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The spawning migration of anadromous rainbow trout in the
Santa Cruz River, Patagonia (Argentina) through radio-tracking
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ABSTRACT. Adult anadromous rainbow trout (Oncorhynchus mykiss) from the Santa Cruz River
were implanted with radio-transmitters in May 2000 as they ascended the river from the ocean
to locate spawning areas, assess the range and timing of the spawning migration, and determine
the composition of the spawning populations. Radio-tagged fish revealed geographic and
temporal migration patterns and previously unidentified spawning areas. Telemetry data
indicated that anadromous fish dwell and spawn in the main stem river. Range of the total
detected upstream migration varied between 2-280 km. Spawning begins by mid winter and
peaks in the spring, matching the raise in water temperature, which ranged from 4ºC at the
beginning of the spawning season to 10ºC at the end of the season in December. This pattern is
similar to that of trout indigenous to the Pacific Northwest, USA, in which a raise in the water
temperatures stimulates the onset of spawning. The arrangement of spatial locations of
anadromous fish also indicated that spawning occurs in different sections along the main stem,
giving some credence to the idea that subdivision at the intra-population level may exist. These
results provide strong support to the idea that anadromous fish are at present more closely
related to resident fish occurring in the upper Santa Cruz River, while resident fish from the
lower reaches of the river may well constitute a separate spawning aggregation.

[Keywords: Oncorhynchus mykiss, steelhead, anadromy, residency, radio-telemetry, surgical
implantation]

RESUMEN. La migración reproductiva de la trucha arco iris anádroma del río Santa Cruz
mediante radio-marcado: El río Santa Cruz, en Patagonia, es el único ambiente en el mundo
donde la trucha arco iris introducida desarrolló poblaciones migratorias facultativas, donde
una fracción de los individuos completa su ciclo de vida enteramente en agua dulce, mientras
que otros realizan migraciones periódicas al mar con fines tróficos. En otoño de 2000 se
implantaron radiotransmisores en siete individuos anádromos durante su ascenso al río desde
el océano al inicio de la migración reproductiva, a fin de localizar las áreas de desove dentro de
la cuenca, determinar la duración de la temporada reproductiva y evaluar la composición de la
población reproductiva. La re-localización de los peces radio-marcados reveló patrones generales
de la migración reproductiva de estos peces y permitió identificar sus áreas de desove. Desde
julio a diciembre de 2000, todos los peces radio-marcados fueron localizados en distintos sectores
del cauce principal del río Santa Cruz. La distancia máxima recorrida por los individuos radio-
marcados durante la migración reproductiva varió entre 2-280 km. La temporada de desove
comenzó a mediados de invierno, alcanzando el nivel máximo hacia primavera. Hacia diciembre
ninguno de los peces radio-marcados se encontraban en el río. El pico de desove coincidió con
un ascenso notable de la temperatura promedio del agua, la cual se incrementó desde 4ºC a
principios de la temporada hasta 10ºC hacia fines de la temporada reproductiva. Los datos de
telemetría revelaron que las truchas anádromas utilizan distintas áreas de desove dentro del
cauce principal, lo cual sugiere un cierto grado de segregación a nivel intra-poblacional. Estos
resultados indicarían que la forma anádroma se encuentra más estrechamente relacionada con
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INTRODUCTION

The introduction of salmonids in lakes and
rivers of Patagonia, the southernmost region
of South America, started early in the 20th
century with the primary goal of establishing
wild populations (Tulian 1908). In Argenti-
nean Patagonia, rainbow trout (Oncorhynchus
mykiss) is the most widely distributed salmo-
nid species, with feral populations inhabiting
most river basins in the region (Pascual et al.
2001). Like all other known introduced rain-
bow trout around the world, typical Patago-
nian fish remain in freshwater throughout
their entire life cycle, with a life history simi-
lar to that of resident populations in rivers
and headwater lakes in western North Ameri-
ca (Wydoski & Whitney 1979). Rainbow trout
in the Santa Cruz River (Figure 1) display this
“resident” behaviour, but there is an alterna-
tive life-history type: anadromous fish (steel-
head) that migrate to the ocean both prior to
maturation and between subsequent spaw-
ning events (Pascual et al. 2001). Whereas the

las truchas arco iris residentes del curso medio y superior que con las truchas residentes que ha-
bitan en la desembocadura del río, las cuales parecen constituir una unidad poblacional separada.

[Palabras clave: Oncorhynchus mykiss, steelhead, anadromía, residencia, radio-telemetría, implante
quirúrgico]

coexistence of anadromous and resident
forms is common in rivers throughout the
native range of rainbow trout (Zimmerman
& Reeves 2000), the Santa Cruz River is the
only location in the world where introduced
rainbow trout are known to have developed
an anadromous life history.

As in many other salmonid populations with
this dual life-history behaviour, the way and
extent to which the two ecotypes intermingle
in Santa Cruz River is uncertain. A previous
genetic analysis based on microsatellite loci
revealed no differentiation between anadro-
mous and resident trout collected from a single
location on the upper main stem (Pascual et
al. 2001). Furthermore, several microsatellite
loci showed a significant heterozygous defi-
ciency for anadromous rainbow trout, a pat-
tern consistent with a scenario where mating
is spatially or temporally segregated within
the migratory form. Altogether, these data
hint at the existence of subdivision at the in-
tra-population level (Bernatchez et al. 1998).

Figure 1: Location of the Santa Cruz River and tributaries in southern Patagonia, Argentina, and
sampling localities mentioned in the text.
Figura 1. Ubicación del Río Santa Cruz y de sus principales tributarios en el sur de Patagonia, Argentina,
y de las estaciones de muestreo mencionadas en el texto.
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It is becoming apparent that the relationship
between resident and migratory forms and
the patterns of population structure in the
basin cannot be assessed by using genetic data
alone. This requires an assessment of the
spawning migration that includes identifica-
tion of spawning locations and timing of
spawning events, identification of reproduc-
tive units in the basin, and a determination
of the incidence of anadromy among diffe-
rent units. Despite extensive surveys through-
out the basin since 1997 and numerous inter-
views with fishermen and residents of the
upper basin, the progress of the upriver mi-
gration following river entrance and the
exact location of the spawning areas remain
unknown. The chalky water of this large, gla-
cial-fed river precludes visual detection of
spawners and spawning beds.

Radio-tracking experiments are increasingly
used for locating and characterizing spaw-
ning runs of migratory salmonids in many
large rivers of North America (Burger et al.
1985; Eiler 1990; Parkinson et al. 1999), and it
appears to be an effective method for loca-
ting fish in remote or inaccessible areas. The
purpose of this study was to use radio-tele-
metry to track adult anadromous rainbow
trout as they ascend the Santa Cruz River from
the ocean and thereby provide the first des-
cription of the timing and geographic extent
of this anadromous spawning migration.

METHODS

Study area

The upper Santa Cruz basin is dominated
by two large glacial-fed lakes, Viedma and
Argentino, interconnected by La Leona River,
the second most important river of the drain-
age after the Santa Cruz main stem (Figure
1). Numerous second to third order tributa-
ries feed these lakes; some of them have re-
mained largely isolated due to glacier closure.
Landlocked populations of rainbow trout in-
habit most of these streams. The main stem
Santa Cruz River (50ºS) originates in Argenti-
no Lake and flows for 382 km along the Pata-
gonian plateau to drain into the Atlantic
Ocean through a 25 km-long estuary (Figure
1). The river has unstable, braided, gravelrich

beds forming valleys often more than 1 km
wide. Few springs and small tributaries en-
ter the main stem river, none of them signifi-
cant from the point of view of their trout
populations. The Santa Cruz River supports
an important steelhead fishery from Febru-
ary through May. The relative inaccessibility
of the upper reaches limits most fishing to the
lowest 50 km. Most fishing occurs during mi-
gration; however, in recent years, as fisher-
men have ventured further from traditional
fishing localities on the lower section, fish-
ing also occurs in remote localities during the
holding period before spawning.

Fish collection and handling procedures

Anadromous rainbow trout were caught
with hook and line in March and April 2000
on a 20-km section of the river adjacent to the
town of Piedrabuena (Figure 1) as they en-
tered the river from the ocean. Fish were kept
in a natural pond belonging to the Piedra-
buena municipal hatchery until the implan-
tation of transmitters. On 29 April 2000, five
healthy rainbow trout ranging 490-780 mm
in fork length (Table 1) were recaptured from
the pond by seining and transferred to a hat-
chery raceway. In preparation for surgical
implantation of radio-transmitters, each in-
dividual was anaesthetized with 85 mg/L so-
lution of MS-222 (tricane methanesulfonate)
buffered with sodium bicarbonate until total
loss of equilibrium, consciousness, muscular
tone and reflexes (approximately 4-5 min). On
7 May, two additional rainbow trout (Table
1) were caught by hook and line at Estancia
Rincón Grande (Figure 1) located 150 km up-
stream from the town of Piedrabuena and
immediately anaesthetized for on-site im-
plantation of radio transmitters.

Surgical tag implantation technique

Surgical procedures followed Adams et al.
(1998), but several steps were modified for
its application on larger fish. Trout were
positioned ventral side upward in a wooden
V–shaped surgical trough. A soaked soft
towel was used to cushion the surface and to
stabilize the fish, holding it in the trough with
little tissue damage (Summerfelt & Smith
1990).
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Table 1. Fork length (mm) of the anadromous rainbow trout radio–tagged in the Santa Cruz River
(Patagonia), dates and positions (in rkm) of tagging and release sites (7 May), and of relocated fish
(August-December), and maximum distance travelled (km) during upstream migration.
Tabla 1. Longitud (mm) de las truchas arco iris anádromas radio-marcadas en el río Santa Cruz
(Patagonia), fechas y posiciones (en kilómetros de río) de los sitios de marcado (7 de mayo) y de los
peces relocalizados (agosto-diciembre), y la distancia máxima (km) recorrida durante la migración
reproductiva.

Prior to surgery the equipment was sterili-
zed and the incision area disinfected with
tincture of iodine applied with a soft brush.
To implant the radio transmitter (155 MHz;
20g in air, 46 x 17 mm in diameter; 26-cm flex-
ible external antenna; 40 pulses/min; Model
5955, ATS Inc., Isanti, MN, USA) a 60-mm
long incision was made parallel to the mid-
ventral line, starting 100 -150 mm in front of
the pelvic girdle. The incision was deep
enough to penetrate the peritoneum. Antibac-
terial Terra-Cortril™ (oxytetracycline) was
sprayed into the ope-ning to prevent infec-
tions. The outlet for the antenna was made
using an intravenous ca-theter and needle
(Abbocath™-T Nº14). The skin was pierced
from the outside with an Abbocath™, 50mm
in a lateral and slightly caudal position rela-
tive to the main incision. The Abbocath™ was
then pushed into the opening, inserted in-
wards through the body wall, and the needle
withdrawn from the incision leaving the cath-
eter in order to guide the antenna outwards.

Once the transmitter had been positioned,
the antenna was threaded through the ca-
theter, and both were pulled out while posi-
tioning the transmitter in the body cavity.
Prior to closure the incision was again spray-
ed with antibacterial solution. The perito-
neum and the skin were sutured separately
with a continuous suture; the first, with ste-
rile absorbable suture on 25-mm non-cutting
curved 0.5-circle needle (Monocryl 2–0, Ethi-
con™), and the latter with sterile non–absor-
bable suture on 26 mm triangular cutting

needle (Mononylon 2–0, Ethicon™). Suturing
was reinforced with stainless steel staples.
The antenna was affixed to the side of the fish
with a single stitch. The whole area was di-
sinfected with antibacterial solution and
painted with tincture of iodine. Finally, the
sutured incision was smeared with petroleum
jelly for temporary waterproofing (Summer-
felt & Smith 1990).

Throughout the whole surgical procedure,
gills were alternatively flushed with a solu-
tion of diluted anaesthetic (MS 222 10 mg/L)
and oxygenated water using a 60 ml syringe.
The flow rate of anaesthetic was approxi-
mately 120 ml/min. During the last minute
of surgery, only freshwater was provided in
order to start the recovery process. Each sur-
gery averaged 10-15 min (digital photos of
the surgical procedure are available from the
authors).

Following surgery, fish implanted at the
hatchery were returned to a raceway with
fresh running water until they swam upright.
They were then placed in a holding tank in
the hatchery and kept for three days to verify
the healing process and ensure full recovery
before release. Tagged fish were transported
to the release sites in 1 x 0.65 x 0.65 m chests
filled with river water. Before release, the con-
dition of all fish was checked.

The surgical procedure for fish operated in
the field was the same as that applied in the
hatchery. Fish were held for 20 min in an in-
dividual net pen anchored to the shoreline
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Fish

Female 1
Female 2
Male 1
Male 2
Male 3
Male 4
Male 5

Code

F1
F2
M1
M2
M3
M4
M5

Fork
length

660
780
570
490
720
740
780

7 May

55.5
193.4
55.5
55.5
55.5
55.5

193.4

5 August

72.3
341.6
58.3
55.6
80

331.1
257.5

3
September

71.5
346.6
56.1
56.1
81.3
335

234.2

21
 October

104.1
144.3
56.1
56.1

-
332

202.2

17
 December

-
-

54.4
51.1

-
-

202

Distance

48.6
153.2

2.8
0.6

25.8
279.5
64.1



without upstream movements connoted a
spawning area; spawning times were periods
when a tagged fish was relocated within the
same river reach on two or more consecutive
flights. Onset of spawning was determined
as the period when tagged fish ceased to
move upstream and remained stationary in
the same stretch of river.

Field census

We attempted to verify spawning at particu-
lar locations where fish lingered during con-
secutive telemetry surveys (Estancia Nueva
Lubeck and Estancia El Rincón, Figure 1). We
visited the area three times: 6–10 September,
26–29 September, and 24–27 October. During
those surveys, gill nets were set overnight
(monofilament, of mesh size 120 and 180 mm)
at two river sections known as Primer Labe-
rinto (rkm 320) and Segundo Laberinto (rkm
350) (Figures 1) for a total of 15 nights. Scale
pattern analysis was implemented for distin-
guishing anadromous fish from resident fish
and for determining the frequency of repeat
spawning (Lamond 1916; Nall 1930; Shapo-
valov & Taft 1954; Ducharme 1969; Pascual
et al. 2001). We also conducted a thorough
recognizance of a section of approximately
30 km of river from a boat and from shore in
search of spawning fish, redds or any other
signs of spawning activity. The peak of the
spawning season was determined as the time
interval when the frequency of mature fish
caught in gillnets was highest.

RESULTS

Of the seven fish originally radio-tagged,
Male 1 and Male 2 were relocated in the same
exact position throughout all the flights, as
well as from the coast, indicating that the fish
had either died or shed the tag. The remain-
ing five fish moved upstream after tagging,
all of them staying in the main stem Santa
Cruz throughout the study (Table 1 and Fi-
gure 2). Males 1–4 and Female 1 implanted
at the hatchery remained stationary at the site
of release for at least two days. Male 5 and
Female 2, tagged at the field and released im-
mediately after tag implantation, resumed
upriver movements immediately. Male 3 and
Female 1 moved 25 and 16.8 km upstream,

and were released as soon as they regained
consciousness and equilibrium. The entire
process from capture of fish to final release
lasted approximately 35 min.

Surveillance equipment and radio-tracking
techniques

Each transmitter operated on a unique fre-
quency, within the range 155000-155100 MHz.
Individual fish were relocated with a manual
Fieldmaster Model R161N receiver and a
scanning Challenger Model R2100 receiver,
and a High Frequency 4-Element Yagi An-
tenna (ATS Inc., Isanti, MN, USA). These units
were used in vehicles, boats, and aeroplanes.
From August to December 2000, five tele-
metry surveys were conducted upriver from
Puerto Santa Cruz to Argentino Lake (Figure
1) with a low-winged Piper Archer aircraft.
During aerial tracking, the antenna was fixed
to a custom-made V shaped aluminium hold-
er attached to the lower face of the aircraft
right wing, with elements in the horizontal
position pointing frontward and backwards.
In this way, the most sensitive planes of the
antenna pointed towards the river, perpen-
dicularly to the direction of travel. Average
flight altitude was 300 m above ground, an
altitude at which transmitter signal range did
not exceed 500 m.

The location of tagged fish was determined
when the observer recorded the peak radio
signal and the geographic coordinates from
a portable GPS unit. River sites where relo-
cation occurred more than once after up-
stream movement ceased were noted as po-
tential spawning areas (Burger et al. 1985).
When possible, aerial surveillance was co-
rroborated with radio tracking by boat or
from shore. A map of the Santa Cruz River
main stem was digitized and referenced with
geographic coordinates. This information was
then used to plot the locations and move-
ments of individual fish, computing distances
in river-kilometres (rkm; i.e., distance in
kilometres from the mouth of the river).

Determination of spawning areas and times

Determination of spawning areas and times
followed the criteria established by Burger et
al. (1985): subsequent relocations of one fish
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respectively, from the site of release, remain-
ed stationary at that river reach until 21 Oc-
tober, when Male 3 was no longer detected
and Female 1 resumed migration and moved
32.6 km upstream. Male 5 first moved 64 km
upstream from the site of release and then mi-
grated downstream. Male 4 and Female 2 mi-
grated upstream to a river section previously
considered suitable for spawning and remain-

ed at that reach, moving within a stretch of
2 km until 21 October when Female 2 mi-
grated to the ocean. Relocations of Male 3 and
Male 4 were accomplished from the coast on
4 September and 21 October, respectively
(Figure 2). By 3 September, all fish remained
in the river, by 21 October four of them, and
by the time of the last flight on 17 December
only Male 5 remained in the river (Figure 2).

Figure 2. Tagging site and movements of radio–tagged anadromous rainbow trout in the Santa Cruz
River (Patagonia) during spawning migration. Triangles ndicate fish positions and stars indicate gill
net sites. Fish codes are the same as in Table 1.
Figura 2. Sitio de marcado y desplazamientos de individuos anádromos radio-marcados en el Río Santa
Cruz (Patagonia) durante la temporada de migración reproductiva. Referencias: los triángulos indican
la posición de los peces y las estrellas los sitios de captura. Los códigos de los peces son los mismos que
en la Tabla 1.
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Tracking results suggest that the sections of
the Santa Cruz River visited by Male 3 and
Female 1 (rkm 55–80), and Male 4 and Female
2 (rkm 320-350) are potential spawning beds
(Figure 2). In order to verify spawning in
those particular locations, from August to
October the area was explored and gill nets
were set overnight. During these surveys,
only one anadromous mature female was
caught in the area located between rkm 55–
80. However, several anadromous, river resi-
dent and lake-dwelling fish were caught in
river reach located between rkm 320 – 350
(Table 2). Although all anadromous fish were
at an advanced stage of maturation, most non-
migratory individuals appeared to be imma-
ture fish, because they were feeding and no
secondary sexual characters were evident.
The proportion of mature anadromous fish
increased significantly during mid to late Sep-
tember, suggesting that the peak of the
spawning season occurred around that time.
The section of the river visited by Male 5 (rkm
202) could not verified as a spawning site,
because the area was not surveyed.

DISCUSSION

Radio tracking is quickly becoming a popu-
lar research tool in fish ecology research.
However, relatively little work has been con-
ducted in Argentina using this technique. The
primary reasons for the scarcity of telemetry
studies, especially in aquatic habitats, have
been the cost and the practical difficulties re-
lated to tagging a representative sample of
the stock. Another obvious concern when con-
ducting behavioural studies is that tagging
does not alter fish behaviour, or that the beha-
vioural effects are at least minimal and known
to the researchers (Demko et al. 1998). Many
recent studies have indicated that fish beha-
viour remained unchanged after tag implan-
tation (Adams et al. 1998; Demko et al. 1998;
Parkinson et al. 1999). Adams et al. (1998) in-
dicated that the relation of transmitter size to
fish size played an important role in deter-
mining how well the tagged fish performs af-
ter being fitted with either surgical or gastric
transmitters. Holding time prior to transmit-
ter implantation and final release is another
putative factor affecting fish behaviour. For
instance, holding time may have influenced

the migratory performance of Male 3 that
showed a relatively shorter upstream move-
ment as compared to other implanted fish
(Table 2). Furthermore, surgical procedures
could have produced detrimental effects on
the two fish that did not resume upstream
migration after tagging, which could either
died or shed the tag after release. Other than
this, we did not observe any considerable im-
pact on fish behaviour that invalidates our
results.

Radio tracking was successfully applied to
Santa Cruz River migratory trout, gathering
some basic information regarding their spaw-
ning behaviour. Although we tracked a small
number of fish, the consistency of some re-
sults allows us to draw extremely helpful con-
clusions to direct future research. Given the
physical characteristics of the Santa Cruz Ri-
ver, the remoteness of the spawning areas,
and the lack of effective mass-capture techni-
ques, conventional mark-recapture techni-
ques were either not feasible or would pro-

Table 2. Characteristics of fish caught at sites
where radio-tagged fish were relocated in the
Santa Cruz River (Patagonia), during September
and October 2000.
Tabla 2. Características de los peces capturados
en los sitios donde los peces radio-marcados
fueron relocalizados en el río Santa Cruz
(Patagonia), durante septiembre y octubre de 2000.
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Date/Locality

8-9 Sep
  Primer Laberinto
  Primer Laberinto
  Segundo Laberinto
27-29 Sep
  Primer Laberinto
  Primer Laberinto
  Primer Laberinto
24-27 Oct
  Primer Laberinto
  Primer Laberinto
  Primer Laberinto
  Segundo Laberinto
  Segundo Laberinto

Fish
number

2
6
4

4
17
2

16
7
4
4
4

Average
fork

length
(mm)

387.5
670

361.25

355.25
699.76
423.50

291
655.71
337.25
358.25
327.5

Ecotype

resident
migratory

lake

resident
migratory

lake

resident
migratory

lake
resident

lake



vide estimates that may be imprecise. Radio
telemetry provided us with a means of moni-
toring fish movements and locating spawn-
ing areas that were not otherwise readily vis-
ible.

The main finding of this study is that
anadromous fish dwell and spawn in the up-
per main stem river. This observation is con-
sistent with the pattern of population struc-
ture depicted by previous genetic data
(Pascual et al. 2001), providing strong sup-
port to the idea that the anadromous form is
at present more closely related to resident fish
occurring in the upper Santa Cruz River,
while the resident fish from the lower reaches
of the river may well constitute a separate
spawning population. Spawning interactions
may occur in sympatric populations with
overlapping spawning distributions and tim-
ing. In the upper Yakima River where the two
forms occur sympatrically, Pearsons et al.
(1993) speculated that the small population
of steelhead, combined with the large popu-
lation of resident rainbow trout increases the
probability for spawning interactions. On the
contrary, sympatric populations of anadro-
mous steelhead and resident rainbow trout
in the Deschutes River (Oregon, USA) occur
with little or no spawning interactions be-
cause of spatial or temporal spawning sepa-
ration (Schroeder & Smith 1989; Zimmerman
& Reeves 2000).

Telemetry data indicated that upstream
movement of Santa Cruz River anadromous
rainbow trout proceeds rapidly. Once the
marked fish were released after tag implan-
tation, they moved directly to the spawning
locations, holding position or “wandering”
within the same river reach until the time of
spawning, at least four months later. The
tracking experiment also revealed the general
timing of the spawning migration. Spawning
does not begin until mid winter (August) and
appears to peak in the spring (September-
October). Given that the peak of river entrance
occurs in early April and that most fish ap-
pear to stay in the river until early/mid No-
vember, we can estimate river dwelling of
repeat spawners to last for approximately
seven months and ocean migration for five
months. The peak of spawning events appears
to coincide with the raise in water tempera-

ture, which went from 4ºC at the onset of the
spawning season to 10ºC at the end of the sea-
son. This pattern is similar to that of trout in-
digenous to the Pacific Northwest, USA, in
which a raise in the water temperatures
stimulates the onset of spawning (Hicks 1999).

Although these results do not provide in-
formation about the degree of relatedness be-
tween ecotypes or about the mechanisms un-
derlying their introgression, they allow us to
sketch a preliminary map of likely subpopu-
lations, setting the stage for future research.
We were able to verify the occurrence of
spawning in the upper section by collecting
anadromous spawners in the field, together
with their likely resident kin: river and lake
resident fish that spawn in the upper section
of the Santa Cruz. The utilization of lower sec-
tions of the river by spawning anadromous
and resident fish remains unexplored. Sam-
ples from those spawning aggregations, to-
gether with those already collected from the
upper section, will allow us to perform a fine-
scale genetic characterization of anadromous
and resident fish and infer patterns of micro-
geographic genetic structure at the intrapo-
pulation level (Foote et al. 1989).
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