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Abstract Diet composition of newly emerged
brown trout fry in natural areas remains poorly
known, and foraging abilities at this early stage,
although presumably reduced, are still under discus-
sion. We have studied gut content composition of
brown trout fry in a temperate area (Galicia, NW
Spain) and compared it to the benthic macroinverte-
brate community. Small prey such as chironomid
larvae and baetid nymphs were the most important
food items for newborns, some of them still present-
ing yolk remnants. However, the positive selection
observed for Polycentropodidae and Simuliidae and
the rejection of Elmidae and Leuctricidae suggest
that other factors apart from size, such as locomotor
abilities of fish or accessibility and antipredator
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behaviour of prey play an important role in feeding
behaviour. Additionally, analysis of diet changes on
the studied fry suggests a dramatic shift in niche
breadth at the moment of complete yolk absorption,
which might be related to the improvement of
swimming and handling ability of fry for capturing
and ingesting prey. The presence of aerial imagoes
only in the stomachs of fry with no yolk provides
further support to this hypothesis. Planning of
restoration works on spawning grounds should then
allow enough time for complete recolonization by
benthic macroinvertebrates, including first instars, as
searching for food in newborns is limited to the nest
area due to mobility constraints.

Keywords Brown trout - Fry - First feeding - Diet -
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Introduction

First feeding is the major critical period for fish fry
survival. It is the phase where the deepest physio-
logical and ecological changes occur and, both in
natural populations and fish cultures, this period
constitutes a primary focus of interest. In salmonids,
many of the factors that determine first feeding of
newly emerged fry are linked to maternal traits. Thus,
for example, female decision on nest choice will
condition the first diet of the newly emerged
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juveniles, since their poor swimming ability obliges
them to feed in the surrounding area (Elliott, 1986;
Garcia de Leaniz et al., 2000). As well, the amount of
yolk available for embryos will determine the time
nestlings emerge from the gravel nest to open water
for feeding, as the exhaustion of yolk remnants forces
them to find food resources (Armstrong & Nislow,
2006). However, feeding can occur even prior to
emergence in brown trout (Zimmerman & Moseg-
aard, 1992; Skoglund & Barlaup, 2006). Beside these,
there are also individual traits, such as the ability to
acquire a feeding territory, that play an important role
in the success of first feeding (Titus, 1990), and the
observed aggressive behaviour of newly emerged fry
is known to contribute to the dispersal of emerging
batches and to the establishment of a social hierarchy
(Elliott, 1990). Among the abiotic factors that
influence feeding, water temperature plays a major
role, as it influences emergence, food intake and
activity (Crisp, 1988; Elliott & Hurley, 1998; Ojan-
guren et al., 2001).

Brown trout is a species of Eurasian origin, but at
present it is naturalized in many other areas all over
the world. It has an outstanding socio-economic
importance, both in commercial and sport fisheries,
and it is frequently used as tourist attraction (Aas
et al., 2000; Butler et al., 2009). A consequence of
this importance is the enormous amount of literature
on the species, with published monographs on
different aspects, including feeding (e.g. Bagliniére
& Maisse, 1991; Elliott, 1994). However, even
though first feeding is a critical period, diet compo-
sition of newly emerged fry in natural areas remains
poorly known, and the limited information available
on the food of brown trout fry comes mainly from
studies in boreal areas (see Skoglund & Barlaup,
2006). Better knowledge on this subject would,
however, provide important information on the larval
feeding behaviour and food quality in this period,
thus helping understand the trophic requirements of
fry. Moreover, a better understanding on the use of
food resources during this critical phase would help
stakeholders to take decisions on the management of
natural spawning areas (Armstrong & Nislow, 20006).
Thus, the objective of this paper was to analyse the
diet and foraging abilities of young brown trout fry in
four natural spawning streams in a temperate area,
where brown trout is the most important angling
species.
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Materials and methods

Fry were collected in four streams located in Galicia
(NW Spain). Two of them, Castromaior (STR1, UTM:
29T 618591 4800096) and Xemil (STR2, UTM: 29T
646561 4754400) are first-order streams tributaries on
the watershed of River Mifo (308 km total length),
while Iso (STR3, UTM: 29T 569408 4751246) is a
first-order tributary of River Ulla (132 km total
length). The River Eo flows into the Cantabrian Sea,
and it is 79 km in length, but fry were collected at its
source area (STR4, UTM: 29T 646023 4779958). All
sampling streams are oligotrophic courses draining
granitic catchments, and sampling sites were located
on sections of an average width of 2-3 m. Medium
water temperature of the four locations varies between
10°C in winter and 14°C in summer, with a summer
flow of 0.6 m*/s that raises to ca. 1.2 m*/s during
winter (Rio-Barja & Rodriguez-Lestegas, 1992). Sub-
strate of nursery areas consisted mainly of coarse
gravel (10-30 mm diameter).

Fry were collected throughout the months of March
and April 1996 in various parts of nursery areas during
routine fish sampling using pulsed D.C. backpack
electrofishing equipment (Hans Grassl GmbH,
ELT60II). The number of captured fry was 19 at
STRI1, 25 at STR2, 29 at STR3 and 26 at STR4. All
individuals were captured in open water over the gravel
bed, at short distances of nests. Fry were killed
immediately by an overdose of anaesthetic (benzo-
caine) and transported in coolboxes (approx. 4°C) to
the laboratory, where they were frozen at —30°C until
processing.

Prior to electrofishing in STR3, benthic inverte-
brate samples (n = 9) were collected from riffles
using a 0.1 m? Surber sampler. After collection, we
preserved samples in 70% ethanol and stored them
for later processing. In order to study prey selection,
we quantified the abundance and composition of
aquatic  invertebrates. Maximum prey length
(£0.01 mm) was measured for each prey item. Prey
was grouped into 0.5-mm length classes.

Laboratory procedures were performed following
Skoglund & Barlaup (2006), except for the estimation
of stomach fullness and yolk remnants. Thus, fry
were defrosted and the total length (Lt) was recorded
to the nearest 0.5 mm and weighed (W) to the nearest
0.1 mg, despite the fact that freezing induces a loss in
length and weight of fishes (Ogle, 2009). Before
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dissection, fry were stored in formaldehyde to
completely extract yolk under a binocular microscope
(Nikon Eclipse 80i). If yolk was present, remnants
were registered as percentage with respect to the wet
weight of the fry.

Mouth gape was measured to determine morpho-
logical feeding limitations of fry from STR3. We used
a digital micrometer, inserting the tip of a conical
wood device into the mouth cavity of fry until the jaws
were well separated (Ward & McCulloch, 1991).

The degree of stomach fullness (f) was calculated
for each fry as f = (WyW) x 100, where W; is the
total stomach content wet weight (mg) and W is the
fry wet weight (mg). Prey items were identified to
the family level when possible. When fragmented or
partially digested, the number of items was estimated
by counting body parts resistant to digestion. In those
cases, prey length was estimated from the width of
the cephalic capsule (see Rincén & Lobon-Cervia,
1999), which was normally the best preserved part.
Preys were grouped into 0.5-mm classes.

For the description of the diet, data are offered on
frequency of occurrence of preys (F; = (N/N) x 100,
where N; is the number of fry with prey i in their
stomach and N is the total number of fry with stomach
contents of any kind) and relative abundance of preys
(A; = (ZS/ZS)) x 100, where S; is the stomach con-
tent (number) composed of prey i, and S, the total
stomach content of all stomachs in the entire sample)
(Amundsen et al., 1996). Moreover, the niche width of
the individuals was estimated using the Shannon
diversity index (H' = —XPlog,oP;, where P; is the
proportion of the prey item i among the total number of
preys), and the specialization in the diet evaluated
using the Pielou’s evenness index (J = H'/H' pa0),
considering that values close to zero mean a steno-
phagous diet and those closer to one more of a
euryphagous diet (Ruginis, 2008).

Each prey item was converted into energy and
chemical composition using dry weight-energy

Table 1 Biometric data of the fry (mean values & S.E.)

equations (Cummins & Wuycheck, 1971; Cobo
et al, 1999, 2000), and the total energy in the
stomach was summarized for each fish.

The feeding selectivity of fry was measured using
Ivlev’s selectivity index (Ivlev, 1961), E = (r; — p;)/
(r; + pi), where r; is the relative abundance of food
category i in the stomach (as a proportion or
percentage of all stomach contents) and p; is the
relative abundance of this prey in the environment.
Values of this index range from —1 to 41, with
negative values indicating rejection or inaccessibility
of the prey, zero indicating random feeding, and
positive values indicating active selection.

Statistical analyses were conducted using the
programme SPSS 16.0. All tests were considered
statistically significant at P level < 0.05. Kruskal-
Wallis tests for non-normal data were used for
detecting differences among rivers. Differences in
the number of taxa and number of prey between
STR2 and STR3, the only places with enough
individuals that had started feeding, were tested
using a Mann—Whitney U test. Student ¢ test was used
to compare the mouth gape among individuals in
STR3. The Spearman correlation was used to exam-
ine correlations between variables.

Results

Biometric data of fry (mean Lt and W) in the four
streams are shown in Table 1. Total length (Lt) of fry
ranged from 19 to 44 mm, with fry from STR3 being
the longest (28 mm =+ 1.12). Significant differences
were observed in length and weight among streams
(Kruskal-Wallis test: H = 38.47, P < 0.05; Kruskal—
Wallis test: H = 39.39, P < 0.05).

Mean mouth gape of individuals in STR3 was
2.27 mm =+ 0.103 (range: 1.65-3.51 mm), being dif-
ferent among individuals (Student ¢ test: t = 21.88,
P < 0.05).

Castromaior (STR1) Xemil (STR2) Iso (STR3) Eo (STR4)
Total length (mm) 24 £+ 0.22 229 £ 0.29 28 £ 1.19 25 £ 0.21
Weight (g) 0.13 + 0.003 0.10 £+ 0.003 0.27 £ 0.043 0.14 + 0.003
Yolk (%) 12.51 + 0.873 5.17 £ 1.929 0 3.16 £ 0.702
Number of fry 19 25 29 26
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Concerning yolk, 48.48% of the total fry presented
still remnants of the yolk sac, ranging from 0.6 to
25.97% with respect to the fry total wet weight.
When yolk was fully consumed, fry Lt ranged from a
minimum of 22 mm in STR3 to a maximum of
44 mm in STR4.

Of the total captured fry, 49.5% had initiated
feeding (49 individuals), while the rest (50.5%) did
not present any food particle in the stomach or
intestines. Of the total fry that had initiated feeding,
only 7 (21.21%) presented yolk remnants and, as
expected, mean stomach fullness was lower for fry
with yolk (3.20% stomach fullness) than for fry
without yolk (5.47%). Figure 1 shows the proportion
of fry which had initiated feeding in relation to the
amount of yolk, being 21% for fry with 0-10% wet
weight of yolk and 82.35% for fry with no yolk. No
food particles were found in the stomachs or intes-
tines of fry having >10% of the yolk sac remaining.

As the amount of remaining yolk decreased, the
number of preys in stomachs increased (Fig. 2).

The composition of benthic invertebrates in STR3
included 36 taxa (density = 4559 ind/m* and bio-
mass = 33.81 g/m?). The beetle Elmidae was the
most abundant taxa and represented 30.14% of the
total number of individuals. Leuctricidae and Ephem-
erellidae contributed 16.86 and 15.5%, respectively,
to the total abundance. Less numerous in the benthos,
but very important in trout diet in other studies, were
families such as Chironomidae (8.98%) and Baetidae
(7.68%) (Table 2). Invertebrates presented a wide
size range (range: 0.5-26 mm), with prey > 4 mm
being the most abundant ones (29.3%) (Table 3).

A total of 398 preys were identified in the stomach
contents of fry, and the diet composition includes 14
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Fig. 1 Percentages of brown trout fry which had initiated
feeding in relation to the amount of yolk remaining
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Fig. 2 Number of prey in the stomach of fry in relation to the
amount of yolk remaining

types of prey (Table 4). Thirteen of the 14 categories
were benthic prey, and only one category corre-
sponded to aerial prey (chironomid imagoes), which
were only found in stomachs of fry with no yolk, and
were probably eaten on the water surface. The number
of prey taxa consumed by fry showed significant
differences between STR2 and STR3 (Mann—Whitney
U test: U = 130.5, P < 0.05), being higher in STR3
(2.59 £ 0.208) than in STR2 (1.80 % 0.262). The
most abundant taxa in the diet were chironomid larvae
and baetid nymphs (Table 4). Chironomid larvae
constituted 59.05% of the total number of identified
items, and were identified in the 79.59% of the
stomachs with food. Copepods were also present in the
diet of fry collected at STR2 and STR3, while mites
(Hydracharina) were found only at STR3. The rest of
the taxa present were aquatic insects: Ephemeroptera,
Trichoptera, Plecoptera, and other Diptera families
(Simuliidae and Ceratopogonidae).

The trophic diversity of fry was relatively low
(H' = 0-0.28; Table 4). As for the evenness index
(J = 0.13-0.47), it indicates that fry tend to be
stenophagous. The trophic diversity consumed by fry
increases with fry size (Fig. 3), results were obtained
using pooled data (r = 0.56; P < 0.05) but also
separately in STR2 and STR3 (r = 0.57, P < 0.05;
r = 0.58, P < 0.05, respectively). The trophic diver-
sity and the number of prey were significantly higher
in STR3 than in STR2 (Mann-Whitney U test:
U=137, P <0.05, Mann—Whitney U test:
U = 123, P < 0.05, respectively) (Table 4).

The biochemical composition of the diet showed a
high stability, although significant differences in
energy intake were found between sites STR2 and
STR3, being STR3 > STR2 (Table 5). Some prey
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cT:r::Jeogitif:I:r?gslvlev’ s Developmental Number of Abundance (A;) ‘Ivlev’ S

index in STR3 stage prey (V) index
Planariidae Adult 60 0.44 -1
Oligochaeta® Adult 840 6.15 —1
Sphaeriidae Adult 15 0.11 -1
Hydracharina Adult 96 0.7 —0.36
Gammaridae Adult 90 0.66 -1
Ostracoda® Adult 3 0.02 -1
Copepoda® Adult - - -1
Baetidae Nymph 1050 7.68 —0.61
Ephemerellidae Nymph 2118 15.5 —0.88
Ephemeridae Nymph 33 0.24 -1
Heptageniidae Nymph 147 1.08 —0.24
Leptophlebiidae Nymph 564 4.13 —0.85
Chloroperlidae Nymph 75 0.55 -1
Leuctridae Nymph 2304 16.86 -1
Nemouridae Nymph 27 0.2 -1
Cordulegasteridae Nymph 3 0.02 -1
Sialidae Larvae 3 0.02 —1
Elmidae Larvae/Adult 4119 30.14 —-0.97
Gyrinidae Larvae 24 0.18 -1
Hydraenidae Adult 21 0.15 —1
Glossosomatidae Larvae 6 0.04 —1
Goeridae Larvae 42 0.31 —1
Hydropsychidae Larvae 93 0.68 -1
Lepidostomatidae Larvae 3 0.02 -1
Limnephilidae Larvae 33 0.24 —1
Polycentropodidae Larvae 3 0.02 0.87
Psychomyiidae Larvae 3 0.02 —1
Rhyacophilidae Larvae 15 0.11 —1
Sericostomatidae Larvae 144 1.05 -1
Thremmatidae Larvae 12 0.09 -1
Athericidae Larvae 102 0.75 -1
Ceratopogonidae Larvae 51 0.37 —0.067
Chironomidae Larvae 1227 8.98 0.73
Empididae Larvae 21 0.15 -1
Limoniidae Larvae 81 0.59 -1
Psychodidae Larvae 78 0.57 -1
Simuliidae Larvae 162 1.19 0.31

% Not identified

organisms were of obvious importance, such as
chironomid larvae and baetid nymphs, which repre-
sented >80% of the energetic input (STR1 = 100%,
STR2 = 81.2% =+ 6.82, STR3 = 90.3% =+ 2.64,
STR4 = 45.4% =+ 26.47) (Fig. 4).

Fry fed mainly on prey within the 0.05-9.2 mm size
range, with prey of 3—4 mm being the most commonly

consumed (87.18% of total). There were differences in
the average prey size consumption between sites STR2
and STR3 (Mann—Whitney U'test: U = 85, P < 0.05),
prey being longer in STR3 (3.51 mm = 0.077) than in
STR2 (3.04 mm = 0.226), but no correlation between
average prey size and the total length of fry was found
(STR2: r=0.25, P =0.321; STR3: r = —0.16,
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Table 3 Diet of fry and benthos according to prey size in STR3

Prey size categories 1 2 4 5 6 7 8 9
Size (mm) 0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-3.5 354 >4
Stomach occurrence 1 0 21 0 10 181 107 3
Benthos occurrence 0 64 142 2113 1159 3646 1752 786 4006
Prey were grouped into nine prey size categories, each of them of 0.5 mm-interval
Table 4 Diet composition
Castromaior (STR1) Xemil (STR2) Iso (STR3) Eo (STR4)
N A (%) F (%) N A (%) Fi (%) N A (%) Fi(%) N A (%) Fi(%)
Aquatic invertebrates
Hydracharina - - - - - - 1 0.31 3.45 - - -
Copepoda - - - 3 4.92 20 17 5.26 3.45 - - -
Baetidae 1 100 100 7 11.48 40 99 30.65 96.55 - - -
Ephemerellidae - - - - - - 3 0.93 10.34 - - -
Heptageniidae - - - 1 1.64 6.67 2 0.62 3.45 - - -
Leptophlebiidae - - - - - - 1 0.31 3.45 1 7.69 25
Leuctridae - - - - - - 2 0.62 6.90 - - -
Elmidae - - - - - - 1 0.31 3.45 - - -
Hydropsychidae - - - - - - - - - 1 7.69 25
Polycentropodidae - - - - - - 1 0.31 3.45 - - -
Ceratopogonidae - - - - - - 1 0.31 3.45 - - -
Chironomidae - - - 44 7213 88.67 181  56.04 82.76 10 76.92 50
Simuliidae - - - 4 6.56 20 7 2.17 20.69 1 7.69 25
Aerial invertebrates
Chironomidae - - - 2 3.28 13.33 7 2.17 20.69 - - -
Other preys
Vegetal rests - - - - - - - - 3.45 - - -
Nematoda - - - - - - - - 13.79 - - -
No. total prey 1 4.07 £ 0.796 10.48 £+ 2.374 3.25 £ 2250
No. prey taxa 1 1.8 £ 0.262 2.59 £ 0.208 1.25 £0.25
Aerial invertebrates (%) 0 1.94 £ 1.340 2.78 £ 1.172 0
Shannon diversity index 0 0.154 £ 0.049 0.28 £ 0.033 0.035 £ 0.035
Evenness index 0 0.13 £ 0.043 0.47 £ 0.055 0.25 £0.25
Fullness index (%) 4.13 443 £ 0.781 5.59 £ 1.065 4.87 £ 1.39
Fry with food 1 15 29 4
Total fry 19 25 29 26

Number of prey (N), abundance (A;), frequency of occurrence (F;) (mean £ S.E.). Due to the low occurrence of Nematoda and
vegetal rests, their abundance was not quantified, and only the number of stomachs in which it appeared was noted

P = 0.403). The size distributions of prey ingested by
fry differed from those present in the benthos. Thus, in
STR3 the most abundant prey size categories in the
benthos were different from those in the stomachs
(Fig. 5), and no correlation between average prey size
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consumption and mouth gape was found (r = —0.20;
P > 0.05).

A comparison of benthic macroinvertebrate avail-
ability and prey selectivity using the Ivlev’s selec-
tivity index shows that fry selected positively for
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Fig. 3 Trophic diversity-size relationship in brown trout fry.
Linear regression equation y = 0.1926 x —0.2983
* = 0.309)

Polycentropodidae, Chironomidae and Simuliidae,
but negatively for Hydracarina, Copepoda, Baetidae,
Ephemerellidae, Heptageniidae, Leptophlebiidae,
Leuctriciade, Elmidae and Ceratopogonidae (Table 2;
Fig. 6). Nonetheless, Baetidae remained a large com-
ponent of the diet for all fry.

Discussion

Feeding of brown trout fry has been studied before,
both in lab conditions and in natural spawning areas.
Results of those studies show that feeding in recently
emerged fry can be initiated before complete yolk
exhaustion, as found in our study, even while alevins
are still in the gravel nest. However, comparisons
among studies on the amount of yolk still present on
the onset of exogenous feeding in salmonids are
difficult to establish because of differences in the
methodologies used. Thus, Thorpe et al. (1984)
indicate that Atlantic salmon fry initiate feeding
when yolk constitutes around 3% wet weight of the
total wet weight of the alevin, and Kane (1988) refers
to Thorpe et al. (1984) and considers alevins of
Atlantic salmon to be ready for exogenous feeding

115
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Fig. 4 Contributed energy by chironomid larvae and baetid
nymphs (%)

504 B Stomach occurrence

40 O Benthos occurrence
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=

2 25 3 35 =24
Prey size categories (mm)

Fig. 5 Benthos and stomach size-frequency distributions in
STR3

when yolk constitutes 5% of the total wet weight.
Zimmerman & Mosegaard (1992) observed that
alevins of brown trout began feeding in experimental
conditions when yolk constituted approximately 40%
of the total alevin dry weight, while Skoglund &
Barlaup (2006) indicate that brown trout fry under
natural conditions start feeding when having almost
30% of yolk sac remaining compared to the presumed
original size of the yolk sac at hatching.

Table 5 Biochemical

composition of the diet and Xemil (STR2) Iso (STR3) Il\]/leg:t—Whltney
results of comparisons
between fry diet in STR2 Energy (kJ/g) 0.9 + 0.205 231 + 0.672 P <005
and STR3 (mean £ S.E.) .
Protein (%) 59.83 £+ 0.207 59.97 £+ 0.048 P > 0.05
Lipid (%) 10.03 £+ 0.912 11.64 £+ 0.542 P > 0.05
Fibre (%) 5.41 + 0.672 5.92 + 0.258 P > 0.05
Free nitrogen extract (%) 2471 + 1.397 22.45 + 0.783 P > 0.05
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Ivlev index

Elmidae

Simuliidae

Hydracharina
Copepoda (*)
Ephemerellidae
Heprageniidae

Leptophlebiidae
Polycentropodidae
Ceratopogonidae
Chironomidae

Fig. 6 Ivlev’s selectivity index of fry diet in STR3 (*not
identified)

Values of yolk remnants at first feeding obtained
in our study are clearly greater than those obtained by
Thorpe et al. (1984) or Kane (1988) for Atlantic
salmon, but using the visual estimation method of
Skoglund & Barlaup (2006) we have obtained values
close to 30% of yolk sac remaining for brown trout,
as indicated by those authors. However, while they
analyzed feeding of both pre-emergent and post-
emergent individuals in a boreal area, we studied only
post-emergent fry, so the possibility of an onset of
feeding with higher amounts of yolk remnants while
in the nest in our study area might be possible.
Indeed, Hendry et al. (1998) observed that the
proportion of yolk remnants at emergence in sockeye
salmon  (Onchorhynchus  nerka)  significantly
increased with increasing incubation temperature,
and Ojanguren & Brafia (2003) showed that not only
is the development of brown trout embryos at higher
temperatures faster, but exogenous feeding also starts
earlier. Further studies using pre-emergent fry need to
be done for clarifying this hypothesis. Interestingly,
exogenous feeding has been found to decrease yolk
absorption rates in brown trout fry (Raciborski,
1987), and Zimmerman & Mosegaard (1992) sug-
gested that exogenous feeding while yolk is still
being absorbed may increase the survival potential of
alevins, thus saving yolk reserves for periods when
external food is limited. However, the real influence
of “precocious feeding” on fish size, growth rate or
survival is still under discussion (Skoglund & Bar-
laup, 2006).

Concerning diet composition, our results are in good
agreement with those obtained in other studies in
salmonids. Chironomid larvae and baetid nymphs
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seem to be the most important food items for newborns,
as found by many researchers in different geographical
areas (McCormack, 1962; Fahy, 1980; Hubert et al.,
1993; Keeley & Grant, 1997; Nikcevic et al., 1998;
Degerman et al., 2000; Skoglund & Barlaup, 20006),
since those are probably the most accessible inverte-
brates living in the gravel interstices on nesting
grounds at the moment of emergence. In our case they
provided over 80% of the energetic input.

However, it is not clear whether fry are selective
or not at the moment of first feeding, and authors
suggest that selection might be based on the size of
food items (Fahy, 1980; Keeley & Grant, 1997,
Skoglund & Barlaup, 2006). Prey size may affect the
prey ingestion in early fish larvae, and much literature
concentrates on the relationship between prey size
and mouth size as the primary determinant of prey
selection (Shirota, 1970; Cunha & Planas, 1999). In
general, positive selection for Polycentropodidae and
Simuliidae was greater than would be expected from
their body size (>4 mm), suggesting that other
factors apart from size, such as locomotor abilities
of fish or accessibility of prey are important.
Contrastingly, Leuctricidae and Elmidae were nega-
tively selected compared with other prey of similar
body size. Indeed, the availability to the predator and
specific prey characteristics such as swimming abil-
ity, colour and antipredator behaviour have been
found to affect prey selection by larval fishes
(O’Brien, 1979; Houde & Schekter, 1980; Reiriz
et al.,, 1998). Thus, the rejection of elmids, as
observed by Oscoz et al. (2005), may be due to their
lower energetic value because of their intense scler-
otization (Power, 1992; Oscoz et al., 2000) or due to
their bad taste (Ochs, 1969). All these hypotheses
may explain the absence of some items in the
stomachs in spite of their abundance in the benthos.

Studies on diet changes that occur during summer
growth show a dietary niche shift as fry size
increases, with an increase in the diversity, size and
number of preys in few months (Hubert et al., 1993;
King, 2005; Tonkin et al., 2006). However, when
comparing results obtained in our study for fry
collected in the four sites, a difference is clear for
individuals of STR3, where fry analyzed are slightly
longer and heavier than those collected in the other
three sites and, more importantly, none of them
presented yolk remnants, due to a probable earlier
emergence at that site. Interestingly, analysis of their
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diet shows the presence of food in all the individuals,
as well as a wider feeding niche and a higher average
prey size.

There could be several reasons for these differ-
ences. First, as already discussed, morphological
constraints such as mouth gape certainly impose
limitations on feeding behaviour of small fry (Hunter,
1981; Schael et al., 1991; Wainwright & Richard,
1995). However, in our case it seems there is a
marked shift in prey capture that occurs in a short
phase of fry development, as size differences among
the four sites we studied are small. Second, percep-
tive constraints of newly hatched fry due to the
incomplete development of visual system would
impede also the capture of diverse preys, although
the presence of various taxa in the first diet of fry in
all the sites suggest that at least capture seems
possible at a very early phase (Novales-Flamarique &
Hawryshyn, 1996). Third, locomotor abilities of fry
peak only at the end of yolk sac absorption, and at
this time velocity and acceleration are at their highest
levels with respect to body length (Hale, 1999). Our
results seem to be in accordance with this hypothesis,
as they suggest a dramatic shift in niche breadth just
at the moment of complete yolk absorption, which
might be due to the improvement of swimming and
handling ability of fry for capturing and ingesting
prey. The presence of aerial imagoes only in the
stomachs of fry with no yolk provides further support
to this hypothesis.

The important constraints in feeding imposed by
reduced mobility of fry with yolk remnants have been
highlighted before (Thomas et al., 1969; Greenland &
Thomas, 1972; Jensen et al., 1991). However,
although the influence of early feeding on fry growth
and survival is still not clear (Skoglund & Barlaup,
2006), other authors highlight the importance of diet
composition during first feeding, as this may have
important consequences on physiological functions in
later life (Geurden et al., 2007 and references
therein). Thus, at the moment of hatching a certain
density of small preys is required to be present in the
gravel, as searching for food is limited to the nest
area and fry forage on available prey. Restoration
works on spawning grounds should then allow
enough time for complete recolonization by benthic
macroinvertebrates, including first instars, in order to
assure the presence of the required amount of prey for
the feeding of young fry.

Acknowledgments Part of this work has been carried out in
the laboratories of the Station of Hydrobiology of USC
“Encoro do Con” in Vilagarcia de Arousa. This work has
been partially supported by the project INCITE09203072PR of
the Xunta de Galicia. The authors are also grateful to two
anonymous referees for their helpful comments.

References

Aas, O., W. Haider & L. Hunt, 2000. Angler responses to
potential harvest regulations in a Norwegian sport fishery:
a conjoint-based choice modeling approach. North
American Journal of Fisheries Management 20: 940-950.

Amundsen, P. A., H. M. Gabler & F. J. Stalduick, 1996. A new
approach to graphical analysis of feeding strategy from
stomach contents data modification of the Costello (1990)
method. Journal of Fish Biology 48: 607-614.

Armstrong, J. D. & K. H. Nislow, 2006. Critical habitat during
the transition from maternal provisioning in freshwater
fish, with emphasis on Atlantic salmon (Salmo salar) and
brown trout (Salmo trutta). Journal of Zoology 269:
403-413.

Bagliniere, J. L. & G. Maisse, 1991. La truite: biologie et
écologie. INRA Editions, Paris.

Butler, J. R. A., A. Radford, G. Riddington & R. Laughton,
2009. Evaluating an ecosystem service provided by
Atlantic salmon, sea trout and other fish species in the
River Spey, Scotland: the economic impact of recreational
rod fisheries. Fisheries Research 96: 259-266.

Cobo, F., A. Mera & M. A. Gonzilez, 1999. Andlisis quimico y
valor energético de algunas familias de insectos hetero-
metdbolos dulceacuicolas. Boletin de la Asociacién Es-
pafiola de Entomologia 23: 213-221.

Cobo, F., A. Mera & M. A. Gonzalez, 2000. Analisis quimico y
contenido energético de algunas familias de insectos ho-
lometébolos dulceacuicolas. Nova Acta Cientifica Com-
postelana 10: 1-12.

Crisp, D. T., 1988. Prediction from temperature of eyeing,
hatching and ‘‘swim-up’’ times for salmonid embryos.
Freshwater Biology 19: 41-48.

Cummins, K. W. & J. C. Wuycheck, 1971. Caloric Equivalents
for Investigations in Ecological Energetics. International
Association of Theoretical and Applied Limnology,
Mitteilungen.

Cunha, I. & M. Planas, 1999. Optimal prey size for early turbot
larvae (Scophthalmus maximus L.) based on mouth and
ingested prey size. Aquaculture 175: 103-110.

Degerman, E., I. Ndslund & B. Sers, 2000. Stream habitat use
and diet of juvenile (0+) brown trout and grayling in
sympatry. Ecology of Freshwater Fish 9: 191-201.

Elliott, J. M., 1986. Spatial distribution and behavioural
movements of migratory trout (Salmo trutta) in a Lake
District stream. Journal of Animal Ecology 55: 907-922.

Elliott, J. M., 1990. Mechanisms responsible for population
regulation in young migratory trout Salmo trutta L. I1. The
role of territorial behavior. Journal of Animal Ecology 59:
803-818.

Elliott, J. M., 1994. Quantitative Ecology and the Brown Trout.
Oxford University Press, Oxford.

@ Springer



118

Hydrobiologia (2011) 663:109-119

Elliott, J. M. & M. A. Hurley, 1998. An individual-based
model for predicting the emergence period of sea trout fry
in a Lake District stream. Journal of Fish Biology 53:
414-433.

Fahy, E., 1980. Prey selection by young trout fry (Salmo tru-
tta). Journal of Zoology 190: 27-37.

Garcia de Ledniz, C., N. Fraser & F. A. Huntingford, 2000.
Variability in performance in wild Atlantic salmon, Salmo
salar L., fry from a single redd. Fisheries Management
and Ecology 7: 489-502.

Geurden, 1., M. Aramendi, J. Zambonino-Infante & S. Pans-
erat, 2007. Early feeding of carnivorous rainbow trout
(Oncorhynchus mykiss) with a hyperglucidic diet during a
short period: effect on dietary glucose utilization in
juveniles. American Journal of Physiology. Regulatory,
Integrative and Comparative Physiology 292: 2275-2283.

Greenland, D. C. & A. E. Thomas, 1972. Swimming speed of
fall Chinook salmon (Oncorhynchus tshawytscha) fry.
Transactions of the American Fisheries Society 101:
696-700.

Hale, M. E., 1999. Locomotor mechanics during early life
history: effects of size and ontogeny on faststart perfor-
mance of salmonid fishes. Journal of Experimental Biol-
ogy 202: 1465-1479.

Hendry, A. P, J. E. Hensleigh & R. R. Reisenbichler, 1998.
Incubation temperature, developmental biology, and the
divergence of sockeye salmon (Oncorhynchus nerka)
within Lake Washington. Canadian Journal of Fisheries
and Aquatic Sciences 55: 1387-1394.

Houde, E. D. & R. C. Schekter, 1980. Feeding by marine fish
larvae: developmental and functional responses. Envi-
ronmental Biology of Fishes 5: 315-334.

Hubert, W. A., D. D. Harris & H. A. Rhodes, 1993. Variation
in the summer diet of age-0 brown trout in a regulated
mountain stream. Hydrobiologia 259: 179-185.

Hunter, J. R., 1981. Feeding ecology and predation of marine
fish larvae. In Lasker, R. (ed.), Marine Fish Larvae—
Morphology, Ecology, and Relation to Fisheries. Uni-
versity of Washington Press, Seattle & London: 33-79.

Ivlev, V. S., 1961. Experimental Ecology of the Feeding of
Fishes (translated from the Russian by Douglas Scott).
Yale University Press, New Haven.

Jensen, A. J., B. O. Johnson & T. G. Heggberget, 1991. Initial
feeding time of Atlantic salmon, Salmo salar, alevins
compared to river flow and water temperature in Norwe-
gian streams. Environmental Biology of Fishes 30:
379-385.

Kane, T. R., 1988. Relationship of temperature and time of
initial feeding of Atlantic salmon. The Progressive Fish-
Culturist 50: 93-97.

Keeley, E. R. & J. W. Grant, 1997. Allometry of diet selec-
tivity in juvenile Atlantic salmon (Salmo salar). Canadian
Journal of Fisheries and Aquatic Sciences 54: 1894—1902.

King, A. J., 2005. Ontogenetic dietary shifts of fishes in an
Australian floodplain river. Marine and Freshwater
Research 56: 215-225.

McCormack, J. C., 1962. The food young trout (Salmo trutta)
in two different necks. Journal of Animal Ecology 31:
305-316.

Nikcevic, M., B. Mickovic, A. Hegedis & R. K. Andjus, 1998.
Feeding habits of huchen Hucho hucho (Salmonidae) fry

@ Springer

in the River Tresnjica, Yugoslavia. The Italian Journal of
Zoology 65: 231-233.

Novales-Flamarique, I. & C. W. Hawryshyn, 1996. Retinal
development and visual sensitivity of young Pacific
sockeye salmon (Oncorhynchus nerka). Journal of
Experimental Biology 199: 869-882.

O’Brien, W. J., 1979. The predator—prey interaction of plank-
tivorous fish and zooplankton American. Scientist 67:
572-581.

Ochs, G., 1969. The ecology and ethology of whirligig beetles.
Archiv fiir Hydrobiologie 37: 375-404.

Ogle, D. H., 2009. The effect of freezing on the length and
weight measurements of ruffe (Gymnocephalus cernuus).
Fisheries Research 99: 244-247.

Ojanguren, A. F. & F. Brafia, 2003. Thermal dependence of
embryonic growth and development in brown trout.
Journal of Fish Biology 62: 580-590.

Ojanguren, A. F., F. G. Reyes-Gavilan & F. Brafia, 2001.
Thermal sensitivity of growth, food intake and activity of
juvenile brown trout. Journal of Thermal Biology 26:
165-170.

Oscoz, J., M. C. Escala & F. Campos, 2000. La alimentacion
de la trucha comun (Salmo trutta L., 1758) en un rio de
Navarra (N. Espana). Limnetica 18: 29-35.

Oscoz, J., P. M. Leunda, F. Campos, M. C. Escala & R. Mir-
anda, 2005. Diet of 0+ brown trout (Salmo trutta L.,
1758) from the river Erro (Navarra, North of Spain). Li-
mnetica 24: 319-326.

Power, G., 1992. Seasonal growth and diet of juvenile chinook
salmon (Oncorhynchus tshawytscha) in demonstration
channels and the main channel of the Waitaki river, New
Zealand 1982-1983. Ecology of Freshwater Fish 1: 12-25.

Raciborski, K., 1987. Energy and protein transformation in sea
trout (Salmo trutta L.) larvae during transition from yolk
to external food. Polskie Archiwum Hydrobiologii 34:
437-502.

Reiriz, L., A. G. Nicieza & F. Braiia, 1998. Prey selection by
experienced and naive juvenile Atlantic salmon. Journal
of Fish Biology 53: 100-114.

Rincén, P. A. & J. Lobdn-Cervid, 1999. Prey size selection by
brown trout (Salmo trutta L.) in a stream in northern
Spain. Canadian Journal of Zoology 77: 755-765.

Rio-Barja, F. J. & F. Rodriguez-Lestegas, 1992. Os Rios
Galegos. Morfoloxia e Réxime. Concello da Cultura Ga-
lega, Santiago de Compostela.

Ruginis, T., 2008. Diet and prey selectivity by age-O brown
trout (Salmo trutta L.) in different lowland streams of
Lithuania. Acta Zoologica Lituanica 18: 140-146.

Schael, D. M., L. G. Rudstam & J. R. Post, 1991. Gape limi-
tation and prey selection in larval yellow perch (Perca
Sflavescens), freshwater drum (Aplodinotus grunniens), and
black crappie (Pomoxis nigromaculatus). Canadian Jour-
nal of Fisheries and Aquatic Sciences 48: 1919-1925.

Shirota, A., 1970. Studies on the mouth size of fish larvae.
Bulletin of the Japanese Society of Scientific Fisheries 36:
353-368.

Skoglund, H. & B. T. Barlaup, 2006. Feeding pattern and diet
of first feeding brown trout fry under natural conditions.
Journal of Fish Biology 68: 507-521.

Thomas, A. E., J. L. Banks & D. C. Greenland, 1969. Effect of
yolk sac absorption on the swimming ability of fall



Hydrobiologia (2011) 663:109-119

119

Chinook salmon. Transactions of the American Fisheries
Society 98: 406-410.

Thorpe, J. E., M. S. Miles & D. S. Keay, 1984. Developmental
rate, fecundity and egg size in Atlantic salmon, Salmo
salar L. Aquaculture 43: 289-305.

Titus, R. G., 1990. Territorial behavior and its role in popu-
lation regulation of young brown trout (Salmo trutta)—
new perspectives. Annales Zoologici Fennici 27:
119-130.

Tonkin, Z. D., P. Humphries & P. A. Pridmore, 2006. Ontog-
eny of feeding in two native and one alien fish species
from the Murray-Darling Basin, Australia. Environmental
Biology of Fishes 76: 303-315.

Wainwright, P. C. & B. A. Richard, 1995. Predicting patterns
of prey use from morphology of fishes. Environmental
Biology of Fishes 44: 97-113.

Ward, F. J. & B. R. McCulloch, 1991. Relationship between
mouth gape of juvenile walleye (Stizostedion vitreum
vitreum) and prey size. Verhandlungen, internationale
Vereinigung fur theoretische und angewandte Limnologie
24: 2362-2364.

Zimmerman, C. E. & H. Mosegaard, 1992. Initial feeding in
migratory brown trout (Salmo trutta L.) alevins. Journal of
Fish Biology 40: 647-650.

@ Springer



	First feeding diet of young brown trout fry in a temperate area: disentangling constraints and food selection
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


