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Abstract Chinook salmon (Oncorhynchus tshawytscha) have established populations in both the Atlantic and
Pacific basins of southern South America. Yet, basic biological information about these salmon population is
absent. Here, we documented relative densities, body size, condition and diet composition of juvenile Chinook
Salmon from the Futaleuf�u River, Argentina. We sampled Chinook Salmon juvenile and environmental variables
including daily river discharge, water temperature, electrical conductance, dissolved oxygen and total dissolved
solids. We assessed individual variation in the diet of juvenile salmon over time. We estimated the incubation
time before fry emergence to be around 101 days under a mean water temperature of 7.5°C. Salmon fry
emerged during the Austral Winter (July-August) in off-channel habitats near the redds. Juvenile salmon were
between 3.8 and 12.1 cm in length (TL) and their highest body condition occurred early during the Austral
summer (December). Juvenile salmon abundances were positively associated with water temperature, but not
flow. Diet analyses revealed a specialist feeding behaviour based on food pulses that included both aquatic and
terrestrial insects; piscivory was not detected. Juvenile salmon co-occurred with native fishes suggesting a poten-
tial for interspecific interference. Our findings provide baseline information for the future management of
non-native Chinook Salmon populations in the Southern Hemisphere and elsewhere.
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INTRODUCTION

Chinook Salmon (Oncorhynchus tshawytscha) have
successfully established in several regions around the
world, including the Great Lakes in North America
(Emery 1985), New Zealand (Flain 1981; Quinn &
Unwin 1993), and South America (Ciancio et al.
2005; Pascual et al. 2007; Soto et al. 2007; Correa &
Gross 2008). In southern South America, Chinook
Salmon have been extensively introduced since the
last century for recreational fishing purposes and
modern aquaculture (Pascual et al. 2007; Habit et al.
2012; Arismendi et al. 2014). However, self-sustain-
ing populations have been documented only during
the last few decades (Ciancio et al. 2005; Soto et al.
2007; Aigo et al. 2008; Correa & Gross 2008). Natu-
ralized populations have been reported in basins that
drain to the Pacific Ocean from the Pilmaiquen River
in Chile (40° 370S) and southward to the Beagle
Channel (54° 500S) in Argentina (Ciancio et al.
2005; Di Prinzio & Pascual 2008; Fern�andez et al.
2010). Similarly, Chinook Salmon populations inha-
bit rivers that drain to the Atlantic Ocean from the

Caterina River in the Santa Cruz River (Ciancio et al.
2005) southward to the Beagle Channel (54° 500S) in
Argentina.
Reasons for the rapid success of Chinook Salmon

in southern South America are not well-understood.
It has been hypothesized that genetically diverse pop-
ulations (Becker et al. 2007; Astorga et al. 2008; Riva
Rossi et al. 2012) and diverse life histories (Di Prin-
zio & Pascual 2008) of Chinook Salmon have con-
tributed to their success (Arismendi et al. 2014).
However, basic information about juvenile Chinook
Salmon populations have not been well-documented
in Argentina. Hence, this study evaluated and docu-
mented different environmental characteristics as well
as early development and diets of juvenile Chinook
Salmon to explain their success in these environ-
ments.
In their natural range along the Pacific coast of

North America, there are stream and ocean ecotypes
of Chinook Salmon. Spring ecotypes consist of indi-
viduals that reside for up to a year in freshwater
before migrating to sea. This ecotype includes sub-
yearlings that spend a winter in streams before they
migrate to the ocean (Chapman & Bjornn 1969;
Achord et al. 2007). Ocean ecotypes spend a short
time period (weeks to months) in freshwater before
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migrating downstream as subyearlings in the spring
soon after fry emergence (Healey 1991). In New
Zealand, the phenotypic plasticity and rapid evolu-
tion of Chinook Salmon has been hypothesized to
explain their success (Quinn et al. 2001; Kinnison
et al. 2008, 2011). In this region, a mixture of both
stream and ocean ecotypes of Chinook Salmon occur
(Unwin & Lucas 1993; Quinn et al. 2001). In the
Great Lakes in North America, naturalized adfluvial
Chinook Salmon populations (Kerr 2006) appear to
develop genetic structure after a few generations (Suk
et al. 2012).
In southern Argentina, there is evidence suggesting

that some naturalized populations originated from
stocks of the Lower Columbia River, Central Valley
of California, Middle Oregon Coast, and Vancouver
Island (Di Prinzio et al. 2015). Interestingly, the
Futaleuf�u River population has shown similar within-
population genetic diversity to those populations
from their native range (Di Prinzio et al. 2015). Chi-
nook Salmon spawners from this river have a combi-
nation of stream and ocean ecotypes (Di Prinzio &
Pascual 2008).
Here, we describe the early development and diets

of Chinook Salmon in the Futaleuf�u River, Argentina
(Fig. 1). First, we identify freshwater rearing areas
and document the environmental conditions of flow
and water temperature that out-migrating Chinook
Salmon experience. Second, we estimate timing of
emergence, body size, condition and relative density
of juvenile salmon during their freshwater residence.
Third, we describe the diet composition of juvenile
salmon across seasons. This baseline information is
relevant to identify the diversity of life histories of

Chinook Salmon in the Patagonia, which will be crit-
ical for planning and implementing management
strategies in the future.

METHODS

Study sites

The Futaleuf�u River originates in the Chubut province in
Argentina (43°080S; 71°350W), flows west through Chile,
and empties into the Pacific Ocean (Fig. 1). It is a sixth
order river with a total length of 246 km and regulated by
the Amutui Quimey reservoir (481 m.a.s.l.) in Argentina
and then by the Yelcho Lake in Chile. The Futaleuf�u River
supports an important recreational fishery based on intro-
duced Rainbow Trout (O. mykiss) and Brown Trout (Salmo
trutta) with a recent addition of Chinook Salmon.

A pre-sampling effort along 33 km of the Futaleuf�u River
was conducted in 2011 to corroborate the presence of juve-
nile Chinook Salmon. From this pre-sampling effort, we
selected three sites (Table 1) located downstream of the
Amutui Quimey reservoir (Fig. 1) that were used consis-
tently by Chinook Salmon spawners to construct redds (C.
Di Prinzio unpublished data). At each site, we estimated
the sampled reach area (m2) and depth (cm) following Bar-
bour et al. (1999) and evaluated substrate composition
including boulders (>25 cm), cobbles (6.4–25 cm), pebbles
(1.6–6.4 cm), gravel (2–16 mm) and sand (0.25–2 mm)
using a 1 m2 grid (Ward 1992).

Daily river discharge (annual mean of 300 m s�3) was
provided by the Hydroelectric Futaleuf�u Reservoir Com-
pany; water temperature was recorded continuously at one
hour intervals, averaged and stored every 24 h using under-
water temperature loggers One Wire Digital Temperature
Sensor (DS18B20). Specific conductivity (mS cm�1), pH,
dissolved oxygen (mg L�1), total solid dissolved (mg L�1)

Fig. 1. Map of the study sites in the Futaleuf�u River basin, South America. Circles are the sampling sites. S1 = site 1;
S2 = site 2 and S3 = site 3.
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and salinity were measured monthly with a multiparameter
probe (Hach sensION 156, Hach Instruments, Lovedale,
CO, USA).

Fish sampling

Juvenile Chinook Salmon were collected using a three-pass
beach seine (3 mm mesh-size; 5 x 5 m2) along 50 m
reaches. We kept similar fishing effort across sites and
among dates to compare relative abundances of juvenile
salmon. We sampled fish once a month starting at the end
of the Austral Winter (August 2012) and finishing at the
middle of the Austral Summer (January 2013). In June and
July, we did not sample due to high flow conditions.

Because of the lack of information about the timing of
fry emergence of Chinook Salmon in these invaded sys-
tems, we estimated the duration of eggs spent in the gravel
based on the presence of fry in our samples and the theo-
retical incubation period proposed by Beachman and
Murray (1990) as follows:

logeD ¼ logea� logeðT � bÞ

where D was the emergence time after fertilization (in
days), T was the observed mean temperature (°C), logeɑ
was a constant (6.872) and b was constant (�0.332).

We used Zimmerman et al. (2015) to classify juvenile
Chinook Salmon sizes into fry (≤45 mm FL), subyearling
parr (46–100 mm FL) and yearling smolt (>100 mm FL).
All captured salmon were frozen and transported to the lab
for posterior analysis; stomach contents were preserved in
90% ethanol.

Laboratory processing

Because Pacific salmon and trout fry can be confounded
due to similar morphology, we separated species based on
counting anal fin rays (Pollard et al. 2011). Identified fishes
were counted, weighed (0.001 g nearest unit) and mea-
sured (TL; 0.01 mm). Stomach contents were examined
under a stereomicroscope and items were classified into
Crustacea, Araneae, Cladocera, Plecoptera, Ephemeroptera,
Trichoptera, Coleoptera, Diptera, Homoptera, Hymenop-
tera, Lepidoptera, Thysanoptera, Fish and others.

Data analyses

Because our relatively low sample size and some of our
datasets did not meet the assumptions about normality, we
used of nonparametric tests. We used a non-parametric
ANOVA (Kruskal–Wallis test) and the post hoc Dunn test

Table 1. Characteristics of the stream reaches sampled at the Futaleuf�u River, South America

Site 1 Site 2 Site 3

Latitude (S) 43°10023″ 43°08028″ 43°08013″
Longitude (W) 71°35040″ 71°35034″ 71°36027″
Elevation (m.a.s.l) 331 340 357
Distance from the ocean (km) 235 242 244
Stream reach area (m2) 60 60 60
Mean � SD of the stream reach depth (cm) 40.7 � 1.9 30.4 � 0.9 17.5 � 0.9
Mean � SD of electrical conductance (mS cm�1) 33.4 � 1.4 30.8 � 1.7 31.4 � 1.7
Mean � SD of pH 6.7 � 0.5 7.0 � 0.8 6.6 � 0.9
Mean � SD of dissolved oxygen concentration (mg L�1) 10.6 � 1.2 10.8 � 0.9 10.5 � 0.7
Mean � SD of total dissolved solids (mg L�1) 20.2 � 1.5 20.5 � 0.9 18.9 � 0.5
Substrate composition (%) 60% Gravel-40%

Sand
70% Pebbles-30%
Gravel

40% Cobbles-60%
Pebbles

Fig. 2. Daily discharge (m3 s) and water temperature (°C) of the Futaleuf�u River during 2012–2013. The grey line repre-
sents discharge whereas the black line represents water temperature.
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(Sokal & Rohlf 1995) to compare the size (total length and
weight) of juvenile Chinook Salmon across sites and over
time. Spearman correlation (non-parametric analysis) was
also used to evaluate the association between juvenile Chi-
nook Salmon densities and biomass over time. In addition,
we examined differences in juvenile salmon body condition
over time using length – weight relationships and estimated
the monthly condition factor (105 9 W L�3, W = weight in
g, L = total length in cm).

To evaluate the contribution of each food item to overall
diet, we estimated the fish diet coefficient Q (Hureau 1970)
using the formula Q = %F x %M

where %F is percentage of frequency and %M is per-
centage of mass of the total individual’s stomach captured
in the monthly sampled. This coefficient reduced biases
associated with the use of numeric or weight based meth-
ods because it is the product of the percentage by number
(Frequency %) and the percentage by mass (Mass %) of
each prey type. Based on the Q index, prey items were clas-
sified as main prey (Q > 200), secondary prey
(200 > Q > 20), or occasional prey (Q < 20) following
Hureau (1970).

Fig. 3. Box-plots of total length (cm) and biomass (g m�2) of juvenile Chinook Salmon (Oncorhynchus tshawytscha) in the
Futaleuf�u River during the study period (2012–2013) and among our study sites.

Fig. 4. Fulton’s Condition Factor of juvenile Chinook
Salmon during the sampling period (2012–2013) in the
Futaleuf�u River, South America.

Fig. 5. Length-weight relationship of juvenile Chinook
Salmon over time (August 2012–January 2012) in the
Futaleuf�u River, South America.
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The juvenile Chinook Salmon diet breadth (B) was
assessed using Levins (1968) index with 95% confidence
limits: B = 1/Σ pi

2 i = 1. . .n, where pi is the fraction of
items in the diet that are of category i. Levin’s standardized
niche breadth from 0 (narrow niche width) state to 1
(broad niche width). Values less than 0.6 indicate that the
diet is dominated by few prey items therefore it is a special-
ist predator and values greater than 0.6 correspond to gen-
eralist predator (Krebs 1989). Further, diet diversity of
juvenile Chinook Salmon was calculated using the Shan-
non-Wiener index (Krebs 1989): H0 = � Σ (pi ln pi); where
pi is the fraction of items in the fish stomachs that are of
category i.

To summarize the monthly variation of fish diets, we per-
formed a Non-Metric Multidimensional Scaling (NMDS)
ordination based on the Bray-Curtis similarity coefficient
(Clarke & Warwick 1994). Dimension 1 (MDS1) and
Dimension 2 (MDS2) were extracted, and the influence of
the items prey was assessed with single regression analysis

(ter Braak & Smilauer 1998). A similar procedure was
employed to relate population attributes with MDS dimen-
sions to determine which item prey best accounted for
separation of juvenile salmon in the ordination space.

RESULTS

Habitat conditions and Juvenile Chinook
Salmon relative abundances

The three sampling sites showed similar values of
conductivity, dissolved oxygen, and total dissolved
solids (Table 1) with minor differences in channel
depth and streambed substrate. We captured 424
juvenile Chinook Salmon between August and

Table 2. Seasonal diet composition of juvenile Chinook Salmon (Oncorhynchus tshawytscha) in the Futaleuf�u River during
the study period. Q values >200 represent the main food source whereas Q values between 20 and 200 are secondary food
sources. Q values less than 20 represent occasional food sources. P = pupae, L = larvae, A = adult
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January. The highest densities were observed in
September (3.13 ind. m�2) and the lowest in both
August (0.1 ind. m�2) and January (0.18 ind. m�2).
Juvenile fish densities were positively associated with
temperature (R Spearman correlation = �0.844,
P < 0.05), but not with flow (RSpearman correla-

tion = �0.043, P = 0.90; Fig. 2).

Growth and early development of juvenile
Chinook Salmon

Incubation time was estimated as 101 days after the
spawning season (we used an observed mean water
temperature of 7.5°C). Juvenile Chinook Salmon
sizes ranged between 3.8─12.1 cm total length and
included 51 fry, 370 parr, and 3 smolts. Both length
and weight of juvenile salmon increased from the
Austral Winter to the Austral Summer. There were
statistically significant differences (Kruskal–Wallis,
P < 0.05) for length (cm) and weight (g) across sites
(Dunn test, P < 0.05) and over time (Dunn test,
P < 0.05; Fig. 3) increasing from August (4.5 �
0.6 cm; 0.8 � 0.3 g) to January (9.8 � 0.9 cm;
9.9 � 3.7 g). In site 1, total length of juvenile fish
was different from site 2 and site 3 (Fig. 3); total
length in January, December and November were
different from in August, September and October
(Fig. 3). Juvenile body condition were variable, with
fishes reaching the maximum degree of robustness in
December and the minimum in August (Fig. 4).
Overall, juvenile Chinook Salmon weights were
higher in December than during the rest of the

sampling months, excluding an individual fish sam-
pled in January (Fig. 5).

Juvenile Chinook Salmon diets

Juvenile salmon diets included 77.2% benthic
macroinvertebrates and 22.8% terrestrial inverte-
brates (Homoptera, Hymenoptera, Lepidoptera, Thy-
sanoptera, Araneae, Trichoptera adults, terrestrial
Coleoptera, Diptera adults). The main prey
(Q > 200) varied monthly (Table 2) including Dip-
tera (Q = 2,988) and the stonefly larvae Limnoperla
jaffueli (Q = 236) in August, Diptera (Q = 4,948) in
September, the mayfly larvae Meridialaris laminata
(Q = 590) and the Crustacean Hyalella sp. (Q = 292)
in October. In addition, adults of Diptera
(Q = 2,029) predominated in the juvenile diets dur-
ing November, December (Q = 1,758) and January
(Q = 7,326) and the Cladocera Daphnia sp. domi-
nated in December (Q = 1,217).
The NMDS ordination plot based on diets of juve-

nile salmon illustrated differences among fish sizes
(Fig. 6). Large juvenile salmon (8–12.5 cm TL) were
located mainly at the upper right side of the plot
while small juvenile salmon (4–6.5 cm TL) were
grouped mainly at the lower left side of the plot.
Large juvenile salmon were positively correlated with
adult Diptera (R = 0.63) preys, while smaller fish
were positively correlated with pupae dipterans
(R = �0.63) and larvae of Plecoptera Lymnoperla
jaffuelli (R = �0.54). Intermediate juvenile salmon
(6–9 cm TL) were associated to Chironomids

Fig. 6. NMDS ordination plot of diets for juvenile Chinook Salmon in the Futaleuf�u River, South America. Black circles
represent individuals >10 cm TL whereas grey circles represent individuals between 6 and 9 cm TL. Open circles represent
individuals <6 cm TL.
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(R = �0.60), pupae Diptera (R = �0.41) and cope-
pods (R = 0.46). Furthermore, Levin0s index
(Table 3) values were generally low (0.03 to 0.27)
with September having the narrowest niche breadth.
Diet diversity values were lower during November,
December and January and higher during August,
September and October.

DISCUSSION

The presence of juveniles in the Futaleuf�u River
confirms that Chinook Salmon have successfully
established naturalized populations in Patagonia,
Argentina. As fry, Chinook Salmon remain in off-
channel habitats and floodplain areas near spawning
grounds. Similar to the Petrohu�e River in Chile
(Soto et al. 2007), the highest juvenile densities
were observed in spring with the highest proportion
of fry occurring in winter; salmon parr are more
abundant in spring, and smolts in early summer.
In several invaded systems in Chile, juvenile Chi-
nook Salmon have been reported as the ocean eco-
type, apparently migrating to sea within the first
year of age (Soto et al. 2007). However, based on
the age structure of stream Chinook Salmon (C.

Di Prinzio unpublished data) and scales (Di Prinzio
& Pascual 2008) it seems that the Futaleuf�u River
supports a mixed population of both stream-type
and ocean-type.
Our findings show that juvenile Chinook Salmon

occur between the Austral autumn, spring and sum-
mer in the Futaleuf�u River (April-January; Fig. 7).
Likely hatching and emergence happen during winter
(up to August) in close proximity to the spawning
areas. A few smolts (>10 cm TL) and parr use tribu-
taries and off-channel floodplain habitats downstream
from their natal sites between early spring and sum-
mer (middle of September to January). In North
America, populations are commonly comprised of a
mixture of ocean-type and stream-type providing sta-
bility to the temporal asynchrony among them
(Schroeder et al. 2016). A blend of ecotypes offers an
advantage to populations because it buffers against
environmental variability (Miller et al. 2010; Wals-
worth et al. 2014).
Our findings suggest that juvenile Chinook Salmon

are not limited by prey availability in the Futaleuf�u
River. Chinook Salmon diets include a variety of prey
from both autochthonous (benthic macroinverte-
brates) and allochthonous (terrestrial invertebrates)
origins. Juvenile salmon can be a specialist predator
(narrower niche breadth) with a diet dominated by
few prey. Others studies conducted in invaded rivers
in New Zealand (i.e. Sagar & Glova 1988; Power
1992), Chile (i.e. Ibarra et al. 2011) and North
America (Koheler et al. 2006; Limm & Marchetti
2009) report juvenile Chinook Salmon as generalists.
Some prey are probably consumed opportunistically
such as when flooded marginal backwaters rise dur-
ing storms, during increased flow from reservoir dis-
charge, or during an insect hatch (e.g., Power 1992).
For example, populations of adult Diptera peak dur-
ing spring (ice melt period) and summer and zoo-
plankton peak in summer (peak reservoir releases).

Table 3. Population diet breadth (Levins Index) and diet
diversity (Shannon-Weaver Index) of juveniles Chinook
Salmon during the sampled period (2012–2013) in the
Futaleuf�u River, South America

Month Levin Index Shannon Index

August 0.20 1.28
September 0.03 1.56
October 0.27 2.92
November 0.22 0.84
December 0.10 0.85
January 0.25 0.77

Fig. 7. Schematic diagram illustrating the early life history of juvenile Chinook Salmon during their first stage phase in
freshwater residence (0 + years) in the Futaleuf�u River, South America. The framework is adapted from Bourret, et al.
(2016) and includes an example of native populations from Oregon (Schroeder et al. 2016).
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We suspect that Futaleuf�u River had pulses of food
available to juveniles that are supporting the increase
in salmon weight during early summer (December).
Food pulses have also been documented in Lake
Washington, Washington State (Koheler et al. 2006)
and in Alaska (Armstrong et al. 2016), but not in
another invaded rover of Chile (Ibarra et al. 2011).
The potential for competition for food between juve-
nile Chinook Salmon and native species has been
overlooked although there is some evidence of habitat
overlap with native catfish Trichomycterus aerolatus in
the Allipen River in Chile (Vargas et al. 2010).
In southern South America, managers and policy-

makers face the complex challenge of protecting eco-
nomically important salmon populations while mini-
mizing their negative environmental effects. In this
region, recreational fisheries based on salmonids pro-
vide important revenue for rural communities and
angling operators (Vigliano et al. 2000; Arismendi &
Nahuelhual 2007). However, Chinook Salmon intro-
ductions have negative ecological effects in marine
(Soto et al. 2001) and freshwaters systems (Vargas
et al. 2010; Arismendi & Soto 2012). In rivers, there
is evidence of interactive segregation over habitat
processes between juvenile Chinook Salmon and the
native catfish Trichomycterus areolatus (Vargas et al.
2010); marine derived nutrient subsidies from sal-
mon carcasses in rivers have the potential for affect-
ing natural ecosystem functioning (Arismendi & Soto
2012). At present, salmon management alternatives
include increasing the harvest limit and extending the
fishing seasons in sensitive areas to simultaneously
attract anglers and reduce predation/competition
pressure with native fishes (Soto et al. 2001, 2006;
Arismendi & Nahuelhual 2007). However, an effec-
tive management of Chinook Salmon require an
understanding of their diversity of life history expres-
sions. In particular, a higher proportion of stream
ecotype Chinook Salmon inhabiting the Futaleuf�u
River can increase the duration of potential negative
interactions with freshwater fishes. Our study pro-
vides insights about the early development and fresh-
water residence of Chinook Salmon in these invaded
systems and represent an attempt towards building a
baseline of biological information that can support
future planning and fisheries management. Ulti-
mately, the management of salmonids will require
balancing recreational fisheries, salmonid aquaculture
and the conservation of freshwater biodiversity.
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