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ABSTRACT

Phytoplankton diversity and strategies in regard to physical disturbances in a shallow, oligotrophic, tropical reservoir
in Southeast Brazil

The IAG Lake is a small, oligotrophic, and shallow reservoir located in the Parque Estadual das Fontes do Ipiranga Biological
Reserve, south of Municipality of São Paulo, southeast Brazil. The study of the phytoplankton community dynamics is based
on samples collected along the vertical pro�le of the water column in the pelagic region of the reservoir (Zmax = 4.7 m), 3
times a day (7 h, 13 h, and 19 h) during 7 consecutive days of the dry period (20-26 August 1996) and of the rainy period (22-
28 January 1997), but at 5 depths during the dry period and at 4 depths during the rainy one. The relationships among species
richness, diversity, evenness, and dominance were discussed within the Connell’s Intermediate Disturbance Hypothesis (IDH).
The responses of the descriptive species in the community and C-R-S strategies were studied. The variation of the mixing zone
was the main factor responsible for the changes in the community structure as well as for the maintenance of the diversity
during both climate periods. The disturbance was considered of high frequency during the dry period and of intermediate
frequency during the rainy one. The diversity was higher during the rainy period, con�rming the IDH, at least during the
present study. Peridinium gatunense Nygaard was dominant in most sample units during the dry period. During the rainy
one, Chlamydomonas debaryana Goroschankin and Oocystis lacustris Chodat were the species that contributed the most.
Regarding the functional groups, S-strategists dominated the dry period, differing from the rainy one, when the functional
diversity was higher. In conclusion, changes in the phytoplankton community structure were well explained by Connell’s
IDH.
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RESUMEN

Diversidad y estrategias del �toplancton frente a las perturbaciones f�́sicas en un embalse somero, oligotró�co, tropical en
sureste del Brasil

El lago IAG es un embalse pequeño, oligotró�co y somero, ubicado en la Reserva Biológica del Parque Estadual das Fontes do
Ipiranga, Sur de la Municipalidad de São Paulo, sureste del Brasil. El estudio de la dinámica de la comunidad �toplanctónica
está basado en muestras colectadas al largo del per�l vertical de la columna de agua en la región pelágica del embalse
(Zmax = 4.7 m), 3 veces al d�́a (7 h, 13 h y 19 h) durante 7 d�́as consecutivos de los per�́odos seco (20-26 Agosto 1996) y
húmedo (22-28 Enero 1997), pero en 5 profundidades durante el per�́odo seco y en 4 durante el húmedo. Las relaciones
entre riqueza de especies, diversidad, equitabilidad y dominancia fueron discutidos dentro de la Hipótesis de Connell de
la Perturbación Intermedia (HPI). Las respuestas de las especies descriptoras de la comunidad y estrategias C-R-S fueron
estudiadas. La variación de la zona de mezcla fue el factor más importante en los cambios en la estructura de la comunidad
as�́ como para el mantenimiento de la diversidad durante los dos per�́odos climáticos. La perturbación fue considerada de
frecuencia alta durante el per�́odo seco y de frecuencia intermedia durante el húmedo. La diversidad fue más alta durante
el per�́odo de lluvias, con�rmando la HPI, por lo menos en este estudio. Peridinium gatunense Nygaard fue dominante en
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la mayor�́a de las unidades de muestreo durante el per�́odo seco. Durante el per�́odo húmedo, Chlamydomonas debaryana
Goroschankin y Oocystis lacustris Chodat fueron las especies que más contribuyeron. Considerando los grupos funcionales,
los estrategas S dominaron el per�́odo seco, a diferencia del per�̀odo húmedo, cuando la diversidad funcional fue más alta.
Concluyendo, los cambios en la estructura de la comunidad del �toplancton fueron bien explicados por la HPI de Connell.

Palabras clave: Índices biológicos, Hipótesis de la Perturbación Intermedia, �toplancton, estrati�cación térmica y mezcla.

INTRODUCTION

Algal community diversity may be used to cha-
racterize its structure, which is determined by
the number of species present, their physiologi-
cal properties and genetic potential, the physical
and chemical environmental characteristics, her-
bivory, and parasitism. The diversity depends on
the number of species that constitute the commu-
nity as well as on its evenness (Elber & Schanz,
1989). Diversity is a measure of which part of
the biomass is distributed among species, as well
as how that biomass is distributed in the envi-
ronment (evenness) (Reynolds, 1997). It may de-
crease by reducing either the number of species
or the evenness (Padisák, 1993). The diversity is
directly related to the community’s responses to
environmental disturbances, and the Intermediate
Disturbance Hypothesis (IDH). The Interme-
diate Disturbance Hypothesis states that non-
disturbed or highly disturbed communities deve-
lop low diversity; and that disturbances of inter-
mediate frequency and intensity are needed to
maintain diversity, i.e. the number of species is
at its highest when disturbance frequency and in-
tensity are intermediate (Connell, 1978).

Reynolds (1988a) quantified the number of
hours needed for the different scales of disturbance
considering that if a disturbance lasts just a few
hours (<20h), i.e. it is lower than that of the
algal generation time, meaning that the frequency
of disturbance is low. If it is greater than 200 h or
equivalent to more than 8 days, it is high. And if
it lasts between 20 and 200 h or between 3 and 8
days, it is considered to be intermediate. According
to Padisák (1993), daily samplings are needed to
understand IDH, i.e. if the intermediate disturbance

variation lasts for about 8 days, studies based on
daily samplingswouldbevital for its demonstration.

Measuring the disturbance is somewhat pro-
blematic since phytoplankton under natural con-
ditions is subjected to different types of distur-
bances that are dif�cult to quantify. There is no
universal common scale for estimating changes
in physical features, nutrient availability or gra-
zing pressure. However, disturbance impact can
be evaluated by the responses obtained from bio-
logical variables (Sommer, 1993). The species
diversity index is the most used biological res-
ponse for evaluation of IDH in the phytoplankton
community (ex. Rojo & Alvarez-Cobelas, 1993;
Sommer, 1995; Flöder & Sommer, 1999).

The application of Connell’s IDH is impor-
tant to understand the phytoplankton commu-
nity organization as a path towards species di-
versity maintenance and pelagic ecosystem pro-
ductivity (Reynolds, 1993). Experimental stu-
dies were designed to support IDH, bringing
to light the direct relationship between diver-
sity and disturbances intensity and frequency (ex.
Robinson & Sandgren, 1986; Sommer, 1995;
Flöder & Sommer, 1999). Non experimental
studies directed towards validation or applica-
tion of the IDH to phytoplankton communities
were carried out mostly in temperate systems
(ex. Olrik & Nauwerck, 1993; Padisák, 1993).
In Brazil, Matsumura-Tundisi & Tundisi (2005)
attributed to IDH diversity variability of the
Barra Bonita Reservoir plankton.

The present investigation aimed at evaluating
the phytoplankton community responses to physical
disturbances, mainly to water stratification and daily
mixing cycles and, consequently, at explaining
the high diversity observed in tropical systems.
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Figure 1. Location and bathymetric map of the IAG Lake
with location of in�ow (arrow), outlet and sampling station
(ν-4.5 m) (Bicudo, C. et al., 2002). Localización y mapa ba-
timétrico del Lago IAG con localización de entrada (�echa),
salida y estación de muestreo (ν-4.5 m).

MATERIAL AND METHODS

Locally called ‘IAG Lake’, the system studied is,
in fact, a small, shallow, oligotrophic reservoir lo-
cated in the area of the Parque Estadual das Fon-
tes do Ipiranga (PEFI) Biological Reserve, South
of Municipality of São Paulo (46◦37′W, 23◦39′S)
under jurisdiction of the Science and Technology
Center (CIENTEC, Centro de Ciência e Tecnologia)
of the University of São Paulo (Fig. 1). According to
Bicudo, C. et al. (2002), the reservoir’s maximum
depth is 4.7 m, maximum length is 311.5 m,
maximum width is 45.5 m, volume is 76 652.64m3

andmean retention time is9.5days.
Samplings were performed during 7 consecu-

tive days at a single station (depth 4.7 m) during
two climatic periods: dry (20-26 August 1996)
and rainy (22-28 January 1997). Environmental
variables were studied in the whole water column
at three different hours: 7 h, 13 h and 19 h. The-
re was no sampling at 19 h of January 22 due to
very severe weather conditions.

Water samples (n = 2) were collected using
a van Dorn sampler and transferred to polyethy-
lene vials. For the thermal pro�le determina-

tion, a Yellow Springs Instruments Multiple pro-
be was used. Un�ltered water samples were fro-
zen (–20 ◦C) and used for total nitrogen (TN) and
total phosphorus (TP) determinations (Valderra-
ma, 1981) within at most 30 days from the collec-
ting date. The methods used for the determination
of the water physical characteristics are the same
as in Lopes & Bicudo (2001).

During the dry season, samples were collected
at 5 �xed depths (0.1, 1, 2, 3 and 4.5 m). During
the rainy season however, changes in the ther-
mal gradient indicated the presence of a discon-
tinuous layer (thermocline) in the water column.
The strata sampled during the latter period were:
P1 (0.2-0.3 m) above the discontinuous layer; P2

(ca. 1.5 m) upper limit of the discontinuous layer;
P3 (3-3.5 m) inside the discontinuous layer; and
P4 (4.5 m) bottom (ca. 0.2 m above sediments).

Samples for phytoplankton quantitative analyses
were collected at each reservoir stratum with a van
Dorn bottle, stored in 300 ml glass vials, fixed and
preserved in acetic lugol solution, and immediately
stored in darkness at room temperature. Quantitative
determination of phytoplankton was carried out
according to Utermöhl (1958) and sedimentation
time in chamber followingLundet al. (1958).Coun-
tings were performed using a Zeiss Jena-Sedival
(400×) inverted microscope. The biovolume of each
species was obtained by comparing them with the
volume of a geometric solid, taken either isolated
or combined, that would mostly resemble the cell
form (Hillebrand et al., 1999; Sun & Liu, 2003).

Statistical indices referring to the community
structure, such as diversity index

H′ =
∑

pi · log2 pi

(Shannon & Weaver, 1963), evenness

E = H′/ log2 S

(Odum, 1983) and dominance

D =
∑

pi2

(Simpson, 1949) were calculated based on the al-
gal biovolume.

The concept of C-R-S functional groups (Rey-
nolds, 1984a, 1988b, 1997) was applied to the
phytoplankton community.
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Figure 2. Depth and time diagram of the water temperature (◦C) isolines at the IAG Lake during the dry and rainy periods.Diagrama
de tiempo y profundidad de las isol�́neas de temperatura del agua (◦C) del Lago IAG durante los per�́odos seco y lluvioso.

Statistical treatment of the data was performed
using descriptive analysis and arithmetic avera-
ge and median as measurements of central ten-
dency. Absolute dispersal degree of data was cal-
culated using the standard deviation, and relati-
ve dispersal through the Pearson variation coef-
�cient (VC). It aimed at establishing the degree
of signi�cance of values obtained for the biologi-
cal indices and the distinct sampling depths and
hours in each sampling day; Variance Analysis
(ANOVA) with a level of signi�cance of about
5 % for each sampling day was performed using
Minitab for Windows, version 13.0.

RESULTS

Based on physical and chemical water characte-
ristics, the IAG Lake is classified as oligotrophic
(Bicudo, D. et al., 2002). Despite the reservoir’s
shallowness (Zmax = 4.7m), it was possible to
detect thermal stratification during both study
periods. Stratifications were temporal during the
dry period, with night circulation (Fig. 2) and long
lasting during the rainy period, with no evidence of
night circulation, except for the 7 h of 28 January
1997 (Fig. 2). The depth of the mixing zone
was shallower during the rainy period, indicating
greater water column stability in the latter period.

The vertical distribution of the TN and TP
concentration tended to homogeneity during the
entire dry period, being however strati�ed du-
ring the rainy period (Fig. 3). Rupture of TP
strati�ed pro�le was observed at the 7th sam-
pling day of the rainy period (Fig. 3). A com-
parison between the dry and rainy periods sho-
wed that TN and TP concentrations were always
greater during the latter period.
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Figure 3. Depth and time diagram of the total nitrogen
(μg ·L−1) and total phosphorus (μg ·L−1) isolines at the IAG La-
ke during the dry and rainy periods. Diagrama de tiempo y pro-
fundidad de las isol�́neas de nitrógeno total (μm ·L−1) y fósforo
total (μm · L−1) en el Lago IAG durante los per�́odos seco y llu-
vioso.
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Figure 4. Depth and time diagram of the total biovolume
(mm3·L−1) isolines of the phytoplankton species at the IAG La-
ke during the dry and rainy periods. Diagrama de tiempo y pro-
fundidad de las isol�́neas de biovolumen total (mm3·L−1) de las
especies del �toplancton en el Lago IAG durante los per�́odos
seco y lluvioso.

During the dry period, vertical and temporal dis-
tribution of phytoplankton total biovolume ten-
ded to homogeneity, whereas during the rainy
one they were very much heterogeneous (Fig. 4).
Vertically, great total biovolume values at the
deepest layers of the reservoir were detected,
mainly during the rainy period. Variation coef�-
cient Q, calculated using total biovolume average
at each time, showed that variability among hours
was lower during the dry period (VC = 17-49 %)
than in the rainy one (VC = 28-132 %). Thus,
the rainy period presented total biomass distri-
bution that had the greatest heterogeneity, with
a reduction of total biovolume values after the
7th day of the rainy period (Fig. 4).

Considering the species’ diversity index spatial
and temporal scales during both study periods
(Figs. 4-5), highest values were detected during
the rainy period. Vertical variation (depths) at each
sampling time during the dry period was low when
compared to the rainy one, presenting a variation
coefficient of1.6-25 %and9.9-52 %, respectively.
During the dry period, phytoplankton diversity
spatial distribution was more homogeneous, not
showing significant differences between depths; dif-
ferences were significant mainly between sampling
hours and days (Table 1, Fig. 5). Thus, during the
dry period, despite diversity having a higher tem-
poral variability (hours and days), its vertical dis-
tribution tended to homogeneity. This was diffe-
rent during the rainy period, when diversity spa-
tial distribution was quite heterogeneous, tending
to the smallest values at the deepest layers of the
reservoir, always below the thermocline (Fig. 6).
During the latter period, diversity values pointed
out for signi�cant differences among depths, but
not among days and hours (Table 1).

During the dry period, evenness values did not
show signi�cant differences among depths, diffe-
rences being noticed among hours and days (Ta-
ble 1). During the rainy period, evenness values
were signi�cant only among depths (Table 1).
Considering the daily average of the evenness va-
lues, it was observed that homogeneous distri-
bution of species was always greater during the
rainy period (Fig. 7).

During both the dry and the rainy periods, spe-
cies richness variation was not signi�cantly dif-
ferent among sampling hours, thus demonstra-
ting that phytoplankton vertical distribution was
uniform during the day (Table 1, Fig. 7). Spe-

Table 1. Results of ANOVA used to establish the level of signi�cance of the vertical and temporal variation of the diversity (H′),
evenness (E), number of species (S), and dominance (D) during the dry and rainy periods. Resultados del ANOVA utilizado para
establecer el nivel de signi�cancia de la variación vertical y temporal de la diversidad (H′), equitabilidad (E), número de especies
(S) e domináncia (D) durante los per�́odos seco y lluvioso.

Depth Hour Day

H′ S E D H′ S E D H′ S E D

Dry
F 1.24 2.25 2.02 0.720 4.65 0.25 4.52 3.53 3.39 3.64 3.28 2.38

p 0,300 0.069 0.098 0.577 0.012 0.778 0.013 0.033 0.004 0.003 0.006 0.034

Rainy
F 8.87 1.29 10.42 8.13 0.45 0.39 0.65 0.38 1.14 3.21 0.60 1.59

p 0.000 0.285 0.000 0.000 0.637 0.678 0.525 0.682 0.348 0.007 0.731 0.163
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Figure 5. Vertical variation of the diversity index (bits ·mg−1) and mixing zone location during the dry period at 7 h ( ), 13 h
( ) and 19 h ( ) at the IAG Lake during 7 consecutive days. The solid horizontal line represents the Zmix depth coincident
in 2 or 3 sampling hours. Variación vertical del �́ndice de diversidad (bits ·mg−1) y ubicación de la zona de mezcla durante el per�́odo
seco a las 7 h ( ), 13 h ( ) y 19 h ( ) en el Lago IAG durante 7 d�́as consecutivos. La l�́nea sólida horizontal
representa la profundidad de la Zmix coincidente en 2 o 3 horas de muestreo.
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Figure 6. Vertical variation of the diversity index (bits ·mg−1) and mixing zone location during the rainy period at 7 h ( ),
13 h ( ) and 19 h ( ) at the IAG Lake during 7 consecutive days. The solid horizontal line represents the Zmix depth
coincident in 2 or 3 sampling hours. Variación vertical del �́ndice de diversidad (bits ·mg−1) y ubicación de la zona de mezcla durante
el per�́odo lluvioso a las 7 h ( ), 13 h ( ) y 19 h ( ) en el Lago IAG durante 7 d�́as consecutivos. La l�́nea sólida
horizontal representa la profundidad de la Zmix coincidente en 2 o 3 horas de muestreo.



166 Lopes et al.

a.

0,0

0,2

0,4

0,6

0,8

1,0

1st 2nd 3rd 4th 5th 6th 7th 1st 2nd 3rd 4th 5th 6th 7th 1st 2nd 3rd 4th 5th 6th 7th

E
ve
ne
ss

Dry Rainy

7h 18h13h

0

5

10

15

20

25

30

35

40

1st 2nd 3rd 4th 5th 6th 7th 1st 2nd 3rd 4th 5th 6th 7th 1st 2nd 3rd 4th 5th 6th 7th

N
um

be
r
of

sp
ec
ie
s

Dry Rainy

7h 18h13h

0,0

0,2

0,4

0,6

0,8

1st 2nd 3rd 4th 5th 6th 7th 1st 2nd 3rd 4th 5th 6th 7th 1st 2nd 3rd 4th 5th 6th 7th

D
om

in
an
ce

Dry Rainy

7h 18h13h

Figure 7. Daily mean and standard deviation (n = 15) of evenness (a), number of species (b) and dominance index (c) during 7
consecutive days and 3 different times at the IAG Lake during the dry ( ) and rainy ( ) periods. Media diaria y desv�́o
estándar (n = 15) de la equitabilidad (a), del número de especies (b) y del �́ndice de dominancia (c) durante 7 d�́as consecutivos y 3
épocas distintas en el Lago IAG durante los periodos seco ( ) y lluvioso ( ).

cies richness vertical variation was small du-
ring both study periods (dry: VC = 4-17 %; rainy:
VC = 5-25 %), being usually greater during the

rainy period (Fig. 7). The number of species va-
ried between 19 and 26 during the dry period and
between 18 and 32 during the rainy one.
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Dominance index varied little at hourly and
daily scales during the two study periods, having
little in�uence on diversity and species richness.
The dominance index showed very homogeneous
spatial and temporal distributions, indicating no
signi�cant differences between sampling depths,
hours and days, except for depth during the rainy
period. Higher dominance values were detected
during the dry season, in average 1.3 to 2.6 times
higher than during the rainy season (Fig. 7).

During the two study periods, simple regression
analysis showed that species diversity was more af-
fected by evenness than by species richness (Fig. 8).

Considering phytoplankton spatial and tem-
poral distribution (hourly and daily), based on
the average biovolume, the main community des-
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Figure 8. Degree of association between diversity
(bits ·mg−1), evenness and diversity (bits ·mg−1)-number of
species (numerical richness) during 7 consecutive days and 3
different times during the dry and rainy periods. Grado de aso-
ciación entre diversidad (bits ·mg−1), equitabilidad y diversi-
dad (bits ·mg−1)-número de especies (riqueza numérica) du-
rante 7 d�́as consecutivos y 3 épocas distintas de 2 per�́odos.

criptive species were Peridinium gatunense Ny-
gaard and Oocystis lacustris Chodat, whose con-
tribution during the dry period was, respectively,
54.4 % and 29.8 % of the total biovolume (Fig. 9).
Emphasis should also be given to the dominance
of P. gatunense in 58 % of the dry period sam-
pling units (105 sampling units), and to its abun-
dance in all the remaining ones. During the rainy
period, �ve species were considered descriptive
of the community, namely Chlamydomonas de-
baryana Goroschankin, Oocystis lacustris, P. ga-
tunense,Frustulia crassinervia (Brébisson) Lange-
Bertalot & Krammer, and Pteromonas sp., which
altogether had an average contribution of 66.7 %
or, individually, 24 %, 12 %, 12 %, 10 % and 5 %
of the total biovolume. Considering species repre-
sentativeness in the community structure, during
the rainy period 12 species represented together
81 %, whereas during the dry one, just P. gatu-
nense andO. lacustris together represented 80 %.

The phytoplankton community descriptive spe-
cies during the dry period –O. lacustris and P.
gatunense– reduced, respectively, by 6 and 3 times
their averagebiovolumeduring the rainyperiod.

Application of the C-R-S functional group ap-
proach sensu Reynolds (1984a, 1988b, 1997) in-
dicated dominance of S-strategists during the en-
tire dry period, contributing between 81 % and
93 % to the community. However, during the
rainy period, the phytoplankton community had
the participation of all three kinds of strategists,
particularly of C-strategists, whose representati-
veness varied from 23 % to 83 % (Fig. 10).

DISCUSSION

Disturbances are mainly stochastic abiotic events
that result in distinct abrupt changes in the commu-
nity taxonomical composition, directing its internal
organization and ecological equilibrium. Such
events include the time scale and the frequency of
the algal generation time (Reynolds 1988a). Con-
nell’s (1978) IDH was adapted to the phytoplankton
by Reynolds (1988a) that stated that maximum
diversity is reached under intermediate disturbance
condition and frequency. Among others, Reynolds
(1995), Sommer (1995) and Flöder & Sommer
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Figure 9. Hourly changes of the phytoplankton’s total biovolume (mm3 ·L−1) and of the speci�c biovolume of the community’s
descriptive species during 7 consecutive days during the dry and rainy periods.Cambios horarios del biovolumen �toplanctónico total
(mm3 ·L−1) y del biovolumen espec�́�co de las especies descriptoras de la comunidad durante 7 d�́as consecutivos de los per�́odos
seco y lluvioso.
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Figure 10. Variation of C-R-S (sensu Reynolds) functional groups during 7 consecutive days during the dry and rainy periods.
Variación de los grupos funcionales C-R-S (de acuerdo con Reynolds) durante 7 d�́as consecutivos de 2 per�́odos: seco y lluvioso.
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(1999) considered that IDHisagoodexplanation for
Hutchinson (1961) ‘plankton paradox’. According
to Kalff (2002), IDH is an attempt to reconcile
the most recent interpretation of non-equilibrium
with the old one of equilibrium, simply becau-
se the organizational status of a community is
the result of a progress towards equilibrium after
the last disturbance. It is consensual that different
disturbance levels may act differently on the phy-
toplankton community organization. Thus, ap-
plication of the IDH may contribute to the un-
derstanding of complex structural changes in the
community, mainly in the tropical region were
they are not yet well understood.

The IAG Lake is subjected to physical dis-
turbances that could, afterwards, interfere in the
phytoplankton community composition, biomass
and diversity. According to Eloranta (1993), an
increase of the mixing zone depth, changes in
water transparency and turbidity, and nutrient
availability are factors that affect the commu-
nity structure. An increase of the mixing zone
depth can be interpreted as a disturbance that
would re-establish the phytoplankton commu-
nity succession process (Lewis, 1978; Reynolds,
1984a). The diversity of phytoplankton commu-
nities is probably maintained by continuous tem-
poral changes that seem to keep such communi-
ties in a continuous succession process.

According to Sommer et al. (1993), an increa-
se of the mixing zone depth can be one ideal indi-
cator of physical disturbance in strati�ed environ-
ments. Among the factors that act as disturbance
agents at the IAG Lake, the most directly con-
nected with phytoplankton community responses
is the water column strati�cation and mixing (Lo-
pes & Bicudo, 2001; Lopes et al., 2005). Such a
process is responsible for an important variation
of the mixing zone depth that allowed identi�-
cation of atelomixis in the IAG Lake during the
dry period (Lopes et al., 2005). Therefore, in the
present study, the variation of the mixing zone is
considered a disturbance factor.

As in Reynolds (1988a), the depth of the mi-
xing zone at the IAG Lake was considered a dis-
turbance factor of low frequency during the dry
period due to circulation occurring at intervals
shorter than 20 h. During the rainy period (20-

200 h or equivalent to 1-8 days) it was consi-
dered of intermediate frequency due to the mi-
xing zone depth increase during the 7th sam-
pling day, at 07:00 h, as a result of the circula-
tion that occurred during the proceeding night. In
other words, the dry period was considered a high
frequency physical disturbance one, which took
place at maximum intervals of 12 hours, while
the rainy period was considered an intermedia-
te frequency period because only after six days
a strong enough physical disturbance occurred
that modi�ed the mixing zone depth. Observation
allowed us to deduce that such a circulation and
the consequent increase of the mixing zone depth
occurred less frequently during the rainy period
than during the dry period. Therefore, disturban-
ce was classi�ed as intermediate frequency.

The period of intermediate frequency distur-
bance (rainy) was characterised by simultaneo-
us thermal and chemical strati�cation presently
identi�ed by strati�cation of both TN and TP
concentration and DO pro�le (Lopes & Bicudo,
2001). Conversely, vertical distribution of those
same variables was homogeneous during the high
disturbance period (dry). It should also be men-
tioned that the highest TN and TP availabilities
occurred during the rainy period.

The phytoplankton community structure at the
IAG Lake differed substantially in terms of total
biovolume between the two study periods. During
the rainy one, total biovolume remained stratified
during the seven sampling days, presenting greater
biomass production below the mixing zone (within
the thermocline). On the contrary, during the dry
period its vertical distribution was homogeneous.
Consequently, total biovolume reflected stratifica-
tion and mixing conditions, indicating the greater
biomass production in the metalimnion under
intermediatedisturbanceconditions.

The species’ diversity provides information
about the phytoplankton community internal or-
ganization (Margalef, 1974). Comparing even-
ness and species richness in each stage (same
population generation time) under different con-
ditions (dry and rainy) it is possible to evalua-
te the climate impact on phytoplankton diversity.
Highest diversity, evenness, and species richness
values were measured during the rainy period, the
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disturbance frequency being intermediate. Diver-
sity was high during both periods of the present
study when compared to other ones carried out
at the PEFI Biological Reserve area (Crossetti &
Bicudo, 2005). Such results very well demons-
trate the role of physical high frequency distur-
bances, such as night circulation, on preventing
an increase in the phytoplankton diversity. Atelo-
mixis associated with high frequency disturban-
ce explains the existence of the smallest diversity,
evenness and species richness values at the reser-
voir during the dry period.

During the dry period, the mixing zone depth
increase resulting from night circulation suggested
the presence of a high frequency disturbance
condition. Under this condition, the phytoplankton
community was characterised for its temporal high
diversity and evenness variability (hours and days).
During the intermediate disturbance period (rainy),
the same biological indices revealed greater vertical
variability, showing no significant difference in
the temporal scale. Consequently, species diversity
and evenness responded differently to the different
frequency levels of disturbance.

Since diversity refers to number of species
and its evenness, such components exhibited an
irregular distribution pattern throughout the two
study periods due to biomass oscillation in the
reservoir. It was possible to observe that during
the mixing period (dry period) P. gatunense do-
minance was detected in most sampling units.
Other studies carried out in the IAG Lake repor-
ted a high density of P. gatunense during the mi-
xing period (Lopes et al., 2005; Oda & Bicudo,
2006). In the subtropical Lago Kinneret, P. ga-
tunense bloom declined during the strati�cation
period (Zohary et al., 2000). During the same pe-
riod, it was also observed that death rates pro-
ceeded a mass sedimentation �ux of Peridinium
(Viner-Mozzini et al., 2003). Presently, a condi-
tion of high frequency disturbance (night circula-
tion) documented during the dry period favoured
the dominance of the S-strategist P. gatunense.

During the rainy period (intermediate distur-
bance), species diversity and evenness highest
values were con�rmed by the phytoplankton
community taxonomical structure. Despite the
persistence of P. gatunense and O. lacustris

among the main community descriptive species,
the increase in participation of other species
such as, for example, Chlamydomonas debarya-
na, Pteromonas sp. and Frustulia crassinervia
was evident. Frustulia is usually related to the
bentonic habitat (Siver & Baskette, 2004), but
it also occurs in the phytoplankton of shallow
lakes (Ziller & Economou-Amilli, 1998; Negro
et al., 2003; Cardoso & Motta-Marques, 2004),
possibly due to the reduction of loss by sedimen-
tation under mixing conditions (W�́llen, 1991)
and/or re-suspension of the species from the bot-
tom (Cardoso & Motta-Marques, 2004). Empha-
sis should be put on C. debaryana among the
most favoured species under the intermediate fre-
quency disturbance condition, its population den-
sity being associated to the high TP values during
the rainy period (Lopes et al., 2005). As a ru-
le, Chlorophyceae are very much favoured under
great nutrient availability conditions (Happey-
Wood, 1988). Consequently, under the interme-
diate frequency disturbance condition (rainy pe-
riod) P. gatunense lost its competitive advantage,
with a daily average contribution to the commu-
nity reduced 2 to 19 times in relation to that of
the dry period. Also, the participation of seve-
ral other species (diversity increase), mainly of
Chlorophyceae, was observed.

The modi�cation in the phytoplankton com-
munity taxonomical structure con�rmed results
obtained by using biological indices, i.e. diver-
sity increase and dominance index decrease du-
ring the intermediate disturbance period.

Considering the C-S-R triangle proposed by
Reynolds (1984b, 1988b, 1997), the species iden-
tified for the IAG Lake clearly demonstrated that
atelomixis (night circulation) conditions during the
dry period favoured S-strategists (sensu Reynolds).
According to Reynolds (1997), this functional
group has the ability to explore nutrient depleted
environments. It must be emphasized that during
the dry period at the IAG Lake, nutrient availa-
bility was lower and its vertical distribution mo-
re homogeneous. On the other hand, during the
rainy period, under more stable conditions at the
reservoir (absence of night circulation during the
entire 144 h study period), there was an increa-
se in adaptive strategies diversity, mostly of C-



Phytoplankton of a shallow and oligotrophic tropical reservoir 171

strategists (sensu Reynolds), which are able to
explore light and nutrient saturated environments
(Reynolds, 1997). C-strategists were mostly re-
presented by Chlorophyceae. According to Con-
nell (1978), a community under an intermediate
frequency disturbance condition may re-establish
many times its pioneer species (C-strategists) and
successfully competing populations may coexist.
Consequently, maximum diversity would be met
under an intermediate frequency disturbance con-
dition. On the other hand, under a high frequency
disturbance condition, few pioneer species may
get established after each disturbance event, thus
maintaining low diversity.

Based on the observations above, it is possible
to state that the phytoplankton community at the
IAG Lake presented a non-successional change,
since physical disturbances such as loss of water
column stability and increase of the mixing zo-
ne depth led to that sort of change in the species’
composition (Sommer, 1991). According to the
latter author, succession is the change in the spe-
cies’ composition resulting from intrinsic inter-
actions under external non-disturbed conditions,
i.e. under stability or increase of physical stabi-
lity of the water column system.

The main disturbance factor in the IAG Lake
was the depth variation of the mixing zone, which
was not associated to the wind action on the
water column, but to its daily cooling-heating
cycle (atelomixis). Disturbance events (mixing zone
depth) were considered of high frequency during
the dry period and of intermediate frequency du-
ring the rainy one. Attributes of the phytoplankton
community presently studied –species’ diversity,
evenness, and dominance and richness– were
high during both study periods, but significantly
higher during the rainy one. Finally, the present
observations and the short term results from this
investigation confirm the basis of the IDH in natural
phytoplankton communities in a tropical ecosystem,
thus showing that diversity was greater during
the intermediate disturbance phase (rainy period).
Limnological conditions also favoured evenness
and species richness increase, besides inducing
changes in the phytoplankton community struc-
ture at its descriptive species and functional
groups level. Finally, it is clearly evident that the

IDH may be a powerful mechanism towards un-
derstanding the complex phytoplankton structu-
ral changes under spatial and temporal scales and
thus, to proceed towards predictability.
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