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Impact of rainbow trout on aquatic invertebrate communities in
subtropical mountain streams of northwest Argentina

CARLOS MOLINERI ™
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ABssTRACT. The present study was conducted to assess the effect of rainbow trout introduction on
benthic invertebrate communities, stratified as epibenthos and infauna. Two main questions are
explored: 1) do the trout-invaded streams show a different community structure than the streams
with autochthonous fish?, and 2) does the presence of trout affect differentially the epibenthos
and the infauna? Epibenthic and infaunal samples, drift samples and fish stomach content were
sampled four times from three stations to assess the impact of rainbow trout (Oncorhynchus
mykiss) on the invertebrate aquatic fauna. Only one species of native fish was recorded in the
studied sites, the siluriform Trichomycterus corduvense. Both fish species were found always in
allopatry. The trout-invaded site has a different community structure than the other streams with
a much lower abundance of large and active epibenthic taxa (e.g., Perlidae, Gripopterygidae,
Hydropsychidae, Leptoceridae, Elmidae adults) and an increase in the importance of infaunal
organisms (Chironomidae, Oligochaeta). Diversity indices showed alternating and opposite high
and low values along time in trout-free and invaded sites.

[Keywords: benthos, macroinvertebrates, introduced species, Oncorhynchus mykiss, Trichomycterus
corduvense]

ResuMmEN. Impacto de la trucha arcoiris sobre comunidades de invertebrados acuaticos en rios
montafiosos del noroeste argentino: Este estudio se realizé para evaluar el efecto de la introduccién
de trucha arcoiris en las comunidades de invertebrados benténicos, estratificados en epibentos e
infauna. Se exploran principalmente dos cuestiones: 1) si la estructura de la comunidad benténica
es diferente en el arroyo con truchas respecto a los arroyos con peces autéctonos; y 2) si la presencia
de truchas afecta diferencialmente al epibentos y a la infauna. Se tomaron muestras del epibentos,
infauna, deriva y contenido estomacal de peces en cuatro fechas y tres sitios para estudiar el impacto
de la trucha arcoiris (Oncorhynchus mykiss) sobre la fauna de invertebrados acuaticos. Se registré solo
una especie de pez nativo, el siluriforme Trichomycterus corduvense. Ambas especies de peces fueron
encontradas siempre en alopatria. La estructura de la comunidad en el sitio con truchas result6
diferente de la de los otros arroyos con una menor abundancia de invertebrados epibenténicos
grandes y activos (e.g., Perlidae, Gripopterygidae, Hydropsychidae, Leptoceridae, adultos de
Elmidae) y una mayor importancia de organismos infaunales (Chironomidae, Oligochaeta). Los
indices de diversidad presentaron valores altos y bajos alternados en el tiempo, y este patrén
oscilante resulté opuesto en el sitio con truchas al de los sitios sin trucha.

[Palabras clave: bentos, macroinvertebrados, especie introducida, Oncorhynchus mykiss,
Trichomycterus corduvense]
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INTRODUCTION

Invasive species are currently seen as a dan-
gerous hazard for receptor ecosystems (e.g.,
Simon & Townsend 2003), although specific
studies on salmonids have shown contrast-
ing results. In places where salmonids were
autochthonous, fish depletion did not have a
significant effect on benthos (Allan 1982), but
some studies showed effects on the behavior
of aquatic insect larvae (e.g., McIntosh et al.
2002) and in the structure of the epibenthic
communities (Bechara et al. 1992, 1993). Where
salmonids constitute invasive species (e.g.,
New Zealand, South America), the impact on
benthos is more evident. Flecker (1992) noted
impacts on the periodicity and density of in-
vertebrate drift, and an effect on different eco-
logical levels had been reported (Townsend
2003, Simon & Townsend 2003).

Salmonid introduction in Argentina dates
back a century ago, but surveys about its
impact on natural ecosystems are wanting
(Vazquez & Aragoén 2002). In Patagonia, a
temperate area, at least seven salmonid spe-
cies present stable populations (Pascual et al.
2002), but in the northernmost portion of Ar-
gentina, the subtropical NW, only one species
of salmonid survives (Fernandez & Fernandez
1998), the rainbow trout Oncorhynchus mykiss
(Walbaum). Here, relatively stable trout popu-
lations are found only above 1500 m a.s.l., as
downstream temperatures are extremely high
for salmonid survival. Salmonid impact in Ar-
gentina has been little studied but a negative
effect is evident as autochthonous fish fauna
suffered local extinction of selected species
(Pascual et al. 2002) and a drastic reduction
of invertebrate body size and abundance of
selected functional feeding groups has been
found (Buria et al. 2007).

Since the beginning of the 20* century, many
rivers in NW Argentina, flowing through the
mountain cloud forest (the “Yungas”), have
been affected by rainbow trout periodic
introductions. In this region, watercourses
experience sudden spates during the rainy
season (Hunzinger 1997). This natural dis-
turbance (Sousa 1984) is a very important
factor structuring invertebrate communities
in general (e.g., Resh et al. 1988) and in the
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studied region in particular (Ferndndez et al.
2001). This alternation of unstable and stable
periods is expected to influence the rela-
tive importance of abiotic and biotic factors
controlling invertebrate communities (e.g.,
Flecker & Feifarek 1994; Jacobsen & Encalada
1998). During the dry season, the high stabil-
ity of the flow regime results in higher rich-
ness, density and biomass (Flecker & Feifarek
1994). Depending on the time passed since the
last substrate disturbance, the equitability
within the community is expected to be low
(due to short dry periods and dominance of
fast-growing, opportunistic species) or high
(due to longer dry periods and communities
nearer equilibrium). The presence of trout
in this scenario constitutes an additional,
anthropogenic-related, disturbance (Resh at
al. 1988). The relative importance of abiotic
(spates) versus biotic (top predators) factors
in structuring these communities is expected
to vary between stable and disturbance pe-
riods. Predation has proved to be a strong
modeling force (e.g., Glasser 1979); in aquatic
ecosystems, this is true not only for exotic but
also for native predatory fish and invertebrates
(Bechara et al. 1992; Kohler 1992).

The aim of the present study was to assess the
effect of rainbow trout introduction on stream
benthos, stratified as epibenthos and infauna.
This was done by comparing these inverte-
brate communities in three sampling sites: two
close sampling sites in the Chaquivil stream
(with cascades preventing trout invasion in the
upstream site); and one in the adjacent Liqui-
mayo stream, from a different, trout-free ba-
sin. The existence of neighbor basins, with and
without trout, represents a natural experiment
for testing some statements about trout impact
on the benthic community. Only one autoch-
thonous fish species (Trichomycterus corduvense
Weyenberg, Siluriformes, Trichomycteridae)
is present in the studied streams.

The main hypothesis to be tested is that the
presence of trout alters the community struc-
ture of a stream. Bechara et al. (1993) suggest
that high infaunal abundance may shade the
effect of trout predation on epibenthos when
studying complete surber samples. Spatial ref-
uges, trapped detritus and higher substrate
surface area offered by the profound benthos
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generally increase invertebrates densities
(Flecker & Allan 1984). A second hypothesis to
be tested here is that the effect will be detected
on the epibenthos and not on the infauna.

MATERIAL AND METHODS
Study sites

Two drainage sub-basins were studied (Lules
and Vipos) belonging to an endorrheic basin
(Sali-Dulce), with a main north-south flow. The
Sali-Dulce basin receives almost all the runoff
waters of the densely populated Tucuman
province. Annual mean precipitation varies
between 1000 and 2000 mm, with 80% falling
in the warmest months, December to March.
The natural vegetation type of the upper part
of both basins (>1000 m) is the mountain cloud
forest dominated by alder (Alnus acuminata
Humboldt, Bonpland & Kunth, Betulaceae)
and belonging to the Yungas phytogeographic
province of the Amazon domain (Cabrera &
Willink 1973). For a complete zone characteri-
zation see Fernandez & Molineri (2006).
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Three sample sites were selected, with simi-
lar climate, hydrology, and composition and
structure of the substrate and where the only
native fish species present was Trichomycterus
corduvense. Two on the Chaquivil stream (Vi-
pos basin) and one on the Liquimayo (Lules
basin, intensively studied in recent years
(Fernédndez et al. 2002) because of the im-
minent construction of a dam) (Fig.1). Rain-
bow trout (Oncorhynchus mykiss) was first
observed in the Chaquivil stream in 1989,
but it was introduced before downstream of
the drainage basin. The presence of cascades
prevented upstream invasion until incidental
transport of some individuals took place in
1989. Nowadays trout can be found up to
an elevation of 2200 m a.s.l. Higher up, the
existence of other cascades prevented further
upstream trout movements. This fact allowed
us to select two sampling sites, one with trout
(Chaquivil-down at2170 m a.s.l.) and the other
trout-free (Chaquivil-up at 2260 m a.s.1), below
and above these cascades, respectively. The
third sampling site selected is on the trout-free
Liquimayo stream, located at 2170 m a.s.L., its
source being a high-mountain shallow lake
(Huaca Huasi, at 4000 m a.s.l.).

Figure 1. Study area and sampling sites. White circle=Liquimayo; black=Chaquivil-up; grey=Chaquivil-

down.

Figura 1. Area de estudio y sitios de muestreo. Circulo blanco=Liquimayo; negro=Chaquivil-arriba;

gris=Chaquivil-abajo.
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Sampling

Liquimayo and Chaquivil-down were sam-
pled four times (November 2002, June and
September 2003, and January 2004); Chaquivil-
up, was incorporated later and only sampled
on the last two dates). Habitat parameters
measured were water temperature, conductiv-
ity, mean width and depth, and discharge (by
the flotation method, Hynes 1970) (Table 1).
All sampling was carried out during low-dis-
charge periods, except the last one.

Benthos was sampled using a surber sam-
pler of 300 p mesh (0.09 m? sample area).
Three surber samples were taken at each
site and date, in the riffle zone. Each sample
was discriminated in superficial (epibenthos)
and deep (infauna) portions. Epibenthos was
obtained by cleaning the upper side of stones
without removing the substrate underneath,
the content of the net was then extracted and
fixed. The infauna was obtained by removing
a 10 cm-deep substrate layer in the marked site

Table 1. Environmental data (mean + S.E.).
Tabla 1. Datos ambientales (media + E.S.).
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and conserved separately. Adults of aquatic
insects were captured with light traps and
emergence traps for taxonomic identifications.
The samples were fixed with alcohol 96% but,
formalin 4-10% was used when organic mate-
rial was abundant in the sample.

A maximum of 10 individuals of each fish
species were captured on each sampling date
using nets and fishing-hooks; the digestive
system was extracted and fixed. Stomach con-
tent was separated under magnification and
identified to the highest possible resolution.
Relative abundances of drifting invertebrates
were calculated for Chaquivil-down from 40
samples (12 samples at each date, except 4 in
January 2004) and for Liquimayo from 24 sam-
ples (12 samples at each date of Trichomycterus
capture, November 2002 and January 2004).
A drift net (300 p mesh) was used to collect
drifting organisms from the water surface and
from the water column to a depth of 20 cm.
Net content was extracted and fixed every 2 h
during a 24 h period.

Sampling site Liquimayo Chaquivil-down Chaquivil-up
Geographic location 26°39" S 26°38" S 26°38" S
65°37" W 65°38" W 65°38’ W
Altitude (m) 2170 2170 2260
River basin Lules Vipos Vipos
Rainbow trout (O. mykiss) absent present absent
Native fish (Trichomycterus) present absent present
Sampling date 11/02 11/02 09/03
06-09/03 06-09/03 01/04
01/04 01/04
Mean temperature (°C) 13.3£0.8 13.6 £0.7 11.0£0.8
Mean width (m) 77+£0.7 6.2+0.3 6.5+1.6
Mean depth in riffle (cm) 9.1+0.7 168 +3.4 127+1.1
Dominant particle size in riffles (cm) >15 >15 >15
Mean conductivity (uS/cm) 56.7 + 6.7 33.9+10.3 14.5
Lowest discharge (m?/sec) 0.37 0.30 0.26
Highest discharge (m®/sec) 0.78 0.49 0.58
Mean discharge (m?*/sec) 048 + 0.1 0.39 +0.04 042 +0.16
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Samples were sorted out in the labora-
tory under a stereomicroscope at 10 and 20X,
picking up all the specimens. Invertebrates
were identified to species or morphospecies
in Plecoptera, Ephemeroptera, Trichoptera,
and Elmidae, and genus in Chironomidae. A
few groups were identified to family level or
higher taxonomical units (Table 2).

Data analysis

Richness and Diversity indices (Shannon-
Weiner, Dominance, and PIE) were calculated
using EcoSim (Gotelli & Entsminger 2001) for
all complete samples (benthos: epibenthos +
infauna) and subsamples (epibenthos and in-
fauna, separately). Richness is given as total
number of taxa (species or morphospecies).
Hurlbert’s (1971) PIE index (Probability of In-
terspecific Encounter) was used as indicative
of equitability. Dominance (D) was estimated
as the proportion of the dominant taxon. Sta-
tistical significances using T test (P<0.05) were
calculated based on the variability between
the three replicates of each sample. Further
data analyses were carried out by comparing
the abundance of each taxon at each sampling
site and date; differences (P<0.05) were tested
using Mann-Whitney U test with INFOSTAT
(2004). Comparisons between all possible
pair of sites (Liquimayo/Chaquivil-down,
Liquimayo/Chaquivil-up and Chaquivil-
down/Chaquivil-up) were done. Fish stomach
content is given as percentage occurrence (%F)
and percentage abundance (%A) of each prey
type (Oscoz et al. 2005):

%F=(Ni/N)x100,

where N; is the number of predators con-
sumed by prey i and N is the total number of
studied predators

%A=(Pi/P)x100,

where Piis the abundance of prey i in all stom-
ach contents and P is the total abundance of
all prey items consumed.

The ADE software (Thioulouse et al. 1995)
was used to explore multivariate data struc-
ture. Infrequent taxa (less than 1% of total
abundance) were ignored and abundances
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were log-transformed (log x+1) to normalize
data structure. Correspondence analysis (CA,
Greenacre 1984) was used to analyze: complete
surber samples (three for each sampling date
and station, n=26), and disaggregated surber
samples (separated in epibenthos and infauna,
n=>58). Six sample typologies were considered:
(1) from streams with or without trout; (2)
epibenthic or infaunal samples; (3) samples
per site; (4) samples per date; (5) samples
per river; and (6) samples per altitude. Then,
Within and Between-Group analyses (Dolé-
dec & Chessel 1989) were conducted for each
typology, to better visualize possible differ-
ences between groups of samples (typology 2
was only analyzed with disaggregated surber
samples). In the Between-Group analysis, the
processed table contains the center of gravity
of each group (means of variable and groups).
The Within-Group analysis is a linear ordi-
nation method for removing the effect of a
qualitative variable. The significance of these
differences was evaluated by Monte-Carlo
tests, with 100000 random permutations.

The deficiency in spatial replication in this
study (two trout-less reaches and one trout-
invaded reach) is mitigated by the similarity
in physical and chemical characteristics of
the sampled streams, and most importantly
by the fact that Chaquivil-down (with trout)
and Chaquivil-up (trout-free) are contiguous
segments of the same stream (i.e., the presence
of trout being the only difference). Moreover,
the inference about trout effect is drawn using
other premises: 1) difference in infauna and
epifauna, 2) the increasing differences during
low water (i.e., stable) periods, and 3) the fish
stomach contents.

REsuLTS
Macroinvertebrates densities

Austrelmis spp. (larvae, Elmidae) was the
first (occasionally, the second) most abundant
taxon in all sites and dates. At Chaquivil-down
(with trout), in all sampling dates, a Chirono-
midae (most of the times Cricotopus spp.,
Orthocladiinae) or Pristina sp. (Oligochaeta,
Naididae) was the second most abundant
taxon. At Liquimayo and Chaquivil-up (both
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Sericostomatidae, Parasericostoma sp.
Calamoceratidae, Banyallarga sp.
Trichoptera (emergent adults)
Coleoptera, Elmidae, Austrelmis spp. (adults)*
Austrelmis spp. (larvae)*

Neoelmis sp. (larvae)

Hydrophilidae

Psephenidae, Psephenus sp.

Scirtidae

Diptera (pupae)*

Diptera (emergent adults)
Chironomidae (unidentified)*
Chironominae, Pseudochironomus sp.*
Rheotanytarsus sp.*

Tanytarsus sp.*

Orthocladiinae, Corynoneura sp.*
Cricotopus spp.*

Orthocladius sp.*

Orthocladiinae 1

Orthocladiinae 3*

Orthocladiinae 4

Podonominae 1

Diamesinae, Paraheptagyia sp.*
Tanypodinae, Larsia sp.

Pentaneura sp.

Blephariceridae

Tipulidae, genus 1

Tipulidae, genus 2*

Raghionidae*

Muscidae

Simuliidae*

Psychodidae, Maruina sp.
Ceratopogonidae, Bezzia? sp.*
Lepidoptera, Pyralidae, Petrophila sp.
Total

o O O
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2444
0

S O O OO

167
789

115
562
119

S O O O

115
22
81

0
178
0
122
0
241
4
12333

0
0
67
74
1918
0
0
0
0
11
56
30
226
30
374
111
778
33

37

111
17
4
7
0
33
63
0
63
0
4
48
12233

N O N

100
1393
0
0
0
2
96
11
48
61
85
187
56
591
11
2
50
0
0
191

N O

207
176

61

33

7378

S NN o

230
1796
0
0
0

0
5822

o O O

7
1948

111
0
26
0
204
15
15203

15

2081

52
26
126
96
96
437
78
1215
81

122
19
1333
11
0
0
0
15
67
0
11
0
0
11
11676

N O O

1767

276

152
0
2
0
20
4
9277

S NN O

163
878

o O O

15

11
15
37

74
423
37
11

11

3723

204
41

41
30
244
70
1948
63

389

430

S N

48
170

178
0
30
0
16131

245

104
15
15
30

7926
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Table 2. Density (ind/m?) of taxa at three sampling stations (Liquimayo, Chaquivil-down, Chaquivil-up) and four sampling dates (November 2002; June 2003;
September 2003; January 2004). Only taxa with >1% density (*) were included in the analyses.

Tabla 2. Densidad (ind/m?) de taxa de tres estaciones (Liquimayo, Chaquivil-abajo, Chaquivil-arriba) y cuatro fechas de muestreo (noviembre 2002; junio 2003;
setiembre 2003; enero 2004). Sélo taxa con densidad >1% (*) se incluyeron en el analisis.

Liquimayo Chaquivil-down Chaquivil-up
Taxa Nov  June Sept Jan Nov  June Sept Jan Sept Jan
Nematoda 4 4 0 0 41 4 4 0 4 0
Oligochaeta, Naididae, Pristina sp.* 2104 130 156 119 5659 156 241 130 633 119
Turbelaria, Dugesiidae* 163 15 35 52 115 22 43 30 89 81
Temnocephalida 0 0 0 0 0 0 0 0 7 0
Mollusca, Pelecypoda, Sphaeriidae, Pisidium sp. 0 0 0 0 0 0 0 0 0 4
Gastropoda, Planorbidae 0 0 0 0 0 0 0 0 0 7
Acari, Hydrachnidia* 211 159 22 15 515 926 141 37 137 22
Crustacea, Decapoda, Aeglidae, Aegla sp. 0 0 0 0 0 0 0 0 4 4
Amphipoda, Hyallelidae, Hyallela sp. 0 0 0 15 0 0 0 0 7 0
Conchostraca 7 0 0 4 0 0 2 0 0 0
Copepoda 63 0 0 15 141 4 2 19 4 4
Insecta, Odonata, Anisoptera, Aeshnidae 0 0 0 0 0 0 0 0 0 4
Plecoptera, Perlidae, Anacroneuria spp.* 78 19 57 178 44 152 93 74 352 318
Gripopterygidae, Claudioperla tigrina Klapalek* 30 41 207 15 200 207 243 30 1055 293
Ephemeroptera, Baetidae, Cloeodes penai Morihara & Edmunds 0 4 0 0 0 0 0 0 0 0
Camelobaetidius penai (Traver & Edmunds)* 685 7 0 1370 185 0 0 159 0 30
Americabaetis alphus Lugo-Ortiz & McCafferty 0 0 0 0 0 0 0 11 0 0
Andesiops peruvianus (Ulmer)* 481 1507 274 167 437 955 352 104 1889 263
Baetodes spp. (mainly B. huaico Nieto)* 133 204 193 170 15 152 61 130 115 133
Leptophlebiidae, Thraulodes consortis Dominguez 4 15 4 4 0 0 2 0 7 0
Meridialaris tintinnabula Pescador & Peters* 81 0 7 19 7 4 28 48 22 41
Leptohyphidae, Leptohyphes eximius Eaton* 96 126 618 370 359 804 357 256 896 526
Trichoptera, Hydroptilidae, Metrichia sp.* 4 11 4 4 144 804 439 281 644 189
Glossosomatidae (Mortoniella / Mexitrichia)* 2826 5592 1278 352 293 1359 400 152 1618 293
Helicopsychidae, Helicopsyche sp. 41 30 24 4 41 30 15 22 4 19
Hydrobiosidae, Atopsyche spp.* 122 51 4 48 59 19 6 81 18 189
Hydropsychidae, Leptonema sp. 0 4 4 0 0 0 0 0 0 0
Smicridea spp.* 4 0 0 70 33 56 39 126 1781 537
Leptoceridae, Nectopsyche sp.* 44 215 1111 48 111 126 113 89 222 330
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trout-free) most abundant taxa were, in order
of importance: Glossosomatidae, Andesiops pe-
ruvianus and Camelobaetidius penai (Baetidae),
Nectopsyche sp. (Leptoceridae), and Smicridea
spp. (Hydropsychidae); Cricotopus spp. was of
some importance in Chaquivil-up (Table 2).
Some taxa also showed significant differences
in abundance between trout-free sites (Fig. 2),
Leptohyphes eximius, Smicridea spp., Claudiop-
erla tigrina, Pseudochironomus sp., adults of
Austrelmis spp., and Anacroneuria spp.

When comparing the “trout” reach (Chaquiv-
il-down) with the immediately upstream
trout-free reach (Chaquivil-up), significant
(P<0.05 U test) lower densities of Smicridea
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spp., Claudioperla tigrina, adults of Austrelmis
spp., Nectopsyche sp., and Anacroneuria spp.
were found (Fig. 2). Glossosomatidae and
Leptohyphes eximius also decreased in the
presence of trout, but not significantly.

Seasonality was evident in some taxa, es-
pecially in Camelobaetidius penai (frequent in
spring-summer, but absent in winter samples),
and with an opposite pattern (only collected
on June and September 2003), Paraheptagyia sp.
(Chironomidae, Diamesinae) or Orthocladii-
nae 3 (only collected at all sites on September
2003). By contrast, other taxa were common all
year round (e.g., Leptohyphes eximius, Andesiops
peruvianus, and Nectopsyche sp.).

Glossosomatidae
Cricotopus
Leptohyphes
Smicridea
Claudioperla

Pseudochironomus
Austrelmis-adults
Nectopsyche
Anacroneuria

(\ . L Liquimayo

Chaquivil-up
—(*
A 4

<&

@

Chaquivil-down
@ R

@
k)

_G

Figure 2. Differences in densities (circle size) of selected taxa between sampling-sites. Significant difference
(Mann-Whitney U test, p <0.05) between Liquimayo and the other two marked with “*”, significant difference
between Chaquivil-down and Chaquivil-up marked with gray circles.

N
i

Figura 2. Diferencias en densidades (tamario de los circulos) de algunos taxones entre los sitios de muestreo.
Diferencias significativas (Mann-Whitney test U, p < 0.05) entre Liquimayo y los otros dos marcada con
“*”, diferencias entre Chaquivil-arriba y Chaquivil-abajo marcada con circulos grises.
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Macroinvertebrate richness and diversity

Taxonomic richness did not vary between
trout and trout-free sites (Fig. 3a). Overall,
richness was higher in the dry period for all
sites (June and September 2003; Fig. 3a). The
pattern was similar when analyzing benthic
strata separately, although infauna showed
higher richness and a less pronounced incre-
ment through time than epibenthos.

Dominance (D), Shannon diversity (H") and
Hurlbert’s PIE indices, showed oscillating
patterns (Figs. 3b-d). The three indices, at
each site, were found to oscillate from date
to date but patterns were different for trout-
free and trout-invaded reaches. The trout-free
sites Chaquivil-up and Liquimayo (Figs. 3b-d)
showed similar tendencies, while Chaquivil-
down showed the opposite pattern. This
temporal fluctuation is also observable when
benthic strata are analyzed separately.

48

—e— Liquimayo
44| |-m - Chaquivil-down (trout
—&— Chaquivil-up

40

Richness

36

32

28

24
0.96

E

o 092
0.88
0.84
0.8

0.76

0.72
C

Nov."02 June’03 Sept.’03 Jan.’04

0.68
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Macroinvertebrate communities

The CA of complete surber samples yielded
the factorial maps shown in Figs. 4a-b. Over-
all, this description was the same as the one
obtained when analysing separate infauna and
epibenthos samples. Figure 4a depicts sample
distribution in the first factorial plane, which
explains 48.8% of data variability. Samples
are discriminated by date of sampling, each
one of the four sampling dates occupying one
quadrant on the first factorial plane. The first
axis highest contributions (Fig. 4b) are those of
Orthocladiinae 3, Paraheptagyia sp., Claudiop-
erla tigrina, Diptera-pupae and Tanytarsus sp.
(positive side); and Camelobaetidius penai, At-
opsyche spp., and Ceratopogonidae (negative
side). Important contributions to the second
axis (Fig. 4b) are Hydrachnidia and Pseudochi-
ronomus sp. in the positive side; and Anacrone-
uria spp., Smicridea spp., adults of Austrelmis
spp., and Tipulidae in the negative side. There

Shannon
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Figure 3. Diversity indices (three replicates, whole surbers). a: Richness; b: Shannon; c: PIE; d:

Dominance.

Figura 3. Indices de diversidad (tres replicas, surbers completos). a: Riqueza; b: Shannon; c: PIE;

d: Dominancia.
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Figure 4. Faunal description (Correspondence Analysis): a: samples grouped by sampling site and season;
b: invertebrates. Arrows show the temporal sequence between sampling dates. Circles correspond to
mean of three replicates (dots) for each of the three sampling sites.

Figure 4. Descripcion faunistica (Anélisis de Correspondencia): a: muestras agrupadas por sitio y fecha
de muestreo; b: invertebrados. Las flechas indican la secuencia temporal entre fechas de muestreo. Los
circulos representan la media de las tres réplicas (puntos) para cada uno de los tres sitios.
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is no evidence of differences between with-
trout and trout-free sites (Fig. 4a).

Differences between groups of samples for
every typology (1 to 6) were highly signifi-
cant (P<0.01), except for samples from trout-
invaded /trout-free stations when surbers
were treated as a unit (P=0.06) or when in-
faunal samples were analyzed alone (P=0.08).
Analysis including epibenthic samples only,
successfully discriminated between trout-in-
vaded and trout-free sites (P=0.02).

The first factorial plane of the Between-
Group analysis explained 84% of the total
variation. The best-discriminated category
was “samples per date” (Fig. 5a). This tem-
poral effect was removed through the Within-
Group analysis, as shown in Fig. 5b, where
the groups of sampling dates are centered (all
centers of gravity are positioned at the ori-
gin). As a result, a typology of the samples,
released from the temporal effect, is obtained
(Figs. 5c-d). “Trout-free” samples (from Liq-
uimayo and Chaquivil-up) are significantly
different from those of the trout invaded site
(Chaquivil-down), as shown by the centers of
gravity of both groups of samples (Fig. 5c).
The other typologies showed also significant
differences, “samples per site” is shown as an
example (Fig. 5d).

The contradiction that trout-samples are not
different from trout-free samples in the CA,
but they do in the Between-Within-Group
analyses, is only apparent because in the CA
the temporal effect is so strong as to shade
all other possible comparisons (Dolédec &
Chessel 1989). When the temporal effect is
removed (with the Within-group analysis),
an effect attributable to differences in the
reaches (absence/presence of trout) is evi-
denced (Figs. 5c-d).

The distinction of both portions of benthic
samples (epibenthos and infauna) was not sig-
nificant with log-transformed data. This seems
logical since the main difference between them
(abundance) is reduced by logarithmic trans-
formation. As expected, analyses with non-
transformed data significantly discriminated
between epibenthos and infauna.
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Fish stomach content

Only two species of fish were present in the
studied sites, the autochthonous siluriform
Trichomycterus corduvense and the introduced
rainbow trout (Oncorhynchus mykiss), never
found in sympatry. Twelve individuals of
Trichomycterus corduvense were captured in
Liquimayo (7 in November 2002, 5 in Janu-
ary 2004). This species was not captured in
Chaquivil-down nor in Chaquivil-up, but was
observed in this last site. This native fish is
only active during the night, using mechanical
cues to detect preys. Benthic organisms such
as Baetidae, some Orthocladiinae and Simulii-
dae were the most frequently consumed items
(Table 3).

Twenty-six trout (Oncorhynchus mykiss) sto-
mach contents from the only site were it is pre-
sent (Chaquivil-down) were analyzed (11 from
November 2002, 1 from June 2003, 8 from Sep-
tember 2003, 6 from January 2004). Trouts are
active during the day, since prey capture relies
mainly on vision (e.g., Flecker & Allan 1984).
The most frequent items in their stomach con-
tent were from drift and benthos: Simuliidae,
Gripopterygidae, Chironomidae, Trichoptera,
Elmidae, and aerial arthropods (Table 3). Fish
or other vertebrate remains were absent. Some
plant material like seeds and moss fragments
were occasionally found.

Discussion
Effect of fish on the benthic community

The results strongly suggest a trout-effect on
the benthic community. Overall, this effect is
reflected in the lower density (Fig. 2) of some
large epibenthic taxa (e.g., Smicridea spp., Clau-
dioperla tigrina, adults of Austrelmis spp., Nec-
topsyche sp., Anacroneuria spp., Glossosomati-
dae). The higher abundance of some infaunal
taxa (Cricotopus spp., Pseudochironomus sp.,
Pristina sp.) may be an indirect effect of trout
presence caused by elimination of invertebrate
competitors and both, invertebrate and verte-
brate (native fish) predators (Townsend 2003).
The most frequent taxa in the trout stomach
content were from the epibenthos (Claudioperla
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tigrina, Chironomidae in part, Nectopsyche sp.,
Smicridea spp., Glossosomatidae, Simuliidae
and Austrelmis spp.) and drift (Chironomidae
in part, first instars of Hydroptilidae and aerial
arthropods). The dietary profile was found to
be similar to that of other regions (e.g., Palma
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et al. 2002). In general, species preyed by
trout (large and/or active animals) are less
abundant in Chaquivil-down. This pattern is
commonly found in studies on the impact of
invasive trout (i.e., Townsend 2003; Buria et
al. 2007).

is 1= 50% N . .
8| s 3= 3498 | (O)sampling dates sampling dales
E E
g’v m June 03
LIJ -

Nov. ‘02
Axis 1

Jan. ‘04 Sept ‘03 .
J|[Axis 1=26.8%
0 Axis 2= 15.5%
0.6 oy
05»3{:0.5 5 g b
QO trout-free OLiquimayo
trout @ cChaquivil-down
@ Chaquivil-up
0 _ E\J
o n//
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Figure 5. Between and Within-group Correspondence Analysis: a: first factorial plane of the between-group
analysis, depicting sample distribution; b-d: idem from the within-group analysis; b: all centers of gravity
of date category are at the origin, showing that temporal effect was removed (see text for explanation),
c: groups of samples from trout-free sites and the trout site, d: samples from each sampling station.

Figura 5. Andlisis de correspondencia Entre y Dentro de grupos: a: primer plano factorial del analisis
Entre-grupos, mostrando la distribucién de las muestras de cada sitio; b-d: idem, a partir del andlisis
Dentro de grupos: b: todos los centros de gravedad de la categoria “fecha” estan en el origen, mostrando
la eliminacién del efecto temporal (ver texto), c: segregacion de grupos de muestras provenientes de
sitios con y sin truchas, d: segregacién de los grupos de muestras provenientes de cada uno de los tres
sitios estudiados.
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Taxa that showed differences in abundance
between both trout-free sites are probably re-
flecting undetected differences between both
basins that would be explained by additional
sampling in higher sites of the Liquimayo
stream.

The native fish (Trichomycterus corduvense)
consumed a high percentage of epibenthic
taxa such as Baetidae (Camelobaetidius penai,
Baetodes spp., Andesiops peruvianus), Orthocla-
diinae (Cricotopus spp. and Orthocladius sp.)
and Simuliidae, while drifting organisms
were less frequent. Its diet has received some
attention (e.g., Ferriz 1998) but quantitative
studies of its impact on benthos are lacking.
Low density and biomass of the studied pop-
ulations probably prevent a high impact on
aquatic invertebrates. Dissimilarities between
invertebrate communities from the contiguous
stream reaches Chaquivil-down (with trout)
and Chaquivil-up (with native fish) suggest
that the native night-active (Ferriz 1998)
predator produces a minor impact on inver-
tebrate fauna. The preys most consumed by
Trichomycterus do not show lower abundance
in Liquimayo or in Chaquivil-up.

Different effects produced by introduced
visual vs. native non-visual predators have
been previously reported, for example for
brown trout and galaxids in New Zealand
(Townsend 2003). Galaxids can cause only
a weak trophic cascade while trout have a
greater effect. Results of the present study also
suggest a greater impact of rainbow trout on
invertebrates when compared to the influence
of Trichomycterus.

Abiotic vs. biotic impact on benthos

The effect of trout was shaded in the rainy
season (January 2004) by major spates. Inverte-
brate communities were strongly depleted by
scouring in all sites (with and without trout),
and thus exotic predator effects were undetect-
able. This temporal pattern caused by hydrau-
lic conditions, and reflected in the CA, is well
known in river ecology (Resh et al. 1988). The
results obtained in relation to the taxonomic
composition of the invertebrate community,
coincide with other published surveys from
Andean streams at comparable altitudes
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(Flecker & Feifarek 1994; Jacobsen & Encalada
1998; Rocabado & Wasson 1999; Fernandez et
al. 2001, 2002), showing the importance of the
immature stages of various insect orders (Co-
leoptera, Trichoptera, Ephemeroptera, Plecop-
tera, and Diptera). Besides spates, the pres-
ence of taxa with highly seasonal life cycles
(Camelobaetidius penai, Paraheptagyia sp. and
Orthocladiinae 3) also contributes to the tem-
poral pattern observed. Restricted life cycles
are largely unknown for Neotropical aquatic
invertebrates and it seems that multivoltine
species with adults emerging all year round
is the most common reported pattern.

Diversity measures

Taxonomic richness was not reduced by the
presence of trout, due to the compensation
produced by the positively affected groups
(e.g., infaunal Diptera), a similar situation
was found in Patagonian streams by Buria
et al. (2007). Values of D, H”, and PIE indices
showed different values in the trout-reach,
when compared to the other sites. Temporal
oscillation showed by D, H’, and PIE indices at
each sampling station denotes the dynamic na-
ture of the benthic community. Such an alter-
nating pattern of consecutively high and low
equitability values was also found by Jacobsen
& Encalada (1998) in high-Andean Ecuadorian
streams. This situation may be predicted from
theoretical ecology of disturbances [dynamic
equilibrium model and intermediate distur-
bance hypothesis, as applied to stream ecology
(Resh et al. 1988)]: disturbances (e.g., scouring
in the rainy season) favor r-selected species in
after-disturbance communities, but depending
on the time elapsed, a more equitable commu-
nity may develop through biotic interactions
(e.g., competition, predation).

A remarkable result of the present study is
the opposite nature of evenness oscillation
through time, when comparing trout-related
with trout-free sites (Figs. 3b-d). Low abun-
dances of Glossosomatidae in the trout-site in
June 2003 increased equitability (decreased D,
and increased PIE and H” indices). However,
the extremely high numbers of Glossosomati-
daein Liquimayo (trout-free) on the same date
reduced evenness values (high D, and low PIE
and H"). On the other hand, in September 2003,
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Austrelmis (adults)
Austrelmis (larvae)
Scirtidae

Diptera (pupae)
Chironomidae (unidentified)
Corynoneura
Cricotopus
Orthocladius
Pseudochironomus
Rheotanytarsus
Tanytarsus
Paraheptagyia
Podonominae
Tanypodinae 1
Pentaneurini
Blephariceridae
Tipulidae genus 1
Ephydridae
Raghionidae
Simuliidae
Psychodidae

Bezzia?

Petrophila
Nematoda
Invertebrate eggs
Aerial arthropods
Adults of aquatic insects
Seeds (Alnus)

Other plant material

0.8
19.7

1.0
0.2
3.4
15.4
0.1
2.8
0.5
1.3
2.8
0.03
0.2
0.4

1.5
0.2

0.8
0.08
0.2

0.07
0.03

0.7
14.1

1.6
0.5
1.7
30.2
0.4
3.2
0.5
1.5
5.0
0.05
0.03
0.1

0.6
0.2
0.03
0.3
0.05
0.05

0.4
0.2

0.3
29
0.1
41
0.8
8.1
5.6
0.7
0.6
1.1
1.6
42
0.8
0.2
0.3

2.1
0.07
0.09
0.07

0.1

44
6.0

2.0
8.7
0.05
1.0
8.7
0.02
24
0.1
1.2
0.07
0.07
5.5
0.05
0.5
0.2
0.05
0.1

0.6
8.5
0.1
0.7
0.4
0.02
0.6
9.4
1.7
0.9

80.8
76.9
3.9
42.3
34.6
3.9
57.7
7.7
423
7.7
7.7
30.8
7.7
11.5
7.7
7.7
154

46.2
88.5
3.9
46.2
26.9
39
3.9
92.3
38.5
15.4
11.5

29
31.1

0.1
1.9
0.04
4.7
0.4
3.9
0.1
0.1

1.1
0.2
1.6

1.8
0.8

3.1
0.04
0.04

0.7
0.04

1.5
124
0.05
0.05

1.7

0

3.9

1.6

55

0.3
0.05

0.4
0.05
0.3

0.2
1.0

0.1

0.3
0

0.2
12.9
0.5
2.1
2.6
0.2
7.6
0.5
1.5
0.5
0.4

0.2
2.2
0.7
0.1

0.2
59
0.3
0.2
0.02
0.02

12.4
49

2.8

24
44
0.8
10.8
12.1
2.8

0.4

0.4

1.6

0.4

9.2

0.4

1.2
0.4

44

41.7

50.0
25.0
8.3
58.3
41.7
16.7

8.3

8.3

25.0
8.3

50.0
8.3
16.7
8.3

25.0
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Table 3. Relative abundance of invertebrates in infauna (%Ai), epibenthos (%Ae), drift (%Ad) and fish stomach content (%A). Relative frequency (%F) of invertebrates
in fish stomach content is also given. Trout=Oncorhynchus mykiss (n=26); native=Trichomycterus corduvense (n=12).

Tabla 3. Abundancia relativa de invertebrados en infauna (%Ai), epibentos (%Ae), deriva (%Ad), y contenido estomacal de peces (%A), y frecuencia relativa (%F)
de invertebrados en contenido estomacal de peces. Trout=Oncorhynchus mykiss (n=26); native=Trichomycterus corduvense (n=12).

Chaquivil-down Liquimayo

Y%A %F
Taxa DAL %Ae  %Ad %A (trout) %F (trout) %Ai  %Ae  %Ad (native) (native)
Oligochaeta 20.5 4.3 4.6 0.09 3.9 18.0 42 5.6
Hydrachnidia 2.1 5.3 27.6 5.6 50.0 1.0 1.6 8.4
Hyalella 0.07 11.5 0.1 0.05 0.2 2.0 8.3
Aeshnidae 0.02 3.9
Anacroneuria 1.5 0.3 0.6 0.3 30.8 2.0 0.6 0.2 0.4 8.3
Claudioperla 1.6 2.2 0.6 2.7 84.6 0.2 0.3 1.5 2.0 41.7
Ephemeroptera (unidentified) 0.05 7.7
Baetidae (unidentified) 0.1 7.7 10.0 41.7
Camelobaetidius 0.6 0.9 0.6 0.4 26.9 53 19.4 9.0 17.3 83.3
Americabaetis 0.3 0.4 8.3
Andesiops 3.1 6.1 6.4 1.4 73.1 2.6 49 8.2 3.6 41.7
Baetodes 0.5 1.2 2.6 0.6 423 1.0 2.6 1.9 5.6 50.0
Meridialaris 0.2 0.3 0.03 0.05 7.7 0.7 0.3 0.2
Leptohyphes 5.7 2.7 2.1 1.1 50.0 1.9 35 1.2 0.8 16.7
Hydroptilidae 4.2 43 44 8.2 73.1 0.04 0.05
Glossosomatidae 34 7.5 0.4 1.2 46.2 7.7 30.8 1.0 1.6 8.3
Helicopsychidae 0.2 0.3 0.02 0.1 15.4 0.3 0.2
Sericostomatidae 0.01 0.2 154
Atopsyche 0.3 0.4 0.4 0.3 423 1.0 0.9 1.3 1.2 25.0
Smicridea 0.7 0.5 1.2 6.1 65.4 0.5 0.3 0.3 0.4 8.3
Nectopsyche 1.3 0.9 2.3 15.5 96.2 0.8 0.1 0.5
Banyallarga 0.03 0.01 0.05 7.7 0.04 0.05
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evenness was low at Chaquivil-down (trout
invaded) due to the dominant infaunal Chi-
ronomidae Cricotopus spp., while epibenthic
organisms were much less important (unlike
in trout-free sites), as expected from a longer-
term interaction with the invasive predator
(Bechara et al. 1993) and the cascading effect
from the reduction of herbivores (Kohler
1992).

The significant variations of H", D, and
PIE indices between dates may be caused
by different factors (i.e., spates, predation,
competition). During stable periods (i.e.,
low discharge), trout predation seems to be
an important agent of community structure.
Trout stomach contents confirm this pattern,
showing high frequency of epibenthic and
aquatic drift fauna during low flow periods,
but higher importance of terrestrial fauna in
the rainy season. During unstable periods,
benthic community structure depends more
on the importance of abiotic factors such as
frequency and intensity of spates, as indicated
by the reduction in richness and abundance
during the rainy season. Cascading effects
(e.g., on epilithic algae biomass), invertebrate
competition, and predation may also become
important factors during longer periods of
physical stability (e.g., at the end of the dry

season).

Results of the present work sustain the hy-
pothesis of Bechara et al. (1993) that salmonids
should impact more strongly on epibenthos
than on infauna since significant differences at-
tributable to trout presence were found by CA
only when epibenthic portions were treated
separately (i.e., epibenthos alone, or together
with infauna but as disaggregated samples).
No trout effect was evident from the analysis
of infauna alone, or when both portions (infau-
na and epibenthos) were clumped together as
awhole “benthic” sample. Moreover, the most
affected taxa were the large and epibenthic
Perlidae, Gripopterygidae, Hydropsychidae,
Leptoceridae and Elmidae adults.
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