Can rice field channels contribute to biodiversity conservation
in Southern Brazilian wetlands?
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Abstract: Conservation of species in agroecosystems has attracted attention. Irrigation channels can improve
habitats and offer conditions for freshwater species conservation. Two questions from biodiversity conservation
point of view are: 1) Can the irrigated channels maintain a rich diversity of macrophytes, macroinvertebrates and
amphibians over the cultivation cycle? 2) Do richness, abundance and composition of aquatic species change
over the rice cultivation cycle? For this, a set of four rice field channels was randomly selected in Southern
Brazilian wetlands. In each channel, six sample collection events were carried out over the rice cultivation cycle
(June 2005 to June 2006). A total of 160 taxa were identified in irrigated channels, including 59 macrophyte
species, 91 taxa of macroinvertebrate and 10 amphibian species. The richness and abundance of macrophytes,
macroinvertebrates and amphibians did not change significantly over the rice cultivation cycle. However, the
species composition of these groups in the irrigation channels varied between uncultivated and cultivated peri-
ods. Our results showed that the species diversity found in the irrigation channels, together with the permanence
of water enables these man-made aquatic networks to function as important systems that can contribute to the
conservation of biodiversity in regions where the wetlands were converted into rice fields. The conservation of
the species in agriculture, such as rice field channels, may be an important alternative for biodiversity conser-
vation in Southern Brazil, where more than 90% of wetland systems have already been lost and the remaining
ones are still at high risk due to the expansion of rice production. Rev. Biol. Trop. 59 (4): 1895-1914. Epub
2011 December O1.
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Wetlands are important sites for biological
conservation, since they support a rich biodi-
versity and present high productivity (Mitsch
& Gosselink 2000). However, biodiversity in
wetlands has been reduced worldwide (Shine
& Klemm 1999). Globally, more than 50%
of these ecosystems were lost in the last cen-
tury due to human activities (Shine & Klemm
1999). The impact of wetland loss on biodiver-
sity was evidenced by the decline of popula-
tions of several wetland-dependent species
(Millennium Ecosystem Assessment 2005).
Agricultural expansion is one of the main

human activities responsible for the decline of
natural wetlands throughout the world, with
severe consequences for species conservation
(Czech & Parsons 2002). In 2003, approxi-
mately 151 million hectares of land were used
worldwide for the cultivation of rice, and Asia
accounted for 89% of that (FAOSTAT 2008).
In some parts of Vietnam, India, and Thailand,
wetlands were greatly reduced (Scott & Poole
1989). Worldwide, rice fields have been recog-
nized as having considerable potential value for
many species of aquatic invertebrates, plants,
and vertebrates such as fish, amphibians, and
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birds (Czech & Parsons 2002, Bambaradeniya
& Amarasinghe 2003, Elphick & Oring 2003)
— likewise in Southern Brazil (Stenert er al.
2009, Machado & Maltchik 2010, Rolon &
Maltchik 2010).

Based on the fact that agricultural wet-
lands, such as rice crops, depend on natural
wetlands, the important question from the point
of view of biodiversity conservation is whether
these agricultural wetlands can function ade-
quately or not; to maintain high levels of bio-
diversity. Therefore, the development of new
concepts and management practices, which
reconcile the sustainability of rice fields with
the conservation of species, will demand great-
er understanding of these complex agroecosys-
tems. For instance, Californian rice producers
often flood their plantations after harvesting
to accelerate straw decomposition. This may
be an important strategy for biodiversity con-
servation, since such action creates important
habitats for waterbird communities (Elphick &
Oring 2003). Considering that protected areas
cover only 11.5% of the surface of the planet
(Rodrigues et al. 2004), rice fields and their
large inundated areas may be essential in the
conservation of wetland species.

Conservation of species in agroecosystems
has attracted attention, mainly in Europe, where
agricultural policy pays farmers to modify their
farming practice to increase environmental
benefits (CEC 1985). Ditches and ponds in
agricultural landscapes offer conditions for
freshwater species conservation (Twisk et al.
2000, 2003, Brainwood & Burgin 2009). Dit-
ches are characterized as aquatic systems that
remain in the landscape and improve habitats
for the establishment of several organisms
(Armitage et al. 2003, Herzon & Helenius
2008). Some studies showed the contribution
of ditches to biodiversity conservation (Armita-
ge et al. 2003, Mazerolle 2004, Goulder 2008),
including in rice field systems (Bambaradeniya
2000, Katano et al. 2003). In the agricultural
landscape, the role of ditches for biodiversity
conservation can be compared with the natural
waterbodies, contributing to the regional diver-
sity (Armitage et al. 2003, Williams et al. 2003,

Davies et al. 2008). Furthermore, the network
of ditches can be used as ecological corridors
for animal dispersion (Mazerolle 2004). The
colonization of rice fields by different groups
of organisms is related to water exchange bet-
ween wetlands and rice fields through channels
of irrigation (Fernando 1993).

Although, several studies address the
importance of these channels for the conser-
vation of biodiversity in temperate ecosystems
(Herzon & Helenius 2008), no information
regarding the importance is available from
neotropical regions. In Southern Brazil, the rice
crop area represents approximately 1000000ha
(IRGA 2007) and irrigated channels are impor-
tant elements in the agricultural landscape
of Southern Brazil — corresponding to up
10% of the total farmland area. Studies with
this approach are greatly needed in Southern
Brazil, where more than 90% of wetland sys-
tems have already been lost, mainly due to
rice field expansion.

Irrigated rice fields in Southern Brazil pre-
sent a dynamic hydrologic regime, with varia-
tion between aquatic and terrestrial phases,
and fields remaining without surface water for
two years during the fallow phase. The fallow
phase represents the period when the agri-
cultural land remains without rice culture. In
this phase, the agricultural land is drained and
the surface water is not present. Nevertheless,
the irrigated channels retained surface water
throughout the cultivation cycle. Considering
that rice fields maintain an important fraction
of the macrophytes, macroinvertebrate and
amphibians diversity of natural wetlands in
Southern Brazil, and that agricultural practices
influence the richness and composition of these
communities over the cultivation cycle (Ste-
nert et al. 2009, Machado & Maltchik 2010,
Rolon & Maltchik 2010), two questions arises:
1) Can the irrigated channels maintain a rich
diversity of macrophytes, macroinvertebrates
and amphibians over the cultivation cycle? 2)
Do richness, abundance and composition of
aquatic species change over the rice cultivation
cycle? Furthermore, we analyzed the influence
of environmental variables (nitrate, soluble

1896 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 59 (4): 1895-1914, December 2011



reactive phosphorus, conductivity, water tem-
perature, depth and percentage of organic mat-
ter) on richness and abundance of macrophytes,
macroinvertebrates and amphibians in irriga-
tion channels.

MATERIALS AND METHODS

Study area: The state of Rio Grande do
Sul (RS) is located in Southern Brazil (27°04°-
33°45° S, 49°42°-57°38” W) and has an area
of 282184km? (Fig. 1). The Coastal Plain of
the State of Rio Grande do Sul is an impor-
tant irrigated rice producer in South America
(Azambuja et al. 2004), and also one of the
regions with the highest concentration of wet-
lands (Maltchik 2003) and high aquatic spe-
cies diversity (Rolon et al. 2008, Stenert et al.
2008). The climate is humid subtropical and the
mean annual temperature is 17.5°C. The mean
annual rainfall reaches 1250mm/yr and ranges
between 1150-1450mm/yr (Tagliani 1995).

The study was carried out in Mostardas
County (30°54°46.9” S - 50°48°46.2” W). Mos-
tardas is the eighth largest producer of irrigated
rice in Southern Brazil, presenting a rice crop
area of approximately 33 397ha (IRGA 2007).
A set of four rice field channels was randomly
selected (Fig. 1). The water of the irrigation
channels that supply the rice crops is cap-
tured from Patos Lake, a large coastal lagoon
(10200km?) (Fig. 1). The width of the studied

channels was approximately 2m, and 100m
in length.

Environmental data: In each of the four
channels, six sample collection events were
carried out over the rice cultivation cycle (June
2005 to June 2006): two collections in the
fallow phase (June 2005 and September 2005),
one collection during the tillage phase (Novem-
ber 2005), two collections in the rice growing
season (rice emergence in January 2006 and
tillering in March 2006) and one collection
after harvesting (June 2006). The surface water
exchange between the irrigation channels and
the rice crops occurred during the cultivation
phases (from January to March).

One sediment sample was collected per
sampling occasion in each irrigation channel
for granulometric analysis and organic matter
percentage. The granulometric analysis was
performed according to Suguio (1973). The
sediment was classified into two categories:
(1) sand (mainly composed of mineral particles
larger than 0.05mm); and (2) silt (predominant-
ly formed by fine mineral particles smaller than
0.05mm). The organic matter was determined
by drying the sediment at 60°C for 24 hours and
burning it for five hours in an oven at 550°C.
Then, to describe the variation in nutrient con-
centration over the rice cultivation cycle, one
sample of surface water was collected per sam-
pling occasion (six phases) using polyethylene

5km

Patos Lake

Atlantic
Ocean

Fig. 1. Rice field channels in Southern Brazil. A total of four rice field channels were sampled over the rice cultivation cycle.
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bottles (500mL) in each irrigation channel. All
samples were placed on ice in dark containers
and taken to the laboratory, and immediately
filtered (Whatman® GF/F fibreglass filters, pore
size 0.7um). Concentrations of nitrate (mg/L),
soluble reactive phosphorus (mg/L), and water
conductivity (uS/cm) were obtained following
the methods provided by APHA (1989). Water
temperature was measured in sifu using a mer-
cury thermometer accurate to 0.1°C and water
depth was measured with a graduated rule at
each sampling location. The parameters pH and
dissolved oxygen were not measured due to the
lack of Water Quality Checker.

Biological sampling: Aquatic plant rich-
ness and biomass were measured using the
quadrat method (Downing & Anderson 1985).
Three quadrats (50cmx50cm) were sampled at
random per sampling occasion in each irriga-
tion channel. The upland and the facultative
upland species were excluded from sampling.
All the above-ground biomass inside the quad-
rat was removed. Plant material was washed to
remove periphyton and deposited organic and
inorganic materials. Washed plants were sepa-
rated by species and dried in an oven at 60°C
until they reached a constant weight (ca. 72h).
Aquatic plant species were identified follow-
ing taxonomic keys specific to Southern Brazil
(Irgang & Gastal 1996). The biomass was
expressed in grams of dry weight per square
meter (gDW/m?).

Macroinvertebrate richness and abun-
dance were measured using two methods. The
total richness and abundance was the sum of
species and individuals found in the two meth-
ods, respectively. Three quantitative samples
of benthic macroinvertebrates were randomly
taken in each irrigation channel using a 7.5cm
diameter core, inserted to a depth of 10cm in
the sediment. Moreover, a qualitative sample
was conducted on each sampling occasion
through a kick net (D-shaped, 30cm width,
250um mesh). The samples were collected by
kicking up the substrate and then sweeping
above the disturbed area to capture dislodged
or escaping macroinvertebrates (Rosenberg

et al. 1997). Three random sweeps of one
meter each were carried out in each irrigation
channel, encompassing ~1m? of area sampled
per channel. Sweeps were pooled into 3.5L
plastic buckets and preserved in situ with 10%
formaldehyde. In the laboratory, the samples
were washed through a 250 wm sieve and
leaves, stems, and other debris were removed.
The resulting material was preserved with
80% ethanol. Macroinvertebrates were sepa-
rated and identified to family or genus/spe-
cies levels (whenever possible), according to
Lopretto & Tell (1995), Merritt & Cummins
(1996), and Fernandez & Dominguez (2001).
The macroinvertebrates were deposited in a
Reference Collection of the Laboratory of
Ecology and Conservation of Aquatic Ecosys-
tems of UNISINOS. The macroinvertebrade
and aquatic plants were sampled between
9:00AM and 13:00PM.

The amphibians were sampled through
visual transects between sunset and 01:00AM
(Crump & Scott 1994). A total of three random
transects (15min) was conducted per collection
in each irrigation channel. The sequence of the
visited channels was altered in each sampling
period. All of the observed individuals were
counted and identified with species guides (Cei
1980, Loebmann 2005, Rosset 2008).

For data analysis, total biological rich-
ness was corresponded to the total number of
taxa (aquatic macrophyte, macroinvertebrate
and amphibian) in each irrigation channel per
sampling occasion. Aquatic macrophyte and
amphibian richness corresponded to the num-
ber of species and macroinvertebrate richness
was quantified by the lowest taxonomic cate-
gory possibly identifiable.

Differences of total biological richness
(three groups) over time and differences among
the mean richness of each taxonomic group
(aquatic macrophytes, macroinvertebrates
and amphibians) over time were tested using
repeated measures ANOVA. Furthermore, dif-
ferences in abundance of each taxonomic group
over time were tested using repeated measures
ANOVA. In order to assure homoscedasticity
and normality of residuals, abundance values
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of three taxonomic groups were square-root
transformed, and to compare abundance among
three taxonomic groups, abundance values
from each group were standardized (range
0-1). Levene’s test verified the homogene-
ity of variance, and the Mauchy’s sphericity
test acknowledged the sphericity assumption.
Assuming Mauchly’s sphericity, no adjustment
was made for the F test.

The concordance patterns in species rich-
ness among the three taxonomic groups were
tested using the Pearson correlation. The
influence of environmental variables (nitrate,
soluble reactive phosphorus, conductivity, per-
centage of organic matter, temperature and
depth) on total biological richness and on each
taxonomic group (macrophyte, macroinverte-
brate and amphibian) was analyzed using mul-
tiple linear regression. The best fitted model
was selected by AIC criteria (Akaike 1974) and
by selection method of both directions (com-
bination of forward and backward methods).
In order to assure two assumptions of linear
regression (homoscedasticity and normality of
residuals), the values of conductivity, organic
matter percentage and depth were square-root
transformed. The analyses were performed
using vegan package (Oksanen et al. 2009) in
R statistical program version 2.9.0 (R Develop-
ment Core Team 2009).

The concordance patterns among species
composition of three taxonomic groups were
tested using Mantel correlation test. Distance
matrices used in Mantel tests were based on
species abundance and were constructed using
the Euclidean distance. The significance of
correlations was tested by permutations (9 999
permutations).

The variation in species composition dur-
ing the study period and the influence of the
environmental variables on species composi-
tion were assessed through Canonical Cor-
respondence Analysis (CCA). The ordination
was performed using standardized abundance
of species of four rice field channels over the
rice cultivation cycle (six phases). Only species
occurring in more than one sampling occasion
were included in the analysis. In order to assure

normality, all environmental variables were
log-transformed. The significance of axis was
tested by permutations (5 000 permutations).
The best fitted model was selected by AIC
criteria (Akaike 1974) and by selection method
of both directions (combination of forward and
backward methods).

A Permutation Multivariate Analysis of
Variance was used to compare differences in
species composition between agricultural peri-
ods (uncultivated and cultivated periods). To
assess differences in macrophyte composition
we used an Euclidean distance matrix and 9999
permutations. An Indicator Species Analysis
(Dufrene & Legendre 1997) was performed to
determine which species discriminated the two
agricultural periods. The analysis was done
using labdsv package (Roberts 2007), and the
significance of the discriminating power was
obtained by 9 999 permutations.

RESULTS

A total of 160 taxa were identified in
irrigated channels, including 59 macrophy-
te species, 91 taxa of macroinvertebrate and
10 amphibian species (Appendixes 1, 2, 3).
The most frequent macrophyte species were:
Limnobium laevigatum, Ludwigia peploides,
Luziola peruviana, Salvinia herzogii and Salvi-
nia minima, which were found in all irrigated
channels and all phases of cultivation cycle.
Hydrophytes (floating and submerged species)
corresponded to 51% of all macrophyte species
and emergent species corresponded to 49% of
macrophyte diversity. Much of macrophytes
in irrigation channels were amphibious plants
(67%). Cyperaceae and Poaceae species corres-
ponded to 85% of emergent plants. Macrophyte
total richness varied from 22 to 34 species in
irrigated channels and fluctuated between 15 to
33 species over the rice cultivation cycle.

A total of 13 800 individuals distributed
among 91 macroinvertebrate taxa were col-
lected. Aquatic insects accounted for most
of the macroinvertebrate families observed
(50%). Hyalella (Dogielinotidae) represent-
ed the majority of the individuals (23.2%),
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and oligochaetes and insects corresponded to
16.5% and 12.5% of the macroinvertebrates
collected, respectively. Ten families were rep-
resented only by a single genus or species.
The macroinvertebrate total richness ranged
from 46 to 62 taxa in irrigated channels and
fluctuated between 16 to 42 taxa over the rice
cultivation cycle.

The amphibian species Leptodactylus
latrans, Pseudis minuta, Dendropsophus san-
borni and Hypsiboas pulchellus were present
in all irrigation channels. L. latrans represented
36% of all individuals surveyed, P. minuta and
Physalaemus biligonigerus corresponded to
26% and 15% of all individuals, respectively.
The families with the highest representation in
the irrigation channels were Hylidae (five spe-
cies) and Leiuperidae (three species). Amphib-
ian total richness varied from five to eight
species in irrigated channels and fluctuated
from one to seven species over the rice cultiva-
tion cycle.

Total species richness did not change
over the rice cultivation cycle (F,,=0.720,
p=0.619) (Fig. 2), and the pattern in varia-
tion of richness over the cultivation cycle was
similar among taxonomic groups (F,, ,s=0.744,

45 -
40
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30 T
25 1 %

Mean richness

p=0.594) (Fig. 2). The abundance of the three
taxonomic groups did not changed significantly
over the rice cultivation cycle (F10'45:O.083,
p=0.999) (Fig. 3).

The richness of macrophytes, macroin-
vertebrates and amphibians were not corre-
lated (Table 1). At marginal significance, the
total richness was negatively correlated to
water conductivity (Rzadj=0.235, F, ,,=4.523,
p=0.052) (Table 2, 3). Macrophyte rich-
ness was negatively influenced by water
conductivity and temperature (Rzadj:0.122,
F2_21=4.205, p=0.023) whereas macroinver-
tebrate and amphibian richness was influ-
enced by water conductivity, temperature and
depth (Rzadj=0.351, F;,,=5.152, p=0.008;
Rzadj=0.312, F,,,=4475, p=0.015, respective-
ly) (Table 2, 3). Macroinvertebrate richness
was positively related to water temperature
and negatively related to water conductivity
and depth, whereas amphibian richness was
positively related to water conductivity, tem-
perature, and depth (Table 2, 3).

The composition of macrophyte, macroin-
vertebrate and amphibian assemblages in irri-
gation channels were not correlated (Table 1).
The all canonical (constrained) axes explained
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F1 F2 Ti

Annual cycle
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Fig. 2. Mean richness (+SE) of organisms in rice field channels over six phases of rice cultivation cycle in Southern Brazil.
Fl=fallow 1 (June 2005); F2=fallow 2 (September 2005); Ti=tillage (November 2005); G1=beginning of growing season
— rice emergence (January 2006); G2=end of growing season — tillering (March 2006); AH=after harvesting (June 2006).
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Fig. 3. Mean abundance (+SE) of organisms in rice field channels over six phases of rice cultivation cycle in Southern Brazil.
Fl=fallow 1 (June 2005); F2=fallow 2 (September 2005); Ti=tillage (November 2005); G1=beginning of growing season
— rice emergence (January 2006); G2=end of growing season — tillering (March 2006); AH=after harvesting (June 2006).

TABLE 1
Correlation of richness and composition of species assemblages in three taxonomic groups

Richness (Pearson correlation)

Macroinvertebrate Amphibian
Macrophyte r=0.094 (p=0.661) r=-0.190 (p=0.375)
Amphibian r=-0.192 (p=0.368) -

Composition (Mantel correlation)
Macroinvertebrate Amphibian
r=0.103 (p=0.290) r=-0.1978 (p=0.962)

r=-0.0390 (p=0.551) -

49% of the variation in species composition.
The first two axes generated by CCA explained
33% of the variation explained by canonical
axes (CCA1=19%, p=0.007 and CCA2=14%,
p=0.042) (Fig. 4). The species-environment
correlation was 0.97 for the first axis and 0.98
for the second. The environmental variables
related to composition variation in irrigation
channels were: cultivation phases, percentage
of organic matter, conductivity, temperature,
and depth. Temperature and depth were related
to axis one and two, and percentage of organic
matter and conductivity were associated to
axis two (Fig. 4). According to the position
of the centroids of the sampling phases in the
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ordination diagram, the species composition in
second fallow phase and tillage phase differed
from the others along the first axis and from
each other along the second axis (Fig. 4).
Species composition in the irrigation
channels varied between uncultivated and
cultivated periods (F,,,=1.4517, p=0.0054).
The uncultivated period was characterized
by the aquatic macrophytes Azolla filiculoi-
des (Indicator Species, IV=0.500, p=0.014),
and Lemna valdiviana (IV=0.333, p<0.001).
The cultivated period was characterized by
the presence of the aquatic macrophyte Nym-
phoides indica (IV=0.332, p=0.038), by the
aquatic insects Corixidae IV=0.739, p=0.012),
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TABLE 2
Regressions models, AIC with a second-order correction, delta AICc and Akaike weight for each model
for all taxonomic groups, macrophytes, macroinvertebrates and amphibians

AICc  Delta_AICc  AICcWt

All groups Model 6 all ~ conductivity 16899  0.00 0.61
Model 5 all ~ conductivity + depth 170.38 1.39 0.31
Model 4 all ~ conductivity + depth + temperature 173.39 4.40 0.07
Model 3 all ~ conductivity + depth + temperature + nitrate 176.98 7.99 0.01
Model 2 all ~ conductivity + depth + temperature + nitrate + phosphorus 180.89 11.90 0.00
Model 1 all ~ conductivity+ depth + temperature + nitrate + phosphorus + OM 18539 1640 0.00
Macrophytes Model 5 macrophyte ~ conductivity 139.72 0.00 0.69
Model 4  macrophyte ~ conductivity + temperature 141.69 1.98 0.26
Model 3 macrophyte ~ conductivity + temperature + nitrate + depth 145.15 543 0.05
Model 2 macrophyte ~ conductivity + temperature + nitrate + depth + 148.99 9.27 0.01
phosphorus
Model 1 macrophyte ~ conductivity + temperature + nitrate + depth + 15358  13.86 0.00
phosphorus + OM
Macroinvertebrates ~ Model 4 macroinvertebrate ~ conductivity + temperature + depth 155.74 0.00 0.80
Model 3 macroinvertebrate ~ conductivity + temperature + depth + nitrate 158.78 3.04 0.18
Model 2 macroinvertebrate ~ conductivity + temperature + depth + nitrate +  162.81 707 0.02
OM
Model 1 macroinvertebrate ~ conductivity + temperature + depth + nitrate +  167.41 11.67 0.00
OM + phosphorus
Amphibians Model 4 amphibian ~ conductivity + temperature + depth 87.90 0.00 0.64
Model 3 amphibian ~ conductivity + temperature + depth + nitrate 89.33 143 0.31
Model 2 amphibian ~ conductivity + temperature + depth + nitrate + 93.15 5.25 0.05
phosphorus
Model 1 amphibian ~ conductivity + temperature + depth + nitrate + 97.72 9.81 0.00
phosphorus + OM
TABLE 3

Regression models (showed in Table 2) for all groups, macrophytes, macroinvertebrates and amphibians

Dependent Model Independent Coefficient SE. ‘P’ R? (adj) I P

All groups 6 Intercept 387.611 40.525 2.70e-09 0.122 4205 0.0524
Conductivity -0.4632 0.2259 0.0524

Macrophytes 5  Intercept 214.127 43.467 7.14e-05 0.234 4.523 0.0232
Conductivity -0.2147 0.1183 0.0840
Temperature -0.4454 0.1809 0.0225

Macroinvertebrates 4 Intercept 240.611 63.878 0.00121 0.351 5.152 0.0084
Conductivity -0.3493 0.1590 0.04001
Depth 04610 0.2423 0.07155
Temperature -10.603 0.3669 0.00907

Amphibians 4 Intercept -323.055 155.433 0.0508 0.311 4475 0.0147
Conductivity 0.06850 0.03870 0.0920
Depth 0.14188 0.05895 0.0259
Temperature 0.19784 0.08929 0.0385
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Fig. 4. Species assemblage data from rice field channels in the six phases of rice cultivation cycle by Canonical
Correspondence Analysis (CCA). Fl=fallow 1 (June 2005); F2=fallow 2 (September 2005); Ti=tillage (November 2005);
Gl=beginning of growing season — rice emergence (January 2006); G2=end of growing season — tillering (March 2006);
AH=after harvesting (June 2006). The circles represent the four channels in six phases of cultivation cycle and the squares

represent the centroids of each phase.

Belostomatidae (IV=0.594, p=0.022), and by
the amphibian species Leptodactylus latrans
(Iv=0.738, p=0.001).

DISCUSSION

Biodiversity conservation in agricultural
landscapes is an ecological challenge (Marshall
et al. 2003). Several studies have demonstrated
the contribution of drainage channels in pro-
viding habitats for macrophyte, invertebrate
and vertebrate establishment (Goulder 2008,
Herzon & Helenius 2008). Macrophyte rich-
ness in the studied channels (59 species) cor-
respond to about half of the total macrophyte
richness of natural wetlands registered for this

region (105 species) (Rolon et al. 2008). The
number of macroinvertebrate families found
in the irrigation channels (57) corresponded
to more than 75% of the number of families
observed in natural wetlands of Southern Bra-
zil (Stenert & Maltchik 2007, Stenert et al.
2008). Additionally, the relative dominance of
the aquatic insect families was similar to the
dominance verified in Southern Brazil natural
wetlands (Stenert & Maltchik 2007, Stenert et
al. 2008). The 10 species of amphibians found
in the irrigation channels corresponded to 63%
of the richness observed in the studied region
(Loebmann 2005), and represent 83% of the
species that use rice crops as habitat in the stud-
ied region (Machado & Maltchik 2010). Our
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results suggest that such agroecosystem may
support a large part of the biological diversity
of the Brazilian Southern Coastal Plain.

Although, some species found in the irri-
gation channels occur in surrounding natural
wetlands, the species composition of the irri-
gation channels surveyed during the present
study differed from natural systems (Rolon et
al. 2008, Stenert et al. 2008). The high propor-
tion of hydrophytes (51% of species) was one
of the differences found in the composition
of the macrophytes in the irrigation channel,
whereas in natural wetlands, the hydrophytes
represented only a small part of the community
(e.g.25%, Rolon et al. 2004). The morphology
of the channels (mean water depth of 60cm)
limits the establishment of emergent species to
the littoral zone; moreover, the depth of studied
channels provided more availability of habitats
for the establishment of hydrophytes. Another
difference in the composition of macrophytes
was the high proportion of grasses and sedges,
which have represented almost the totality of
the emergent species (85% of emergent spe-
cies). The high dominance of grasses and
sedges verified in studied channels (43%) was
higher than observed in rice fields of Southern
Brazil and Sri Lanka, where these species
represented 46% and 39% of total richness,
respectively (Bambaradenya et al. 2004, Rolon
& Maltchik 2010).

Oligochaetes and Hyalella represented the
majority of the invertebrate individuals col-
lected (~40%) in the studied rice channels.
This result was different from that observed
in natural coastal wetlands of the same region,
where aquatic insects were the most dominant
macroinvertebrates (Stenert et al. 2008). In
rice irrigation channels, aquatic plants can
develop large biomasses (1-13t dry weight/ha),
comprising the main sources of organic mat-
ter and nutrients (Roger & Watanabe 1984).
The main part of the diet of Hyalella and
oligochaetes consists of organic matter (debris
and other types of food such as phytoplankton,
periphytic algae, and bacteria (Brinkhurst ez al.
1972, Bronmark & Hansson 1998), favouring
the predominance of these two taxa in the rice

irrigation channels. In addition, oligochaetes
are important components of the benthic fauna
in rice fields and their related water bodies
(Bambaradeniya & Amerasinghe 2003). Oli-
gochaete populations of about 10 000 and 40
000 individuals/m?> were found in Asian rice
fields (Roger 1996). The amphibian commu-
nity was dominated by L. latrans, P. minuta,
and P. biligonigerus, corresponding to 77% of
the individuals sampled. The predominance
of these three species may be related to their
ecological characteristics with regard to the
use of the habitat (Loebmann 2005). While
L. ocellatus and P. biligonigerus were more
present at the margin of the systems, P. minuta
was present exclusively in the water column of
the channels.

The management of irrigation channels
and the management practices used in the
surrounding crops, influence the biological
diversity of the rice crops (Twisk et al. 2000,
Manhoudt et al. 2007). In the studied irriga-
tion channels, the richness and abundance of
macrophytes, macroinvertebrates and amphib-
ians have not changed over the rice cultivation
cycle. Despite variation of the water depth
along the cycle (from 5 to 150cm), the pres-
ence of surface water during the entire period
may be an important factor for the richness and
abundance of species. Many studies point to the
importance of the hydroperiod in the dynamic
of aquatic communities in natural wetlands
(Rolon et al. 2008, Stenert et al. 2008) and
rice fields (Stenert et al. 2009, Machado &
Maltchik 2010, Rolon & Maltchik 2010). The
presence of water is critical for several spe-
cies (Williams 1996), thus the surface water
permanence in the irrigation channels may
contribute to the dispersion of the organisms
among the wetlands (Armitage et al. 2003,
Mazerolle 2004).

Several studies have investigated concord-
ant spatial patterns among taxonomic groups
(Grenouillet et al. 2007), however, concordance
of assemblage structure over time in managed
systems remains unknown. Concordant pat-
terns may result from biotic interactions among
taxonomic groups, common environmental
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determinants or covariance of factors that
affect different taxonomic groups independent-
ly (Heino 2002). The lack of concordant pat-
terns in the species richness and composition
of three taxonomic groups in irrigation channel
can be related to differences in biotic response
to environmental variables, such as, water con-
ductivity, temperature and depth.

The water conductivity, temperature and
depth were the variables that better explained
the species richness in the irrigation chan-
nels studied. However, the influence of those
variables was different among the taxonomic
groups studied. The water conductivity influ-
enced negatively the richness of macrophyte
and macroinvertebrates, but it influenced posi-
tively the amphibian richness in irrigation
channels. Some ecologists have assumed that
water chemistry is an important predictor on
macrophyte and invertebrate community in
natural wetland systems (Batzer & Wissinger
1996, Thomaz et al. 2003). Strong variations
of water chemistry can decrease the wetland
macrophyte and macroinvertebrate richness
(e.g. Friday 1987, Brodersen et al. 1998, Mur-
phy et al. 2003), however, the water conductiv-
ity does not appear to have a great affect on
amphibians, except in highly stressed anthro-
pogenic situations (Beebee 1985). The water
temperature negatively affected macrophyte
richness and positively affected macroinverte-
brate and amphibian richness, whereas, water
depth influenced macroinvertebrates richness
negatively and amphibian richness positively.
Stenert et al. (2008) also found a negative
relationship between water depth and mac-
roinvertebrate richness in natural coastal wet-
lands of Southern Brazil. This pattern was
also observed in natural wetlands of North
America (Studinski & Grubbs 2007). At lower
water depths, emergent vegetation can be used
by macroinvertebrates as a substrate for the
deposition of eggs, as a shelter against preda-
tion, and as food and support (Campeau et al.
1994). For amphibians temperature influences
several amphibian physiological and behaviour
processes, such as water balance, calling, meta-
morphosis, development and immune response

(Rome et al. 1992), and the variations in water
level may affect the abundance and diversity
of species of amphibians in wetland systems
(Pechmann et al. 1989). Other variables not
measured in our study (e.g. pH, dissolved oxy-
gen), also could have influenced the species
richness in the rice field channels. Nonetheless,
its effects can have been minimized since the
total species richness observed did not change
over the rice cultivation cycle. Besides, the
water that supplies all rice field channels was
captured from the same coastal lagoon.

Information regarding the biological diver-
sity in agricultural areas and actions concern-
ing the minimization of the impact of the
agricultural activities on the conservation of
biodiversity are extremely relevant to integrate
biodiversity conservation in sustainable agri-
culture. The species diversity found in the irri-
gation channels together with the permanence
of water enables these man-made aquatic net-
works to function as important systems that can
contribute to the conservation of biodiversity in
regions where the wetlands were converted into
rice fields. However, it is important to men-
tion that although such system may provide
stability for populations between phases of
the cultivation cycle, therefore contributing to
the conservation of several species, the irriga-
tion channels must not be viewed as surrogate
systems for natural wetlands. The conservation
of the species in rice field channels may be an
important alternative for biodiversity conserva-
tion, where more than 90% of wetland systems
have already been lost and the remaining ones
are still at high risk due to the expansion of rice
production. In this sense, management practic-
es, that reconcile aquatic biodiversity conserva-
tion and rice production, such as, permanence
of surface water in irrigation channels, could
be important strategies to be considered dur-
ing the agricultural development planning for
Southern Brazil.
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RESUMEN

La conservacion de especies en los agroecosistemas
ha llamado la atencién. Los canales de riego pueden mejo-
rar los hdbitats y ofrecer condiciones para la conservacion
de especies de agua dulce. Desde el punto de vista de
conservacion de la biodiversidad surgen dos preguntas: 1)
(Pueden los canales de riego mantener una rica diversidad
de vegetacion acudtica, invertebrados y anfibios en el ciclo
de cultivo del arroz? 2) ;Puede la riqueza, abundancia y
composicion de especies acudticas cambiar durante el ciclo
de cultivo del arroz? Para ello, en el Condado Mostardas,
Brazil un grupo de cuatro canales de los campos de arroz
fue seleccionado al azar. En cada canal, se llevaron a cabo
seis muestreos durante el ciclo de cultivo del arroz (junio
2005 hasta junio 2006). Un total de 160 tdxones fueron
identificados en los canales de riego, que incluyen 59
especies de macrofitos, 91 tdxones de macroinvertebrados
y 10 especies de anfibios. La riqueza y la abundancia de
vegetacion acudtica, invertebrados y anfibios no cambié
significativamente durante el ciclo de cultivo del arroz.
Sin embargo, la composicién de las especies de estos
grupos en los canales de riego varia entre periodos no
cultivados y cultivados. Nuestros resultados muestran que
la diversidad de especies en los canales de riego, junto con
la permanencia del agua permite que estas redes acudticas
provocadas por el ser humano puedan funcionar como
sistemas importantes que contribuyan con la conservacién
de la biodiversidad en las regiones donde los humedales
se han convertido en campos de arroz. La conservacion de
las especies en la agricultura, tales como los campos de los
canales de arroz, que pueden ser una alternativa importante
para la conservacién de la biodiversidad en el sur de Brasil,
donde mds del 90% de los sistemas de humedales ya se
han perdido y los restantes atin se encuentran en alto riesgo
debido a la expansion de la produccién de arroz.

Palabras clave: conservacion, plantas, macroinvertebra-
dos, anuros, agraecosistemas, ciclo de cultivo.
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Family
ALISTAMATACEAE
AMARANTHACEAE
APIACEAE
ARACEAE

ASTERACEAE

CHARACEAE
CYPERACEAE

FABACEAE

HYDROCHARITACEAE

JUNCACEAE
LENTIBULARIACEAE

MARSILEACEAE

MENYANTHACEAE

NYMPHAEACEAE

ONAGRACEAE

PLANTAGINACEAE

POACEAE

APPENDIX 1

Aquatic macrophyte species of rice field channels of southern Brazil

Species
Echinodorus grandiflorus (Cham. & Schltdl.) Micheli
Alternanthera philoxeroides (Mart.) Griseb.
Hydrocotyle ranunculoides L. f.
Lemna valdiviana Phil.
Pistia stratiotes L.
Spirodela intermedia W. Koch
Wolffiella lingulata (Hegelm.) Hegelm.
Aster squamatus (Spreng.) Hieron.
Enydra anagallis Gardner
Nitella sp.
Bulbostylis capillaris ( L.) C.B. Clarke
Cyperus polystachyos Rottb.
Cyperus sp. 1
Cyperus sp. 2
Cyperus sp. 3
Cyperus sp. 4
Eleocharis interstincta (Vahl) Roem. & Schult.
Eleocharis sellowiana Kunth
Fimbristylis autumnalis (L.) Roem. & Schult.
Scirpus submersus C. Wright
Aeschynomene indica L.
Limnobium laevigatum (Humb. & Bonpl. ex Willd.) Heine
Najas microdon A. Braun
Juncus dichotomus Elliott
Utricularia foliosa Kam.
Utricularia gibba L.
Regnellidium diphyllum Lindm.
Nymphoides indica (L.) Kuntze
Nymphaea ampla (Salisb.) DC.
Ludwigia grandiflora (Michx.) Greuter & Burdet
Ludwigia leptocarpa (Nutt.) H. Hara
Ludwigia peploides (Kunth) P.H. Raven
Bacopa monnieri (L.) Wettst.
Bacopa tweedii (Benth.) Parodi
Leersia hexandra Sw.
Luziola peruviana Juss. ex J.F. Gmel.
Panicum sp. 1
Panicum sp. 2
Panicum sp. 3
Panicum sp. 4
Paspalidium sp.
Paspalum distichum L.
Paspalum sp. 1
Paspalum sp. 2
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APPENDIX 1 (Continued)
Aquatic macrophyte species of rice field channels of southern Brazil

Family Species
Paspalum sp. 3
Paspalum sp. 4
Paspalum sp. 5
Rhynchospora corymbosa (L.) Britton
POLYGONACEAE Polygonum punctatum Elliott
PONTEDERIACEAE Eichhornia azurea (Sw.) Kunth
Eichhornia crassipes (Mart.) Solms

Pontederia cordata L.

RANUNCULACEAE Ranunculus flagelliformis Sm.
RICCIACEAE Ricciocarpos natans (L.) Corda
RUBIACEAE Hedyotis salzmannii (DC.) Steud.
SALVINIACEAE Azolla filiculoides Lam.

Salvinia herzogiide la Sota

Salvinia minima Baker
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APPENDIX 2
Aquatic macroinvertebrate taxa of rice field channels of southern Brazil

Class Order/Family Genera/Species
Insecta Chironomidae Chironomus

Parachironomus
Goeldichironomus
Cryptochironomus
Tanytarsus
Tanypus
Ablabesmyia
Polypedilum
Monopelopia
Larsia

Ceratopogonidae

Ephydridae

Tabanidae

Tipulidae

Stratiomyidae

Culicidae

Hydrophilidae Berosus

Other Hydrophilidae

Dytiscidae

Noteridae

Hydrochidae

Curculionidae

Chrysomelidae

Staphylinidae

Carabidae

Belostomatidae

Corixidae

Notonectidae

Pleidae

Veliidae

Mesoveliidae

Aradidae

Pynrrocoridae

Baetidae Callibaetis

Caenidae Caenis

Polymitarcyidae Campsurus

Leptoceridae Oecetis
Nectopsyche

Hydroptilidae Oxyethira

Coenagrionidae Oxyagrion
Telebasis

Libellulidae Tramea
Micrathyria
Planiplax
Erythrodiplax

Aeshnidae Rhionaeschna

Formicidae Solenopsis

Lepidoptera
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APPENDIX 2 (Continued)
Aquatic macroinvertebrate taxa of rice field channels of southern Brazil

Class Order/Family Genera/Species
Ciccadelidae
Delphacidae
Cercopidae
Orthoptera
Entomobryidae
Malacostraca Isopoda
Dogielinotidae Hyalella
Arachnida Oribatidae
Hydracarina
Araneae
Oligochaeta Tubificidae Limnodrilus
Aulodrilus pigueti
Bothrioneurum
Spirosperma
Dero (Dero) botrytis
Dero (Dero) obtusa
Dero (Dero) nivea
Dero (Dero) digitata
Dero (Dero) sawayai
Dero (Dero) evelinae
Dero (Aulophorus) furcatus
Pristina americana
Pristina leidyi
Slavina evelinae
Allonais chelata
Opistocystidae Opistocysta funiculus
Aphanoneura Aeolosomatidae Aeolosoma
Hirudinea Glossiphoniidae
Hirudinidae
Turbellaria Dugesiidae Girardia tigrina
Phylactolaemata Plumatellidae
Gastropoda Planorbidae
Ampullaridae
Hydrobiidae
Physidae
Bivalvia Pisidiidae Pisidium
Eupera

Demospongiae

Spongillidae

Corvoheteromeyenia australis
Ephydatia facunda
Heteromeyenia insignis
Heteromeyenia cristalina
Radiospongilla amazonensis
Trochospongilla paulula
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APPENDIX 3
Amphibian species of rice field channels of southern Brazil

Family Species

Bufonidae Rhinella fernandezae
Cycloramphidae Odontophrynus maisuma
Hylidae Dendropsophus minutus

Dendropsophus sanborni
Hypsiboas pulchellus
Pseudis minuta
Scinax squalirostris
Leiuperidae Physalaemus biligonigerus
Physalaemus gracilis
Pseudopaludicola falcipes
Leptodactylidae Leptodactylus gracilis
Leptodactylus latrans
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