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ABSTRACT: Species composition and seasonal succession of some planktonic components were
studied through monthly samplings during 2 yr (1997 and 1998) in Ingazeira reservoir, northeast
Brazil. Linked to the severe drought in this region (1997 El Niño event) was the dominance of the
toxic filamentous cyanobacterium Cylindrospermopsis raciborskii in the phytoplankton in 1998 (96 to
100% of total phytoplankton biomass), with small proportions of heterocytes (12% of filaments). A
great part of the variability of the particulate organic carbon (R2 = 83.9%) was explained by changes
in the C. raciborskii carbon biomass. A more significant change in bacterial communities was
observed in the post-bloom phase when biomass increased due to the appearance of larger sizeclasses of cell volume. This bacterial size structure may be the consequence of a strong pressure by
bacterivores. Among the zooplanktonic groups, rotifers were numerically more abundant throughout
the survey, but microcrustaceans, especially the copepods, contributed the highest proportion of the
biomass. Despite the low edibility of C. raciborskii (large trichomes; mean of 97 µm, n = 204), zooplankton diversity increased during and after the bloom (March to December 1998). Our data suggest
that rotifers and copepods were able to cut up and shorten the filaments to edible size for other zooplankton species, especially the small-bodied herbivorous cladocerans. Thus, in the studied ecosystem, the heterotrophic micro-organism community appeared to be able to develop a strategy to cope
with a dominant and relatively inedible algal food source.
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INTRODUCTION
Cyanobacterial blooms are increasingly frequent in
continental aquatic systems around the world as a
result of eutrophication. Frequently, these blooms can
produce a wide range of toxins in water, posing a
potential risk to livestock (Carmichael 1994, Codd
2000) and human health (such as the Caruaru tragedy
in Pernambuco state, Brazil; Azevedo 1996). As often
mentioned, the success of cyanobacterial species is
explained by the facts that they are able to adapt their
*E-mail: bouvy@dakar.ird.sn
© Inter-Research 2001

physiological capacities to compete with other phytoplanktonic species (e.g., light and nutrients; Padisák
1997) and that they seem less edible for zooplankton
and fish than other non-blooming algae (Gilbert 1996,
Reynolds 1998). Cyanobacteria are often competitors
at high turbidity when the underwater light levels are
low (Padisák 1997), and this dominance can be highly
resilient (Dokulil & Mayer 1996). Many filaments are
simply too large to be ingested by most zooplankters,
and this can clog the feeding efficiency of filter feeders
(Gliwicz & Lampert 1990). The relative inedibility of
cyanobacteria suggests that they may be favoured by
the presence of zooplankton, which tend to eliminate
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competing algae that are more susceptible to grazing
(Gragnani et al. 1999). Such selective grazing is often
mentioned as an explanation for a shift to cyanobacterial dominance following the spring peak of zooplankton (Sarnelle 1993). Furthermore, the absence of large
cladocerans such as Daphnia in tropical ecosystems
facilitates the development of many cyanobacterial
communities (Lazzaro 1997). The effect of toxins on
different components of the microbial food web has
been largely ignored in ecological studies (Christoffersen 1996, Sommaruga & Robarts 1997), but they
may affect several processes such as bacterial grazing
by protists (Paerl & Pinckney 1996). On the other hand,
the cyanobacterial products can have a potentially
important role in regulating bacterial development, as
evidenced by the direct coupling existing between
bacterioplankton abundance and cyanobacterial density (Wang & Priscu 1994, Worm & Sondergaard 1998).
Although the filamentous cyanobacterium Cylindrospermopsis raciborskii can often dominate phytoplankton assemblages (Padisák 1997), only a few investigations concern its impact on the other pelagic
components (Hawkins & Lampert 1989, Rothhaupt 1991,
Branco & Senna 1996, Mayer et al. 1997, de Souza et al.
1998, Bouvy et al. 1999, Borics et al. 2000). Its potential
toxicity involving hepatotoxins (Ohtani et al. 1992) and
neurotoxins (Lagos et al. 1999), is a threat to animal
and human health, and its ability to form dense blooms
appeared to decrease the biodiversity by eliminating
all other phytoplankton species (Bouvy et al. 2000).
Physical and climatological factors are responsible for
the ecological determinants of the occurrence of C.
raciborskii in reservoirs located in the Brazilian semiarid region (Bouvy et al. 2000, Nascimento et al. 2000).
During the drought linked to the 1997 El Niño effects,
a bloom of C. raciborskii, characterized by an average
of 98% of coiled filaments, was observed in one of
these reservoirs (Ingazeira reservoir) used mainly as a
drinking water supply. In addition, neurotoxins have
been detected from C. raciborskii extracts by intraperitoneal injection into mice (Molica et al. 1998,
Bouvy et al. 1999). The dynamics of this cyanobacterial
bloom were described over 2 yr (1997 and 1998) in a
study of seasonal variations of environmental and phytoplanktonic parameters (Bouvy et al. 1999). In this
paper, dealing with the same study period, the seasonal variations of carbon biomass of the main trophic
components of this reservoir were analysed, with a
special focus on the effects of the C. raciborskii bloom
(March to September 1998) on 2 pelagic compartments: (1) the bacterial communities, which are now
widely accepted as being the most important link
between detritus, dissolved organic matter and higher
trophic levels (Cole et al. 1988 and references therein);
and (2) the zooplankton organisms, which are consid-

ered as the major herbivorous components utilising
phytoplankton as the main source (Boon et al. 1994).

MATERIALS AND METHODS
The Ingazeira reservoir (8° 34’ S, 36° 52’ W) is situated in Pernambuco state, 250 km from the Atlantic
Ocean (see details in Bouvy et al. 1999). Its surface is
130 ha at maximum capacity (theoretical volume of
4.6 × 106 m3). Its mean depth is 5 m with a maximum
depth of 13 m in front of the dam. The climate of the
region is classified as semi-arid with a historical annual
average precipitation of 708 mm (1920 to 1985 period).
However, in 1997, the annual value was lower
(507 mm), and the precipitation decreased dramatically in 1998 with an annual rainfall of 123 mm. These
irregularities in precipitation were observed in all of
the Brazilian semi-arid region, as a direct consequence
of the 1997 El Niño event. The water level in Ingazeira
reservoir decreased by 5.2 m between January 1997
(full total capacity) and December 1998 (20% of the
total volume).
Samples were collected at a fixed station in front of
the dam at bimonthly intervals from January 1997 to
March 1998. Between March and December 1998,
samples were taken monthly in order to follow the
cyanobacterial bloom. Water samples for particulate
matter, bacteria, phytoplankton and chlorophyll concentrations were taken with a 2 l vertical Niskin bottle
at 2 sampling levels: 0.5 and 5 m, near the bottom. Particulate organic carbon (POC) and nitrogen were
detected by CHN analyser from samples (duplicates)
retained on pre-combusted GF/F filters. Moran et al.
(1999) reported that GF/F filters (mean pore size of
0.7 µm) let through only an amount of bacterial cells
ranging from 6.5 to 10.3% of the total in a comparison
of different types of filters used for the estimation of
bacterial biomass from seawater samples. Samples for
bacterial direct counts were fixed with buffered formalin (2% final concentration) and stained with 4’, 6diamidino-2-phenylindole fluochrome (DAPI; final
concentration of 100 µg ml–1) (Porter & Feig 1980). Bacterial cells were counted by epifluorescence microscopy, and mean bacterial volumes were determined
by measurements of up to 100 cells using photographic
slides and a digitising table. Cell volumes were computed with the formula described by Krambeck et al.
(1981). Carbon biomass was estimated assuming a conversion factor of 0.2 pg C µm– 3 (Simon & Azam 1989).
The frequency distribution of size classes can be
obtained from the size-based Shannon index of diversity (H = – ∑pi log2 pi, where pi is the probability of size
class i), which indicates the size diversity of bacterial
communities (Ruiz 1994).
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Phytoplankton analysis was described
Table 1. Average size (± SD) of the main rotifers, and estimation of their volume
(V ) according to the formula of Ruttner-Kolisko (1977) and of their individual
in Bouvy et al. (1999). Cell volumes
weight. L: length
based on measured dimensions were
estimated for each species from geoTaxa
Length
n
Formula Volume
Weight
metric solid formula (Rott 1981). Carbon
(µm)
(106 µm3) (µg C ind.–1)
biomass was calculated using a carbon/dry weight ratio of 0.5 (Redfield
0.30
0.013
Keratella longispina
111.0 ± 13.3 78 V = 0.22 L3
1958). Phytoplankton diversity was ex0.23
0.010
Keratella tropica
101.2 ± 15.9 49 V = 0.22 L3
Brachionus calyciflorus 207.1 ± 16.5 40 V = 0.12 L3
1.06
0.047
pressed by the Shannon-Weaver index
Brachionus plicatilis
140.6 ± 15.3 46 V = 0.12 L3
0.33
0.015
(Shannon & Weaver 1963) based on the
0.08
0.004
Brachionus angularis
89.3 ± 15.8 56 V = 0.12 L3
biomass of each species according to the
0.19
0.008
Polyhartra sp.
87.8 ± 17.9 41 V = 0.28 L3
formula H (bits) = – ∑b i /N × log2 (b i /B),
where b i is the biomass of the ith species (as specific wet biomass) and B is total biomass.
of Cylindrospermopsis raciborskii increased greatly
Zooplankton were sampled with conical nets (30 cm
between April and November 1998, reaching 96 to
diameter aperture, 80 cm height, 50 µm mesh size). In
100% of the phytoplankton biomass (Fig. 1). The
order to sample the whole water column, the net was
Shannon diversity index was low during the study
laid on the bottom and hauled 5 min later. The samples
with a mean of 0.33 and 0.29 at depths of 0.5 and 5 m,
were preserved in buffered formaldehyde at a 5%
respectively. In 1998, minimum values of the index
final concentration. Organisms were counted on the
coincided with the dominance of C. raciborskii
whole sample or on subsamples estimated volumetri(Fig. 1). During the survey, more than 99% of the
cally using wide bore piston pipettes (0.5 to 5 ml) and
phytoplankton variability was explained by the C.
including at least 300 individuals. Total length (L in
raciborskii variation (n = 30, R2 = 0.993; Fig. 2). This
mm) was measured under a dissecting microscope and
cyanobacterial species was represented by both
converted into dry weight using common relationships
straight and coiled forms, but the coiled form domiand then into carbon using a carbon/dry weight ratio of
nated with a mean of 98% during the survey (Fig. 3).
0.45 (Tables 1 & 2). Zooplankton diversity was expresThe mean length of the filaments was 97 µm with a
sed by the Shannon-Weaver index (see above).
range of 42 to 194 µm (n = 204), and fresh volumes
The statistical software package SigmaStat (Jandel
were close to 736 µm3 for the straight form and 613
Corp.) was used to compute the Mann-Whitney tests
µm3 for the coiled form.
and the Spearman rank correlation.
POC averaged 9.41 and 7.74 mg C l–1 for the 2 studied levels, respectively, with higher values observed
during and after the bloom until December 1998
RESULTS
(Table 3). Particulate organic nitrogen averaged 1.59
and 1.43 mg N l–1 at 0.5 and 5 m, respectively, with the
Relative abundance and biomass of the phytoplankhighest values between April and September 1998.
ton community have been described in a previous
Values of C/N averaged 7.12 and 6.82, respectively, for
report (Bouvy et al. 1999). Cyanobacteria dominated
the 2 studied levels, with the lowest values during the
the community throughout the survey (mean of 90.3
bloom of C. raciborskii between April and September
and 95.5% for the 2 depths studied). The population
1998 (Table 3).
Table 2. Average length (±SD) of the main crustaceans and estimates of their individual carbon weight according to length-weight
relationships from the literature, and a constant C/dry weight (DW) ratio = 45%. J: juveniles; Ad: adults. (1) Saint-Jean (Lake
Chad, unpubl. data); (2) Bottrel et al. (1976); (3) Saint-Jean & Bonou (1994)

Copepods
Notodiaptomus cearensis
Thermocyclops decipiens

Cladocerans
Ceriodaphnia cornuta
Moina micrura

Stage

n

Length (mm)

Weight (µgC)

Formula

Source

Males + females
Males
Females
Nauplii

32
40
54
42

0.975 ± 0.148
0.520 ± 0.619
0.712 ± 0.130
0.129 ± 0.186

4.599
0.387
0.883
0.008

DW = 11.0 L2.9
DW = 4.8 L2.63
DW = 4.8 L2.63
DW = 2.5 L2.36

(1)
(1)
(1)
(2)

J + Ad
J + Ad

31
31

0.316 ± 0.117
0.425 ± 0.761

0.124
0.454

00DW = 12.97 L3.34
DW = 9.0 L2.76

(2)
(3)
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Fig. 1. Time course of phytoplankton biomass of different
taxonomic groups, and of the
Shannon-Wiever index at 0.5 m
depth (A) and at 5 m depth (B)
in 1997 and 1998

The carbon biomass of Cylindrospermopsis raciborskii accounted for a large proportion of the POC,
ranging between 8.3% and 108.9% during the bloom
(mean of 58.3%; Table 4). This dominance of C. raciborskii was also detected by a significant correlation
between the POC and C. raciborskii biomass before
and during the bloom with 84% of the POC variability explained by the C. raciborskii biomass variations
(Fig. 4). After the bloom, the accumulation of de
tritical organic material linked to C. raciborskii
degradation explained the low correlation between
these 2 parameters throughout the survey (R2 = 0.212;
n = 15).

Changes in bacterial abundance at 0.5 m was limited, between 3.83 × 109 cells l–1 in March 1997 and
5.65 × 1010 cells l–1 in May 1998 during the bloom
(mean of 3.11 × 1010 cells l–1; Fig. 5). The same seasonal variation was observed near the bottom with a
mean of bacterial abundance of 2.46 × 1010 cells l–1.
Bacterial biomass accounted for a very low proportion
of the POC during the survey (mean: 0.20%; Table 4).
The bacterial communities was composed mainly of
free rod-type forms with a mean cell volume of
0.030 µm3 (0.5 m depth) and 0.032 µm3 (0.5 m near
the bottom). The highest cell volumes were noted at
the end of the bloom and after the bloom of Cylin-
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Fig. 2. Linear regression between Cylindrospermopsis raciborskii
carbon biomass and phytoplankton carbon biomass at 0.5 and 5 m
depth during the survey
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Fig. 3. Photomicrographs by epifluorescence microscopy
showing trichomes of Cylindrospermopsis raciborskii.
(A) Coiled trichome with 2 terminal heterocytes (h);
(B) coiled trichome with 2 regions showing breakage of
filaments by zooplankton after 48 h of grazing experiments

qualitative composition of this zooplankton biomass was noticed, especially in 1998 with the C.
raciborskii bloom. Rotifers were dominant during
the survey with a mean proportion of 85.4% of the total
zooplankton abundance. Copepods and cladocerans
accounted for an average of 5% and 9.5% of the zooplankton abundance, respectively. However, in terms
of carbon biomass, copepods dominated the zooplankton community throughout the survey with a mean of
74.2%, while rotifers had a mean of 16.9% (range
between 8.7 and 35.3%; Fig. 8). Cladocerans averaged
a small proportion (mean of 8.9%) but reached high
biomass during the second zooplankton peak, coincid-

drospermopsis raciborskii, with mean values higher
than 0.040 µm3 (Fig. 5). Patterns of bacterial biomass
were similar to those of abundance, with a mean of
18.67 µgC l–1 at 0.5 m. There was no significant difference (Mann-Whitney tests) between the 2 studied
levels for each bacterial parameter (abundance, volume, biomass), suggesting that there was a great
homogeneity of the water column in terms of bacterial dynamics.
The size-class distribution of bacterial cells
was defined with an arbitrary size class of
0.01 µm3 (Fig. 6). In 1997, all size classes were
less than 0.12 µm3, while the size classes
reached 0.16 µm3 in December 1998. In March
1998, at the beginning of the bloom, there were
only 3 size classes of cell volume with a mode of
0.015 µm3. In December 1998 after the bloom,
14 size classes were present with the mode of
bacterial volume rising to 0.050 µm3. The lowest values of size-class diversity were observed
in October 1997 and March 1998 and the highest after the Cylindrospermopsis raciborskii
bloom (Fig. 7).
The total zooplankton biomass was low in
1997 (10 to 30 µg C l–1) and increased in 1998,
reaching the highest values (close to 116 µg C
l–1; 1.25% of POC) in March, i.e., before the
peak of Cylindrospermopsis raciborskii
(Table 4). Afterwards, it decreased until June,
peaked again in August and decreased until
Fig. 4. Linear regression between Cylindrospermopsis raciborskii
November, reaching values as low as those in
carbon biomass and particulate organic carbon at 0.5 m depth
before and during the bloom (n = 10)
1997 (ca 20 µg C l–1). A distinct change in the

220

Aquat Microb Ecol 25: 215–227, 2001

tion were evident, with
biomass maxima recorded
from March to October
1998 for Brachionus calyciflorus and from March to
June 1998 for the genus
Keratella, i.e., during the C.
raciborskii bloom (Fig. 9).
Other genera such as Polyarthra, Filina and Trichocerca were poorly represented throughout the
study. Copepods were represented by 1 calanoid
(Notodiaptomus cearensis)
and 1 cyclopoid (Thermocyclops
decipiens)
with
marked peaks between
March and October 1998.
For cladocerans, 2 species
were identified: Moina
Fig. 5. Time course of bacterial abundances and biovolumes at 2 sampled depths (0.5 and
5 m depth) in 1997 and 1998
micrura and Ceriodaphnia
cornuta, with a notable
peak of M. micrura being with the end of the cyanobacterial bloom in August
tween August and November coinciding with the end
1998 (35.9 µg C l–1; 40% of total biomass; Fig. 8). Comof the C. raciborskii bloom (Fig. 9). The Shannon dimon genera of rotifers were Brachionus with 4 species
versity function was low in 1997 (between 0.8 and 1)
(calyciflorus, plicatilis, angularis and falcatus) and Kerwhile the highest values were observed during and
atella with 3 species (longispina, tropica and 1 undeafter the C. raciborskii bloom (between 1.29 and 1.52;
termined species). Patterns of seasonal biomass variaFig. 10).

Table 3. Concentrations of particulate organic carbon and nitrogen, and C/N
ratio for each depth (0.5 and 5 m) during the survey between January 1997 and
December 1998. Average and coefficient of variation (%) are reported
Date of
survey

Organic carbon
(mg C l–1)
0.5 m
5m

Organic nitrogen
(mg N l–1)
0.5 m
5m

C/N ratio
0.5 m

5m

Jan 1997
Mar
May
Aug
Oct
Dec
Apr 1998
May
Jun
Aug
Sep
Oct
Nov
Dec

3.45
4.28
6.64
4.25
8.70
4.58
10.54
13.73
13.15
13.81
10.00
12.12
13.14
13.33

2.91
3.38
5.00
3.75
6.45
4.18
10.34
6.06
15.72
14.50
9.67
6.77
10.00
9.68

0.55
0.59
0.88
0.57
1.51
0.72
2.14
2.34
2.46
2.67
2.03
1.76
1.83
2.17

0.43
0.54
0.79
0.45
1.15
0.69
2.21
1.13
2.91
2.70
2.03
1.35
1.79
1.81

7.34
8.43
6.88
8.62
6.74
7.39
5.75
6.86
6.25
6.04
5.74
8.05
8.39
7.18

8.00
7.38
7.41
9.72
6.59
7.90
5.48
6.27
6.30
6.27
5.55
5.83
6.51
6.25

Average
CV (%)

9.41
41.19

7.74
50.32

1.59
47.01

1.43
55.96

7.12
13.30

6.82
16.34

DISCUSSION
In eutrophic shallow lakes, dominance of the filamentous cyanobacteria is a particularly important water
quality problem, which can even persist throughout the year (Sas 1989).
This case is reported by Huszar et al.
(2000), who reported that cyanobacteria were dominant during 100% of
the annual cycle in 8 productive tropical Brazilian waters. From our investigation of about 39 reservoirs located
in Pernambouc state (Bouvy et al.
2000), we concluded that the singlespecies community structure is probably the ultimate manifestation of
hypertrophy in turbid shallow reservoirs. The highly significant coefficient of determination between POC
concentration and Cylindrospermopsis raciborskii biomass obtained in
this study (R2 = 0.84) confirms the
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Fig. 6. Size-class distribution of cell volume of bacterial communities at 0.5 m depth for each month during the survey
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Effect of the bloom on
bacterioplankton
During the survey, total bacterial
abundance was not significantly
correlated (p > 0.05) with the variations of Cylindrospermopsis raciborskii biomass. However, the highest cell volumes were observed
during and after the bloom, explaining the increase of the bacterial biomass. In fact, this high biomass was
due to the appearance of higher size
classes of cell volume (Fig. 6). In
March 1998, there were 3 size
classes of cell volume at the beginning of the bloom, whereas up to 14
size classes were present after the
Fig. 7. Time course of the ratio of Cylindrospermopsis raciborskii biomass to POC,
bloom. The Shannon index values
and the diversity of size class of the bacterial communities during the survey
computed on the basis of size-class
frequency show an increase in the
dominance of this cyanobacterium in the POC stock.
diversity of bacterial size classes from the beginning to
The diversity Shannon-Weaver index was lowest durthe end of the bloom (Fig. 7). Thus, bacterial communiing the bloom period with an evident trend of
ties exhibited their highest biovolumes and new cell
decrease in phytoplankton diversity coinciding with
size classes during and after the C. raciborskii bloom,
an increase in C. raciborskii dominance, accounting
suggesting that their control factors have been modifor close to 100% of the total algal composition over
fied. This bacterial size structure may be the conse9 mo.
quence of changes in the grazing pressure by bacteriOur study has focused on the effect of a Cylindrosvores. Study of the size structure of planktonic bacteria
permopsis raciborskii bloom on bacteria and zooplankfrom a hypereutrophic lake has already shown that the
ton community structure because very little ecological
development of large forms can be a winning strategy
research has been done on the effects of a toxic bloom
under high protist grazing pressure (Sommaruga &
on the other pelagic components.
Psenner 1995). Jürgens & Güde (1994) and Posch et al.
(1999) showed that bacterial cell size appears to be an
important factor influencing susceptibility to grazing,
with a refuge at the lower and upper ends of the bacterial size range. All of this information suggests that the
appearance of higher size classes can be explained by
a strong bacterivorous pressure by nanoflagellates and
the absence of other larger bacterivores. Based on the
dilution method of Landry et al. (1984), the unique
grazing experiment conducted in March 1998 in
Ingazeira reservoir confirmed the impact of heterotrophic nanoflagellate pressure on bacteria with a high
grazing value close to 81% of the bacterial cell production (unpubl. data).
If there is increasing evidence that standing stock of
bacterial biomass is regulated by grazing, then bacterial growth is controlled by resource supply (del Giorgio
et al. 1996, Posch et al. 1999). In Ingazeira reservoir,
the highest abundances of bacteria were reported during the bloom, suggesting that the standing crop of
Fig. 8. Seasonal variations of the carbon biomass of the main
labile organic matter issuing from cyanobacterial exuspecies belonging to the 3 zooplanktonic groups (copepods,
dates can regulate bacterial growth. Wang & Priscu
rotifers and cladocerans) during the survey from January
1997 to December 1998
(1994) showed that aquatic bacterial activity could be

Bouvy et al.: Impact of a cyanobacterial bloom on microbial structure
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Fig. 9. Seasonal variations of the carbon biomass of zooplankton (µg C l–1) during the survey from January 1997 to December 1998.
(A,B) Rotifers (Brachionus calyciflorus, B. plicatilis, Keratella longispina and K. tropica); (C) copepods (Thermocyclops decipiens and Notodiaptomus cearensis); (D) cladocerans (Moina micrura and Ceriodaphnia cornuta)
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study based on 39 northeast Brazilian reservoirs with a mean of 23 taxa
(Bouvy et al. 2000) and the general
trend of a decrease of limnetic
rotifers and crustacean diversity
towards the equator (Fernando &
Paggi 1998).
It is well known that each zooplanktonic species differs in its selective feeding patterns depending
mainly on prey size (e.g., Pagano et
al. 1999). The cyanobacteria are inedible prey for most species of zooplankton, and only small colonies or
dispersed cells of cyanobacteria can
be ingested (Jarvis et al. 1987). Very
few reports of zooplankton grazing
on cyanobacteria, and especially
Cylindrospermopsis raciborskii, are
Fig. 10. Time course of the ratio of Cylindrosperompsis raciborskii biomass to POC,
available in the literature. Fabbro &
and the zooplankton Shannon index during the survey
Duivenvoorden (1996) reported the
absence of grazing for the dominant
coiled forms during a bloom of C. raciborskii. Rothstimulated by cyanobacterial exudates with no toxic
haupt (1991) surmised that Brachionus may be negaeffect. Mayer et al. (1997) interpreted very high bacterial numbers during a cyanobacterial bloom (mainly
tively affected by the mechanical (rigid filaments) or
biochemical (toxins) properties of C. raciborskii. In
Limnothrix redekei and Cylindrospermopsis raciborcontrast, Fulton & Paerl (1988) showed that some rotiskii) in a hypereutrophic temperate lake as the result
fers such as the genus Brachionus seem to be resistant
of the release of labile dissolved organic matter. Howto toxins, and perhaps, according to Kirk & Gilbert
ever, Paerl & Pinckney (1996) suggested that the toxins
may affect several ecological processes including graz(1992), they have sophisticated taste receptors that
enable them to ignore toxic cyanobacteria. Many
ing by protists. Similarly, Christoffersen (1996) and
works have shown that the large cladoceran species
Sommaruga & Robarts (1997) found a decrease in
abundance and growth rate of heterotrophic flagel(such as Daphnia or Diaphanosoma) were more sensitive to the toxic filamentous cyanobacteria than the
lates in a Danish lake during a toxic Microcystis bloom.
small species (Infante & Riehl 1984, Kirk & Gilbert
In our study, there was no evidence that toxins liberated by C. raciborskii cells affect the growth of bacte1992). For example, a clear inverse relationship beria and nanoflagellates.
tween cladoceran abundance and the biomass of C.
raciborskii was reported for the Salomon Dam reservoir, Queensland, Australia (Hawkins 1988).
Effect of the bloom on zooplankton
In our study the zooplankton biomass (mainly rotifers
and copepods) increased in parallel with CylindrosperThe zooplankton community in Ingazeira reservoir
mopsis raciborskii during the bloom and decreased
can be characterised by (1) rotifers that dominate in
drastically after the bloom (Table 4). The biomass of
density and number of species (15 taxa), (2) copepods
rotifers and copepods, followed by cladocerans, inthat dominate in terms of biomass and (3) a very low
creased markedly during the bloom of toxic cyanoabundance and diversity of cladocerans. This structure
bacteria. Furthermore, the zooplankton Shannon index
of zooplankton community, which is similar to that
(and especially the rotifer diversity) increased simultafound in many natural lakes and reservoirs of Brazil
neously with the presence of C. raciborskii (Fig. 9). Our
(Matsumura-Tundisi 1986, Rocha et al. 1995), is probaexperiments conducted in the laboratory and based on
bly largely influenced by fish predation. Recently, Lazgrazing of Cylindrospermopsis by different zooplankzaro et al. (2001) showed that the northeast Brazilian
ton groups (by size) revealed that all groups can cut filreservoirs were dominated by omnivorous fishes,
aments (with a mean decrease of length from 103 µm
explaining the predominance of the small-bodied herto 69 µm after 48 h of grazing experiments) but only
bivorous cladocerans. The low taxonomic richness of
copepods and cladocerans, and less significantly rotizooplankton (a total of 18 taxa) confirmed the previous
fers, can ingest the small lengths of filaments of Cylin-
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6.64
4.25
8.70
4.58
9.26
10.54
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13.14
13.33
Jan 1997
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Oct
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Mar 1998
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May
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Copepods
(µg C l–1) (%)
Cladocerans
(µg C l–1) (%)
Rotifers
(µg C l–1) (%)
Total zooplankton
(µg C l–1) (%)
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C. raciborskii
(µg C l–1)
(%)
(µg C l–1) (%)
Bacteria
(µg C l–1) (%)
POC
(mg C l–1)
Date of survey

Table 4. Amounts of particulate organic carbon (POC) and the different carbon planktonic biomasses (bacteria, phytoplankton and zooplankton) with their percentages of
POC during the survey between January 1997 and December 1998 in Ingazeira reservoir. Carbon biomass and percentages of POC of the cyanobacterium Cylindrospermopsis raciborskii and of the different zooplankton groups are also reported
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drospermopsis (Bouvy & Molica 1999). Fig. 3B shows
1 trichome of C. raciborskii after 48 h of grazing pressure by copepods revealing 2 regions of breakage (see
the arrows). This observation corroborates the conclusions reported by Burns & Xu (1990) and Dawidowicz
(1990) on the shortened filaments by grazing of certain
species, allowing the later consumption of cyanobacteria by other zooplankton species. According to Boon et
al. (1994), filamentous cyanobacteria are more readily
consumed by copepods, particularly calanoids, than by
cladocerans. Fabbro & Duivenvoorden (1996) observed
grazing of small lengths of C. raciborskii by 2 rotifer
species (Brachionus calyciflorus and B. angularis) following breakage of larger filaments by Daphnia
lumholtzi. Thus, in Ingazeira reservoir, some species of
zooplankton (copepods, which dominated the biomass)
can shorten filaments (considered as the sole phytoplankton source), allowing the cyanobacteria to be
ingested by the smaller zooplankton (rotifers), as corroborated by the positive correlation between these 2
variables (r = 0.66, p = 0.006; n = 15).
In fact, a peculiar trophic coupling has been established between zooplankton organisms and Cylindrospermopsis raciborskii. After the bloom there is a sudden development of cladocerans with a maximum
increase of the main species, Moina micrura, which
can be the consequence of the favourable trophic conditions created by previous fragmentation of cyanobacterial filaments by copepods and rotifers. On the
other hand, the observed developments imply that
these small-bodied cladocerans (Moina and Ceriodaphnia) in Ingazeira reservoir were not sensitive to
the toxic effects of C. raciborskii, as has been shown for
Microcystis by Hanazato (1991) in the highly eutrophic
Lake Kasumigaura, Japan. Finally, the delay between
the peak of copepod abundance and those of cladocerans can be explained by the predation of the small
cladocerans by Thermocyclops. Indeed, it is well
known that the last copepodite stages and the adults of
cyclopoids are carnivorous and can exert a strong predation pressure upon other zooplankton species
(Brandl 1998). Thus, simultaneously with the bottomup factors (linked to the resource, e.g., small filaments
of C. raciborskii), the cladoceran community can be
controlled by the top-down factors exerted by predators. Many planktonic rotifers are relatively unselective, feeding on particles in the size range of 0.5 to
20 µm, including the nanoflagellates (Rothhaupt 1990).
However, the impact of rotifers is generally considered
to be much less significant than that of large cladocerans (Arndt 1993) and thus the increase in rotifers during the bloom did not have a negative impact on
nanoflagellates. Finally, the absence of the largebodied cladocerans in Ingazeira reservoir can explain
the strong predatory control of protozoans on bacterial
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communities because these large filter feeders frequently cause a decrease of heterotrophic and autotrophic nanoplankton (Langenheder & Jürgens 2001).
To summarise, Cylindrospermopsis raciborskii bloom
induces cascading changes in the planktonic structure.
Our data suggest the possibility of breakage of filaments by some zooplanktonic species (e.g., copepods)
and, as a result of being broken, previously inedible
cyanobacterial filaments may be efficiently grazed as
small and edible particles by different zooplanktonic
species (e.g., cladocerans). Changes in both the phytoand zooplanktonic communities were also associated
with shifts in bacterial community composition with
the progressive occurrence of large grazing-resistant
bacteria. Thus, in a eutrophication context, the cyanobacterial bloom provides a pulse resource for herbivores, implying a significant change in the structure of
other planktonic components, but that is not accompanied by a loss of biodiversity.
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