, for
both 0+ (Figure 170d) and 1+ sea age fish (Figure 184), even though the fish is still in its growth
phase.
This pattern may also be observed on the scales of young Atlantic salmon (grilse, sea phase 1+)
(Baglinière, 1985; Shearer, 1992). The pattern confirms the experimental observations of Thomas
et al. (2019), i.e. a narrowing of circuli during a period of rapid growth. This type of pattern may
also result from the early formation of the winter band and/or the start of sexual maturation. It
is a frequent source of errors and of overestimations of age if the capture date is not available.
If the date is available, it becomes easy to distinguish a 1-sea-winter fish caught in the summer
following its high growth period and showing a tightening at the edge of scale from a 2-seawinter fish caught at the end of winter prior to its phase of plus growth.

Narrowing

Fig 184. Tightening of circuli at the edge of the scale of a sea trout
(Calonne, 22061984, (496) 2.1+).
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Regenerated scales
On regenerated scales, around the new centre consisting of a disorganised, superficial layer, a
deposit of narrow-spaced circuli may appear, similar to a winter band. Most of the time, however,
this zone of narrow-spaced circuli corresponds to a progressive resumption of circuli deposition
and not to the formation of a winter band.

Special structures during the first sea phase in sea trout
Special structures may appear on sea-trout scales during the first year of growth following the
downstream migration. These structures were identified using the CMR (capture-mark-recapture)
technique (Richard & Baglinière, 1990). The structures are of two types.

A reduced winter band consisting of fine circuli
In the first type, the winter following downstream migration is represented by a set of fine and
narrow-spaced circuli (n ≥ 5) positioned after the sea summer band. This structure is clearly visible
in the anterior section of the scale, but narrows and/or disappears on the sides. The thickness and
spacing of these circuli are fairly similar to the circuli formed during the growth phase of juveniles
in freshwater. This structure is characterised by an absence of erosion. This type of winter band may
be observed in fish aged both 1+ and 2+ sea winters (Figures 185 and 186).

B

Fig 185. A reduced winter band with fine circuli (n ≥ 5) and
no spawning mark between the two sea growth bands on
the scale of a sea trout (Bresle, 04062014, (535), 2.1+).
(A) General view of the structure.
(B) Detailed view.
A
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B

Fig 186. The first winter band is reduced with fine
circuli (n ≥ 5), with no spawning mark between the two
sea growth bands on the scale of a sea trout (Orne,
15061983, (626), 1.2+).
(A) General view of the structure.
(B) Detailed view.

In the second type, the winter following downstream migration is represented by a limited number
of narrow-spaced circuli (n ≤ 5) that continue along the sides of the scale. More or less pronounced
erosion may often be observed, particularly along the sides of the winter band. This type of winter
band may be observed in fish aged both 1+ and 2+ sea winters (Figures 187 to 189).
These different observations suggest that the trout spent the winter following the downstream
migration in a river without spawning. The more or less slow growth may be observed on the scale.

124

Guide to the interpretation of the scales and the estimation of the age of brown trout (Salmo trutta) from the French populations, March 2020

A double tightening during the summer phase following downstream migration
This structure occurs in two different forms:

-- two identical thin bands of narrow-spaced circuli separated by a zone of high growth. There may

be some, occasionally pronounced, erosion along the sides of the first tightening. This structure
results from a summer passage in freshwater during the immature finnock stage (0+ at sea).
The erosion is thought to be due to a sudden change in the environment with a profound
modification in feeding. The fish then goes back to the sea to grow, before returning once
again, at the end of the winter (second tightening), to the lower part or the estuary of the river
(Figure 190);
-- two different tightenings, one coming directly after the other on the scale. The first band is
identical to the one mentioned above. The second is a wider, sea winter band (Figure 191). This
structure indicates that following a summer passage in freshwater, the fish rapidly returned to
the sea to continue its growth.

B
Fig 187. A reduced winter band with fine circuli (n ≤ 5),
with no lateral erosion and no spawning mark between
the two sea growth bands on the scale of a sea trout
(Touques, 10041984, (508), 1.1+).
This trout was marked during a first upstream migration
in the river at the 0+ finnock stage. It was recaptured at
the sea age 1+ during its second return to the river.
(A) General view of the structure.
(B) Detailed view.
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Fig 188. A reduced winter band with fine circuli
(n ≤ 5), with some lateral erosion and no spawning
mark between the two sea growth bands on the scale
of a sea trout (Bresle, 03062014, (500), 2.1+).
(A) General view of the structure.
(B) Detailed view.

A

B
Fig 189. A reduced winter band with fine circuli (n ≤ 5),
with significant lateral erosion and no spawning mark
between the two sea growth bands on the scale of a
sea trout (Orne, 12061982, (720), 1.2+).
(A) General view of the structure.
(B) Detailed view.
A

126

Guide to the interpretation of the scales and the estimation of the age of brown trout (Salmo trutta) from the French populations, March 2020

B

Fig 190. A double tightening with two identical, thin
bands corresponding to stays in the river, on the scale of
a sea trout (Touques, 22061984, (437), 1.1+).
(A) General view of the structure.
(B) Detailed view.

A

B
Fig 191. A double tightening with a first, thin band corresponding to a summer return to the river and a second
wider band corresponding to a sea winter, on the scale of
a sea trout (Dives, 04062001, 500, 2.1+).
(A) General view of the structure.
(B) Detailed view.
A
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In both cases, the first tightening may be explained by an upstream migration during the summer
or fall of fish at the finnock stage that often remain in the postsmolt stage, near the coast. The
upstream migration would appear to be caused by uncomfortable summer conditions in the sea,
due to:
-- high water temperatures and consequently a low level of dissolved oxygen;
-- a high degree of parasitism caused by sea lice (Maisse et al., 1991).
If an in-depth examination is not carried out, this structure results systematically in an
overestimation of the sea age of the fish. To avoid errors, it is necessary to compare the width
of the small zone of high growth between the two tightenings to the width of growth zones
generally observed between two sea winters in fish of the same size and theoretically having
identical growth patterns. These special cases may be observed more frequently in certain seatrout populations in northern France (Normandy and the Hauts-de-France region).

Identifying spawning marks
In some cases, identifying spawning marks can be difficult. The intensity of the mark would appear
to depend on the environment, the size, age and growth rate of the fish and biological form. For
example, spawning marks are much more pronounced in sea trout from the Oir River (BasseNormandie region, essentially type 0) than in trout from the Bresle River (Haute-Normandie
region, mainly type 1) (Figure 192a and b). Note that the presence of a spawning mark is sufficient
proof that a fish has reproduced, but that the absence of a spawning mark on a scale does not
necessarily mean that the fish has not reproduced.
Generally speaking, spawning marks are much more pronounced in large or very old fish due to
greater remobilisation of the calcium reserves from the scale (greater peripheral erosion, often
accompanied by surface erosion). Spawning marks are also much more pronounced in sea trout
(Richard, 1986) than in lake trout (Melhaoui, 1985) and in river trout (Baglinière & Marchand,
personal communication). In the sea form, significant space between the circuli may often be
observed when growth resumes following reproduction (Jarvi & Menzies, 1936; Backiel & Sych,
1958; Richard, 1986; Baglinière & Le Louarn, 1987; Maisse et al., 1987; Richard & Baglinière,
1990). Moreover, it is necessary to distinguish between true spawning marks and pseudo marks
on the first or second sea/lake winter band, that are in fact «scar» winter bands with clear lateral
erosion (Figure 193a, b, c and d). This type of mark is virtually absent in the river form, even in
older fish. Pseudo marks, observed primarily in the sea form, are characterised by pinching of
circuli and lateral erosion of the winter band, with no erosion of the anterior section and no mark
on the posterior section (Richard & Baglinière, 1990). In sea trout, this pattern on scales may
correspond to a stay in a river (see the section on «Special structures during the first sea phase of
sea trout»). However, in some cases, it is difficult to distinguish a spawning mark from a «scar»
mark due to the variable intensity of spawning marks.
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Fig 192. The spawning marks are more pronounced in sea trout from the Oir River (A) STR, 21012009,
(518), 1.3+ 123, than in trout from the Bresle River (B) STR, 03062014, (705), 2.3+123, and as a result
certain winter bands are still clearly visible on the scale of the Bresle trout.
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B

Fig 193. «Scar» winter band on a trout scale.
(A) The second winter band is a lake «scar» band (LTR, Geneva, 07052000, 575, 1.2+).
(B) A «scar» winter band in the sea phase (STR, Touques, 18062001, 610, 2.1+).
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Fig 193. «Scar» winter band on a trout scale.
(C) A «scar» winter band in the sea phase (STR, Leff, 12092001, 550, 1.1+).
(D) A «scar» winter band in the sea phase (STR, Gaves réunis, 12052013, (560), 2.1+).
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The absence of a spawning mark may occur on the scales of the river and lake forms, but much more
rarely on the scales of the sea form. The absence may be due to mild winter conditions (fish do not
feed during the reproduction phase and thus draw less from their energy reserves) and/or to the
characteristics of the fish at the time of reproduction (high condition coefficient, good physical and
physiological condition). It should be noted that a spawning rest has been observed in the lake and
sea forms (Champigneulle et al., 1990; Josset, personal publication) (Figure 194). A spawning rest
means that a fish that has already reproduced once skips an annual reproduction cycle. However, in
temperate zones, spawning rests have never been observed in the river form and remain rare, even
exceptional in the two other forms.

Fig 194. A pause in reproduction in a sea trout. This fish reproduced a first time
following a sea stay of 1+ year, then returned to the sea for over a year before
coming back to the river (Bresle, 30062006, (715), 1.3+2).
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To correctly identify a spawning mark, the description presented in this guide should be followed
as closely as possible while nonetheless taking into account the possible evolution of the mark
over time. Spawning marks for the first reproduction (two or three years) are identical to those
described by Maisse & Baglinière (1983) for a precocious male salmon prior to its migration to
the sea. A spawning mark is characterised by both a more or less large number of circuli broken
and cut by more recent ones and by a continuous, concentric line clearly visible along the sides of
the scale, but often less in the posterior section of the scale. In addition, the winter band remains
clearly visible in the anterior section of the scale. When the fish ages, the spawning mark generally
overlays the winter band, which is fairly narrow or completely absent due to significant erosion
of the scale, to the point that there remains only a continuous, concentric line on the scale that is
very often visible in the posterior section of the scale.
However, there are cases that are difficult or even impossible to interpret, notably for the river and
lake forms, if the fish reproduced for a first time at the age of two years. The different situations
concerning spawning marks that can be encountered when attempting to interpret the scale of a
trout of that age are presented in Figure 195.

A

?

B

C

Fig 195. Presence or absence of a spawning mark in a marked river trout.
(A) A spawning mark is not visible during the second winter (RTR, Oir, 29092003, (276) 2+).
(B) There is perhaps a spawning mark during the second winter (RTR, Oir, 04102010, (232), 2+2?).
(C) There is a visible spawning mark during the second winter (RTR, Oir, 29092003, (288), 2+2).
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Difficulty in distinguishing between the juvenile and adult phases in sea and lake
forms
For fish undergoing high growth and notably juvenile trout that migrate to the sea or a lake at the
age of one year, it is occasionally difficult to determine whether the second winter band formed in a
river or if it corresponds to the end of the transition zone (see the definition of the annual zone) or
to a first sea/lake winter. This situation would appear to occur very rarely in populations of lake trout.
To distinguish between the freshwater/river phase on the one hand and the transition or sea/lake
phase on the other, there are a number of other criteria:
-- a transition zone generally has a growth pattern (spacing and thickness of circuli) between
those of freshwater phase on the one hand and sea/lake phase on the other. In addition, if this
supernumary band is narrow (two to three circuli), it represents the end of the transition zone
(Figure 196a);
-- if the band is relatively thick (five or more circuli), circles round the scale and is clearly visible in the
posterior section, it is a winter band that formed in a freshwater/river environment (Figure 196b);
-- if the size of the fish, using a simple proportional back-calculation at the end of this second band,
is comparable to that of smolts or migrating juveniles of same age in the population of sea or lake
trout, it is a winter band that formed in a freshwater/river environment.

A

B

Fig 196. Freshwater zone on the scale of an adult sea trout.
(A) Transition band.
(B) Second winter band in a freshwater/river environment

134

Guide to the interpretation of the scales and the estimation of the age of brown trout (Salmo trutta) from the French populations, March 2020

General recommendations

An array of different technical solutions and explanations have been proposed to overcome many
of the difficulties encountered in correctly estimating the age of trout. However, in some cases,
there may simply not be a solution. But above and beyond the search for solutions, a number of
general recommendations can be made. They are listed below.
 It is necessary to acquire a minimum amount of information on the fish whose scales are

analysed, namely the environment, place and date of capture, size and, if possible, the sex. This
basic information should be filled out with the most in-depth knowledge possible on the biology
of the studied population (from the juvenile to adult stages) and, more generally, knowledge
on the species in its biogeographic range. In particular, lifespan, growth rates, size structure of
genitors (maturing fish), size at the first sexual maturity, sex, migration and reproduction periods
and the birthday date are indispensable biological elements that must be taken into account
in order to avoid serious mistakes. For example, in cases where numerous structures of double
bands are observed, counting all the identified marks should not produce an age estimate
exceeding the available data on lifespan. It should also be noted that even when the ecology
and biology of the studied trout population are well understood, it is equally important to be
aware of the climatic conditions and events over the years before the scale analysis.
 W
 hen the objective is to estimate ages in a trout population for the first time and to establish

size-age relationships, it is important to correctly structure the sample to ensure that it is
representative of the population. It is recommended to proceed step by step, beginning with
the smallest sizes in order to observe the position and structure of the first winter band on the
scales, then to go on to older fish. It may also be useful to carry out regular sampling of fish
(with size measurements), including scale reading at relatively short time steps over the whole
growth season.
 In light of all the difficulties encountered and given the variability in the formation and intensity

of marks, it is indispensable initially to increase the number of scales read per fish, i.e. at least
six per trout. Later, if necessary, following the first reading at a normal magnification level, it is
important to proceed with a second reading at a higher magnification level (x50 or even x100).
This second examination provides a more in-depth analysis of the structures on the different
parts of the scale (anterior, posterior and lateral sections, anterior edge of the scale). It is a
means to more easily differentiate the winter bands from spawning marks and/or additional
bands, particularly using the definitions and examples provided in this guide.
 It is necessary to validate the scale-reading technique (Ombredane & Baglinière, 1992). Monitoring

of marked fish (CMR) (Rifflart et al., 2006) is the most direct and effective method. It is used
routinely on the ORE DiaPFC sites (Figures 197 and 198).
Pit-tags 3 in particular have been used for over 20 years (Ombredane et al., 1996). This technique
is non-traumatic, can be used on fish from six centimeters in length and does not alter growth
rates (Acolas et al., 2007). This technique for individual monitoring is widely used to analyse
life-history strategies and their evolution (Acolas et al., 2012). It can also be used to establish
size-age relationships for a given population taking into account variable factors related to
climate change. The technique is easy to use at a reasonable cost and is a means to provide
management data (e.g. updating the legal minimum size for capture).

3. There are also other marking
techniques, e.g. fluoromarking
using vital dyes such as alizarin
(Caudron & Champigneulle, 2006).
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Fig 197. Scale of a river trout, first marked at phase 0+ in the Oir
River and recaptured five times during its biological cycle.

Characteristics
Date

Capture method

Sex

Lf

Age

04 Oct. 2004

Electrofishing

Ind.

91

0+

04 Oct. 2005

Electrofishing

Ind.

182

1+

30 May 2006

Recapture

Ind.

202

2+

03 Oct. 2006

Electrofishing

F

209

2+

04 Jan. 2007

Recapture

F

212

2+2

09 Oct. 2007

Electrofishing

F

253

3+23

There are also other semi-direct verification/validation methods. The most commonly used consist
of analysing other hard structures (bony tissue or other). In salmonids (notably the Salmo,
Oncorhynchus, Salvelinus, Thymallus and Coregonus genera), the other bony structures (cleithrum,
operculars and fin spines) are very rarely used, contrary to other fish families such as the cyprinids,
esocids and the percids (Le Louarn, 1992). Otoliths are generally used for salmonids.
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Fig 198. Scale of a sea trout, first marked at phase 0+ in the Roche stream (Oir)
and recaptured four times in the Oir during its biological cycle.

Characteristics
Date

Capture method

Sex

Lf

Age

21 Oct. 1996

Electrofishing

Ind.

85

0+

06 Oct. 1997

Electrofishing

Ind.

205

1+

03 March 1998

Downstream trap

Ind.

226

2

16 Dec. 1998

Recapture

F

350

2.0+

05 Dec. 1999

Upstream trap

F

423

2.1+1

In trout, this calcified structure is a good complementary tool to scale, to confirm the age of
an individual fish given that otoliths are not subject to erosion or regeneration (Baglinière et
al., 1986). Furthermore, otoliths are present in fish from the egg stage (Baillon, 1992), whereas
the first scales appear later during the alevin stage (Ombredane & Baglinière, 1992). The use
of otoliths is proposed in this guide as a means to compensate, in certain cases, the difficulties
encountered by scale reading. The parallel use of both scales and otoliths in estimating the age
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of a fish provides not only additional information, but reduces the level of uncertainty. The main
complementarity to the analysis provided by otoliths lies in the confirmation of the presence
or absence of winter bands (Figures 199 and 200). In particular, in environments with strong
seasonal, thermal variations, otoliths can help in confirming the presence of winter bands on edge
(older fish) and central zones of scale (e.g. validate the presence or absence of a first winter band,
see Figure 172 page 111).

A

B

Fig 199. Age estimation of a river trout (Rohan (Kerguelen), 17012011, (207) 2+) on the basis of
the scale (A) and the otolith (B). The two structures indicate the same age.

A

B

Fig 200. Age estimation of a sea trout (Manchots (Kerguelen), 18022010, (454), 3.2+) on the
basis of the scale (A) and the otolith (B). The two structures indicate the same age. However, on
the otolith, it is difficult to distinguish between the freshwater and sea phases.
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Otoliths would even appear to be the better method for populations in which growth is slow and/or
lifespan are high, which is the case, for example, of the trout populations on the Kerguelen Islands
(Figure 201). It has been shown that, for very old fish, scale reading produces an underestimation
of the age compared to that produced by examining otoliths (Geffen et al., 2002). Under austral
conditions, some fish can exceed 12 years of age. Age estimates on the basis of the scales may be
virtually impossible due to overlaying of annuli at the edge of scales that no longer grow. Finally,
the microchemistry of otoliths can also provide information on the age and life history of fish,
notably on the type and location of juvenile growing zones in rivers, the age at which migration
to the sea takes place, the frequency of returns to freshwater and the degree of precision in the
return to the natal river (Perrier et al., 2011). Note, however, that scale microchemistry, a rapidly
developing field, has also become a high-performance tool (Ryan et al. 2019).
The drawbacks of otoliths are that a macroscopic examination cannot easily distinguish between
the freshwater and sea phases nor detect spawning marks, i.e. it is not possible to estimate the
age of sexual maturation of the fish. Furthermore, in sea trout, otolithometry would not appear
to be as reliable as scale reading in estimating the growth of fish (Baglinière et al., 1986). Finally,
otolith reading requires that the fish be killed.

?

A

B

Fig 201. Differences in age estimation of an old river trout (RTR, Clarée, Kerguelen, 28122009,
(485)) using a scale (A) and a otolith (B).
The estimated age is 7+-8+ years using the scale and 16+ years using the otolith. Unfortunately,
the fish was not marked and its age is unknown. However, the fish is thought to be part of the
initial introductions from the early 1990s, which would suggest that the estimated age by otolith is
closer to the truth.
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List of figures

Figure 1 (p. 11). The complexity of the life cycle and the numerous life-history strategies of brown
trout in a river (RTR = river trout, STR = sea trout) (Baglinière & Ombredane, 2013).
A. The juveniles migrating to the main river are essentially the offspring of spawners migrating in
the tributaries.
B. Resident spawners are the offspring of river spawners and produce a majority of the juveniles
migrating to the river.
C. The juveniles are the offspring of spawners present in the upstream section of the river.
D. The juveniles may be the offspring of spawners in the downstream section of the main river that
migrate to the upstream section for spawning.
E. The juveniles may be the direct offspring of sea trout or the offspring of crossing of river and sea
parents depending on the overlap of the spawning zones of the two forms and on the average size
of the sea trout (long or short periods in the sea).
Figure 2 (p. 13). Geographic distribution the the studied French trout populations.
Figure 3 (p. 15). General structure of a trout scale.
Figure 4 (p. 17). Collection of scales from brown trout,
conservation bag.

the optimum zone, tools used and

Figure 5 (p. 18). Regeneration of a trout scale (RTR, Maronne, Lt 320 mm, age 3 + years). A.
Readable scale. B. Slightly regenerated scale, analysable. C. Scale not suitable for analysis.
Figure 6 (p. 18). Scale collected on the lateral line of a trout and impossible to use for age
estimation.
Figure 7 (p. 19). Position of scales on the strip of cellulose acetate prior to impression.
Figure 8 (p. 21).
growth (RL).

A typical winter band, often observed between the first and second year of

Figure 9 (p. 22). Typical winter bands on the scale of a resident trout from the Kerguelen Islands
(RTR, Val-Travers River, Lf 190 mm, age 3+).
Figure 10 (p. 22). Diagram of the annual zone of a trout scale.
Figure 11 (p. 23). Distinction between the river and lake phases in the scale of a lake trout (A) and
between the river and sea phases for a sea trout (B).
Transition zone between the river and sea phases on the scale of (A) a
Figure 12 (p. 23).
sea trout and (B) between the river and lake phases of a lake trout.
Figure 13 (p. 24). A typical spawning mark of a river trout (A), a lake trout (B) and a sea trout
(C). Erosion along the edge and on the surface of the scale of a sea trout during the reproduction
period (D).
Figure 14 (p. 27). RTR, Bresle, 14092018, (106), 0+.
Figure 15 (p. 27). RTR, Touques, 11092002, (99), 0+.
Figure 16 (p. 27). RTR, Oir, 05102010, (115), 0+.
Figure 17 (p. 28). RTR, Chesnelais, 31101979, (102), 0+.
Figure 18 (p. 28). RTR, Gouët, 17102002, (122), 0+.
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Figure 19 (p. 28). RTR, Pont L’Abbé, 16101979, (117), 0+.
Figure 20 (p. 28). RTR, Saint-Sauveur brook (Scorff), 09102002, (112), 0+.
Figure 21 (p. 28). RTR, 3 Fontaines brook (Nivelle), 15102018, (96), 0+.
Figure 22 (p. 28). RTR, Atl, Leysse, 18012000, 145, 0+. Smolt.
Figure 23 (p. 29). RTR, Touques, 11092002, (166), 1+.
Figure 24 (p. 29). RTR, Touques, 11092002, (220), 1+.
Figure 25 (p. 29). RTR, Oir, 05102009, (185), 1+.
Figure 26 (p. 29). RTR, Oir, 03102005, (204), 1+.
Figure 27 (p. 29). RTR, Chesnelais, 31101979, (143), 1+.
Figure 28 (p. 29). RTR, Chesnelais, 31101979, (189), 1+.
Figure 29 (p. 30). RTR, Flume, 112018, (215), 1+.
Figure 30 (p. 30). RTR, Trieux, 10101986, (131), 1+.
Figure 31 (p. 30). RTR, Trieux, 10101984, (218), 1+.
Figure 32 (p. 30). RTR, Pont-L’Abbé, 16101979, (245), 1+.
Figure 33 (p. 30). RTR, Boutonne, 03061994, (265), 1+. High growth, limestone river.
Figure 34 (p. 30). RTR, Touvre 08062008, 250, 1+. High growth, limestone river.
Figure 35 (p. 31). RTR, Nivelle, 03052012, 143, 1+.
Figure 36 (p. 31). RTR, Leysse (Bourget), 18012000, 190, 1+-2. Second winter band forming.
Figure 37. (p. 31) RTR, Valserine (Rhône), 19062014, 250, 1+.
Figure 38 (p. 31). RTR, Risle, 11092002, (243), 2+2 ? Spawning may have occurred during the
second year.
Figure 39 (p. 31). RTR, Touques, 11092002, (267), 2+..
Figure 40 (p. 31). RTR, Oir, 04102010, (232), 2+.
Figure 41 (p. 32). RTR, Oir, 03102006, (231), 2+2.
Figure 42 (p. 32). RTR, Chesnelais, 31101979, (221), 2+2. During the second winter, only the
spawning mark is visible. Slow growth during the third year.
Figure 43 (p. 32). RTR, Trieux, 10101984, 205, 2+.
Figure 44 (p. 32). RTR, Pont l’Abbé, 06101979, (190), 2+2.
Figure 45 (p. 32). RTR, Pont l’Abbé, 161079, (235), 2+2. During the second winter, only the
spawning mark is visible.
Figure 46 (p. 32). RTR, Scorff, 05102001, (231), 2+2.
Figure 47 (p. 33). RTR, Boutonne, 04061994, (343), 2+. High growth, limestone river.
Figure 48 (p. 33). RTR, Lihoury (Bidouze), 13072012, (249), 2+2.
Figure 49 (p. 33). RTR, Nive, 08041985, (360), 2+2. Strong growth. During the second winter, only
the spawning mark is visible.
Figure 50 (p. 33). RTR, Sorgue, 07042018, 300, 2(+)2 . The spawning mark is visible on the edge
of the scale.
Figure 51 (p. 33). RTR, Leysse, 18012000, 190, 2+2.
Figure 52 (p. 33). RTR, Hyb, Dranse d’Abondance, 30112000, 181, 2+.
Figure 53 (p. 34). RTR, Vieux Rhin, 08042001, 580, 2+2. Very high growth.
Figure 54 (p. 34). RTR, Oir, 01102002, (252) 3+ 3.
Figure 55 (p. 34). RTR, Flume, 01031980, (315), 3 23. The spawning mark for the third winter has
not formed yet.
Figure 56 (p. 34). RTR, Gouët, 17102002, (304), 3+3.
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Figure 57 (p. 35). RTR, Scorff, 17062000, (333), 3+3.
Figure 58 (p. 35). RTR, Sarre, 101979, (270), 3+23. The second spawning mark cuts over the first.
Figure 59 (p. 35). RTR, Verdun, 15102003, 442, 3+23. Superficial erosion due to reproduction.
During the last two winters, only the spawning marks are visible.
Figure 60 (p. 35). RTR, Boutonne, 03041991, 510, 3 3. The spawning mark is forming on the edge
of the scale.
Figure 61 (p. 36). RTR, Touvre, 14032009, 489, 3 3 ?. The slight erosion on the edge of the scale
suggests spawning at the age of three years old.
Figure 62 (p. 36). RTR, Maronne, 30092013, 291 3+3 ? Spawning may have occurred at the age
of three years.
Figure 63 (p. 36). RTR, Nive, 03041985, (298), 3+3. Plus growth is visible on the scale following
reproduction.
Figure 64 (p. 36). RTR, Nive, 16042013, (270), 3+3.
Figure 65 (p. 37). RTR, Sorgue, 10042018, 310, 3 3 ? A spawning mark may be forming on the
edge of the scale.
Figure 66 (p. 37). RTR, Atl, Dranse d‘Abondance, 06092000, 155, 3+. The winter bands are weakly
marked, probably due to the low water temperatures prevalent in the river.
Figure 67 (p. 37). RTR, Med, Dranse d’Abondance, 06092000, 188, 3+ 3 ? The winter bands are
weakly marked. Spawning may have occurred during the third year.
Figure 68 (p. 37). RTR, Med, Dranse d’Abondance, 30112000, 237 3+3. The winter bands are
weakly marked.
Figure 69. (p. 38) RTR, Risle, 11092002, (334), 4+. During the last two winters, only the spawning
marks are visible.
Figure 70 (p. 38). RTR, Scorff, 24072008, (356), 4+ 34.
Figure 71 (p. 39). RTR, Touvre, 18052009, 520, 4+34.
Figure 72 (p. 39). RTR, Nive, 10041985, (424), 4(+) 34. The spawning mark is located on the edge
of the scale. The plus growth is just barely visible.
Figure 73 (p. 40). RTR, Nive, 22062011, (346), 4+34. In the fifth year, the renewal of growth is
limited.
Figure 74 (p. 40). RTR, Bidassoa, 08042014, (360), 4+34. During the third and fourth winters, only
the spawning mark is visible.
Figure 75 (p. 41). RTR, Med, Dranse d’Abondance, 30112000, 262, 4+ 34 ? The winter bands are
weakly marked; low growth. Spawning may have occurred during the third and fourth winters
Figure 76 (p. 41). RTR, Gouët, 24071980, 460, 5+345. During the last three winters, only the
spawning mark is visible.
Figure 77 (p. 42). RTR, Scorff, 24032012, (416), 5+345. During the last winter, only the spawning
mark is visible.
Figure 78 (p. 42). RTR, Nive, 13092013, (375), 5+2345. During the last four winters, only the
spawning mark is visible.
Figure 79 (p. 43). RTR, Atl, Dranse d’Abondance, 30112000, 318, 5+345.
Figure 80 (p. 43). RTR, Med, Dranse de Morzine, 06092000, 226, 5+45? Spawning may have
occurred during the fourth and fifth winters.
Figure 81 (p. 44). RTR, Rhin, 11052002, 605, 5+45. Spawning may have occurred during the third
winter.
Figure 82 (p. 44). RTR, Nive, 13032014, (545) 6+23456. Only the first winter band is visible. The
other winter bands are masked by the spawning marks.
Figure 83 (p. 45). RTR, Fier, 07092000, 460 6+ 3456.
Figure 84 (p. 45). RTR, Atl, Redon, 05122000, 379, 6+3456.
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Figure 85 (p. 46). RTR, Med, Dranse d’Abondance, 07092000, 345, 6+456. The winter bands and
the spawning marks are weakly marked.
Figure 86 (p. 46). RTR, Nivelle, 09112010, (502), 8+345678. From the third winter, the scale
shows only fairly indistinct spawning marks; STPE1006-100058.
Figure 87 (p. 47). LTR, Atl, Annecy, 18121999, 130, 0+.
Figure 88 (p. 47). LTR, Atl, Annecy, 18121999, 165, 0+.
Figure 89 (p. 47). LTR, Geneva, 29082000, 300, 1.0+/1+.
Figure 90 (p. 47). LTR, Geneva, 09042000, 360, 2.1/3.
Figure 91 (p. 48). LTR, Geneva, 24032000, 455, 2.1(+)/3(+). Slight plus growth.
Figure 92 (p. 48). LTR, Bourget, 28072000, 480, 1.1+/2+.
Figure 93 (p. 49). LTR, Bourget, 20072000, 430, 1.1+1/2+2.
Figure 94 (p. 49). LTR, Geneva, 24032000, 510, 1.2/3. The second lake winter band has not yet
formed.
Figure 95 (p. 50). LTR, Geneva, 09042000, 630 2.2/4. The two river winter bands are weakly
marked and the second lake winter band is still forming.
Figure 96 (p. 51). LTR, Geneva, 09042000, 680, 2.2 2/4 4. The spawning mark is not yet visible.
Figure 97 (p. 52). LTR, Geneva, 19121983, 780, 2.2+2/4+4. A spawning mark is forming on the
edge of the scale.
Figure 98 (p. 53). LTR, Geneva, 09042000, 530, 2.3/5. The third lake winter band is forming on
the edge of the scale.
Figure 99 (p. 54). LTR, Bourget, 09082000, 750, 1.3+23/4+34.
Figure 100 (p. 55). LTR, Annecy, 04062001, 850, 1.6+ 3456/7+ 4567. The last two spawning
marks are very close to one another.
Figure 101 (p. 56). STR, Vire, 26042016, (206), 1+, smolt.
Figure 102 (p. 56). STR, Oir, 03031998, (226), 2+, smolt, the second winter band is forming.
Figure 103 (p. 56). STR, Oir, 03032009, (221), 2+, smolt.
Figure 104 (p. 56). STR, Touques, 30071986, (317), 1.0+.
Figure 105 (p. 57). STR, Touques, 10031983, 380, 2.0+.
Figure 106 (p. 57). STR, Calonne, 07071987, (350), 2.0+.
Figure 107 (p. 57). STR, Oir, 20122017, (303), 2.0+.
Figure 108 (p. 57). STR, Gave d’Oloron, 09082011, (390), 2.0+. STPE1306-0487..
Figure 109 (p. 57). STR, Nive, 23062011, (340), 2.0+ ; STPE1306-0102.
Figure 110 (p. 58). STR, Touques, 03071985, 435, 1.1+1.
Figure 111 (p. 58). STR, Touques, 17071984, (475), 2.1+1.
Figure 112 (p. 59). STR, Sélune, 12062001, 430, 1.1+1.
Figure 113 (p. 59). STR, Oir, 05121999, (423), 2.1+1. Erosion of the scale edge and spawning
mark in process of forming.
Figure 114 (p. 60). STR, Leff, 23082001, 400, 2.1+1.
Figure 115 (p. 60). STR, Nivelle, 12072013, (379), 3.1+1. STPE1307-13022
Figure 116 (p. 61). STR, Calonne, 10071984, 467, 2.2+12.
Figure 117 (p. 61). STR, Aber-Ildut, 03062001, 550, 2.2+12.
Figure 118 (p. 62). STR, Gave de Pau, 13062001, (487), 2.2+12.
Figure 119 (p. 62). STR, Luce (Scotland), 25092017, 490, 2.2+12.
Figure 120 (p. 63). STR, Bresle, 03062014, (705), 2.3+123.
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Figure 121 (p. 64). STR, Calonne, 21061984, (650), 2.3+123.
Figure 122 (p. 65). STR, Nive, 15052011, (570), 2.3+123. The last two spawning marks have
almost merged all around of the scale. STPE1306-0111.
Figure 123 (p. 66). STR, Touques, 11081983, (560), 2. 4+1234.
Figure 124 (p. 67). STR, Vire, 28052014, 647, 1.4+1234.
Figure 125 (p. 68). STR, Gave d’Oloron, 14082011, (640), 3.4+1234. The last two spawning
marks are more difficult to identify. STPE1306-0493.
Figure 126 (p. 69). STR, Bresle, 31052014, (578), 2.1+. Presence of a wide, sea winter band.
Figure 127 (p. 70). STR, Touques, 22061984, (496), 2.1+.
Figure 128 (p. 71). STR, Orne, 23101981, 545, 1.1+. High growth during the smolt stage.
Figure 129 (p. 72). STR, Vire, 01082001, 600, 1.1+.
Figure 130 (p. 73). STR, Vire, 12062015, (542), 2.1+.
Figure 131 (p. 74). STR, Vire, 20052014, 484, 3.1+..
Figure 132 (p. 75). STR, Aber-Ildut, 03062001, 520, 2.1+. The first winter in a freshwater
environment is not very marked.
Figure 133 (p. 76). STR, Blavet, 18062001, 610, 2.1+. Presence of a wide, sea winter band.
Figure 134 (p. 77). STR, Adour, 11051985, 646, 2.1+.
Figure 135 (p. 78). STR, Gave d’Oloron, 22072001, 610, 2.1+. Presence a wide, sea winter band.
Figure 136 (p. 79). STR, Vieux Rhin, 25062001, 550, 2.1+.
Figure 137 (p. 80). STR, Bresle, 02062014, (620), 2.2+2.
Figure 138 (p. 81). STR, Vire, 03062014, (607), 1.2+2.
Figure 139 (p. 82). STR, Scorff, 25111996, 718, 2.2+2. Presence of a supernumary band before
the first sea winter.
Figure 140 (p. 83). SRM, Vieux Rhin, 27062001, 610, 2.2+2. Presence of a tightening of circuli
after the spawning mark.
Figure 141 (p. 84). STR, Luce (Scotland), 25092017, 590, 2.2+2. The winters in freshwater
environments are difficult to identify.
Figure 142 (p. 85). STR, Bresle, 24052014, (580), 1.3+23. Continuous growth in freshwater
environments.
Figure 143 (p. 86). STR, Orne, 20061983, 720, 1.3+23. The two spawning marks are clearly visible
in the posterior section of the scale.
Figure 144 (p. 87). STR, Dives, 10091981, 700, 2.3+23.
Figure 145 (p. 88). STR, Vire, 22082001, 730, 1.3+ 23.
Figure 146 (p. 89). STR, Adour, 27062014, (750), 2.3+23.
Figure 147 (p. 90). STM, Gave d’Oloron, 11052011, (650), 2.4+234 ; STPE1306-0253.
Figure 148 (p. 91). STR, Orne, 15061983, (800) 1.5+2345. The second sea winter band is still
visible because the spawning mark is not very clear.
Figure 149 (p. 92). STR, Bresle, 24052014, (615), 1.2+.
Figure 150 (p. 93). STR, Orne, 15121983, (760), 1.2+.
Figure 151 (p. 94). STR, Gave de Pau, 08072002, (645), 2.2+. The first sea winter band looks more
like a scar winter mark than a spawning mark (see the section on ”Identifying reproduction (or
spawning) marks”; STPE1306-0533..
Figure 152 (p. 95). STR, Trieux, 06082001, 700, 1.3+3.
Figure 153 (p. 96). STR, Orne, 29051983, (847), 1.3+. The first winter band in the sea phase
consists of a double band of narrow-spaced circuli, caused by two returns to river at the finnock
stage) (see the section on ”Special structures during first sea phase in sea trout”).
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Figure 154 (p. 97). RTR, Val-Travers, Kerguelen, 21032010, (140), 2+.
Figure 155 (p. 97). RTR, Acaena, Kerguelen, 04022016, (181), 4+.
Figure 156 (p. 97). RTR, Château, Kerguelen, 01022010, (201), 6+6. Spawning may have occurred
during the fifth year.
Figure 157 (p. 97). RTR, Studer, Kerguelen, 24022010, (420), 8+.
Figure 158 (p. 98). LTR, upper lake (Studer River), Kerguelen, 20012010, (446), 4.2+/ 6+.
Figure 159 (p. 98). STR, Manchots, Kerguelen, 13062016, (217), 2.0+.
Figure 160 (p. 98). STR, Pointe Morne, Kerguelen, 1502212, (255), 3.0+.
Figure 161 (p. 98). STR, Nord, Kerguelen, 05012010, (320), 4.1+.
Figure 162 (p. 99). STR, Château, Kerguelen, 18122009, (535), 3.2+.
Figure 163 (p. 99). STR, Château, Kerguelen, 03012010, (740), 4.4 234. The third spawning mark
is located on the edge of the scale.
Figure 164 (p. 101). Morphological differences between adult salmon and trout.
Figure 165 (p. 102). Differences in scales between Atlantic salmon and sea trout. For a same
length, salmon scales are larger than trout scales.
Figure 166 (p. 103). Differences in scales between Atlantic salmon and sea trout. In fish having
the same age and equivalent length, the circuli are continuous, thinner and more narrow-spaced
in sea trout than in salmon, during the sea growth phase. (A: Salmon, Scorff, 570, 2.1+) (B: Sea
trout, Nivelle, 533, 1.1+)
Figure 167 (p. 104). Differences in scales between Atlantic salmon and sea trout. Spawning marks
are more pronounced on salmon scales (A) than on those of sea trout (B). The posterior section of
trout scales can be significantly reduced and even disappear.
Figure 168 (p. 106). Size to age relationship in trout. (A) A slightly acidic river and relationship with
the stream order (Scorff River, Brittany). (B) A limestone river (Touvres, a tributary to the Charente
River).
Figure 169 (p. 106). ). Scales of two marked trout recaptured in October. The two fish are similar in
size, but differ in age due to environmental conditions in (A) de la Roche brook, slightly eutrophic
(RTR, Oir, (265), 4+) and (B) Moulinet brook, eutrophic (RTR, Oir, (264), 2+).
Figure 170 (p. 108-109). Trout scales. (A) River form from a mid-sized river (Nive, 10041985,
(424), 4+34). (B) River form from a very large river (Vieux Rhin, 07062001, 510, 2+). (C) Estuary
form (Nivelle, 22062011, (346), 4+4) with two periods spent in the estuary; STPE1104-11009.
(D) Sea form (Nivelle, 04072011, (400), 2.0+). A tightening of circuli is visible along the edge of
the scale; STPE1104-11011.
Figure 171 (p. 110). Scales of domestic trout (restocking, fish farming) for which an age estimation
is difficult. (A) RTR (Flume, 13101983, (300)), irregular shape, central regeneration, numerous
bands and highly irregular growth patterns. (B) STR (Aulne, 10032001, 530), continuous growth,
multiple bands, unusual upstream-migration period and proximity to a sea trout fish farm.
Figure 172 (p. 111). The first winter band is not visible on the scale (A), but is clearly visible on the
otolith (B) (STR, Norvégienne (Kerguelen), 07022010, (320), 4+).
Figure 173 (p. 112). Very high growth in a river trout making it difficult to identify the winter bands
(with the exception of the first) (Touvres, 14092009, 500, probable age 3+-4+ ?).
Figure 174 (p. 112). Continuous growth of a sea trout in freshwater environments s making it
difficult to identify the first band (Calonne, 07071985, (345), 2.0+).
Figure 175 (p. 113). Scales of lake trout in which the winter bands during the lake phase are
difficult to identify. (A) Geneva, 09042000, 480, possible age 2.1+ ? (B) Geneva, 09042000, 750,
possible age 2.3+ ?. Only the last winter band and the spawning mark are visible.
Figure 176 (p. 114). Scale of a trout captured at the end of April (RTR, Nive, 20041985, (320), 4
23) on which the last winter band has not yet formed and will appear as a spawning mark.
Figure 177 (p. 114). Scale of a marked trout recaptured in the Kernec stream (RTR, Scorff,
13011980, (346), 5 2345). It does not show no plus growth during the fifth year after the third
spawning mark surimposed on the fourth.
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Figure 178 (p. 115). Scale of a marked river trout recaptured in the Roche brook (Oir). The second
spawning mark is almost invisible because there are only two or three circuli between the two
spawning marks.
Figure 179 (p. 116-117). Scale of an older trout. (A) RTR, Scorff, 07122017, (593), probably older
than 9 years. The winter bands are difficult to identify and the spawning marks are not visible.
Ageing is made even more difficult due to scale regeneration. (B) RTR, Scorff, 07122017, (545), 9
+. The winter bands are not very easy to identify. The spawning marks are visible, but the last ones
are more difficult because they merge or partially overlap. (C) LTR, Bourget, 21092000, 952.1.8+
45678/9+56789. After the fourth year in a lake, only the spawning marks are visible. The last ones
are more difficult because they merge. (D) STR, Touques, 21011984, (750) 1.6 23456. The fifth
spawning mark is forming along the edge of the scale.
Figure 180 (p. 118). An additional band on the scale of a marked river trout recaptured in the
Clarée River (Kerguelen). (A) Scale when fish was marked on 23122010 (Lf 92, 1+). (B) Scale when
fish was recaptured on 03022012 (Lf 185, 2+). The additional band was caused by the capture
and handling of the fish.
Figure 181 (p. 119). An additional band before the winter band on the scale of a lake trout
(double winter band) (Bourget, 1307200, 420, 1.1+ /2+).
Figure 182 (p. 120). Multiple bands on the scale of a marked trout recaptured in the Oir River
(RTR, 0610199, (406)). Given the number, it is difficult to distinguish between the winter bands
and spawning marks on the one hand and the additional bands on the other. Only the fact that
the fish was marked made it possible to estimate the age (6+).
Figure 183 (p. 121). Multiple bands on the scale of a lake trout (Annecy, 07062001, 875 2? 5+-6+
?/ 7+-8+ ?). It is impossible to estimate the age due to the numerous additional bands, however
some spawning marks are visible.
Figure 184 (p. 122). Tightening of circuli along the edge of the scale of a sea trout (Calonne,
22061984, (496) 2.1+).
Figure 185 (p. 123). A reduced winter band with fine circuli (n ≥ 5) and no spawning mark between
the two sea growth bands on the scale of a sea trout (Bresle, 04062014, (535), 2.1+). (A) General
view of the structure. (B) Detailed view.
Figure 186 (p. 124). The first winter band is reduced with fine circuli (n ≥ 5), with no spawning
mark between the two sea growth bands on the scale of a sea trout (Orne, 15061983, (626),
1.2+). (A) General view of the structure. (B) Detailed view.
Figure 187 (p. 125). A winter band with fine circuli (n ≤ 5), with no lateral erosion and no spawning
mark between the two sea growth bands on the scale of a sea trout. This trout was marked during
a first upstream migration in the river at the 0+ finnock stage. It was recaptured at the sea age
1+ during its second return to the river (Touques, 10041984, (508), 1.1+). (A) General view of the
structure. (B) Detailed view.
Figure 188 (p. 126). A winter band with fine circuli (n ≤ 5), with some lateral erosion and no
spawning mark between the two sea growth bands on the scale of a sea trout (Bresle, 03062014,
(500), 2.1+). (A) General view of the structure. (B) Detailed view.
Figure 189 (p. 126). A reduced winter band with fine circuli (n ≤ 5), with significant lateral erosion
and no spawning mark between the two sea growth bands on the scale of a sea trout (Orne,
12061982, (720), 1.2+). (A) General view of the structure. (B) Detailed view.
Figure 190 (p. 127). A double tightening with two identical, thin bands corresponding to stays in
the river, on the scale of a sea trout (Touques, 22061984, (437), 1.1+). (A) General view of the
structure. (B) Detailed view.
Figure 191 (p. 127). A double tightening a first, thin band corresponding to a summer return to the
river and a second wider band corresponding to a sea winter, on the scale of a sea trout (Dives,
04062001, 500, 2.1+). (A) General view of the structure. (B) Detailed view.
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Figure 192 (p. 129). The spawning marks are more pronounced in sea trout from the Oir River (A)
STR, 21012009, (518), 1.3+ 123, than in trout from the Bresle River (B) STR, 03062014, (705),
2.3+123, and as a result certain winter bands are still clearly visible on the scale of the Bresle
trout.
Figure 193 (p. 130-131). «Scar» winter band on a trout scale. (A) The second winter band is a lake
«scar» band (LTR, Geneva, 07052000, 575, 1.2+). (B) A «scar» winter band in the sea phase (STR,
Touques, 18062001, 610, 2.1+). (C) A «scar» winter band in the sea phase (STR, Leff, 12092001,
550, 1.1+). (D) A «scar» winter band in the sea phase (STR, Gaves réunis, 12052013, (560), 2.1+).
Figure 194 (p. 132). A pause in reproduction in a sea trout. This fish reproduced a first time
following a sea stay of 1+ year, then returned to the sea for over a year before coming back to the
river (Bresle, 30062006, (715), 1.3+2).
Figure 195 (p. 133). Presence or absence of a spawning mark in a marked river trout. (A) A
spawning mark is not visible during the second winter (RTR, Oir, 29092003, (276) 2+). (B) There is
perhaps a spawning mark during the second winter (RTR, Oir, 04102010, (232), 2+2 ?). (C) There
is a visible spawning mark during the second winter (RTR, Oir, 29092003, (288), 2+2).
Figure 196 (p. 134). Freshwater zone on the scale of an adult sea trout. (A) Transition band. (B)
Second winter band in freshwater/river.
Figure 197 (p. 136). Scale of a river trout, first marked at phase 0+ in the Oir River and recaptured
five times during its biological cycle.
Figure 198 (p. 137). Scale of a sea trout, first marked at phase 0+ in the Roche stream (Oir) and
recaptured four times in the Oir during its biological cycle.
Figure 199 (p. 138). Age estimation of a river trout (Rohan (Kerguelen), 17012011, (207) 2+) on the
basis of the scale (A) and the otolith (B). The two structures indicate the same age.
Figure 200 (p. 138). Age estimation of a sea trout (Manchots (Kerguelen), 18022010, (454), 3.2+)
on the basis of the scale (A) and the otolith (B). The two structures indicate the same age. However,
on the otolith, it is difficult to distinguish between the freshwater and sea phases.
Figure 201 (p. 139). Differences in age estimation of an old river trout (RTR, Clarée, Kerguelen,
28122009, (485)) using a scale (A) and a otolith (B). The estimated age is 7+-8+ years using
the scale and 16+ years using the otolith. Unfortunately, the fish was not marked and its age is
unknown. However, the fish is thought to be part of the initial introductions from the early 1990s,
which would suggest that the estimated age by otolith is closer to the truth.
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