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Abstract: The flood pulse is a key factor that drives the biota of large rivers with adjacent floodplains, but the
direction and intensity of its effects are not uniform for all trophic guilds of fish. In this study, we tested the
existence of intra- and inter-annual changes in the relative condition factors (kn) of three Curimatidae:
Potamorhina altamazonica, Potamorhina latior, and Psectrogaster rutiloides. We used weight and length data
from fish that were caught in eight floodplain lakes of the Rio Solimdes. These data were from experimental
fisheries during each season of the hydrological cycle: flooding, flood, drying, and dry from 2004, 2005, and
2006. In general, there are similar patterns of intra-annual changes for these three species, with the highest
estimates of kn during high water conditions. The lowest values were observed during the drying and dry
seasons of 2005, when an extreme drought occurred in the Amazon basin. Higher values were observed
during the same seasons in the year post-drought. We hypothesized that these patterns would be explained by
the biological characteristics of these species and the effects of intra-annual hydrological changes, mainly the
flood pulse effect, and by inter-annual climatic events, which are determined by global climate phenomena.
Keywords: Weight-length relationship, Curimatidae, environmental effects, relative condition factor,

floodplain lakes.
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Resumo: O pulso de inundagao é considerado um fator chave no direcionamento da biota de grandes rios
associados a area de varzea, mas a dire¢ao e intensidade dos efeitos do pulso de inundagao nao sao uniformes
para todas as guildas troficas dos peixes. Neste estudo, nos testamos a existéncia de mudangas intra e inter-
anuais no fator de condi¢do (Kn) de trés curimatideos: Potamorhina altamazonica, Potamorhina latior e
Psectrogaster rutiloides. Foram usados dados de peso e comprimento de peixes capturados em oito lagos,
localizados na planicie aluvial do rio Solimdes. Estes dados foram obtidos em pescarias experimentais
realizadas em quatro fases do ciclo hidrologico: enchente, cheia, vazante e seca nos anos de 2004, 2005 e 2006.
Observamos um padrao similar de variagdo intra-anual para as trés espécies, com maiores valores de Kn
durante o periodo de aguas altas. O valor mais baixo foi observado no periodo de vazante e seca em 2005
quando ocorreu um evento de seca extrema na bacia. Valores altos foram observados, durante o mesmo
periodo, no ano posterior a seca. Consideramos que estes padroes sao explicados pelas caracteristicas
biologicas das espécies e pelo efeito das mudangas ambientais determinadas pelo efeito do pulso de
inundagdo, além da contribuicdo de eventos climaticos em escala global.

Palavras-chave: Relagdo peso-comprimento, Curimatidae, efeitos ambientais, fator de condi¢do relativo,
lagos de varzea.
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Introduction

The flood pulse is the environmental phenomenon that
drives the biological process in large rivers with adjacent
floodplains (Junk et al. 1989), such as rivers in the Amazon
Basin. This phenomenon is predictable, and aquatic Amazo-
nian organisms have developed several types of adaptations to
survive in this dynamic system, with markedly alternating
aquatic-terrestrial phases. In this basin, there is sufficient

http://dx.doi.org/10.1590/1676-0611-BN-2014-0001

information to corroborate the statement that ecological and
physiological processes, which happen to fish, are determined
by changes in the aquatic environment that are regulated by the
flood pulse (Junk et al. 1997) from the level of organisms (Val
& Almeida-Val 1995; Soares et al. 2006) to populations
(Fernandes 1997) to communities (Tejerina-Garro et al. 1998;
Granado-Lorencio et al. 2005; Garcez & Freitas 2008). These
effects should be different for species from different trophic or
reproductive guilds.
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However, other climatic phenomena could happen in different
temporal scales and intra- and inter-annual changes in environ-
mental conditions should cause detectable effects at the organism
level. Below a specific level of intensity, these changes should be
buffered by the physiological plasticity inherent to each species.
Above this level, these environmental changes could result in
detectable changes at the organism level. It is possible that high-
magnitude climatic events could also be evident at the population
level (Ficke et al. 2007; Freitas et al. 2012).

The parameter a of the weight-length relationship is termed
the condition factor (Le Cren 1951) because of its ability to
represent fish well-being. There is a consensus that the condition
factor is influenced by environmental conditions or physiologi-
cal or behavioral processes (Froese 2006). For example, food
availability or reproductive stages could determine the varia-
bility observed in the condition factor.

Curimatidae is a family of toothless freshwater fish with a
large geographic distribution in the Neotropics (Vari 1984; 1992;
Reis et al. 2003). In the Amazon basin, they are observed mainly
in the Central Amazon and in the headwaters of nutrient-rich
rivers (Araujo-Lima & Ruffino 2003). This group is composed
almost exclusively of relatively small (<25 cm) benthopelagic
species with diurnal behavior that live in lakes and rivers of white
and black waters (Saint-Paul et al. 2000; Siqueira-Souza & Freitas
2004). Potamorhina altamazonica (Cope 1878), Potamorhina latior
(Spix and Aagassiz 1829) and Psectrogaster rutiloides (Kner 1858)
are three Curimatidae species, termed “branquinhas,” in the
Amazon basin. They are short-distance migratory species (Araujo-
Lima & Ruffino 2003), which have annual migration patterns to
breed upriver (Lima & Aratjo-Lima 2004; Granado-Lorencio
et al. 2005), and their larvae drift in the main stem of the
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Amazonas River (Aratjo-Lima 1991). They are detritivores, mainly
eating organic material, algae and microorganisms (Mérona &
Rankin-de-Mérona 2004; Pouilly et al. 2004), and could be favored
by seasons with high availability of these items in the environment.
In an opposite way, seasons with low availability of detritus could
be severely adverse to this species group.

In the present study, we analyzed modifications in the condition
factor of the species Potamorhina altamazonica, Potamorhina latior
and Psectrogaster rutiloides with the aim of identifying the seasons
that result in advantageous and disadvantageous environmental
conditions for these species, which have the same feeding behavior.
These environmental conditions were associated with two temporal
scales: intra- and inter-annual effects. Our data include the severe
drought of 2005 (Marengo et al. 2008), and we believe that the
results of the present study constitute a preliminary insight into
the effects of extreme climatic events on Amazonian fish species at
the population level.

Material and Methods

Study Area

The fish were collected in eight floodplain lakes from 2004 to
2006. These lakes are placed at the banks of a stretch of 400
kilometers of the Rio Solimdes, nominally: Baixio (03° 18 01"; 60°
05 30"), Preto (03° 20* 39"; 60° 35 22"), lauara (03° 36 20";
61° 18’ 16"), Anana (03° 54’ 23"; 61° 40” 33"), Maraca (03° 50’ 00";
62° 34 00"), Araga (03° 46’ 14"; 62° 22’ 01"), Poraqué (03° 57’
46.7"; 63° 09’ 41.2") and Arua (04° 06’ 29"; 63° 32’ 10") (Figure 1).
All of these lakes are typical perennial floodplain lakes that
remained connected to the main river for most of the year.
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Figure 1. Study area showing the sampled lakes and the stretch of the Rio Solimdes.
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Data Sampling and Analysis

Samples were taken once during each of the four stages of the
hydrologic cycle, performed in experimental fisheries with gillnets
of standard dimensions (20 meters in length by 2 meters height)
and different mesh sizes (30, 40, 50, 60, 70, 80, 90, and 100 mm
between opposite knots). To encompass the maximum fish
activity periods, the nets were set between 05:00 and 06:00 h (pre-
dawn) and brought in with the catch 12 h later (just after dusk).
The sampling efforts were held constant for each lake and sample
date. Fish were identified, measured by standard length (centi-
meters) and total weight (grams), and preserved in formalin 10%
for permanent storage in the Laboratory of Fishery Ecology of
the Federal University of Amazonas in Manaus, Brazil.

The parameters a and b from the weight-length relationship
were estimated by non-linear estimation using the algorithm of
Levenberg-Marquardt (Myers 1990). The relative condition
factor (kn) was calculated by the equation kn = W/We,
proposed by Le Cren (1951), where W is the total weight of an
individual and We is the mean weight estimated for each length
by the equation We = a. L?, where a and b are the parameters
from the weight-length relationship. The index kn represents
the variability of the condition factor around the mean
estimated value. It is independent of fish size and is useful
for comparisons between fish of different sizes.

Following Bittencourt & Amadio (2007), to define the
seasons of the hydrological cycle, we clustered the estimated
values of kn into years and seasons of the hydrological cycle to
test the hypothesis that inter- and intra-annuals means are
similar. Prior to the data analysis, we tested the hypothesis of
variance homogeneity. Because this hypothesis was rejected, all
data were log-transformed prior the use of a two-way Anova
using the year and the hydrologic season as factors. We
employed a Tukey’s test when the null hypothesis was rejected.
All statistical analyses were performed in the R statistical
software package version 2.15.3 (R Core Team 2013).

Results

We measured 1058 individuals of Potamorhina altamazo-
nica, 635 of Potamorhina latior and 873 of Psectrogaster
rutiloides. The mean standard length of P. altamazonica was
16.12+3.21 cm, and the mean weight was 111.32+64.67 g.
Potamorhina latior was slightly smaller, with a mean standard

length of 14.80 £ 2.87 cm and a mean weight of 68.98 + 42.86 g.
Psectrogaster rutiloides had the smallest average size, with a
mean standard length of 12.88 £2.03 cm and a mean weight of
64.441+31.26 g. The relative condition factor ranged from
0.8256 to 1.1552 for P. altamazonica, from 0.8637 to 1.3149 for
P. latior, and from 0.8558 to 1.3830 for P. rutiloides (Table 1).

The weight-length relationships were as follows: W = 0.0357.
2% with r = 0.96 for P. altamazonica; W = 0.0100.L>?* with
r = 0.94 for P. latior; and W = 0.0600.L*”" with r = 0.89 for
P. rutiloides (Figure 2).

There were intra- and inter-annual differences in the
relative condition factors of Potamorhina altamazonica, Pota-
morhina latior and Psectrogaster rutiloides, besides noticeable
interactions effects between year and season of the hydrological
cycle (Table 2). For P. altamazonica, the intra-annual estimates
of kn were consistently constant for 2004 and 2006, but there
were clear decreases between the seasons of flooding-flood for
drying-dry in 2005 (Table 3, Figure 3A). The pattern for
P. latior is somewhat similar to that of P. altamazonica; one
marked difference was that the highest values occurred during
the flood season, followed by a decrease in the drying and dry
seasons; the differences were mainly evident for 2004 and 2005.
Nevertheless, there was a marked decline in kn in the drying-
dry seasons of 2005, similar to the decrease observed for
P. altamazonica (Table 3, Figure 3B). In addition to the
differences in the intra-annual patterns, it is evident that for
both Potamorhina species, increases in the relative condition
factors occurred during the drying and dry seasons in 2006
(Figures 3A and 3B). Psectrogaster rutiloides showed a slightly
different intra-annual pattern from those of the Potamorhina
species, mainly because of the estimates for 2006, when there
were higher values during the drying-dry seasons than during
the flooding-flood seasons (Table 3, Figure 3C). These three
species showed a similar inter-annual pattern of lowest kn
values during the drying and dry seasons of 2005. Potamorhina
altamazonica and Psectrogaster rutiloides also exhibited an
increase in kn for these same periods of the following year
(Figures 3A and 3C).

Discussion

The hydrological cycle of large rivers in the Amazon basin is
monomodal and predictable, with a flood season between June
and July and a dry season near the end of the year (Figure 4).

Table 1. Estimates of relative condition factor for the three Curimatidae species, collected at the Rio Solimdes, by year and season of the

hydrological cycle.

P. latior

P. rutiloides

Year Season P. altamazonica
2004 Flooding 1.1091 £ 0.1805
Flood 0.9702+£0.1354
Drying 1.1482 £ 0.0807
Dry 0.9640 £ 0.2507
2005 Flooding 1.0319 +0.1499
Flood 1.1180 +0.2050
Drying 0.8256 £ 0.0937
Dry 0.8539+0.0952
2006 Flooding 0.9697 £ 0.0977
Flood 1.0282 +0.0937
Drying 1.0505 +0.0854
Dry 1.1552 £0.2240

1.1395£0.1468
1.2848 £0.3932
1.1852+£0.1943
0.9579 £0.1733
1.0963 £0.1524
1.3149 £ 0.2286
0.9408 £ 0.0862
0.8637 £0.1394
0.9974 £0.1273
1.1356 £0.1899
1.2145+0.1559
1.1588 £0.1555

1.2351£0.2193
1.3830£0.2748
1.1582+0.1032
1.0680 £ 0.2058
0.9279 £ 0.0965
1.1379 £ 0.0882
0.8558 £0.0816
0.8679 £0.1362
0.9426 £ 0.0844
1.0218 £0.1562
1.1706 £ 0.1392
1.2010 £0.1403
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Figure 2. Weight-length relationships estimated for (A) Potamorhina altamazonica, (B) Potamorhina latior and (C) Psectrogaster rutiloides

amostrados no rio Solimdes.
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Table 2. Summary of intra- and inter-annual two-way Anova applied to data of relative condition factor of Potamorhina altamazonica, Potamorhina

latior and Psectrogaster rutiloides.

Source of Variation P. altamazonica P. latior P. rutiloides
F df p F df p F df p
Season 12.26 3 <0.01 22.07 3 <0.01 8.32 3 <0.01
Year 27.23 2 <0.01 17.96 2 <0.01 69.78 2 <0.01
Season*Year 41.11 6 <0.01 33.05 6 <0.01 31.99 6 <0.01
Error 1046 623 861
03 P These shifts between high and low water periods represent deep
changes in the aquatic environment (Junk et al. 1989), and the
0.2 a resident biota had developed several strategies to survive in this
% . dynamic system. Nevertheless, a low water season is typically an
a L} . . .
0.1 %a,b ab unfavorable period for fishes, mainly for those species that explore
_ & % flooded forest and other habitats that are specific to the flood
¥ 00 b b % seasons.
= § % b We hypothesize that the intra-annual differences, observed
01 § within each year, in the condition factor are most likely related
c to food availability. The feeding behaviors of Potamorhina
5 é § altamazonica, Potamorhina latior, and Psectrogaster rutiloides
are characterized by a strong dependence on items, such as
detritus, algae, and plankton (Mérona & Rank de Mérona
-03 2004), which are more abundant during the flooding and flood
0.4 seasons. Detritus represents an important food source for
B Amazonian fish and is composed of organic and inorganic
a3 a : material that originates from plants and litter (Fernandes
% a \ 1997). In addition to habitats that are available during high
- 2 . 02 { water periods, such as those containing macrophytes, debris
o1 { % % ig and trees of flooded forest areas can serve as substrates for
oz % algae and periphyton (Piedade et al. 2010).
= b . . . . . .
= 00 3 . c These Curimatidae species undergo lateral migrations during
§ % the receding water season, leaving the floodplain lakes toward
-0.1 d the river channel during August and September (Fernandes
§ 1997). The stimulus for this migration is not reproductive, unlike
-0.2 the migration that occurs at the beginning of the flooding season,
when these species migrate out from the floodplain to breed
-03 upriver. The August-September migration is a strategy to avoid
0.4 the disadvantageous condition of the dry season, although some
C
03 a
1800.0 -
5 ab % ap 2P 2
02 3 b % 1600.0 -
§ b.c
= 01 c L 1400.0 -
f cd { S 12000
= 00 Tc 5
§ 2 10000 |
-0.1 d d T 8000 -
% o 2
0.2 2 6000
[
400.0
-03
flooding flood drying dry 200.0
Hydrological Season 00

Figure 3. The dynamics of the condition factor during the seasons of
the hydrological cycles of 2004 (circle), 2005 (square), and 2006
(triangle) for (A) Potamorhina altamazonica, (B), Potamorhina latior
and (C) Psectrogaster rutiloides. Vertical bars denote 0.95 confidence
intervals around the mean.
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Figure 4. River level (cm) at Coari Station for (—) 2004, (- - - -) 2005,

and (-) 2006 (Source: Agéncia Nacional de Aguas — ANA, Coari
Station, Code: 13150003).
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same species have developed a physiological resistance to hypoxia
(Soares & Junk 2000; Anjos et al. 2008). The gradual drying of
the floodplains increases fish densities and intensifies biotic
interactions, mainly predation and competition, because habitat
and food resources are declining. The fish that remain in the
floodplain lakes during the dry seasons become stranded in
isolated pools, where they compete for limited resources and are
at risk of being preyed upon by predators, such as piscivorous
fish, birds and other vertebrates (Winemiller & Jepsen 1998).

By contrast, our hypothesis to explain the interaction effects
could be associated with climatic events. The main driver of the
inter-annual variability of the river level at the Amazon basin is
the El Nifio—Southern Oscillation (ENSO). Historically, the term
“El Nino” has been used to describe the coastal warming of the
near-equatorial Pacific Ocean off the coast of Peru (Lehodey
et al. 2006). However, the extreme drought that occurred in 2005
(Figure 4) was a result of the summed effects of the ENSO and
the warming of the Southeast Atlantic Ocean. This extreme
climatic event caused drastic effects on the Amazonian environ-
ment (Marengo et al. 2008) and was responsible for the lowest kn
values for the second half of 2005.

The rapid recovery of these species in the year post-
drought, with high kn estimates mainly for the second half of
the year during the low water seasons could be associated with
three non-exclusive phenomena: (i) these species could be
identified as r-strategists along the r-K continuum for fishes
(Jones 1976) or periodic strategists (Winemiller 1992) thus they
are able to colonize the newly flooded floodplains immediately
after the drought because the river channel can be assumed as
source grounds; (ii) the predation rate could be decreased after
the drought because potential predators are K-strategists
within the same r-K continuum (Jones 1976) or equilibrium
strategists in the sense of Winemiller (1992), and their ability to
colonize should be decreased compared to Curimatidae species;
and (iii) the availability of detritus is increased after the
drought because the floodplain environment was enriched/
fertilized after this extreme drought.

Freitas et al. (2013) studied the floodplains assemblages
during the same time period of the present study and observed a
disproportionate post-drought increase in abundance among
fish species that develop annual migrations as part of their life
cycles. These species are more resistant to extreme drought
because they can explore other perennial environments. Another
possible explanation is what is termed the fertilizer hypothesis.
We are in agreement with Freitas et al. (2013), that the increased
levels of algivore and detritivore species might be an indication
that the abundance of fish carcasses and growth of terrestrial
plants on exposed soil during extended low water periods
provide elevated nutrient levels in returning flood waters, which
benefit fish that feed on algae or decomposing vegetation. This
type of nutrient enrichment should affect other biotic interac-
tions, including changes in the normal intensity of predator—
prey relationships (Davis et al. 2010).
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