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Abstract: The effect of the hydrological cycle on the abundance of adults and larvae of the weevils Cyrtobagous 
salviniae and Cyrtobagous singularis in the Pantanal was tested and related to the host-plant abundance, limnological 
variables, and hydrological connectivity of 10 “bays” (lakes and ponds) along the Cuiabá River. Adults and larvae 
of C. salviniae were more abundant than C. singularis, and larvae and adult abundance differed significantly both 
within and between the two species. Adults and larvae of both species were more abundant in connected bays, but 
only C. salviniae responded to both connectivity and hydrological cycle, with the highest abundances during the 
high-water and rising-water periods for adults and larvae, respectively. Abundance of C. singularis was negatively 
related to the predominance of C. salviniae, and populations of adults and larvae of both species were slightly and 
negatively related to the limnological variables and host-plant abundance. The results showed that the temporal 
variation in larval and adult abundance and dominance of C. salviniae is influenced by hydrological cycle and 
connectivity, but not by limnological variables and host-plant abundance.

Keywords: Aquatic macrophytes; Coleoptera; interspecific competition; sympatric species.

Efeito do ciclo hidrológico e da conectividade das baías do Pantanal na abundância e co-ocorrência de duas 
espécies de Curculionidae Neotropical

Resumo: O efeito do ciclo hidrológico sobre a abundância de adultos e larvas dos curculionídeos Cyrtobagous 
salviniae e Cyrtobagous singularis do Pantanal foi testado e relacionado com a abundância das plantas hospedeiras, 
variáveis limnológicas e conectividade hidrológica de 10 baías do rio Cuiabá. Os adultos e larvas de C. salviniae 
foram mais abundantes do que C. singularis, e a abundância de larvas e adultos diferiu significativamente intra e 
interespecificamente. Adultos e larvas de ambas espécies foram mais abundantes em baías conectadas, mas apenas 
C. salviniae respondeu ao ciclo hidrológico, com a maior abundância de adultos durante o período de cheia, e 
maior abundância de larvas na enchente. A abundância de C. singularis foi relacionada negativamente com a 
predominância de C. salviniae, e a abundância de adultos e larvas de ambas espécies foi fraca e negativamente 
relacionada com as variáveis limnológicas e abundância das plantas hospedeiras. Os resultados demonstraram que 
a variação temporal na abundância de larvas e adultos e a dominância de C. salviniae foram influenciadas pela 
conectividade e ciclo hidrológico, mas não pelas variáveis limnológicas e abundância das macrófitas aquáticas.

Palavras-chave: Espécies simpátricas; Coleoptera; competição interespecífica; macrófitas aquáticas.
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Introduction
The Pantanal is a Neotropical floodplain influenced by the regular 

monomodal hydrological cycle, as is common in wetlands of the South 
American tropics and subtropics. Due to the fluctuation between terrestrial 
and aquatic phases, the level of the rivers shows a predictable monomodal 
flood curve, and this hydrological cycle is of fundamental ecological 
importance (Oliveira & Calheiros 2000, Junk et al. 2006, Alho et al. 2011, 
Junk et al. 2011, Penatti, et al. 2015). In the northern region of the Pantanal, 
periodic flooding occurs during the rainy season in areas along river 
courses, due to topography, low soil drainage capacity, and pronounced 
precipitation concentrated in a single period of the year (Junk et al. 1989, 
Hamilton 2002, Junk et al. 2011). The flood pulse is mainly responsible 
for changes across the hydrological periods (receding water, dry period, 
rising water, high water) in the chemical, physical, and biotic components 
of the aquatic environments of floodplains (Junk 1997, Junk et al. 2006) 
and the biota responds with morphological, anatomical, physiological, 
phenological, and ethological adaptations (Junk et al. 2011).

Among the aquatic environments in the Pantanal floodplain, the lakes 
and ponds, locally known as “bays”, are influenced physically, chemically, 
and biologically by the monomodal hydrological cycle and degree of 
hydrological connectivity (Thomaz et al. 2003, Wantzen et al. 2005, Girard 
2011). The connectivity of Pantanal bays to the main channel ranges from 
permanently connected bays to those that exchange surface water only 
during the highest flood peaks (Wantzen et al. 2005). Shifts in hydrological 
connectivity among different floodplain bays vary with flood intensity, 
influencing the heterogeneity of habitats and the community distribution 
and composition at the local and regional levels, as well as population size, 
segregation of many plant and animal species, and consequently trophic 
interactions (Pott & Pott 2000, Hamilton 2002, Alho 2008, Pott 2011).

The Pantanal floodplain bays harbor a complex vegetation mosaic 
with many species of aquatic macrophytes, of which Eichhornia 
crassipes (Mart.) Solms. (Pontederiaceae) and Salvinia auriculata Aubl. 
(Salviniaceae) are the most abundant (Pott & Pott 2003, Wantzen et al. 
2005). These macrophytes significantly affect the ecological attributes of 
other biological assemblages (Thomaz & Da Cunha 2010). The vegetation 
has high productivity rates, with growth depending on the supply of 
nutrients during high water (Pozer & Nogueira 2004, Nogueira et al. 2011), 
and the competition among plants depends on the water level (Murillo et 
al. 2019).

The temporal variation in the abundance of these plant species limits 
the population dynamics of oligophagous insects (Junk & Piedade 1997), 
e.g., during the dry period, insect populations are sharply reduced due 
to lack of food, and population densities may become much lower in 
subsequent hydrological periods (Vieira & Adis 1992). Co-occurrence 
and competition between oligophagous insects can be influenced by 
the hydrological cycle, temporal variations in the growth of aquatic 
macrophytes, and allocation of resources to phytophagous insects. 
Therefore, changes across seasonal periods resulting from the water-
level fluctuations, monomodal hydrological cycle, and variations in 
connectivity influence the dynamics of the macrophyte community 
and abundance of co-distributed herbivore species, due to changes 
in the supply of nutrients for plant growth and of habitats for food or 
reproduction of herbivores (Neiff & Poi de Neiff 2003, Thomaz & Da 
Cunha 2010, Hernandez et al. 2020).

Studies of the invertebrates associated with aquatic macrophytes 
in natural environments are restricted to communities or groups that 

inhabit the submerged parts of these plants (Junk & Robertson 1997, 
Takeda et al. 2003, Junk et al. 2006). These organisms increase or 
decrease in abundance throughout the year, directly influenced by 
particular characteristics of the seasons, such as variation in rainfall 
and temperature, stress caused by the hydrological cycle (water-level 
fluctuations), and degree of connection of the bays to the main river 
channel, which affect factors such as the dissolved-oxygen content of the 
water (Franco & Takeda 2000, 2002, Melo et al. 2002, 2004, Benetti & 
Cueto 2004, Clemente et al. 2018, Prellvitz & Albertoni 2004, Wantzen 
et al. 2011, Zilli 2012). Little attention has been given to the impacts of 
the monomodal hydrological cycle, seasonal periods, and hydrological 
connectivity of these bays on the population attributes of phytophagous 
insects that inhabit aquatic macrophytes (Agostinho et al. 2000, Gopal 
et al. 2001, Murphy et al. 2003, Fortney et al. 2004, Pott & Pott 2004, 
Loyola et al. 2006).

Cyrtobagous Hustache, 1929 is a genus of aquatic weevils, and 
its species can be considered good biological models for investigating 
regional and local ecological patterns and floodplain attributes (e.g., 
flood periodicity, connectivity, environmental and biological factors), 
since the genus has a wide geographic distribution in South America 
and its species are native to Brazil, Bolivia, Paraguay, Uruguay, and 
Argentina (Wibmer & O’Brien 1986). It was introduced as a potential 
control agent of Salvinia spp. in 16 localities outside its native range 
(Parys & Johnson 2013), because of its levels of specificity and 
behavioral and morphological characteristics that promote survival 
in aquatic environments, feeding underwater on the developing leaf 
buds and petioles, new leaves, and roots of species of Salvinia Ség. 
(DeLoach 1975, O’Brien 1976, Forno et al. 1983, Calder and Sands, 
1985, May & Sands 1986, Julien et al. 2002, Tipping & Center 2005, 
Madeira et al. 2006).

Considering the impacts of the monomodal hydrological cycle 
on the population attributes of phytophagous insects that inhabit 
emergent aquatic macrophytes, this study investigated the effects of the 
hydrological cycle, hydrological connectivity, host-plant abundance, 
and limnological variations across four seasonal periods (high water, 
receding water, dry period, and rising water) on the abundance and 
co-occurrence of the adults and larvae of two Cyrtobagous species 
associated with floating mats of Salvinia species in Pantanal floodplain 
bays. We tested the hypothesis that abundance and co-occurrence in 
the adults and larvae of two Cyrtobagous species are affected by the 
monomodal flood pulse and seasonality, predicting that larval and adult 
abundances would be higher in the high-water than in the dry period, 
in connected than in non-connected bays, and according to the host-
plant abundance.

Materials and Methods

1. Study area

We sampled ten bays along a 32.6-km stretch of the Cuiabá River 
downstream from Porto Cercado, in the area of the Private Natural 
Heritage Reserve (RPPN-SESC Pantanal), Poconé, Mato Grosso, 
Brazil (Figure 1). Five of the bays were connected to the main channel 
of the Cuiabá River throughout the four hydrological periods (high 
water, receding water, dry period, and rising water) in 2009, and are 
here termed connected bays. The other five bays were connected only 
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during the 2009 high-water period, and are here termed periodically 
connected bays, regardless of the position of the bays downstream and 
upstream along the river. The regional climate is tropical savannah 
with dry winters and rainy summers. The temperature ranges from 22 
°C to 32 °C (Hasenack et al. 2003) and rainfall occurs from October to 
April, with the driest months in June through August. Annual rainfall 
varies between 1,100 and 1,200 mm, with 85% falling during the rainy 
season (Wantzen et al. 2005, Dourojeanni 2006).

2. Environmental and biological data sampling

Collections were made quarterly during the 2009 hydrological 
cycle and corresponded to the four seasonal periods of the Pantanal of 
Mato Grosso: high water (February/March), receding water (July), dry 
period (September), and rising water (December). In each bay, three 
transects were randomly established, with three sampling points each, 
totaling nine sampling points per bay. The transects were established 
perpendicular to the shore of the bay and extended from the littoral zone, 

Figure 1. Study area and location of sampling sites along the Cuiabá River, Pantanal of Barão de Melgaço, Mato Grosso. Circles indicate the bays along the Cuiabá 
River selected for this study. Private Natural Heritage Reserve (RPPN). Blue circle - connected and red circle - periodically connected bays.
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with a saturated substrate, to the area of maximum depth, 3 m to 5 m 
(Thomaz et al. 2003, Fortney et al. 2004). This method ensured that the 
size of the transects and number of sampling points were standardized 
in each bay (Brower & Zar 1984). Sample independence was assumed 
by establishing minimum distances of 2 m between each transect and 
1 m between each point.

Limnological and biological variables were measured at each 
sampling point. Water depth was measured with a graduated ruler, water 
temperature and electrical conductivity with a Mettler-Toledo MC126 
thermistor and conductivity meter, and pH with a Mettler-Toledo MP120 
meter. Plants and weevils were collected using an aluminum cage 0.5 
m square × 0.5 m high with an area of 0.25 m2, screened on the sides, 
with the bottom open and the upper part with a lid (Vieira & Adis 1992). 
The cage was placed over a macrophyte bank, with the upper lid closed, 
trapping the community of arthropods and macrophytes inside. The lid 
was then opened, and Salvinia spp. were manually removed, stored 
in labeled 20 × 20 cm plastic bags, and transported to the Advance 
Base for Pantanal Research (Base Avançada de Pesquisas do Pantanal 
– BAPP) of the Federal University of Mato Grosso, where they were 
weighed and fixed in 98% ethanol for subsequent sorting of insects. 
The Salvinia fresh mass from each sampling point per 0.25 m2 was 
used as a measure of coverage and abundance, to quantify the variation 
across seasonal periods. Weevil adults and larvae were sorted from 
the ethanol-fixed Salvinia samples under a stereomicroscope. Because 
the ethanol fixation stimulated the weevils to exit the plant tissues, the 
Cyrtobagous species could not be accurately associated with Salvinia 
auriculata and S. minima Baker. Therefore, the plants were evaluated 
based on the combined fresh mass and were treated in the analyses and 
discussion as Salvinia spp. This does not affect the interpretation of the 
results, as both species were present in the macrophyte banks and both 
are hosts of Cyrtobagous salviniae Hustache, 1929 and Cyrtobagous 
singularis Calder & Sands, 1985 (Madeira et al. 2006).

Adults of C. singularis and C. salviniae were identified based on 
Calder and Sands (1985), and the larvae were identified based on May 
(1994) and May and Sands (1986). The vegetation was identified based 
on the key by Pott and Pott (2000), later confirmed by the specialist 
Vali Joana Pott, M.Sc. (Embrapa Gado de Corte, Mato Grosso do Sul).

3. Data analysis

To evaluate the phenological (adults and larvae) differences in the mean 
abundances of C. salviniae and C. singularis, the chi-squared (χ2) test was 
employed for both species together and for each individually. Repeated-
measures (two-factor) ANOVA was used with and without interactions to 
explore the temporal effects (among seasonal periods: high water, receding 
water, dry period, and rising water), spatial variations (between bays), and 
permanently and periodically connected bay groups on mean abundances of 
adults and larvae of C. salviniae and C. singularis, fresh weight of Salvinia 
spp., and limnological variables (water depth, water temperature, pH, and 
electrical conductivity), considering the points of the three transects as 
subsamples (N = 9), the bays as sampling units (N = 10), and the hydrological 
periods (N = 4) and connectivity of bays (N = 2) as treatments. The effect 
of the hydrological connectivity of bays was analyzed by t test, using the 
mean abundances of adults and larvae of C. salviniae and C. singularis and 
the fresh weight of the Salvinia spp. macrophytes between the permanently 
and periodically connected bay groups, considering bays (N = 10) as sample 

units, the seasonal periods as repetitions (N = 4), and the permanently and 
periodically connected bay groups (N = 2) as treatments.

Spearman correlation was performed between all the predictor 
variables to detect autocorrelations, and linear regression analyses 
were used to explore the relationships between the abundances of 
adults and larvae, biological variables (Salvinia fresh mass), and 
limnological variables (water depth, water temperature, pH, and 
electrical conductivity). To determine if the presence and abundance 
of C. salviniae and C. singularis were influenced by the co-occurrence 
of the species in the sample, the abundance data were transformed 
to probability of occurrence in the sample, and the probability 
of occurrence of each species was then analyzed using nonlinear 
exponential regression. Thus, it was possible to determine if the 
abundance of one species was related to the proportion of the other. The 
level of significance adopted in all analyses was 0.05. The normality 
assumption was tested by observing distribution probability plots and 
by the Kolmogorov-Smirnov test, and when appropriate, the raw data 
were square-root +0.5 transformed. The analyses were performed and 
the graphs created in SYSTAT 11 (Wilkinson 2004) and SigmaPlot 12.

Results

A total of 1,790 Cyrtobagous individuals were collected. For the two 
species combined, larvae (59.94%) were significantly more abundant 
than adults (40.06%) (χ2 = 47.41, df = 18, p = 0.001). For C. salviniae, 
larval abundance (968 ind., 66.12%) was higher than adult abundance 
(496 ind., 33.88%) (χ2 = 102.64, df = 18, p = 0.001). For C. singularis, 
adults (221 ind., 67.80%) were more abundant than larvae (105 ind., 
32.20%) (χ2 = 27.91, df = 18, p = 0.001) (Figure 2).

Only the abundances of C. salviniae adults and larvae varied 
significantly among the four seasonal periods (Figure 3), with the 
highest larval abundance in the rising-water period and the lowest in 
the receding-water period. Adults were most abundant during the high-
water and least abundant during the dry period. The larval and adult 
abundances of C. singularis were highest in the rising-water period, 
and gradually decreased during the high-water, receding-water, and 
dry periods (Figure 4).

The highest abundances of C. salviniae and C. singularis larvae 
were recorded in bay 1 and the lowest in bay 7. Adult C. salviniae 
were most abundant in bay 8 and least abundant in bay 7. The highest 
abundance of adult C. singularis was recorded in bay 2 and the lowest 
in bay 3. These spatial variations were not significant for either species 
(Figure 5). The highest larval abundances for both species were recorded 
in the group of connected bays (Figure 6 and 7). For C. salviniae, the 
mean abundance in the periodically connected bays was 27.65 and 
higher in the connected bays, 45.55 (t = –2.95; df = 18, p = 0.049) for 
adults and larvae, both together and separately. For C. singularis, the 
mean abundance in the periodically connected bays was 5.65 and in 
the connected bays was 10.65 (t = –2.74; df = 18, p < 0.03) for adults 
and larvae together; only larvae showed a difference in relation to bay 
connectivity (Figure 7).

The environmental variables of conductivity, pH, water temperature, 
and water depth, as well as the fresh mass of Salvinia spp. varied 
significantly between the bays and among the four seasonal periods; 
only the limnological variables varied between the groups of connected 
and periodically connected bays (Table 1). These variables also showed 
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significant interactions between the bays and seasonal periods and 
between bay connectivity and seasonal periods (Table 1 and 2). The 
abundances of C. salviniae (R2 = 0.16, p < 0.01) and C. singularis 
(R2 = 0.35, p < 0.01) adults and larvae were positively related only 
to bay water depth and water temperature (Figure 8 and 9). The 
abundances of adults and larvae of both species were negatively related 
to conductivity, pH, and fresh mass of Salvinia spp (Figure 8 and 9). No 
interaction between the variables contributed significantly to explaining 
the abundances of C. salviniae and C. singularis adults and larvae.

Cyrtobagous singularis showed a low probability of occurrence 
in the samples (10%), whereas C. salviniae was dominant. As the 
probability of occurrence of C. salviniae increased to more than 30%, 
the probability of occurrence of C. singularis decreased significantly 
(R2 = 0.12, p < 0.05) (Figure 10); i.e., C. singularis was more frequent 
when C. salviniae was uncommon in the samples.

Discussion

Our results are consistent with the assumption that the flood pulse 
is the main factor responsible for regional changes across the seasonal 
periods (high water, receding water, dry period, and rising water), bay 

connectivity, and at the local level of the chemical, physical, and biotic 
components of the aquatic environments of floodplains (Junk et al. 2011) 
in the abundance of larvae and adults and co-occurrence of the two 
Cyrtobagous species. Conductivity, pH, water temperature, water depth, 
and fresh mass of Salvinia spp. varied significantly among seasonal 
periods and bays, and with connectivity. The seasonal variations in 
the abundances of C. salviniae and C. singularis larvae and adults 
were positively related to the seasonal variations in water depth, water 
temperature, and connectivity of the bays, confirming our hypothesis 
that adults and larvae of the two species would be most abundant during 
high water and in connected bays.

Hydrological seasonality affects the environmental determinants 
and biomass of aquatic macrophytes, with connectivity and water depth 
being the main variables (Junk et al. 1989, Junk & Piedade 1993, Pott & 
Pott 2003, Padial et al. 2009, Bornette & Puijalon 2011, Schneider et al. 
2018). In general, aquatic macrophytes are most productive during the 
rising-water and high-water periods (Pozer & Nogueira 2004, Nogueira 
et al. 2011) and show reduced productivity during the receding-water 
period (Furch & Junk 1997). Our results for Salvinia fresh mass diverged 
from this pattern, with the lowest levels of fresh mass obtained in 
the rising-water and high-water periods and the highest levels in the 

Figure 2. The phenological (adults and larvae) differences in the abundances of Cyrtobagous for both species together and for each individually, collected from 
bays along the Cuiabá River during a hydrological cycle (2009) in the Pantanal of Barão de Melgaço, Mato Grosso. Different letters indicate significant diferences.
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receding-water and dry periods, contrasting with the greater abundance 
of larvae and adults of C. salviniae and C. singularis in the rising-water 
and high-water periods, which were negatively related to the fresh mass 
of the host plants. Conditions such as high water-body connectivity and 
intense flooding tend to increase macrophyte abundance (e.g., Santos 
& Thomaz 2008, De Sousa et al. 2011) in certain locations or during 
certain periods of the hydrological cycle. These conditions may have 
occurred in the bays studied here, which contributed the largest fresh 
mass of Salvinia in the receding-water and dry periods. High-water 
or flooding events severely disrupt the spatial patterns of macrophyte 
communities, and floating plants tend to drift and can be easily carried 
out of a water body by currents in high-water periods, resulting in 
the removal of most of the plant biomass. Such events homogenize 
floodplain habitats at different spatial scales (Thomaz et al. 2007, De 
Sousa et al. 2011), leading to decreased fresh mass of Salvinia during 
high-water periods. Thus, the negative relationship between host-plant 
biomass and weevil abundance of larvae and adults is not a function of 
plant biomass, illustrating the complex ecology of phytophagous insects 
and aquatic plants on the Neotropical floodplain. A lack of relationship 
or a negative relationship between the abundance of phytophagous 

insects and the biomass of aquatic macrophytes has been observed in 
previous studies (e.g., De Sousa et al. 2011, Tipping et al. 2012). This 
can occur as a function of the delay in the response of the weevil to 
changes in macrophyte biomass, as supported by ecological theories 
such optimal foraging (Pyke at al. 1997; Pyke 1984). Since the fresh 
biomass of the roots of Salvinia spp. is almost 2.5 times larger than 
the aerial part (Room and Julien 1994), and the receding phase favors 
colonization and biomass increase of structures such as the roots that 
are necessary for later investment of aerial biomass due to resource 
allocation (Medeiros et al., 2016). When larvae and adult weevils are 
common, however, they are dispersed in the amount of fresh mass of 
the macrophytes, which then does not reflect the true biomass size of 
the plant. However, environmental factors that affect populations (e.g., 
stress factors such as flood pulses) have been identified as potential 
modulators of interactions between herbivores and plants (Cubit 1984, 
Menge & Sutherland 1987, O’Connor 2009, Wood et al. 2017).

Bays with a direct river connection are strongly affected by 
variations in water level (Neiff & Poi de Neiff 2003, Santos & Thomaz 
2007). Directly connected bays show pronounced physico-chemical 
changes over the different hydrological periods, which alters the habitat 

Figure 3. Temporal distribution of abundances of Cyrtobagous salviniae larvae and adults in bays along the Cuiabá River, Pantanal of Barão de Melgaço, Mato 
Grosso, during the 2009 hydrological cycle. Different letters indicate significant differences.
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available for groups of animals that use aquatic macrophytes for feeding 
or reproduction (e.g., Neiff & Poi de Neiff 2003). These changes 
promote morphological, anatomical, physiological, phenological, and 
ethological adaptations in organisms (Junk et al. 2011). The results of 
this study are consistent with the assumption of a connectivity effect, 
since the abundances of larval and adult C. salviniae and C. singularis 
were higher in the permanently connected bays and were related to 
water depth, reinforcing the effects of the flood pulse and connectivity 
on the life cycles of these phytophagous insects.

These results also illustrate the effect of the flood pulse on the 
local factors of conductivity, pH, water temperature, water depth, and 
fresh mass of Salvinia spp., which varied significantly among the bays 
(Junk 1997, Neiff & Poi de Neiff 2003). This finding supports the 
hypothesis that local factors and bay characteristics such as area and 
shape (Camargo et al. 2003, Neiff & Poi de Neiff 2003) influence the 
environmental characteristics of bays and the spatial distribution and 
colonization of aquatic macrophytes (Bianchini Jr. 2003, Thomaz & da 
Cunha 2010) and the reproductive dynamics of phytophagous insects 
associated with aquatic vegetation on floodplains. This effect was 
partially apparent in our study, since the spatial variations in abundance 

were significant for C. salviniae during its entire life cycle, but only 
for adults of C. singularis. The variations were largest in the group of 
connected bays, supporting our hypothesis of greater abundances of 
both species of Cyrtobagous in these water bodies.

The flood pulse causes changes across the seasonal periods, leading 
to phenological adaptations in organisms (Junk et al. 2011). This 
was apparent in the two Cyrtobagous species: larvae of C. salviniae 
were more abundant than adults, and larvae of C. singularis were 
less abundant than adults and occurred in all four periods, indicating 
that the flood pulse contributes to the maintenance of populations of 
Cyrtobagous in bays in the Pantanal of Mato Grosso, favoring more 
than one reproductive cycle in each of these two populations across 
seasonal periods (e.g., DeLoach & Cordo 1976a, Melo et al. 2002, 
Nunes et al. 2005, Franceschini et al. 2007). The higher abundances and 
temporal variations in the occurrence of larvae and adult C. salviniae 
indicate that the flood pulse affects the recruitment of individuals on 
spatial and temporal scales, directly affecting intra- and interspecific 
competition and resulting in density dependence (e.g., Speight et al. 
1999). This is related to longevity and generational overlap in adults 
(e.g., DeLoach & Cordo 1976a) and to intraspecific competition in 

Figure 4. Temporal distribution of abundances of Cyrtobagous singularis larvae and adults in bays along the Cuiabá River, Pantanal of Barão de Melgaço, Mato 
Grosso, during the 2009 hydrological cycle.
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Figure 5. A- Spatial distribution of abundances of Cyrtobagous salviniae and Cyrtobagous singularis larvae and adults in bays (1-10) along the Cuiabá River, 
Pantanal of Barão de Melgaço, Mato Grosso, during the 2009 hydrological cycle.

Figure 6. The phenological (adults and larvae) differences in the abundances of Cyrtobagous salviniae in connected and periodically connected bays along the 
Cuiabá River during a hydrological cycle (2009) in the Pantanal of Barão de Melgaço, Mato Grosso. Different letters indicate significant differences.
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Figure 7. The phenological (adults and larvae) differences in the abundances of Cyrtobagous singularis in connected and periodically connected bays along the 
Cuiabá River during a hydrological cycle (2009) in the Pantanal of Barão de Melgaço, Mato Grosso. Different letters indicate significant differences.

Table 1. Spatial (bays) and temporal (rising water, high water, receding water, and dry period) effects on the means and standard deviations of environmental and 
biological variables per bay and seasonal period in the Pantanal of Barão de Melgaço, Mato Grosso. Connectivity: 1 – connected and 0 – periodically connected bays.

Connectivity Bays Conductivity (µS cm–1) pH Temperature Depth (m) Salvinia spp. (Kg)
1 1 (66.44 ±8.28) (6.00 ±2.04) (29.73 ±2.66) (2.20 ±1.01) (2.28 ±9.77)
1 2 (71.33 ±10.34) (6.21 ±1.35) (28.40 ±2.11) (1.46 ±0.69) (3.44 ±10.82)
0 3 (81.63 ±19.31) (6.27 ±1.41) (27.20 ±1.89) (1.09 ±0.65) (10.04 ±20.31)
1 4 (72.61 ±10.86) (6.43 ±1.04) (28.28 ±2.28) (1.89 ±1.48) (8.4 ±21.51)
1 5 (66.05 ±8.88) (6.74 ±0.74) (28.59 ±1.98) (1.61 ±1.44) (17.32 ±28.39)
0 6 (58.91 ±12.49) (6.85 ±0.97) (28.84 ±2.16) (1.37 ±0.96) (12.05 ±22.45)
0 7 (92.66 ±26.04) (6.70 ±1.26) (27. 32 ±3.88) (0.99 ±0.61) (3.65 ±14.03)
0 8 (61.33 ±11.72) (6.11 ±1.44) (28.84 ±1.81) (1.53 ±0.83) (8.22 ±20.67)
0 9 (73.25 ±11. 64) (6.30 ±1.42) (29.00 ±2.11) (1.09 ±0.77) (4.18 ±17.42)
1 10 (66.50 ±10.58) (6.29 ±1.37) (29.31 ±2.76) (1.47 ±0.76) (7.08 ±20.90)

Bays (p) <0.001 <0.001 <0.001 <0.001 <0.05
Connectivity (p) <0.05 <0.05 <0.005 <0.001 >0.05

Rising water (61.39 ±13.72) (4.95 ±0.47) (29.93 ±1.30) (0.99 ±0.57) (6.5 ±17.34)
High water (60.06 ±1.75) (7.07 ±0.30) (30.08 ±1.40) (2.48 ±0.87) (0.15 ±0.12)

Receding water (79.87 ±11.84) (5.56 ±0.91) (25.72 ±0.67) (1.64 ±0.61) (14.54 ±26.05)
Dry (82.99 ±19.09) (8.00 ±0.66) (28.71 ±2.07) (0.71 ±0.57) (9.48 ±21.66)

Period (p) <0.001 <0.001 <0.001 <0.001 <0.001
Bays*Period (p) <0.001 <0.001 <0.001 <0.001 <0.005

Connectivity*Period (p) <0.05 <0.005 <0.005 >0.05 >0.05
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Figure 8. Linear regression between the biological variables (Salvinia fresh mass), limnological variables and abundances of Cyrtobagous salvinae larvae and adults 
in bays along the Cuiabá River, Pantanal of Barão de Melgaço, Mato Grosso, during the 2009 hydrological cycle.

Table 2. Spearman correlation between environmental and biological variables and abundances of adults and larvae of Cyrtobagous salviniae and Cyrtobagous 
singularis in bays along the Cuiabá River, Pantanal of Barão de Melgaço, Mato Grosso.

Conductivity pH Temperature Depth Adult C. 
salviniae

Immature 
C. 

salviniae

Adult C. 
singularis

Immature 
C. 

singularis

Mass of 
Salvinia 

spp.

Water 
Level

Conductivity 1.000
pH 0.221 1.000

Temperature –0.517 0.114 1.000
Depth –0.337 –0.070 0.030 1.000

Adult C. 
salviniae –0.165 –0.029 0.181 0.228 1.000

Immature C. 
salviniae –0.152 0.004 0.248 0.132 0.426 1.000

Adult C. 
singularis –0.083 –0.087 0.086 0.137 0.429 0.329 1.000

Immature C. 
singularis –0.079 –0.083 0.107 0.158 0.257 0.356 0.292 1.000

Salvinia spp. 
mass 0.069 –0.032 –0.216 –0.089 –0.113 –0.099 –0.057 –0.094 1.000

Water Level –0.532 –0.536 0.203 0.538 0.195 –0.043 0.068 0.052 –0.132 1.00

larvae, which directly influences the birth and death rates in populations 
(e.g., McNeil et al. 2003), making C. salviniae more competitive than C. 
singularis. The co-occurrence analysis further indicated that C. salviniae 
is more competitive in banks of Salvinia spp. Other studies of aquatic 
curculionids have also reported the dominance of one species over 
another, e.g., Neochetina eichhorniae Warner, 1970 and Neochetina 
bruchi Hustache, 1926 (DeLoach & Cordo 1976a, 1976b, De Sousa 
et al. 2011). These imbalances may be associated with responses to 
environmental stress conditions as well as to the size and nutritional 
quality of the host plants (e.g., DeLoach & Cordo 1976b, Center & 

Dray 1992, Heard & Winterton 2000, Tipping & Center 2005), or 
to preferences for specific oviposition sites (e.g., DeLoach & Cordo 
1976a, 1976b).

Greater competitiveness of C. salviniae in banks of Salvinia spp. can 
also be explained by the biology of the species. Adults of C. salviniae 
are smaller than those of C. singularis, and their larvae feed internally 
in rhizomes (Calder & Sands 1985); theoretically, they may be less 
vulnerable to generalist predators, which would likely feed on them 
despite their smaller size (Tipping et al. 2010). The adults and larvae 
of C. singularis are significantly larger than the adults and larvae of 
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C. salviniae, and the larvae of the former feed externally rather than 
tunneling in the rhizome (Calder & Sands 1985, Sands et al. 1986); both 
attributes may make this species more vulnerable than C. salviniae to 
generalist predators. Furthermore, larger weevil larvae may be more 
sensitive than smaller larvae to plant size, as larger larvae may not be 
able to use small, narrow rhizomes, whereas smaller larvae may be 
able to burrow in a wider range of plant sizes (e.g., Tipping & Center 
2005, Tipping et al. 2010).

Under laboratory conditions, C. salviniae laid seven times more 
eggs than C. singularis. These differences, along with differences in the 
survival of immature individuals, accounted for most of the differences 
in abundance between these species (Sands et al. 1986). Furthermore, 
C. salviniae requires favorable environmental conditions for pupation, 
which occurs in the submerged root hairs (e.g., Forno et al. 1983, Julien 
et al. 2002). During rising-water and high-water periods, the roots of 
floating Salvinia accumulate smaller amounts of organic matter and 
particles than during the other periods, and the physico-chemical 
characteristics of the water during rising- and high-water periods are 
more favorable for insect pupation in cocoons among the submerged 
root hairs. Accordingly, larvae and adults of both species reached higher 
abundances during the rising-water and high-water periods. The periods 
of low water levels are unfavorable for pupation among the underwater 
root hairs for both species, because the shallower water together with the 
isolation and high abundance of plants reduce water circulation, increase 
the accumulation of organic debris, and reduce water transparency. 
The abrupt decreases in oxygen and pH, coupled with the increased 
phosphorus and nitrogen concentrations in the inner bays likely reflected 
the storage of organic matter (e.g., De Sousa et al. 2011).

The significant variations in the abundances of larvae and adults 
of C. salviniae among the four seasonal periods demonstrated that the 
flood pulse influenced the population dynamics of this curculionid. 

Because the two species are congeners and probably phylogenetically 
proximate, the overlap in ecological niche requirements is accentuated, 
intensifying resource competition, which is further exacerbated by 
the high population densities in banks of Salvinia spp. In this respect, 
the data reinforce the supposition that the co-occurrence of these two 
curculionids can respond to spatial and temporal variations as a function 
of the hydrological periodicity, through resource partitioning (Kaplan 
& Denno 2007). The results suggest that the hydrological periodicity 
influences the evolutionary divergence of these phytophagous insects, 
making C. salviniae a superior competitor in a dynamic environment 
in terms of regional and local adaptations and dispersal ability, while 
allowing C. singularis to persist at low densities over time (e.g., Batzer 
& Wissinger 1996, Rozdilsky & Stone 2001, Roxburg et al. 2004, 
Urban et al. 2008).
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