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Abstract The introduction of Cichla kelberi to the
Rosana Reservoir (Parana River basin, Brazil) was
followed by a substantial loss of fish diversity in
macrophyte patches, and this study investigated the
hypothesis that C. kelberi was the driver of faunal
disassembly via certain demographic dynamics (i.e. a
pulse of juvenile fish). We analysed the variation in the
structure of fish assemblages, the abundance of C.
kelberi and habitat quality between 2003 and 2007,
including time points that preceded and followed the
introduction of the predator. A stepwise regression
analysis showed that macrophyte biomass was posi-
tively correlated with assemblage attributes (richness
and abundance), whereas C. kelberi density showed a
strong negative correlation. Variables related to habitat
quality were not included in the model, and exhibited
little variation over the study years. As predicted, the
density of small-bodied fish was negatively associated
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with the pulse of juvenile C. kelberi, and a tethering
experiment revealed that predation pressure increased in
the macrophyte patches when young C. kelberi were
abundant. This study therefore obtained strong evidence
supporting the hypotheses that C. kelberi caused the fish
fauna disassembly and that the predator’s demography
was the driver underlying the diversity loss.
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Introduction

The introduction of freshwater fish has become a global
issue. Fish species have been transferred between basins
and continents, largely because many of these species are
valuable in aquaculture and fishing activities (Cambray,
2003; Ruesink, 2005; Casal, 2006). Although numerous
examples exist to show the negative consequences that
follow the introduction of non-native fish (e.g. Rahel,
2007; Cucherousset & Olden, 2011; Simberloff et al.,
2013), it has been difficult to unequivocally demonstrate
the main effects associated with introduction events
(Light & Marchetti, 2007; Leprieur et al., 2008, 2009).
This difficulty may partly explain the existence of
different points of view within the discipline (e.g.
Gozlan, 2008; Vitule et al., 2009, 2012a; Davis et al.,
2011; Schlaepfer et al., 2011; Lovei et al., 2012).
Introductions of freshwater fishes in South America
have occurred under this scenario. In particular, studies
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have documented the introduction of a number of fish
species (e.g. Agostinho et al., 2007; Jilio et al., 2009;
Vitule et al., 2009; Britton & Orsi, 2012) and recorded
declines or changes in native biodiversity after intro-
ductions (e.g. Latini & Petrere Junior, 2004; Pelicice &
Agostinho, 2009; Attayde et al., 2011; Vitule et al.,
2012b). However, most of these studies were unable to
provide evidence showing that non-native species
disturbed resident communities. An emblematic exam-
ple of the gap between introductions and biodiversity
losses is provided by the introductions of peacock bass
species (genus Cichla), which are voracious predators
native to the Amazon basin. These fish have been
extensively introduced in different basins in South
America, establishing populations in many hydroelec-
tric reservoirs across Brazil (Agostinho et al., 2007;
Espinola et al., 2010). Significant changes in resident
fish populations have been reported (Latini & Petrere
Junior, 2004; Fugi et al., 2008; Pinto-Coelho et al., 2008;
Menezes et al., 2012), but no study has investigated in
detail the connection between events. For different
methodological reasons, these previous studies merely
described changes in fish diversity, acknowledging the
peacock bass as the driver of impacts.

The recent introduction of Cichla kelberi Kullander
& Ferreira in the Rosana Reservoir (Paranapanema
River, Brazil) illustrates this situation. The introduc-
tion of this predator was followed by the progressive
decline of small-bodied fish (Pelicice & Agostinho,
2009), which formed assemblages closely associated
with patches of Egeria, a submerged macrophyte
(Pelicice et al., 2005). Although this fish fauna
disassembly was a tangible event, it was not possible
to conclusively acknowledge the non-native predator
as its main driver, particularly because the context
supported alternative explanations. For example, fish
communities in reservoirs are subject to sudden
changes in environmental quality as a result of dam
operation procedures (water level variations; Agost-
inho et al., 2007), human activities (Barrela & Petrere,
2003; Miranda et al., 2010) or intense colonisation by
macrophytes (Miranda & Hodges, 2000; Van Nes
et al., 2002). In such situations, fish assemblages may
experience rapid and profound changes in their
structure and organisation. Therefore, the introduction
of C. kelberi in the Rosana Reservoir, as well as the
introductions of Cichla species documented else-
where, demand further investigation and sound evi-
dence to allow a conclusion to be reached regarding
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whether these predators are drivers or passengers
(MacDougall & Turkington, 2005; Light & Marchetti,
2007; Thomaz et al., 2012) of the biotic changes in
reservoirs. Furthermore, although Cichla species are
voracious piscivores, it is largely unknown how these
fish affect resident fauna, primarily because experi-
mental studies have provided evidence against the
prey naiveté hypothesis (Kovalenko et al., 2010a).
Under this scenario, this study provides a body of
evidence that support the hypothesis that C. kelberi was
the driver of faunal disassembly in the Rosana
Reservoir. We analysed the variations in the structure
of the fish assemblages, the abundance of C. kelberi
and habitat conditions between 2003 and 2007,
including time points that preceded and followed the
introduction of the predator. In addition, considering
that changes in the fish fauna structure occurred
specifically during warm months (Pelicice & Agostin-
ho, 2009), we provide evidence to support the hypoth-
esis that the demographic dynamics of C. kelberi (i.e.
the reproduction and consequent pulse of juvenile fish)
were linked to the fauna disassembly. This study,
therefore, provides the best evidence available to
support the idea that Cichla invasion can disrupt fish
assemblages in littoral areas of Neotropical reservoirs.

Materials and methods
Study area

The Rosana Reservoir is the last of a series of
impoundments that regulate the discharge of the
Paranapanema River, one of the main tributaries of
the Upper Parana River (22°36'S and 52°52'W). The
dam was closed in 1986 for hydroelectric production
and created a shallow reservoir with a surface area of
276 km?. Submerged macrophytes, especially Egeria
densa and E. najas, are very abundant in terms of their
spatial distribution and coverage (depths <5 m). The
introduction of C. kelberi in this reservoir is recent;
local fishermen informed the researchers that this
species began to appear in captures in 2004 (approx-
imately), and the species was first sampled in 2005
(Pelicice & Agostinho, 2009). The dispersal of this
species from the Capivara Reservoir (~ 150 km
upstream), or even new clandestine fish releases, are
possible causes of its introduction in this reservoir.
Cichla kelberi is native to the Tocantins River Basin,
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Table 1 Sampling schedule in the Rosana Reservoir, indi-
cating the date, season and sample size (throw traps and seines)
for each period

Periods Date Season Throw Seine
trap
Before Jan. 2003 Summer 19
After-1 Mar.—Apr. Late 20
2005 Summer
After-2  Nov. 2005 Late Spring 23
After-3 Mar.—Apr. Late 20
2006 Summer
After-4 Dec. 2006 Late Spring 21 9
After-5 Mar.—Apr. Late 20 11
2007 Summer

Periods: Before = prior to the introduction of C. kelberi;
after = after the introduction

and we followed Kullander & Ferreira (2006) to
identify this species (voucher specimen is deposited in
the Ichthyological Collection of Nupélia, Maringa,
Brazil, NUP6311).

This study was carried out in an arm of the
transition zone of the reservoir (22°34'07"S;
52°33'34"W) upstream from the Euclides da Cunha
Paulista, district in Sdo Paulo state. This arm covers
~40 ha and presents littoral areas colonised by highly
abundant E. densa. The site is surrounded by pasture
lands and lacks riparian vegetation. See Pelicice &
Agostinho (2009) for a map of the study area.

Sampling of fish among macrophytes

Sampling was carried out over six periods between
2003 and 2007 during warm months. The first
sampling period was in the austral summer of 2003,
when C. kelberi was absent from the Rosana Reservoir
(hereafter referred to as Before). The other sampling
periods began approximately 1 year after the intro-
duction, extending from 2005 and 2007 during late
summer and spring (hereafter referred to as After-1, 2,
3,4, and 5) (Table 1).

Fish were collected in patches of E. densa (with some
minor occurrence of E. najas) distributed in both
margins of the arm. Sampling was conducted with a
1 m? throw trap (Pelicice et al., 2005), which was
operated during the day (07:00 AM-06:00 PM).
This trap has a rectangular aluminium frame
(1.0 x 1.0 x 1.5 m) and small mesh covering all sides

(0.5 cm mesh) except for the top and bottom. A boat
was positioned silently above Egeria patches and used
as a platform for trap deployment. Immediately
following boat positioning, the trap was quickly thrown
into the water and pressed to the bottom. Macrophytes
were then removed from the trap with a metal fork and
were washed and weighed in the field (fresh mass, g).
Next, the fish inside the trap were collected with a large
sieve (0.90 x 1.5 m) and adip net (49 x 49 cm), both
with 0.5 cm mesh. We used both methods to ensure that
all of the fish inside the trap were recovered. The sieve
was redeployed until no fish had been captured in three
procedures. In addition, the dip net was redeployed
within the trap area until 10 successive hauls resulted in
no additional captures. All fish were preserved in 10%
formalin and transported to the laboratory, where they
were identified, counted and measured (standard length,
cm; SL). Species identification was based on Graga &
Pavanelli (2007).

Each throw trap sample was considered an inde-
pendent sampling unit. Approximately 20 samples
were collected in each period. The samples were
distributed at least 50 m apart to cover both margins of
the arm. A total of 123 samples (throw traps) were
obtained in the study area between 2003 and 2007
(Table 1).

We characterised the habitat condition in each
sampled patch by measuring limnological variables
prior to removing the fish from the trap. These
variables were measured adjacent to each patch with
portable field metres and included dissolved oxygen
(mg/1), temperature (°C), pH, electrical conductivity
(mS/cm) and depth (m). Water transparency (Secchi
disk; cm) was measured once in each period in the
middle of the arm.

Sampling of C. kelberi

Because the throw trap is biased towards small fish
(Kushlan, 1981), we used seines (20 m long, 0.5 cm
mesh between opposite knots) to estimate the density
of C. kelberi. This methodology was also employed to
characterise the fish assemblages associated with
Egeria after the introduction of C. kelberi, specifically
to investigate the influence of the predator’s
demography.

The seine was pulled manually from the shores to
sample littoral areas covered by Egeria, enclosing an
average area of 30 m’. Sampling was conducted
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during the day in four periods between 2005 and 2007
(Table 1). Approximately 10 samples were obtained
in each period (n = 36). The samples were distributed
at least 50 m apart and covered both margins of the
arm. All fish were preserved and processed as
described previously, and C. kelberi individuals were
eviscerated to determine maturity state: juvenile
(immature) or adult.

Predation experiment

Because the fish assemblages experience significant
changes specifically during summer seasons (Pelicice
& Agostinho, 2009), we performed a tethering exper-
iment to investigate the variation in predation pressure
in Egeria patches between seasons (late spring and
summer).

Prey items were tethered to a main structure
consisting of a rope (6 m) stretched perpendicular to
the shore, maintained near the surface with the aid of
buoys. A cotton line (0.2 mm thick, 80 cm long) was
attached with a running knot (Owen, 1993) to the
caudal peduncle of each prey fish and then tied to the
main rope at 1-m interval, totalling five tethered preys
per structure. Roeboides descalvadensis Fowler was
chosen as the prey species because it is small in size
and abundant in the reservoir (Pelicice et al., 2005;
Pelicice & Agostinho, 2009). The prey fish were
captured at sites close to the arm where the experiment
was conducted. Although the line may constrain or
alter prey movements, we were cautious to tether each
fish without provoking any injury; indeed, fish were
able to swim whilst tethered, but they could not escape
from the line.

The experiment was run during two time periods,
and the contrasting densities of C. kelberi during these
periods were used as treatment levels: C. kelberi_, =
0.45 + 0.45 ind/100 m* SE (in October 2006, spring)
and C. kelberiy = 13.31 £ 3.60 ind./100 m? (in March
2007, summer). Predator density in each period was
calculated from seine samples. A total of 12 structures
(experimental replicates) were put in place in each period,
distributed along the arm at least 100 m apart (6 on each
shore), totalling 60 prey items per treatment level. The
mean total prey length was 5.4 cm (£0.9 EP; 4.1-7.3 cm)
in C. kelberi_y and 4.2 cm (£0.9 EP; 2.7-5.6 cm) in C.
kelberi(. The prey remained exposed for 2 h, and the
experiment was run between 14:30 and 18:30. An absence
of prey after this period was interpreted as predation;
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injured fish (e.g. bitten) were considered non-predated, to
avoid the influence of other predators (e.g. piranha).

Data analysis
Main drivers

To investigate the variables potentially associated
with the decline in the fish assemblages between 2003
and 2007, we analysed only Egeria patches with a
biomass exceeding 100 g/m” (throw trap data). This
procedure was employed to restrict the analysis to
patches where fish assemblages occur with the greatest
frequency, density and species richness (Pelicice et al.,
2005).

A multiple linear regression was used to investigate
the influence of variations in (i) habitat condition and
(ii) the density of C. kelberi (independent variables) on
the fish density (ind./m?) and species richness (spp./
m?) in Egeria patches. The habitat variables consid-
ered were macrophyte biomass (dry weight g/m?),
dissolved oxygen, pH, temperature and depth. The dry
mass of Egeria in each patch was estimated from the
relationship between dry and wet mass using the
equations presented in Pelicice et al. (2008). Electrical
conductivity and Secchi depth were not considered in
the regressions; the first was not measured in certain
periods and would have significantly restricted the size
of the data matrix; the second was measured once in
each period and had, consequently, no variance. The
average density of C. kelberi used in the regressions
was obtained from seine data sampled between 2005
and 2007 (After-2 through After-5). The density in
2003 (Before) was considered zero because previous
studies (Casatti et al., 2003; Pelicice et al., 2005) and
intensive surveys conducted in the Rosana Reservoir
(Agostinho A.A. unpublished data) did not record C.
kelberi prior to 2003. The After-1 period (summer
2005) was not considered in the regression analysis,
because seine samples were not collected in this period
(Table 1).

To select the set of variables that best explain the
decline of the fish assemblages, we used a stepwise
regression based on the backward selection method.
All of the independent variables were included in the
model, and the best fit (least squares) was reached after
the successive removal of variables showing a lower
contribution. The importance of the predictors
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selected was evaluated using the (i) semi-partial
correlation coefficient (Rgemi-partial, OF the total vari-
ance explained by the predictor, controlling for the
effect of other variables) and the (ii) standardised
slope (B-std, or the slope of the linear relationship
between x * y, standardised to a mean of O and a
standard deviation of 1). The dependent variables
(density and richness) were log + 1 transformed to
meet parametric assumptions.

Influence of the predator’s demography

To investigate the influence of the predator’s demog-
raphy (e.g. the pulse density of juvenile fish), we
analysed seine data collected between 2005 and 2007
(After periods, Table 1). First, we correlated the
density of juvenile C. kelberi (independent variable)
with the fish density and species richness. In this case,
resident fish were grouped into two length categories:
(1)<5 cm SL and (ii)) >5 cm SL, considering that
Cichla species usually consume prey smaller than this
size (Jepsen et al., 1997; Novaes et al., 2004). The
correlation in each category was assessed through
Spearman correlation.

Second, a correspondence analysis (CA; Gauch,
1982) was used to investigate variations in the fish
assemblage structure (composition and abundance)
between periods. The abundance data were trans-
formed to percentages, and rare species (those that
contributed <0.1% of total abundance between 2005
and 2007) and C. kelberi were removed from the
analysis. Only the first axis was interpreted because
the other CA axes may present distortion (the arch
effect; Gauch, 1982). We then correlated the scores on
the first axis with the density of juvenile C. kelberi
using Spearman correlation.

Predation experiment

To investigate the variation in predation pressure
between periods, we calculated the mean percentage
(£standard error) of fish predated at each treatment
level. In addition, the incidence of predation in the arm
was calculated as the percentage of experimental units
showing predation during each period.

All analyses were conducted in Statistica 7.1
(Statsoft, 2005). Statistical differences implied
o < 0.05.

Results
Main drivers

A total of 553 individuals belonging to 25 species were
captured in Egeria patches between 2003 and 2007.
These fish were captured with the throw trap in patches
with a dry biomass above 100 g/m* (n = 97). Six
species contributed almost 85% of the total abun-
dance: Roeboides descalvadensis (29.9%), Hyphesso-
brycon eques (18.3%), Serrassalmus marginatus
(14.4%), Hemigrammus marginatus (10.7%), Sata-
noperca pappaterra (5.7%) and Metynnis lippincotti-
anus (4.8%). The collapse of the fish assemblages
(declines in density and richness) over this period was
investigated and described by Pelicice & Agostinho
(2009).

A backward regression selected the density of C.
kelberi and macrophyte biomass as the best variables
to explain the variation in fish density over the study
period (R = 0.77; F,, g6 = 62.3; P < 0.00001). Mac-
rophyte biomass was positively correlated with fish
density, whereas C. kelberi density was negatively and
more strongly correlated with fish density (Table 2).
Similarly, the density of C. kelberi and Egeria biomass
represented the best variables to explain the variation
in fish species richness (R = 0.77; F5, g6 = 61.36;
P < 0.00001). Species richness showed a positive
association with plant biomass and a negative associ-
ation with C. kelberi (Table 2).

We recorded little variation in habitat conditions
and no clear trend over the study years (Table 3). In
addition, variables that could limit the fish

Table 2 Results of the stepwise regression between the fish
assemblage attributes in Egeria patches (fish density and
richness; log + 1) and C. kelberi density (ind./m?) and vari-
ables related to habitat condition

Factors B-std R-partial ¢ P
Fish density (ind./m?)
C. kelberi -0.59 —0.59 —8.29  0.000001
Egeria biomass 0.43 0.43 5.99  0.000001
Species richness (spp./m?)
C. kelberi —-059 —0.59 —8.01  0.000001
Egeria biomass 0.41 0.41 6.66  0.000001

The backward method was used to select the variables that
explained the greatest amount of variation

B-std standardised slope, R semi-partial correlation coefficient
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Table 3 Habitat characteristics in Egeria patches before and after the introduction of C. kelberi in the Rosana Reservoir

Variables Before After-1 After-2 After-3 After-4 After-5
Temperature (°C) 28.8 28.2 28 28.1 27.4
(27.2-32.0) (26.7-29.2) (25.0-27.4) (26.4-29.7) (26.8-29.3) (26.4-29.3)
Oxygen (mg/l) 6.7 9 8 7.6 53
(3.4-8.8) (6.2-10.9) (3.8-9.3) (6.4-9.8) (6.2-9.3) (2.6-8.7)
pH 6.5 7.1 6.4 7.6 6.9
(5.9-7.2) (5.7-8.0) (6.6-8.7) (5.8-17.5) (7.1-8.8) (6.5-17.5)
Conductivity (uS/cm) 45.4 - 59.9 54.9 59.3
(42.7-48.4) (56.2-62.4) (43.8-59.0) (46.8-65.8)
Depth (cm) 95 91.4 104.8 82.4 85.5
(70.0-120.0) (75.0-125.0) (60.0-120.0) (85.0-128.0) (60.0-115.0) (65.0-110.0)
Secchi depth (cm) 135.7 122.5 90 270 70
Egeria biomass (g/m?) 207 193.6 199.1 251.6 217.6 165.6
(110.3-301.6)  (135.8-294.2)  (106.6-303.8)  (123.8-499.7)  (120.0-337.0)  (108.5-315.8)
C. kelberi (ind./100 m® 0 - 18.55 1.85 13.31
(0-6.2) (2.743.1) (0-5.7) (043.2)

The table shows the mean, minimum and maximum values for each period

— absence of data

distribution, such as oxygen, pH and temperature,
showed no extreme mean values (Table 3). Even
electrical conductivity, which increased consistently
in the After periods, did not show extreme high values
(<70 mS/cm). However, the density of C. kelberi
showed considerable variation between periods. The
predator, which was absent in the Before period,
showed a high mean density during the summer
periods (After-3 and After-5) and a low density during
the spring (After-2 and After-4) (Table 3).

Influence of the predator’s demography

A total of 2,682 fish belonging to 22 species were
captured in Egeria patches between 2005 and 2007
(After periods) using seines. Five fish species contrib-
uted almost 90% of the total abundance: H. marginatus
(44.4%), R. descalvadensis (24.6%), M. lippincotti-
anus (9%), S. marginatus (7.5%) and C. kelberi (4.4%).
Most fish were captured during the spring periods
(After-2 = 36% of the total; After-4 = 53%), with a
significant reduction observed during the summer
periods (After-3 = 6%; After-5 = 5%). Juvenile C.
kelberi also showed marked variation in abundance
over time, with higher density values obtained during
the summer periods (Table 4)—indicating that repro-
duction occurs during the warm months (November—
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February). Juveniles were also captured during the
spring periods, but at much lower densities (Table 4).

The assemblage attributes in the patches were
closely associated with the pulse of juvenile C. kelberi
(Fig. 1). For small fish (<5 cm), which represented
93% of the total abundance, we observed a strong
negative correlation between the density of young
C. kelberi and fish density (Spearman: R = —0.61;
t = —4.43; P <0.0001) and species richness (R =
—0.63; t = —4.71; P < 0.00005). In contrast, young
C. kelberi were not correlated with the density (R =
0.19; t = 1.15; P < 0.2584) or richness (R = 0.16,
t = 0.95, P < 0.3471) of larger fish (>5 cm).

The CA explained 25.5% of the variability in the
fish assemblage structure (axis 1; eigenvalue = 0.67).
We observed a clear separation between the summer
(After-3 and After-5) and spring periods (After-2 and
After-4) (Fig. 2). The spring periods showed positive
scores and were characterised by small-bodied species
typically found before the introduction (e.g. H.
marginatus, H. eques, R. descalvadensis and young
S. marginatus; see Pelicice & Agostinho, 2009). In
contrast, summer periods showed negative scores and
were characterised by larger-bodied species or species
with a low abundance (Table 5). The axis 1 scores
were negatively correlated with the density of juvenile
C. kelberi (Spearman: R = —0.52; (= —3.42;
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Table 4 Mean density of juvenile C. kelberi (ind./100 m? = standard error) over the study period, mean standard length (cm) and

the relative contribution of juvenile fish to the total abundance (%)

Periods Density Length Juvenile (%)
Mean (SE) Min.—max. Mean Min.—max.

After-2 1.18 (0.89) 0-6.2 443 2.50-6.79 75

After-3 18.55 (5.57) 2.7-43.1 6.81 4.50-12.70 100

After-4 1.25 (0.83) 0-5.7 5.65 5.50-5.8 66.67

After-5 13.31 (3.60) 0432 6.34 3.00-7.70 100

P < 0.0017). In this case, the fish fauna structure
during the spring was associated with low densities of
C. kelberi, whereas the assemblages during the
summer were correlated with high densities of the
predator.

Predation experiment

The percentage of predated fish ranged between 0 and
60% among experimental units, but predation pressure
tended to increase under C. kelberi . In this case, the
mean percentage of predated fish for C. kelberi ., was
2.5 times higher than for C. kelberi _,, increasing from
6.7 to 16.7% (Fig. 3). In addition, the incidence of
predation increased under C. kelberi ), from 25 to
58% of the replicates.

Discussion

The introduction of Cichla kelberi in the Rosana
Reservoir (Parana River Basin, Brazil) was followed
by a striking and progressive loss of small-bodied fish
(Pelicice & Agostinho, 2009), but demonstrating the
connection between the introduction and subsequent
impacts demanded sound evidence. In this sense, this
study showed that the decline in fish diversity was not
related to changes in habitat conditions, but correlated
strongly with variations in C. kelberi abundance. More
interestingly, we observed that demographic features
of the invader (i.e. the pulse density of juvenile
individuals during warm months) were correlated with
the detected changes in fish fauna structure. We
highlight the fact that the disturbance potential of
Cichla species remained poorly investigated for
decades—since the first studies suggested that Cichla
may disrupt local communities and ecosystem orga-
nisation (e.g. Zaret & Paine, 1973). Subsequently,

other studies have provided indications of impacts
(Latini & Petrere Junior, 2004; Fugi et al., 2008;
Pelicice & Agostinho, 2009; Pinto-Coelho et al., 2008;
Menezes et al., 2012), but this study is the first to
provide a substantial body of evidence supporting the
hypothesis that C. kelberi can affect the structure of
biotic communities in reservoirs.

The episode documented in the Rosana Reservoir
represents a special case, as there was information
available about the fish assemblages in the reservoir at
time points that preceded the introduction of the
predator. The lack of such information is an important
limitation in invasion studies (Thomaz et al., 2012). In
addition, we initiated monitoring soon after the
introduction of C. kelberi, simultaneously gathering
data on the fish fauna, the invader and habitat
conditions in Egeria patches. All of this information
was essential to demonstrate that the fauna disassem-
bly was not related to changes in habitat quality at
small spatial scales. In fact, the limnological condi-
tions and habitat structure showed little variation and
no clear trend over the years (2003-2007); the
recorded variation was probably associated with diel
variation (e.g. Pelicice et al., 2005) and seasonal
dynamics, in addition to casual inter-annual differ-
ences. Moreover, none of the measured variables
showed extreme values that could restrict the fish
distribution in the patches, a situation expected, for
example, in cases of extensive colonisation of Egeria.
Several studies have shown a decrease in water quality
due to excessive aquatic plant coverage (Miranda &
Hodges, 2000; Van Nes et al., 2002), but the present
results indicate that Egeria, although abundant, has
not created an inhospitable environment at the study
site. In addition, the Egeria biomass was the only
habitat variable that influenced the fish distribution,
showing a positive correlation with fish diversity. This
type of pattern has been described by previous studies

@ Springer



278

Hydrobiologia (2015) 746:271-283
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(Pelicice et al., 2005, 2008), in which plant biomass
was found to substantially determine the structure of
the fish fauna, reflecting the strong association
between small-bodied fish and habitat structure.
Although habitat conditions showed little variation
over the examined years and therefore did not explain
the changes in fish diversity, the C. kelberi abundance
was strongly correlated with the structure of the
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resident fish assemblages. In this case, the C. kelberi
density was the variable that best explained the decline
in fish diversity (abundance and richness). Further-
more, we observed a close relationship between
demographic aspects (the density pulses of young
fish) and changes in abundance, richness and compo-
sition of small-bodied fish, which included some non-
native prey species established in the area (e.g.
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Serrassalmus marginatus and Roeboides descalvad-
ensis; Julio et al., 2009). Taken together, these data
support the hypothesis that C. kelberi was the driver
underlying the fish fauna disassembly. The presence of
other non-native species in the reservoir, however,
suggests alternative explanations. In this case, changes
in fish assemblages may be associated with distur-
bances mediated by other invaders via predatory and
competitive interactions. Studies have shown, for
example, that competition may displace native species
and facilitate predatory dynamics (Martin et al., 2010;
Sanches et al., 2012). We highlight, however, that
other non-native predators (e.g. S. marginatus and
Plagioscion squamosissimus) have not been captured
in Egeria patches, excepting for young piranhas S.
marginatus (<5 cm); similarly, native predators (e.g.
Hoplias malabaricus, Acestrorhynchus lacustris)
were rare or absent in these habitats. In addition,
before the introduction of C. kelberi, small-sized
native and non-native fish were abundant and co-
occurred in Egeria patches, where they coexisted with
low competition for feeding resources (Pelicice et al.,
2005; Pelicice & Agostinho, 2006). Finally, and more
importantly, other non-native fish were introduced in
the Rosana Reservoir decades ago (Agostinho et al.,
2007; Jdlio et al., 2009), so their presence cannot
explain the sudden decrease in fish diversity recorded
between 2003 and 2007. Even if these previous
invaders have disturbed the resident fish fauna, the

rapid disassembly occurred precisely when C. kelberi,
a top predator, invaded the system. This scenario,
therefore, constitutes evidence that C. kelberi played
an important or central role in the chain of events that
led to the collapse.

We also began to clarify how this predator affects
the resident fauna when it is introduced in reservoirs,
i.e. via demographic dynamics. In the Rosana Reser-
voir, fish fauna disassembly occurred when the
predator’s abundance increased during the warm
months (austral summer) as a consequence of the
emergence of large shoals of juvenile C. kelberi. Other
studies have found that intense reproduction occurs
during warm periods in southeastern Brazil, with an
increased abundance of smaller individuals found
during the late summer and autumn (Souza et al.,
2008). In the Rosana Reservoir, the emergence of
small-bodied predators must increase the predation
pressure upon smaller fish, primarily because juve-
niles of Cichla (>5 cm) include small-bodied fish in
their diet (Jepsen et al., 1997; Novaes et al., 2004). We
highlight that small-bodied fish (native and non-
native) were the characteristic fauna associated with
Egeria patches (Pelicice & Agostinho, 2009) and that
juvenile C. kelberi were captured within macrophyte
beds. Given that aquatic plants provide a limited
refuge against C. kelberi (Kovalenko et al., 2010b),
young predators most likely find a suitable habitat for
foraging and protection within Egeria patches. The
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Table 5 Species scores derived from a correspondence ana-
lysis (CA; first axis) applied to fish fauna data

Species Scores  Abundance  Length (cm)

(%) -

Mean  Min.—max.

Hemigrammus marginatus 092 4441 2.8 1.3-39
Hyphessobrycon eques 0.85 1.23 2.83 2.2-32
Roeboides descalvadensis 0.76 2457 3.02 1.5-5.7
Oligosarcus pintoi 0.21 0.34 4.11 3.5-55
Serrassalmus marginatus 0.09 7.53 2.8 1.5-7.5
Acestrorhynchus lacustris 0.03 1.72 6.52 2.4-20.1
Schizodon borellii —0.39 0.11 19.33 12-24
Astyanax altiparanae —0.47 3.39 3.82 2.2-8.0
Hoplias malabaricus —0.58 0.11 2525 22.5-28
Metynnis lippincottianus —0.89 8.99 4.25 1.6-9.2
Oxydoras eigenmanni —0.99 0.34 6.76 5.7-8.3
Satanoperca pappaterra —1.17 0.48 7.67 1.7-20.6
Schizodon nasutus —1.23 0.15 12 9.5-13.7
Steindachnerina brevippina  —1.26 0.37 4.04 1.9-6.5

The table also shows species relative abundance (%) and standard length
(cm)

results from the tethering experiment supported these
trends, as predation pressure (i.e. percentage of
predated fish and incidence of predation along the
shores) increased during the summer. Therefore, the
mere presence of a non-native species (a voracious top
predator, in this case) does not determine the extent
and intensity of its impacts. Events that suddenly
increase the population size of the invader, such as
reproductive events, enhance its ecological effects.
The reproductive activity of C. kelberi must therefore
play an important role not only in the establishment of
populations but also in mediating the extent of
impacts.

This finding, together with the results of other
recent studies, begins to explain the process of C.
kelberi invasion in reservoirs. Many aspects of this
phenomenon are still unknown, but it is possible to
outline a broad picture regarding invasion aspects and
impacts. In short, we highlight that according to
certain environmental conditions, some reservoirs
present higher invasibility to C. kelberi (Espinola
et al., 2010) and, once introduced, this species has a
great potential to affect the resident fish fauna
(Pelicice & Agostinho, 2009; this study). Other studies
show that prey naiveté plays no role in the succession
of impacts (Kovalenko et al., 2010a), and that aquatic
plants offer limited protection against this predator
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(Pelicice & Agostinho, 2009; Kovalenko et al.,
2010b). We also know that feeding activity, the source
of disturbance, increases during warm months (Vill-
ares Junior & Gomiero, 2010), and that demographic
aspects (i.e. reproduction) mediate ecological impacts.
A fundamental question that remains open is why C.
kelberi and other Cichla species apparently do not
disrupt the fish assemblages in Amazonian reservoirs,
where they are native. In addition, the invasion process
of Cichla in natural ecosystems might differ from the
trends observed in reservoirs, which are environments
that are already disturbed and may therefore facilitate
invasions and enhance their impacts (Havel et al.,
2005; Light & Marchetti, 2007; Johnson et al., 2008).
The presence of other non-native species in reservoirs
must also be considered, since previous invasions may
facilitate the establishment of other invasive species
(meltdown effects; Simberloff & Von Holle, 1999), or
even enhance the impacts of top predators (Sanches
et al., 2012). Future studies must, therefore, evaluate
how the impoundment and other non-native species
mediate the impacts (e.g. additive or emergent effects)
caused by Cichla species in man-made reservoirs.
These issues must receive particular attention in future
studies so that we may improve the understanding of
the environmental settings that cause C. kelberi to be a
strong source of ecological change.

In view of the risk associated with introductions
and the difficulty of predicting which species will
become established, invade or cause impacts, a
precautionary approach must prevail—especially
because non-native consumers may cause more dam-
age on prey populations than do native ones (Paolucci
et al., 2013). It is our hope that the present results will
inspire caution in handling Cichla and other non-
native species, particularly in programs that promote
aquaculture and fishery activities in developing
countries (Pelicice et al., 2014). We also hope that
scientific scepticism does not cause the precautionary
approach to be relaxed, as taking a permissive
approach towards commercial activities may further
aggravate the traffic and establishment of non-native
fish around the world.
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