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Abstract Following flooding peaks in the Beni
River, a massive upstream migration event involving
juvenile pencil catfish (Trichomycterus barbouri) or
chipi chipi is described for the first time. The annual
migration begins in the floodplains of the Beni
River, where enormous schools of juveniles form to
travel upstream through the straits of the last foot-
hills of the Andes into Andean foothill forest streams
and rivers. Observations and local knowledge sug-
gest a migration distance of at least 370 km over an
average of 32 days in February and March with an
average speed of 12 km/day. The migrating juveniles
weigh less than 0.38 g and measure less than
33 mm in standard length. As such, considering
body length and body weight to distance travelled
ratios they are one have one of the greatest migra-
tion efforts of any freshwater fish. Local people
harvest juveniles across the migration route, but es-
pecially in Rurrenabaque, where they are considered
a seasonal dish. This scientific revelation highlights

the Amazon as a place where natural phenomena are
still being discovered, described and documented in
an era when hydroelectric infrastructure threatens the
ecology of many aquatic ecosystems.

Keywords Migration route . Migration description .

Pencil catfish . Juveniles . Foothills . Bolivia

Introduction

Fish migrations per se are unique and complex phenom-
ena (Brower andMalcolm 1991; Barthem and Goulding
1997; Lucas and Baras 2001; Milner-Gulland et al.
2011). The term migration covers a wide range of col-
lective fish movements (daily, lateral, vertical, annual,
cyclical and historical) that reflect corresponding life
strategy variation (Lucas and Baras 2001; Zapata and
Usma 2014). The majority of collective movements are
guided by: a) feeding, b) shelter, c) spawning, and d)
colonization and exploration (Lucas and Baras 2001).
Migration may also simply respond to spawning, move-
ments upstream because of descending water levels and
dispersion (Goulding and Carvalho 1982; Ribeiro 1983;
Junk 1984; Barthem and Goulding 1997). The major
fish migrations are associated with reproduction and
spawning such as the well documented salmon migra-
tions (McGlauflin et al. 2011), where mature adults
migrate from floodplains upstream to headwaters to
spawn. Dispersion movements have been demonstrated
for Semaprochilodus juveniles in the Negro River and
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have been suggested for smaller species (McConnell
and Lowe-McConnell 1987). Other types of migration
stimuli have been comprehensively systematized by
Lucas and Baras (2001), for example, massive move-
ments by individuals seeking shelter or food often asso-
ciated with juveniles seeking more suitable conditions
for development.

Many environment factors are stimuli for fish migra-
tions, but flooding cycles is one the most important
(Junk et al. 1989). In environments like the Amazon
basin, these cycles are extreme and define the biological
cycles of the majority of fish species (McConnell and
Lowe-McConnell 1987; Welcomme 1979, 1985).

In the Amazon basin the catfishes Brachyplatystoma
rousseauxii and B. filamentosum have the longest known
migration for all fish species in the world. They journey
more than 3500 km from the Amazon River estuaries to
the Andean foothills (Barthem and Goulding 1997).
Although large catfish migration phenomena are well
known to local people, especially fishermen, they are still
poorly understood (Petrere et al. 2005), especially when
the portion of the population migrating are juveniles
(Araújo-Lima and Oliveira 1998; De Lima and Araujo
Lima 2004; Gomes et al. 2006).

In this study we document a previously undocu-
mented massive juvenile migration of pencil catfish
Trichomycterus cf. barbouri in the Beni River,
Bolivia, observed for the first time in 2011 after a flood
period. In order to describe this migration we established
a network of local observers to record localities for
observed schools, help collect specimens, film and pho-
tograph the migration, and estimate migration routes and
periods. The only registered Trichomycteridae migration
are those of the hematophagous parasites or Bcandiruses^
(Paracanthopoma and Vandellia) that travel attached to
the skin or gills of a host, usually a large catfish of the
Pimelodidae family such as Zungaro zungaro and
Brachyplatystoma vaillanti (Zuanon and Sazima 2005).
Until the research presented herein no Trichomycteridae
species was known to trulymigrate through its own effort
(Burgess 1989).

Methods

Study area

The Beni River is one of the largest rivers in Bolivia
with a length of 1010 km, caudal discharge of 2050m3/s

in the Bala straights, and an estimated sediment
discharge of ~192 million tonnes/year in the
Rurrenabaque region (Gautier et al. 2006). The
Beni River is born as the Tallija River in the
Central Cordillera of the Bolivian Andes, becoming
the Beni River at the confluence of the Alto Beni
and Kaka rivers (Fig. 5). From here it also receives
the waters of the Hondo, Quiquibey and Tuichi
rivers, before passing the straights of the Bala and
Suse escarpments as the last Andean foothills and
then opening on to the Amazonian floodplain
(Fig. 5). In the floodplain the Beni forms countless
meanders that gradually form oxbow lakes character-
istic of Amazonian rivers.

Monitoring the migration

After our first observation of migration, in February
2011 following a significant flooding event, we
established a surveillance network of seven local
observers to report chipi chipi schools in the
Tacana communities of Carmen del Emero,
Cachichira, Copacabana and San Miguel and the
town of Rurrenabaque, all situated along the Beni
River. From March 2011 to late 2013 no chipi chipi
schools were observed. In early 2014 chipi chipi
schools were reported and we tracked the migration
between January and March 2014 in different sectors
of the Beni River. This monitoring consisted of: a)
collating reports from local observers in the Tacana
communities of Carmen del Emero, Cachichira,
Copacabana and San Miguel and the town of
Rurrenabaque situated along the Beni River, and b)
characterization of the migration through locating
chipi chipi schools between February 26th and
March 2nd including filming and photographing
schools at each point and describing the size and
velocity of the school and behavioral observations.
Finally, we georeferenced chipi chipi school obser-
vation localities to map the migration route and
calculate distances.

Thirty individuals of each school were collected and
conserved in 4 % formaldehyde in order to confirm that
each school was the same species, take morphological
data such as standard length and weight, and examine
the stomach contents. Some individuals were preserved
in alcohol for future genetic studies. Some live indi-
viduals were collected to observe development and
behavior in the laboratory.
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Stomach contents were qualitatively observed in four
individuals after dissection under a stereomicroscope.
Travel speeds were estimated in the field and then
measured in the laboratory in a circular receptacle of
20 L where 10 individuals were placed and then stimu-
lated tomove for complete a lap. Fifteen laps were timed
for each individual.

A water level monitoring station exists in
Rurrenabaque (14°26′32″S 67°31′42″W) ran by the
National Naval Hydrography Service and the ORE-
HYBAM program, as well as a meteorology station
ran by the National Meteorology and Hydrology
Service (SENAMHI) for rainfall and temperature data.
These publicly available data were used to relate to
migration observations data.

Results

Taxonomic status

Collected individuals were identified as Trichomycterus
barbouri (Eigenmann 1911, 1918; Fernández 2000)
characterized by the presence of a black lateral line
extending to the tail. The first pectoral radius is larger
than the rest of the radii (Fig. 1) and they possess conical
teeth. A voucher was deposited in the Colección
Boliviana de Fauna, La Paz, Bolivia (CBF – 13505;
CBF – 13506; CBF – 13507; CBF – 13508; CBF –
13509; CBF – 13510; CBF - 13511). In Rurrenabaque
this species is called chipi chipi meaning Bthe smallest^
in the local indigenous Tacana language. No adults were
registered in any of the sample sites. The species was
described from 35 specimens of 29 to 40 mm in length
from the Beni River (Eigenmann 1911).

Migration description

We determined three zones in the chipi chipi migra-
tion according to the geographic characteristics of
this region: a) the Beni floodplain zone (180–
200 m.a.s.l.), b) the straits zone (200–220 m.a.s.l.)
–where fishing is most intensive- and c) the up-
stream zone (220–400 m.a.s.l.).

a) Floodplain zone. Chipi chipi schools were not ob-
served at the Carmen del Emero community,
236 km downstream from Rurrenabaque. Just
~70 km upstream from this community in an area

with many oxbow lakes that are connected to the
main river during flooding of the wet season,
schools were observed in what may be the area
where the migration begins. In this zone near the
Copacabana community, we observed two schools
swimming against the current (Figs. 2 and 5).

b) Straits Zone. Just before passing the straits of the
Suse escarpment, schools are intensively fished in
Rurrenabaque (Fig. 5) along the banks of the Beni
River (Fig. 3). In the local region people consume
chipi chipi in a popular local dish known as
dunucuavi that consists of the fish wrapped in
patujú leaves (Heliconia, Heliconiaceae) and
cooked on an open fire, or alternatively prepared
in a soup or fried. When the schools pass through
Rurrenabaque these fish represent a major but sea-
sonal source of protein for families, with some
families gathering up to 50 kg of chipi chipis during
the migration (V. Luna, obs. pers., March 2011).
After passing through Rurrenabaque the schools are
faced with the Suse and Bala straits where the speed
and caudal of the river significantly increases. To
pass these straits at least some members of the
schools climb onto the rocks above the water, ad-
hering to them with their interopercular odontotes
(Fig. 4).

c) Upstream Zone. Fishing efforts by the team in the
tributaries immediately above the straits such as the
Hondo, Tuichi and Quiquibey rivers did not yield
chipi chipis, rather schools were observed in the
Beni River further upstream from the Quiquibey
confluence, confirming that the schools travel
further upstream. According to observations from
local fishermen (Demetrio Tito Abirari and
Valentín Luna, San Miguel, TCO Tacana), chipi
chipi schools are regularly observed in the
Sararía community, near the town of Palos Blancos,
on the Alto Beni River, 170 km upstream from
Rurrenabaque (Fig. 5).

Characteristics of the schools

Distance traveled Chipi chipi schools are only known
from the area 236 km downstream from Rurrenabaque
near Carmen del Emero (Fig. 5), although some local
fishermen (E. Cabinas, J. Leal. E. Ocampo, March
2014) indicate that chipi chipi schools are observed as
far downstream as Monterrey (29 km downstream from
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Carmen del Emero). In the upstream zone we observed
chipi chipi schools further than the Quiquibey River
such that the maximum distance between points where
chipi chipi schools were observed and photographed or
filmed was 73 km. However, taking into account the
reported points from communities from Carmen del
Emero to Sararía, near Palos Blancos, this distance
increases to 373 km ranging from 180 m.a.s.l. to a little
more than 400 m.a.s.l..

Number of individuals Observed schools were of differ-
ent sizes, between 10 and 50 m in length in the flood-
plains, but extremely challenging to count, and we were
unable to sample school size in this study or estimate
how many thousands of individuals were in each
observed school.

School spread The spread of observed schools was
dependent on the movement strategy, with a maximum
spread of 30 m observed in the floodplain zone, but
much longer and thinner spreads observed in the
Suse straits. In the upstream section the schools
extended to 50 m.

Riverbank position The migration was observed on
both banks moving upstream, but we did not observe

schools crossing the river, perhaps suggesting that
schools form from individuals from each side of the
river coming from oxbow lakes, or the more general
floodplain drainage. In the floodplain zone the schools
stay near the riverbanks and also close to the surface,
forming large clouds of tens of thousands of individuals
(Fig. 2). In the straits the schools are further extended
but thinner as the chipi chipi individuals pass almost
single file on the surface very close to the rocks on the
shore and our observations suggest that these schools
are continuous (Fig. 4). In the upstream zone where the
river is shallower with less volume, schools are more
dispersed at the bottom of the river (Fig. 6).

Travel speed Travel speeds depended on the zone but
we estimated speeds of 1.08 km/h in the floodplain and
just 0.1 km/h in the straits (Table 1), meanwhile in the
laboratory speeds varied between 0.49 to 0.75 km/h.
Field estimated travel speeds resulted in estimated travel
distances of between 2.39 and 25.92 km/day, or between
11.66 to 18.04 km/day using laboratory travel speeds
(Table 1).

Individual lengths and weights Standard lengths ranged
between 23.36 to 32.88 mm, and weight between 0.08
and 0.38 g. The largest and heaviest individuals were

Fig. 1 Example of
Trichomycterus barbouri
(Eigenmann 1911) or chipi chipi
captured during migration
(32 mm standard length).
Photograph: Mileniusz
Spanowicz/WCS

Fig. 2 A Trichomycterus
barbouri school in the floodplain
section of the Beni River: note
their clear presence on the surface
of the water and along the edge of
the river
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collected in the floodplain zone near the Copacabana
community (Table 2), but we did not find a relationship
between individual sizes and school location along the
rivers. The exponential relationship between weight and
standard length for all observed schools reveals that
individuals attain rapid weight gain as they grow in
length (Fig. 7). No adults were registered at any of the
sample sites.

Feeding during migration A qualitative examination of
stomach contents of some individuals showed only the
presence of dipterid larvae, some vegetation, organic
material and sediments.

Migration dates The timing of the chipi chipi migration
is related with annual flooding events that occur once a
year, usually in February and March but occasionally
April. Local knowledge actually links chipi chipi school
presence as a cue for flooding events ceasing in a
given year. Schools were observed in Rurrenabaque
for 19 days between February 15th and March 5th.
According to observed travel speeds, on average the
schools would travel the entire migration route (373 km)
in 32 days (Table 1).

Relationship with hydrological cycles

The Beni River is one of rivers that carries most water in
the Amazon, its discharge in the Bala straits exceed

2050 m3/s (Gautier et al. 2006). In Rurrenabaque the
river passes through the Suse straits and the flows
out on to the floodplain. According to the SNHN
data (21st March 2014 report) the 2014 flooding is
the highest on record, both in terms of water level
and duration. The second highest record was for the
2011 flooding event, but 2014 was significantly
greater (Fig. 8) increasing to 3 m above the bank
level. Chipi chipi migration events are synchronized
with flooding events: in 2011 the flooding peak was
the 23rd February and a school was observed in the
Suse straits on the 15th March, 20 days after the
peak (G. Miranda and G. Álvarez, pers. obsv.). In
2014 the flooding has three peaks between 28th
January and 8th February (Fig. 8). The first report
of schools in Rurrenabaque was on 15th February,
7 days after the last flooding peak. Schools were
observed in Rurrenabaque until the 5th March.

Discussion

Why migrate?

In the case of T. barbouri the migration consists of a
massive juvenile movement, which occurs along the
Beni River from a floodplain zone to the rivers and
streams of the Andean foothills. Due to the preliminary
nature of this research we cannot confirm individual

Fig. 3 Fishing of T. barbouri
schools in the Rurrenabaque town
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distances traveled, however, it seems likely that individ-
ual distances encompass floodplain and Andean foothill
habitats, and as such individuals observed 236 km
downstream from Rurrenabaque would be traveling
close to 300 km to access foothill habitat. We suggest
that floodplains are maternity sites where eggs and
larvae have more space and resources to grow, as occurs
with Arapaima gigas and Colossoma macropomum
(Araujo-Lima and Goulding 1997; De Lima and
Araujo Lima 2004; Vendel and Chaves 2006). When
the flooding events begin to recede individuals leave the
floodplain and meet in the main Beni River channel to
begin their upstreammigration. It remains unclear about
what occurs before flooding, as well as what happens
when schools reach their destinations in the headwaters
of the Beni watershed.

Juvenile migration is a known phenomena for eels
(Jellyman 1977), gobies (Yuma et al. 2000), as well as
multi-specific migrations described during the construc-
tion of hydroelectric dams (Prchalova et al. 2006). In all
cases, juveniles leave lakes or floodplains and travel to
sites more appropriate for survivorship and develop-
ment to sexual maturity. A documented strategy to avoid
egg predation is to reproduce in the wet season allowing
eggs to flow with the current downstream which in-
creases in the wet season (between November and
December), thereby considerably reducing predation
risk (Araújo-Lima and Oliveira 1998). Assuming this
mechanism is relevant for Trichomycterus barbouri,
upon their arrival to the floodplains, waters disperse
across the large tracts of the floodplain (generally in
January and February) and a lower density of predators

Fig. 4 Chipi chipi fish passing
rocks in the straits of the Beni
River. The inset shows the tiny
interorpercular teeth (odontotes)
that are used by the fish to stick to
the rocks
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Fig. 5 Trichomycterus barbourimigration study area: the solid line represents the known journey of this species. The stars are points where
individuals were collected and filmed. The schematic representation shows travel strategies of the schools in each portion of the migration
zone and the altitudinal profile of the migration
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and increased probability of larval survivorship is
ensured (De Lima and Araujo Lima 2004). Here,
the eggs hatch and larvae develop rapidly in a few
weeks while the floodplain is inundated (Fig. 8).
When waters recede (March), fish tend to concen-
trate in water bodies that are disconnected from the
main river and become much more vulnerable to
predation. To avoid this juveniles group into schools
and travel to the main river and then upstream to
headwaters, where the density of large predators is
much lower (Lucas and Baras 2001) (Fig. 8).

In the floodplain studies in the Beni region adult
individuals of Trichomycterus have not been reported
(Pearson 1924; Miranda-Chumacero 2007; Pouilly et al.
2010). In Andean foothill streams there are reports of
Trichomycterus adults, but without species identifica-
tion (Miranda-Chumacero 2007). This observation,
together with the fact that the species distribution is
concentrated in the foothill forests (Arraya et al.
2009), might support the hypothesis that eggs are
released into the flood from foothill forests and that
adults do not migrate to the floodplain zones. Further

Fig. 6 Vertical and transverse position and shape of chipi chipi schools according to location type

Table 1 Field and laboratory swimming speeds for T. barbouri individuals captured in schools and estimated total travel times considering
suspected travel distances

Field Laboratory General

Min Mean Max Min Mean Max

Swimming speed (km/h) 0.10 0.42 1.08 0.49 0.60 0.75 0.51

Swimming speed (km/day) 2.39 9.98 25.92 11.66 14.30 18.04 12.14

Travel days between floodplain and straights (236 km) 23.66 16.50 20.08

Travels days between straights and upstream (137 km) 13.73 9.58 11.66

Travel days for entire route (373 km) 37.39 26.08 31.74

1920 Environ Biol Fish (2015) 98:1913–1926
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sampling of catfish communities in the foothill forests
of the Beni watershed may help confirm this hypothesis
(Fig. 9).

Economic importance

Some families fish up to 50 kg of chipi chipi during the
period that they travel past Rurrenabaque, which ac-
cording to average weight represents 166,000 individ-
uals. Considering the number of families fishing chipi
chipi this amounts to a harvest of millions of individuals
representing an important economic value in terms of
protein consumption.

The energy costs of migration

The dorado catfish (Brachyplatystoma rousseauxii) has
the longest known freshwater fish migration of
3,300 km with adults traveling from the nurseries of
the Amazonas estuary to the Andean foothills (Barthem
and Goulding 1997). Dorado catfish average 52 kg in
weight (García Vásquez et al. 2009), although they can
reach weights of 80 kg (CIPTA and WCS 2010), in
contrast the chipi chipi juveniles weigh 0.3 g, just
0.0003 kg. A gram for gram comparison of the effort
of the two species, the effort required for the giant
dorado catfish is 63.46 km traveled/kg, but for the chipi
chipi the effort is almost 20,000 greater at 1,243,333 km

Table 2 Standard length and weight of individuals captured in schools according to position along the Beni River

School location Zone N Standard length (mm) Weight

Min Mean Max Min Mean Max

Copacabana Floodplain 40 23.36 28.25 32.88 0.08 0.20 0.38

Altamarani Floodplain 23 24.02 26.71 29.76 0.09 0.13 0.19

Suse Straits 18 24.29 28.49 31.68 0.10 0.17 0.26

Bala Straits 16 24.68 27.59 32.68 0.12 0.18 0.34

Tuichi Upstream 109 23.36 27.02 30.91 0.08 0.16 0.25

Quiquibey Upstream 54 24.59 26.95 31.91 0.10 0.16 0.33

Grand total 260 23.36 27.30 32.88 0.08 0.16 0.38
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Fig. 7 Exponential relationship
between length and weight of
individuals captured from schools
at differing locations and the
proportion of individuals from
each size class
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traveled /kg. As an alternative, if we use body length for
both species: the dorado effort is 22 km traveled/cm
length and the chipi chipi effort is 116,6 km traveled/cm
length, almost 5.3 times greater (Table 3).

Trichomycterus, extreme fish

There are no previous references of migration for this
genus, although there are reports of very small move-
ments related to hydrological cycles within the caverns
of T. itacarambiensis (Trajano 1997). Trichomycterus is
one of the most fascinating fish genera. Species of this
genus have been reported in caverns (Trajano 1997;
Miranda and Pouilly 1999; Pouilly and Miranda
2003), thermal waters (Fernández and Miranda 2007;
Fernández and Vari 2012), extreme altitudes of above
4000 m.a.s.l. (Arratia 1983; Arratia and Menu Marque
1984; Fernandez 1996), and one of the largest species
(T. rivulatum) (>20 cm) lives in Lake Titicaca
(Eigenmann 1918). Trichomycterus is almost a syno-
nym of High Andean streams (McConnell and Lowe-
McConnell 1987; Fernandez and Schaefer 2003;
Fernández and Vari 2004; Arraya et al. 2009). The fact
that this study documents a migration from floodplains
to foothill streams is without doubt another stunning
example of the ecological plasticity of this genus.

Species distribution

The species were originally described (Eigenmann
1911) from individuals in the Beni watershed obtained
by Thomas Barbour. For the sizes of individuals used
for Eigenmann (1911) probably the original description

was made with juvenile individuals. According to spec-
imens deposited in the Bolivian Faunal Collection the
species is recorded in the Beni River, in Amboró
National Park, and in the Yacuma River (CBF.07179,
CBF.07233, CBF.00007). However, the species is also
present in the Suaruro, Pilcomayo, Capararí, Achira,
Mizque, Hantahuatana, Limatambo, Wilaqhachy and
Waykhu rivers (Arraya et al. 2009), and therefore pres-
ent in the Amazon and del Plata watersheds. Fernández
(2000) indicates that the species is also present in the
Cochuna, Medina, Calera, Lules, Potrero de las Tablas,
Belén, Segundo and Tala rivers in the del Plata water-
shed in the Tucumán, Córdoba and Salta provinces in
Argentina. It is not known if the migratory behavior
described herein occurs in the other rivers and water-
sheds across the species range.

Body size

The exponential relationship between length and weight
(Fig. 7), reflects the characteristic rapid growth rate of
juvenile fish (Henderson 2005). The maximum reported
size in published studies is 110.02 mm standard length
and 128 mm total length (Fernández 2000). In the
majority of studies, reported standard length measure-
ments are between 40 and 60 mm (Arraya et al. 2009).
The original description was of a 37 mm individual
(Eigenmann 1918).

In general, Trichomycterus is not frequently captured
in the Bolivian Amazon (Miranda and Pouilly 1999;
Miranda-Chumacero 1999, 2006; Pouilly et al. 2003,
2006; Arraya et al. 2009; Carvajal-Vallejos and
Fernández 2011). Considering the enormous quantity

Fig. 8 Observed daily water levels for the Beni River at Rurrenabaque (Modified from SNHN Report 21st March, 2014). Two major
flooding events at the beginning of 2011 and 2014 are obvious and their relationship with schools of T. barbouri in Rurrenabaque
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of juveniles that migrate upstream it seems probable
the survivorship is low, although Trichomycterus
tends to hide under rocks and debris in the foothill
streams, which makes them harder to capture. Capture
vulnerability maybe a greater influence on the ability

to catch fish in the Andean foothills than abundance,
and may also explain the low capture frequency of
this group even using electrofishing equipment, a
good method to estimate fish abundance in this habitat
(Miranda-Chumacero 2006).

Fig. 9 Hypothetical migration cycle of T. barbouri in the Beni River, its tributaries and the floodplain (see text explanation)
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Relationship with hydrological cycles

The chipi chipi migration is strongly related to hydrolog-
ical cycles, specifically with flooding peaks, and as such
may constitute a key indicator regarding climate change
and its effects on the abundance of migratory species
(Carolsfeld et al. 2003; Glantz 2005; Miller and Fluharty
2005). The chipi chipi migration represents the beginning
of a series of temporal changes in the composition of the
river’s fish communities, and therefore if in relatively dry
years the relative size of the migration is reduced it may
have unknown consequences for the rest of the aquatic
community and ecosystem (Carolsfeld et al. 2003;
Winemiller and Jepsen 2004; Bauer and Hoye 2014).

Energy and nutrient transfer

Organisms with predictable, seasonal significant move-
ments in large numbers interact with the communities they
pass on their travels. This interaction influences trophic
web structures, community dynamics and ecosystem
functioning through an influx of additional nutrients and
energy that increases productivity (Bauer andHoye 2014).
The huge quantity of individuals within T. barbouri
schools must change the dynamic of the Beni River
aquatic communities. Personal observations and com-
ments from local fishermen suggest that the chipi chipi
migration is followed by other species such as sábalo ray-
finned fish (Prochilodus nigricans) and species of
Curimatidae also form what is known locally as the
arribada, or upstream movement. A possible explanation
is that both Trichomycterus and Prochilodus are
responding to similar environmental stimuli.

Further analyses and tracking

The sheer density of individuals and their position near
the surface of the water makes the chipi chipi migration
conspicuous compared to other fish migrations in the

region, allowing visual tracking, even in the turbid
waters of the Beni River, as opposed to indirect methods
such as sonar, telemetry, mark-recapture, etc. This situ-
ation represents an opportunity to better understand over
time this migration and those of other fish species.

Threats

Some infrastructure projects are planned in the Beni
River that could affect the chipi chipi migration as well
as other aspects of the aquatic ecosystem. In recent years
an increase in the use of gravels from the Beni River near
the Rurrenabaque population, has alsomodified the struc-
ture of the main river way, altering the granulometry of
the substrate, the geomorphology of the banks, the quan-
tity of dissolved solids, and therefore, the quality of water
(G. Miranda, pers. obs.; Y. Delgadillo, pers. comm.).
These are determining factors in the passage of chipi
chipi schools and changes might affect the migration.

Finally, this chipi chipi migration is an example of
how in the Amazon, especially the huge rivers of the
basin, there are still many natural phenomena to discov-
er, describe and document.
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Table 3 Comparison of migration effort of T. barbouri with the freshwater fish species with the greatest migration distance

Species Weight (kg) Length (cm) Migratory distance (km) Body weight effort
(km/kg)

Body length effort
(km/cm)

Brachyplatystoma rosseauxii 52.0000 150.0 ~3300 63.46 22.0

Trichomycterus barbouri 0.0003 3.2 ~373 1243333.33 116.6

Effort ratio 19592 5.3

1924 Environ Biol Fish (2015) 98:1913–1926

Author's personal copy



References

Araujo-Lima C, Goulding M (1997) So fruitful a fish. Ecology,
conservation, and aquaculture of the Amazon’s tambaqui.
Columbia University Press

Araújo-Lima C, Oliveira E (1998) Transport of larval fish in the
Amazon. J Fish Biol 53:297–306

Arratia G (1983) Trichomycterus chungarensis n. sp. and
Trichomycterus laucaensis n. sp. (Pisces, Siluriformes,
Trichomycteridae) from the high Andean range. Stud
Neotropical Fauna Environ 18:65–87

Arratia G, Menu Marque S (1984) New catfishes of the genus
Trichomycterus from the high Andes of South America
(Pisces, Siluriformes) with remarks on distribution and ecol-
ogy. Zool Jahrb Abt Syst Ökol Geogr Tiere 111(4):493–520

Arraya M, Maldonado M, Carvajal-Vallejos FM, Fernández L
(2009) Contribución al conocimiento de los peces del
género Trichomycterus (Siluriformes: Trichomycteridae) en
los Andes de Bolivia. Revista Boliviana de Ecología y
Conservación Ambiental 45–52

Barthem R, Goulding M (1997) The catfish connection: ecology,
migration, and conservation of Amazon predators.
Columbiua University Press, New York City

Bauer S, Hoye BJ (2014) Migratory animals couple biodiversity
and ecosystem functioning worldwide. Science 344:
1242552. doi:10.1126/science.1242552

Brower LP, Malcolm SB (1991) Animal migrations: endangered
phenomena. Am Zool 31:265–276

Burgess WE (1989) An atlas of freshwaters and marine Catfishes,
a preliminary survey of the Siluriformes. Tfh Productions Inc

Carolsfeld J, Harvey B, Ross C, Baer A (2003)Migratory fishes of
South America. IDRC

Carvajal-Vallejos F, Fernández AJZ (2011) Diversidad y
distribución de los peces de la Amazonía boliviana. In: Los
peces y delfines de la Amazonía boliviana: hábitats,
potencialidades y amenazas. Editorial INIA. Cochabamba,
Bolivia pp 101–147

CIPTA, WCS (2010) La pesca en el territorio Takana. La Paz,
Bolivia

De Lima ÁC, Araujo Lima C (2004) The distributions of larval
and juvenile fishes in Amazonian rivers of different nutrient
status. Freshw Biol 49:787–800

Eigenmann CH (1911) Description of a new species of Pygidium.
Annals Carnegie Mus VII:214–215

Eigenmann CH (1918) The pygidiidae, a family of south
American catfishes. Mem Carnegie Mus 7:259–398

Fernandez LA (1996) Nuevas localidades para Trichomycterus
roigi (Pisces: Siluriformes: Trichomycteridae) en las
provincias de Salta y Jujuy (Argentina). Neotropica 42:
121–122

Fernández LA (2000) Redescription of the teleost Trichomycterus
barbouri (Eigenmann, 1911), occurrence in Argentina and
comparison with related species (Ostariophysi: Siluriformes:
Trichomycteridae). Stud Neotropical Fauna Environ 35:27–
33. doi:10.1076/0165-0521(200004)35:1;1-M;FT027

Fernández L, Miranda G (2007) A catfish of the genus
Trichomycterus from a thermal stream in southern South
America (Teleostei, Siluriformes, Trichomycteridae), with
comments on relationships within the genus. J Fish Biol 71:
1303–1316. doi:10.1111/jfb.2007.71.issue-5

Fernandez L, Schaefer S (2003) Trichomycterus yuska, a new
species from high elevations of Argentina (Siluriformes:
Trichomycteridae). Ichthyol Explor Freshwaters 14:353–360

Fernández L, Vari R (2004) New species of trichomycterus from
midelevation localities of Northwestern Argentina
(Siluriformes: Trichomycteridae). Copeia 2004:876–882

Fernández L, Vari RP (2012) New species of Trichomycterus
(Teleostei: Siluriformes) from the Andean Cordillera of
Argentina and the second record of the genus in thermal
waters. Copeia 2012:631–636

García Vásquez A, Alonso JC, Carvajal F et al (2009) Life-history
characteristics of the large Amazonian migratory catfish
Brachyplatystoma rousseauxiiin the Iquitos region, Peru. J Fish
Biol 75:2527–2551. doi:10.1111/j.1095-8649.2009.02444.x

Gautier E, Brunstein D, Vauchel P et al (2006) Temporal relations
between meander deformation, water discharge and sediment
fluxes in the floodplain of the Rio Beni (Bolivian Amazonia).
Earth Surf Process Landf 32:230–248

Glantz MH (2005) Climate variability, climate change, and fish-
eries. Cambridge Univ Pr

Gomes L, Araujo-Lima C, Chippari-Gomes AR, Roubach R
(2006) Transportation of juvenile tambaqui (Colossoma
macropomum) in a closed system. Braz J Biol 66:493–502

Goulding M, Carvalho ML (1982) Life history and management
of the tambaqui (Colossoma macropomum, Characidae):
an important Amazonian food fish. Rev Bras Zoologia 1:
107–133

Henderson PA (2005) The growth of tropical fishes. In: Val AL, de
Almeida e Val VMF, Randall DJ (eds) Fish physiology: the
physiology of tropical fishes. Academic, New York

JellymanDJ (1977) Summer upstreammigration of juvenile fresh-
water eels in New Zealand. N Z J Mar Freshw Res 11:61–71.
doi:10.1080/00288330.1977.9515661

Junk WJ (1984) Ecology of the BvárzeaB, floodplain of
Amazonian white-water rivers. In: Sioli H (ed) The amazon:
limnology and landcape ecology of a mighty tropical river
and its basin. Dr. Junk Publishers, Dordrecht, p 763

Junk W, Bayley P, Sparks R (1989) The flood pulse concept in
river-floodplain systems. Can Spec Publ Fish Aquat Sci 106:
110–127

Lucas MC, Baras E (2001) Migration of freshwater fishes.
Blackwell Science

McConnell R, Lowe-McConnell RH (1987) Ecological studies in
tropical fish communities. Cambridge University Press, New
York, USA

McGlauflin MT, Schindler DE, Seeb LW et al (2011) Spawning
habitat and geography influence population structure and
juvenile migration timing of sockeye salmon in the wood
river lakes, Alaska. Trans Amer Fish Soc 140:763–782. doi:
10.1080/00028487.2011.584495

Miller KA, Fluharty DL (2005) El Niño and variability in the
northeastern Pacific salmon fishery: implications for coping
with climate change. In: Glantz MH (ed) Climate variability,
climate change and fisheries. Cambridge University Press,
Cambridge

Milner-Gulland EJ, Fryxell JM, Sinclair ARE (2011) Animal
migration. Oxford University Press, New York, USA

Miranda G, Pouilly M (1999) Ecología comparativa de
poblaciones superficiales y cavernícolas de Trichomycterus
spp. (Siluriformes) en el Parque Nacional de Torotoro. Rev
Boliviana Ecología Conservación Ambients 6:163–171

Environ Biol Fish (2015) 98:1913–1926 1925

Author's personal copy

http://dx.doi.org/10.1126/science.1242552
http://dx.doi.org/10.1076/0165-0521(200004)35:1;1-M;FT027
http://dx.doi.org/10.1111/jfb.2007.71.issue-5
http://dx.doi.org/10.1111/j.1095-8649.2009.02444.x
http://dx.doi.org/10.1080/00288330.1977.9515661
http://dx.doi.org/10.1080/00028487.2011.584495


Miranda-Chumacero G (1999) Adaptaciones Biológicas y
Ecológicas de Peces del Género Trichomycterus al
Ambiente Cavernícola en el Parque Nacional Torotoro.
Tesis de Licenciatura en Biología, UMSA. La Paz

Miranda-Chumacero G (2006) Distribución altitudinal,
abundancia relativa y densidad de peces en el Río
Huarinilla y sus tributarios (Cotapata, Bolivia). Ecologia
Bolivia 41:79–93

Miranda-Chumacero G (2007) Plan de manejo para la cosecha
experimental de peces ornamentales en la TCO-Takana.
WCS - Bolivia. Consejo Indigena del Pueblo Tacana, La Paz

Pearson NE (1924) The fishes of the eastern slope of the Andes. I.
The fishes of the rio Beni basin, Bolivia, Collected by the
Mulford Expedition. Indiana University Studies XI (64): 1–83

Petrere M Jr, Barthem RB, Córdoba EA, Gómez BC (2005)
Review of the large catfish fisheries in the upper Amazon
and the stock depletion of piraíba (Brachyplatystoma
filamentosum Lichtenstein). Rev Fish Biol Fish 14:403–
414. doi:10.1007/s11160-004-8362-7

PouillyM,Miranda G (2003)Morphology and reproduction of the
cavefish Trichomycterus chaberti and the related epigean
Trichomycterus cf. barbouri. J Fish Biol 63:490–505. doi:
10.1046/j.1095-8649.2003.00171.x

Pouilly M, Lino F, Bretenoux J, Rosales C (2003) Dietary–mor-
phological relationships in a fish assemblage of the Bolivian
Amazonian floodplain. J Fish Biol 62:1137–1158

PouillyM, Barrera S, Rosales C (2006) Changes of taxonomic and
trophic structure of fish assemblages along an environmental
gradient in the Upper Beni watershed (Bolivia). J Fish Biol
68:137–156

Pouilly M, Jégu M, Camacho J, et al. (2010) Lista actualizada y
distribución de los peces en las tierras bajas de la Amazonía

Boliviana. Revista Boliviana de Ecología y Conservación
Ambiental 73–97

Prchalova M, Vetesnik L, Slavik O (2006) Migrations of juvenile
and subadult fish through a fishpass during late summer and
fall. Folia Zool 55:162–166

Ribeiro M (1983) As migrações dos jaraquis (Pisces,
Prochilodontidae) no Rio Negro, Amazonas, Brasil, 192 pp.
Tese de Mestrado, Instituto Nacional de Pesquisas da
Amazônia, Manaus

Trajano E (1997) Food and reproduction of Trichomycterus
itacarambiensis, cave catfish from south-eastern Brazil. J
Fish Biol 51:53–63

Vendel A, Chaves P (2006) Use of an estuarine environment
(Barra do Saí lagoon, Brazil) as nursery by fish. Rev Bras
Zoologia 23:1117–1122

Welcomme RL (1979) Fisheries ecology of floodplain rivers.
Longman Press, New York

Welcomme RL (1985) River fisheries. FAO Fisheries Technical
Paper, 262, 330 pp

Winemiller KO, Jepsen DB (2004) Migratory neotropical fish
subsidize food webs of oligotrophic blackwater rivers. Food
webs at the landscape level University of Chicago Press,
Chicago, Illinois 115–132.

Yuma M, Maruyama A, Rusuwa B (2000) Behavior and distribu-
tion of upstream-migrating juvenile Rhinogobius sp. (the
orange form). Ichthyol Res 47:379–384

Zapata LA, Usma JS (2014) Guía de las especies migratorias de la
biodiversidad en Colombia. Peces. Ministerio de ambiente y
Desarrollo Sostenible y WWF Colombia, Bogotá, Colombia

Zuanon J, Sazima I (2005) Free meals on long-distance cruisers:
the vampire fish rides giant catfishes in the Amazon. Biota
Neotropical 5:109–114

1926 Environ Biol Fish (2015) 98:1913–1926

Author's personal copy

http://dx.doi.org/10.1007/s11160-004-8362-7
http://dx.doi.org/10.1046/j.1095-8649.2003.00171.x

	First observations on annual massive upstream migration of juvenile catfish Trichomycterus in an Amazonian River
	Abstract
	Introduction
	Methods
	Study area
	Monitoring the migration

	Results
	Taxonomic status
	Migration description
	Characteristics of the schools
	Relationship with hydrological cycles

	Discussion
	Why migrate?
	Economic importance
	The energy costs of migration
	Trichomycterus, extreme fish
	Species distribution
	Body size
	Relationship with hydrological cycles
	Energy and nutrient transfer
	Further analyses and tracking
	Threats

	References


