
Abstract Alpha, beta and gamma are three

components of species diversity. Knowing these

attributes in floodplain lake phytoplankton com-

munities is vital when selecting conservation

areas. Species diversity is commonly used with

other taxonomic groups, but rarely with phyto-

plankton. We compared the number of phyto-

plankton species (alpha diversity) from 21 Middle

Araguaia River floodplain lakes in the 2000 and

2001 rainy and dry seasons. From these samples

we estimated complete survey species richness

(gamma diversity), quantified differences in spe-

cies composition between lakes (beta diversity)

and assessed the influence of abiotic variables on

beta diversity. We recorded a total of 577 taxa.

The Sjack1 estimator indicated that 62.31% of

taxa were sampled in the 2000 rainy and 67.65%

dry seasons, and 68.36% in the 2001 rainy and

73.5% dry seasons. In almost all seasons, alpha

diversity negatively correlated with latitude. Beta

diversity (b-1) was higher in high water periods,

especially in 2000. This may have been caused by

isolated heavy rainfall, which would have in-

creased environmental heterogeneity and raised

beta diversity. DCA showed differences in phy-

toplankton composition between rainy and dry

seasons in 2000 and 2001, reflecting the influence

of flood pulses on phytoplankton composition.

The Mantel test indicated spatial distribution

patterns where geographically more distant lakes

had less-similar phytoplankton communities.
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In tropical regions, river floodplain systems ex-

hibit significant physical, chemical, and biological

temporal variations. According to the ‘‘flood

pulse’’ theory (Junk et al., 1989), such variations

are mainly associated with changes in water level.

Species richness is the simplest measurement

to quantify and express the complexity of a given

area. According to Gaston (1996), the number of

species recorded reflects sampling effort. Beta

diversity provides a new perspective on analyzing

biodiversity in a river-floodplain system (Ward

et al., 1999). It is defined as the change in species

composition along environmental gradients

(Neiff, 1996). In floodplain lakes, high environ-

mental heterogeneity (differences in origin, mor-

phometry, hydrology, and limnology) is expected

to cause high beta diversity (Neiff, 1996). Because

of the homogenizing effect of flood pulses, which
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cause increased similarity between lakes (Thomaz

et al., 1997), we expected decreased beta diversity

during rainy seasons.

The aim of this study was to compare the

number of phytoplankton species (alpha diver-

sity) of 21 floodplain lakes of the Middle Ara-

guaia River during periods of high (rainy season)

and low (dry season) waters in the years 2000 and

2001. We estimated species richness for the whole

survey (gamma diversity), quantified differences

in species between lakes (beta diversity), and

investigated the influence of abiotic variables on

beta diversity.

The Araguaia River, located in central Brazil

has its headwaters in the Serra dos Caiapós, and

has a large number of floodplain lakes. We

investigated 21 of these lakes on a 240 km stretch

of the river between 13�10¢ & 14�50¢ S, and 50�35¢
& 51�05¢ W. Details of the geographical coordi-

nates are presented in Nabout et al. (2006). Field

observations demonstrate that the lakes have

considerably different geomorphological origins

and levels of human impact. Pinheiro (2004)

studied 20 of these 21 lakes and reported that

lakes 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 18, 20, and 21

are abandoned channel (oxbow), lakes 2, 3, and 4

are oxbow chain, lake 5 is a meander scroll, and

lakes 1, 11, and 17 are blocked valley; lake 19 was

not classified.

Subsurface plankton samples were collected in

the rainy (February 2000, March 2001) and dry

(August 2000, September 2001) seasons. We

analyzed both quantitative and qualitative sam-

ples to estimate total richness. Subsamples were

placed in 100 ml dark bottles and fixed with a

modified lugol-acetic solution for quantitative

analyses (Vollenweider, 1974) and Transeau

solution for qualitative analyses (Bicudo &

Menezes, 2005). We adopted the Van den Hoeck

et al. (1993) taxonomic classification system.

Limnological features of the Middle Araguaia

River floodplain lakes were described by Nabout

et al. (2006).

To estimate phytoplankton species richness of

the complete survey area (gamma diversity), we

used the nonparametric extrapolating index. This

index is based on incidence (presence/absence)

data (Chazdon et al., 1998). We used the first-

order Jackknife estimator (Sjack1; Burnham &

Overton, 1978) and calculations were made using

the EstimateS program (Colwell, 1997).

Beta diversity indices were also applied to

quantify species composition turnover. We used

b-1 index (Harrinson et al., 1982) for groups of

the 21 lakes along the Middle Araguaia River.

ANOVA (significance level 0.05) was used to

test for limnological differences between the 2000

and 2001 rainy and dry seasons, and to determine

species richness difference (alpha diversity) be-

tween the different types of lakes (abandoned

channel or oxbow, oxbow chain, blocked valley).

The meander scroll lake (lake 5) was excluded

from the analysis, because it was sampled once

only; lake 19 was also excluded because it was not

classified. Linear regression analysis (significance

level 0.05) was used to model the relationships

between alpha diversity (richness of each lake)

and latitude. Variables were log-transformed

when necessary to meet linear regression

assumptions (Sokal & Rohlf, 1981).

Detrended correspondence analysis (DCA;

Hill & Gauch, 1980) a multivariate approach was

also applied to evaluate the similarity among the

species composition of the lakes in different

seasons. DCA was used with the option of

downweighting rare species, and calculations

were made using the PC-ORD program

(McCune & Mefford, 1997). We tested spatial

autocorrelation by the Mantel test (Mantel,

1967), based on 10,000 randomizations. The first

matrix was composed of the Jaccard dissimilarity

(1-Jaccard similarity) between lakes. The second

matrix expressed geographical distances between

the lakes.

ANOVA indicated significant differences be-

tween the rainy and dry season in 2000 for pH,

water temperature, oxygen saturation, transpar-

ency and depth; and for, nitrogen, total phos-

phorus, water temperature, oxygen saturation,

transparency and depth in 2001 (Table 1).

The lakes showed limnological differences be-

tween the 2000 and 2001 rainy and dry seasons;

there were also between-year differences. In the

2000 rainy season the lakes were deeper; in the

dry season, they had higher transparency, con-

ductivity, oxygen saturation, and water tempera-

ture. In 2001, they were also deeper and had

higher transparency and water temperature; in

456 Hydrobiologia (2007) 575:455–461

123



the dry season the lakes had higher total nitrogen

and total phosphorus concentrations (Nabout

et al., 2006).

We recorded 577 species in 2000 and 2001. In

2000, species richness was higher in the low-water

period than the high-water period (Fig. 1a) in

most lakes; this pattern was similar in 2001

(Fig. 1b). Chlorophyceae had the highest number

of species in all hydrologic periods, followed by

Cyanophyceae in the 2000 rainy and dry seasons,

and Zygnemaphyceae in the 2001 rainy and dry

seasons.

There was no single taxon present in all lakes

surveyed. However, species such as Chroococcus

minor (Kütz) Näg., Cryptomonas erosa Ehr., C.

marsonii Skuja, C. obovata Skuja, Trachelomonas

volvocinopsis Sw. and Scenedesmus ellipticus

Corda were the most frequent.

2000s 2001

Rainy Dry Rainy Dry

Mean CV (%) Mean CV (%) P Mean CV (%) Mean CV (%) P

Total Nitrogen (mg L–1) 0.73 65.80 0.55 31.42 0.29 0.48 28.80 0.64 31.83 0.028
Total Phosphorus (mg. L–1) 0.05 78.08 0.05 56.25 0.71 0.03 43.84 0.04 57.10 0.042
PH 6.25 3.24 7.34 5.50 2.45 · 10–13 6.36 7.11 6.73 11.57 0.073
Water Temperature (�C) 27.05 1.03 28.12 1.19 0.003 29.39 1.02 27.15 2.58 0.0013
Conductivity (lS cm–1) 27.54 13.95 33.71 11.90 0.064 27.52 26.45 26.23 20.63 0.804
Oxygen saturation (%) 54.07 18.33 81.55 6.51 0.0002 92.29 4.74 111.85 2.36 0.0004
Transparency (m) 0.34 55.06 0.56 38.02 0.006 0.74 30.25 0.47 46.62 0.0042
Depth (m) 5.12 24.06 2.77 33.78 5.9 · 10–5 4.18 29.41 1.93 55.78 0.0006

Significant differences indicated in boldface (P < 0.05)

Table 1 Limnological measurements in the lakes. The
mean and coefficient of variation (CV) are presented for
the four sampling periods. Level of significance of the

difference between the rainy and dry season for each year,
obtained by ANOVA.
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Fig. 1 Number of species
for lakes (a diversity). In
(a) the lakes in the rainy
and dry season of 2000
and in (b) lakes in the
rainy and dry seasons of
2001. The letters indicate
the classifications of the
lakes: A—abandoned
channel; B—oxbow
chains; C—meander scroll
and D—blocked valley.
Lake 19 was not classified
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The linear regression analysis demonstrated

that the species richness of each lake (alpha

diversity) was significantly related to latitude in

the rainy season of 2000 (r = –0.40, P = 0.08 and

n = 20), rainy season of 2001 (r = –0.77,

P = 0.0001 and n = 19) and dry season of 2001

(r = –0.36, P = 0.1 and n = 20), although not in

the dry season of 2000 (r = –0.18, P = 0.45 and

n = 20). Species richness increased towards lower

latitudes. Alpha diversity seemed to increase

downstream (in this case from south to north).

The determinants of species richness are the

environmental variables correlating with latitude

and not latitude itself. Latitudinal gradients of

algal biodiversity in fluvial environments have

received little attention therefore no comparable

data exist. Freshwater fish and macroinverte-

brates show greater diversity in the Tropics (Ro-

hde, 1998).

Total species richness (gamma diversity) was

high in all seasons, exceeding that of other

floodplain lakes; the 2000 dry season had the

highest (315 taxa) and the 2001 dry season the

lowest (197 taxa; Table 2). Values obtained from

the estimator indicated relatively thorough sam-

pling in all seasons. In the Curuaı́ várzea

(Nogueira, I.S.: unpublished data from the Curuaı́

floodplain in the Amazon Basin) using the same

richness estimator as in this work, 60% and 62%

(for 2002 and 2003 respectively) of the phyto-

plankton community was inventoried. Thus spe-

cies richness found in the Middle Araguaia River

várzea was similar to the Curuaı́ floodplain.

According to b-1 values, species composition in

2000 was more dissimilar in the high-water period

than the low-water period; in 2001 it was similar

in both periods (Table 2). This may have been

because the flood pulse was less intense in 2000

(less rain; Nabout et al., 2006). The effect of

environmental variability is measured by the sum

of the coefficient of variation of limnological

variables (total nitrogen, pH, conductivity, and

transparency). Pearson correlation (P < 0.05)

between the sum of coefficient of variation

(environmental variables) and b-1 was signifi-

cantly positive (r = 0.93; P = 0.05 and n = 4).

According to Harrinson et al. (1982), this can be

generally expected and has been found in other

studies using different taxonomic groups.

Beta diversity indicated that phytoplankton

composition was more dissimilar in the 2000 rainy

season, whereas in 2001 levels in both seasons

were equally dissimilar. According to Thomaz

et al. (1997), flood pulses have a homogenizing

effect, increasing similarity between lakes. How-

ever, this was not occurred for the phytoplankton

community in the Middle Araguaia lakes, because

rainy season beta diversity was higher than in the

dry season. This might have occurred because the

sampling area is extensive and is located in the

Cerrado (Brazilian savanna). This area is subject

to isolated and intense rains (precipitation over

200 mm). Isolated heavy rainfall events over such

a large area lead to increased environmental

heterogeneity which elevates beta diversity.

Pearson correlation analysis demonstrated that b-

1 was positively correlated with monthly precipi-

tation level (r = 0.72, P = 0.02 and n = 4).

The 21 Middle Araguaia River lakes are dis-

tributed along a wide latitudinal gradient

(240 km) and they vary in morphology, geology,

limnology, and degree of human impact. These

diverse characteristics lead to high species rich-

ness and high beta diversity. Pinheiro (2004)

evaluating the geomorphological characteristics

of these lakes found that they have different ori-

gins and consequently have different degrees of

connectivity to the river: the abandoned channel

lakes have the highest degree of connectivity, and

the blocked valley lakes the lowest. According to

Bini et al. (2003), connectivity has important

implications for biodiversity dynamics because it

influences the interchange of energy and matter

(organisms) between the river and floodplain

lakes. ANOVA indicated that in 2000, species

richness was not significantly different in the rainy

and dry seasons (rainy, F = 0.701 and P = 0.51;

Table 2 Species richness registered (gamma diversity),
non-parametric extrapolator value and turnover species
(b-1) found in four seasons

Seasons Gamma
diversity

Estimated gamma
diversity (Sjack1)

b-1

Rainy 2000 209 335.4 46.13
Dry 2000 315 465.6 34.6
Rainy 2001 247 361.3 30.97
Dry 2001 197 268 30.86
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dry, F = 1.88 and P = 0.18) for the three different

types of Middle Araguaia River lakes (aban-

doned channel or oxbow, oxbow chain, and

blocked valley), while in 2001 only in the rainy

season did the lakes show significant differences

(rainy, F = 5.16 and P = 0.018; dry, F = 0.66 and

P = 0.52). This lack of species richness difference

between lake types in most seasons was probably

due to a latitudinal pattern; in other words, the

lakes at lower latitudes had higher species rich-

ness independent of their geomorphologic char-

acteristics.

Phytoplankton composition in these different

types of lake (oxbow, oxbow chain, meander

scroll and blocked valley) also did not show sub-

stantial difference: their DCA scores did not

separate in the graph (Fig. 2). DCA (the first two

axes explained 34.1% of total data variability)

also indicated that the phytoplankton composi-

tion differed between the rainy and dry seasons in

both years, indicating a temporary difference and

suggesting that flood pulse influences phyto-

plankton composition. Flood pulses are an

important regulator of phytoplankton community

changes (Thomaz et al., 1997; Train & Rodrigues,

2004; Melo & Huszar, 2000; Oliveira & Calheiros,

2000; Nabout et al., 2006). In addition to differ-

ences between the rainy and dry seasons, DCA

also indicated a difference in phytoplankton

composition between 2000 and 2001, suggesting

that interannual variability influenced phyto-

plankton composition. Nabout et al. (2006),

studying the same lakes, also found limnological

differences between 2000 and 2001.

The spatial distribution patterns of the phyto-

plankton community were assessed by the Mantel

test applied to the sampling periods. The Mantel

test indicated a positive correlation between

geographic distance and floristic dissimilarity

(Index 1-Jaccard). In the 2000 rainy season

r = 0.24 and P = 0.0027, and dry season r = 0.14

and P = 0.037; in the 2001 rainy season r = 0.41

and P = 0.000001, and dry season r = 0.098 and

P = 0.11, which was not significant. This suggests

that geographically proximate lakes had similar

floristic compositions, even with different geo-

morphological characteristics and degrees of hu-

man impact. According to Legendre & Fortin

(1989), spatially proximate individuals are influ-

enced by the same local processes.

1

2

4

5

6

8

9

10

11 12

13 14

15

16

17

18
19

20

21

1

2 3

4

5

6
7

8

9

10

12

13
14

15

17

18

19

20
21

1

234

5

6

7

8

9

10

11

1313

14

15

16

17
18

19

2021

1

2

3
4

5

6

7
8

9

10

11

12

13

14

15

17
18

19

20

21

0

0

100 200 300100

200

300

Eixo 1 (29.8%)

A
xi

s 
2(

4.
3%

)

Rainy season 2000
Dry season2000
Rainy season 2001
Dry seson 2001

Fig. 2 DCA scores for
presence/absence data of
species in all seasons. The
lakes are indicated by
points

Hydrobiologia (2007) 575:455–461 459

123



Amoros & Bornette (2002) observed that

floodplain systems are characterized by high al-

pha, beta, and gamma diversity, which result from

the combination of complex habitat condition and

hydrological connectivity gradients. Recently,

Agostinho et al. (2005) noted that conservation of

definite stretches of main rivers and their flood-

plains together with maintaining the region’s

hydrological integrity are fundamental in pre-

serving the biodiversity of Brazilian continental

waters and the consequent maintenance of

aquatic resources. In this context, and based on

the information obtained from phytoplankton,

the Middle Araguaia River floodplain should be

given conservation priority.
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cas. Araguaia [Floodplain lakes of the middle Ara-
guaia River, Goiás/Mato Grosso – Limnological
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