
361                Acta Limnol. Bras., 17(4):361-371, 2005

Abundance, biomass and size structure of planktonic
ciliates in reservoirs with distinct trophic states.

      VELHO1, L. F. M., PEREIRA1, D. G., PAGIORO 1, T. A., SANTOS1, V. D.,

PERENHA1,  M. C. Z. & LANSAC-TÖHA 1 ,  F.  A .

1 Núcleo de Pesquisas em L imnologia ,  Ic t io logia e Aqüicul tura (Nupél ia ) /PEA

Universidade Estadual de Maringá, Av. Colombo, 5790, 87020-900, Maringá, Brasil. felipe@nupelia.uem.br

ABSTRACT: Abundance, biomass and size structure of planktonic ciliates in reservoirs with distinct
trophic states. The objective of this study was to investigate the distribution patterns
of density and biomass, as well as analyze the variation in the body size structure of
the planktonic ciliate community in three reservoirs (Paraná State) with distinct trophic
status, in two distinct hydrological periods (dry and rainy seasons). Samplings were
performed in July (dry) and November (rainy) 2001, in the lacustr ine region of the
reservoirs I ra í  (eutrophic ) ,  Rosana (mesotrophic )  and Chavantes (o l igotrophic ) .  In
each reservoir, 1-liter samples were taken from the subsurface and the mixing layer,
and immediately preserved. The samples were quantified in inverse microscopy. To
est imate  b iomass va lues ,  organ isms were measured and the i r  b iovo lume (µm 3 )
calculated from their approximate geometric shape. Carbon content (µg C. L - 1)  was
estimated using 110 fgC µm -3 factor. Higher abundance values were observed in Iraí
Reservoir and lower ones in Chavantes Reservoir .  In general ,  c i l iates were more
abundant at the surface in all reservoirs. Seasonally, a significant difference in density
was observed on ly  for  I ra í  Reservo i r .  O l igot r ich ia  and Hymenostomat ida were
frequently dominant in the different reservoir samplings, layers and periods. Analysis
of ci l iate community size structure showed that in the three studied reservoirs the
community was dominated by small -sized individuals (<40µm). Nevertheless, large-
sized individuals were best represented in the oligotrophic reservoir. Results suggest
that trophic status constituted a preponderant factor in determining patterns of spatial
and temporal variation in the density, biomass and body size of the planktonic ciliates.
Key words: protozooplankton, cil iates, abundance, body size, trophic state.

RESUMO: Abundância, biomassa e estrutura de tamanho de ciliados planctônicos em reservatóri-
os com distintos graus de trofia. O objetivo deste estudo foi investigar os padrões de
distribuição da densidade e biomassa, bem como analisar as variações na estrutura
de tamanho celular da comunidade de ci l iados planctônicos em três reservatórios
do Estado do Paraná, com distintos graus de trofia, em dois períodos hidrológicos
dist intos. As coletas foram real izadas em julho (est iagem) e novembro (chuva) de
2001, na região lacustre, dos reservatórios do Iraí (eutrófico), Rosana (mesotrófico)
e Chavantes (oligotrófico). Em cada reservatório, amostras de 1 l itro foram tomadas
à sub-superf ície e camada de mistura, e imediatadmente f ixadas. As amostras fo-
ram quant i f i cadas em microscópio  inver t ido .  Para  a  es t imat iva  dos va lores  de
biomassa, os organismos foram medidos e seu biovolume (µm3)  calculado a part ir
da forma geométr ica aproximada. O conteúdo de carbono (µg C. L - 1)  fo i  est imado
ut i l izando-se o fator de 110 fg C µm -3 .  Maiores valores de densidade e biomassa
foram observados no reservatório do Iraí e os menores no reservatório Chavantes.
Em geral, os ciliados foram mais abundantes à superfície. Temporalmente, diferenças
representat ivas da densidade foram observadas apenas para o reservatór io I ra í .
Freqüentemente, Ol igotr ichia e Hymenostomatida foram os grupos dominantes em
todos os reservatórios, profundidades e períodos de estudo. A análise da estrutura
de tamanho das assembléias de cil iados evidenciou que, nos três reservatórios, a
comunidade foi  dominada por indiv íduos de menor tamanho ( <40µm).  Entretanto,
indivíduos de maior porte foram melhor representados no reservatório oligotrófico.
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Os resultados sugerem que as condições de trofia dos reservatórios consti tuíram-
se no fator  preponderante na determinação dos padrões de var iação espacia l  e
temporal da densidade, biomassa e tamanho celular dos ci l iados planctônicos.
Palavras-chave: Protozooplâncton, ci l iados, abundância, tamanho do corpo, grau de
t ro f i a .

Introduction

Since the Pace & Orcutt (1981) studies, several surveys have indicated that ciliates
constitute a significant portion of the microzooplankton community (Beaver & Crisman,
1990) and an important l ink in the food web, performing a key energy flow function
(Wickham, 1995) .  Moreover,  because of  thei r  smal l  s ize and high metabol ic  rate ,
cil iates play a substantial role in nutrient regeneration in the water column (Pace &
Orcutt ,  1981) .  They also respond to low organic pol lut ion levels,  as wel l  as other
physical ,  chemical and biot ic al terat ions, indicat ing ecological changes in aquatic
ecosystems (Paerl et al. , 2003).

Studies have shown that the structure and composition of cil iate assemblages
are significantly altered with the increase in eutrophication. Among a variety of lake
types, ciliates are consistently an abundant component of the planktonic community,
and their abundance apparently increases with the increase in trophic state (Bettez
et al., 2002; Samuelsson et al., 2002; Auer et al., 2004; Xu et al., 2005).

In Brazil, reservoirs have been subjected to high levels of nutrient input due to
the rapid development in industr ial and farming production, as well  as populat ion
growth, which increases sewage discharge from urban areas. This process directly
affects the social and economic component of hydric resources (Mehner & Benndorf,
1995) ,  endangering the water qual i ty and i ts mult iple uses such as water supply,
fishing resources and sailing. Consequently, it is necessary to apply more efficacious
rapid-response management measures, which require predict ive studies.

Several  surveys have been developed on plankton communit ies in Brazi l ian
reservoirs. However, few of them have broached the heterotrophic components of
the microbial food web. We emphasize Barbier i  & Godinho-Orlandi (1989a and b) ,
Hardoim & Heckman (1996), Bossolan & Godinho (2000), Gomes & Godinho (2003),
Arantes et al. (2004) and Regali -Seleghin & Godinho (2004), which have considered
the ecological features of the cil iate assemblages.

In this study we investigated the patterns of spatial and temporal variation in
the densi ty ,  b iomass and s ize st ructure of  the c i l ia te assemblages in three sub-
tropical reservoirs with dist inct trophic states.

Material and methods

Study area
The present study was developed in three reservoirs characterized by distinct

trophic states, considering chlorophyll-a, total phosphorus concentrations and Secchi
disc. Chavantes (23o 07‘ 00” S; 49o 44‘ 00” W) and Rosana (22o 36‘ 08” S; 52o 49‘ 41” W)
reservoirs are located in the Paranapanema River (bordering Paraná and São Paulo
states) (Fig. 1), with oligotrophic and oligo-mesotrophic features, respectively, and are
mainly used for electric power generation. Iraí Reservoir (25o 25‘ 10” S; 49o 06‘ 49” W),
located in the Iguaçu River, in the metropolitan region of Curit iba (Paraná State), is
used essential ly for water supply (Fig. 1 ) .  Because of i ts location, i t  receives high
nutrient input, which determines the eutrophic condition of this environment.

Measurement of limnological variables
Samples for physical and chemical analysis and chlorophyl l -a measurements

were collected in the lacustrine region, from the subsurface and mixing layer, in two
distinct periods — July (dry season) and November (rainy season) 2001 (Tab.I) — using
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Figure 1 :  Hydrographic map of  the Paraná State wi th the locat ion of  s tudied reservoi rs .

Reservoirs Dry season Rain  season 

 Surface ZMix Surface ZMix 

Chavantes 0,5 m 42 m 0,5 m 15 m 

Rosana 0,5 m 24 m 0,5 m 12 m 

Iraí 0,5 m 7 m 0,5 m 5 m 

 

Table I: Sampl ing depths in the studied reservoirs dur ing dry and ra in season.

a Van Dorn sampler  (one col lect ion per  per iod) .  The fo l lowing abiot ic  var iables
were determined: water column transparency (Secchi disc);  water temperature and
dissolved oxygen (Horiba oxymeter ) ;  pH and conduct iv i ty (digi ta l  potenciometer -
D ig imed) ;  a lka l in i ty  (Mackere th  e t  a l . ,  1978 ) ;  n i t ra te  (F IA -  Zagat to  e t  a l . ,  1981 ) ;
orthophosphate, total  phosphorus and ni t rogen, dissolved phosphorus (Mackereth
et al., 1978); dissolved organic carbon (Carbon Analyser - Schimadzu TOC 5000). In
order to analyze the dissolved nutrient fraction and determine suspended material
(Teixei ra et  a l . ,  1965)  and chlorophyl l–a  concentra t ions (Gol terman et  a l . ,  1978) ,
samples were fi l tered in Whatman GF/C fi l ters.

Protozoan quantification and biomass estimation
Samples ( 1  l i ter )  for  c i l ia te abundance determinat ion were col lected (abiot ic

parameter sampling occurred simultaneously) using a Van Dorn sampler and preserved
using a mixture of two fixatives (alkaline lugol and formalin) and tiosulfate (Sherr &
Sherr, 1993).

To estimate cil iate density and biomass, a variable volume from each sample
(between 50 and 500mL) was dyed with Rose Bengal, maintained in sedimentation
chambers for  a  per iod ( in  hours )  equal  to  chamber  he ight  (cm)  mul t ip l ied by 3
(Margalef, 1983). Later, cil iates were quantified and measured in inverse microscopy
(400x magnification) and their biovolume calculated from their approximate geometric
shape. Carbon content (µg. L - 1)  was estimated using 1µm3=110 fg C (Weisse, 1991).
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Data analysis
Principal components analysis (PCA) was used to summarize changes in abiotic

var iables over  space and t ime.  S igni f icant  d i f ferences in physica l  and chemical
variables, observed among the reservoirs, were tested using a one-way ANOVA (Null
Model). Aiming to evaluate the influence of biotic and abiotic factors on the abundance
of ciliate assemblages, ciliate density and biomass were correlated (using Pearson’s
product -moment correlat ion) with the scores of the PCA axes (which synthesized
abiotic variables), biomass and density of bacteria and heterotrophic nanoflagellates,
and chlorophyll-a concentrations. The data set relative to the bacteria and flagellates
is presented and discussed in Pereira et al. (2005) and Pagioro et al. (2005).

Results

Physical and chemical variables
Some physical ,  chemical  and morphometr ic character ist ics of the reservoirs

are shown in Table II.

Variables/     Reservoirs  Irai Rosana Chavantes 
pH 
 
 

Min 
Max 

mean 

6.86 
6.98 
6.91 

6.91 
7.74 
7.43 

6.26 
7.59 
7.03 

Electrical Conductivity (µS/cm) 
 
 

Min 
Max 

mean 

47.5 
51.1 
49.6 

58.2 
60.0 
59.4 

52.4 
58.6 
55.9 

Turbidity (NTU) 
 
 

Min 
Max 

mean 

6.6 
30.9 
18.4 

3.84 
6.60 
4.88 

0.82 
1.98 
1.36 

Secchi disc (m) 
 
 

Min 
Max 

mean 

1.40 
0.5 
0.95 

1.95 
2.25 
2.10 

4.40 
5.90 
5.15 

Total Phosphorus (µg/L) 
 
 

Min 
Max 

mean 

53.38 
55.22 
54.30 

9.88 
10.83 
10.35 

6.63 
7.75 
7.19 

Total Nitrogen (µg/L) 
 
 

Min 
Max 

mean 

821 
1483 
1152 

433 
519 
476 

274 
338 
306 

Chlorophyll-a (µg/L) 
 
 

Min 
Max 

mean 

71.2 
82.9 
77.1 

3.4 
4.9 
4.2 

0.7 
1.5 
1.1 

Dissolved oxygen (mg/L) 
 
 

Min 
Max 

mean 

3.58 
7.96 
6.52 

7.0 
8.33 
7.38 

5.35 
8.28 
6.88 

Area (km2)  14.5 220 400 

Depth (m)  8.5 26 100 

Residence Time (days)  425 18.5 418 

 

Table II:  Minimum, maximun and mean values of some physical ,  chemical and biological water and,

morphometr ic  parameters  o f  I ra í ,  Rosana and Chavantes reservo i rs .

The f irst two PCA axes explained, cumulatively, 57% and 73.5% of total data
var iab i l i ty.  Conduct iv i ty  and n i t ra te  were pos i t ive ly  cor re la ted to  ax is  1 ,  whi le
turbidity, total phosphorus, total dissolved phosphorus, total nitrogen and total seston
were negatively correlated to this axis. Total alkalinity presented negative correlation
and orthophosphate posit ive correlat ion with axis 2 (Fig.  2a) .  Considering sample
units, axis 1 distinguished them on a spatial scale, separating the samples from Iraí
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Reservoi r  (negat ive ly  corre la ted)  f rom those obta ined in  Chavantes and Rosana
reservoirs (posit ively correlated) to this axis (Fig. 2b) .
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Figure 2 :  Resul t ing scores f rom PCA real ized upon matr ix of  abiot ic data.  a )  l imnological  var iables;

b )  sample uni ts .  F i l led c i rc les represent  samples obta ined dur ing dry season and empty

squares,  dur ing ra iny season.  (s )=sub-sur face;  (m)  =  mix ing layer .

Axis 2, also differentiated sample units on a temporal scale, mainly in Iraí and
Chavantes reservo i rs  (F ig .  2b ) ,  d is t ingu ish ing ra iny season samples (pos i t ive ly
correlated) from dry season samples (negatively correlated) to this axis.

In summary, PCA axis 1 differentiated Iraí Reservoir samples, characterized by
higher values of total phosphorus, total nitrogen, seston and turbidity, from Chavantes
and Rosana reservo i r  samples ,  character ized by h igher  va lues o f  n i t ra te  and
conductivity. On the other hand, axis 2 distinguished, in general, rainy season samples,
from Iraí and Chavantes reservoirs (with higher pH and orthophosphate values), from
those obtained during the dry season, which presented higher alkalinity values.

The one-way ANOVA (Null Model) revealed the existence of significant differences
among reservoirs when we used PCA axis 1 scores ( I .O.=194.20; p=0.004) (mainly
ordered in function of different forms of nitrogen and phosphorus) and chlorophyll-a
(I .O.=473.93; p=0.000). Significant differences were not observed when we used axis
2 scores (I.O.=0.090; p=0.907). These results indicate that nutrients and phytoplankton
product iv i ty  were the main var iab les  respons ib le  for  the s ta t is t ica l  d i f fe rences
observed among the reservoirs.

Ciliate density and biomass
Higher ciliate density values were observed in Iraí Reservoir (7.21 X 103 to 4.71 X 104

cells.L - 1 ) , intermediate values in Rosana Reservoir (1.54 X 103 to 3.89 X 103 cells.L - 1 )
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and lower ones in Chavantes Reservoir (0.2 X 103 to 2.85 X 103 cells.L - 1) .  Seasonal
dif ferences were veri f ied mainly in Iraí Reservoir ,  where a signif icant decrease in
values occurred in both column layers during the rainy season. In general, ci l iates
were more abundant at the subsurface layer in all reservoirs during both seasons,
except for Chavantes Reservoir  dur ing the rainy season (Fig.  3) .  Consider ing the
contribution of dif ferent groups to total density, Oligotrichia and Hymenostomatida
were, in general, dominant in all reservoirs, layers and seasons (Fig. 4).

Figure 3:  Densi ty values (cel ls .L - 1) ,  a and b;  and biomass (µgC.L - 1) ,  c  and d,  f rom planktonic c i l ia tes

in the three reservoi rs ,  dur ing dry and ra iny seasons.
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Figure 4:  D e n s i t y  ( c e l l s . L - 1 )  (a  =  sub-sur face and b = m i x i n g  l a y e r )  a n d  b i o m a s s  v a l u e s  (µgC.L - 1)

( c = s u b - s u r f a c e  a n d  d = m i x i n g  l a y e r )  o f  p l a n k t o n i c  c i l i a t e s  i n   t h e  t h r e e  r e s e r v o i r s ,

d u r i n g  d r y  a n d  r a i n y  s e a s o n s .
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Biomass distr ibution results (Fig. 3) showed a pattern similar to observed for
dens i ty ,  wi th  h igher  va lues recorded in  I ra í  Reservo i r  (7 . 14  to  47 .87 µgC.L - 1 ) ,
intermediate values observed in Rosana Reservoir (1.88 to 25.67 µgC.L - 1)  and lower
ones in Chavantes Reservoir (1.97 to 21.94 µgC.L - 1) . Considering the vertical biomass
distribution, higher values were also verified at the surface, except for Iraí Reservoir
during the dry season. Seasonal differences were evident for al l reservoirs, with a
remarkable biomass decrease occurring during the rainy season.

Ol igot r ich ia  and Hymenostomat ida were a lso predominant  as regards the i r
biomass. In addition, Peritrichia was important at the subsurface layer of Chavantes
Reservoir and in the mixing layer of Iraí Reservoir during the dry season, Colpodea
showed a representat ive contr ibution in Iraí Reservoir ,  and Hypotr ichia dominated
in the mixing layer of Chavantes Reservoir during the dry season, and was important
at the subsurface of Iraí Reservoir in the rainy period (Fig.4).

Relationships between environmental variables and ciliate abundance
Correlation results showed that ci l iate density values were directly related to

PCA axis 1 (r= -0.8803; p=0.00015), represented mainly by nutrient availability (Tab.1),
as well as phytoplankton abundance (chlorophyll -a) (r= -0.8986; p=0.00007), bacteria
density (r= -0.7948; p=0.002) and biomass (r= -0.8368; p=0.00068), and HNF density
(r= -0.6568; p<0.02031) and biomass (r=-0.7519; p=0.00479). On the other hand, although
correlation was found between ciliate density and biomass, biomass results did not
present significant correlation either with the other community data or with the abiotic
variables synthesized by the PCA axes.

Trophic state and size structure of ciliate assemblages
Ciliate mean size, obtained for different reservoirs, showed an inverse tendency

with the increase in the trophic condit ions (Fig. 5). Thus, higher mean size values
were, in general, observed in Chavantes Reservoir and lower ones in Iraí Reservoir.
In relat ion to vert ical  distr ibut ion,  c i l ia tes had larger mean size in deeper layers
(mixing layer), of Iraí and Chavantes reservoirs. In Rosana Reservoir, differences in
cil iate mean size were not verified among the analyzed depths.
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Figure 5:  Ci l ia tes mean s ize observed in  subsur face and mix ing layers of  the s tudied reservoi rs .
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Figure 6:  S ize s t ructure of  c i l ia te  assemblages in  a )  I ra í ,  b )  Rosana and c )  Chavantes reservoi rs .
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Analysis of ciliate size structure showed that the community was dominated by
small -sized individuals (<40µm) in al l reservoirs (Fig. 6). However, when comparing
the reservoi rs ,  d i f fe rences in  the cont r ibut ion of  the d is t inc t  s ize c lasses were
observed. In Iraí Reservoir, individuals smaller than 20µm clearly dominated, while
in Rosana and Chavantes reservoirs, there was an expressive increase in individuals
between 20 and 40µm. The occur rence of  ind iv idua ls  la rger  than 60µm was
representat ive only for  Rosana and Chavantes reservoi rs ,  and indiv iduals larger
than 80µm occurred only in Chavantes Reservoir (Fig. 6).

Discussion

Resul ts obtained in th is study showed that  c i l ia te abundances (densi ty and
biomass) were higher in the reservoir with higher trophic state. Significant increase
in the mean density and biomass of protozoa with the increasing trophic state of
lakes has been reported elsewhere (Hwang & Heath, 1997; Burns & Schal lenberg,
1998; Auer &. Arndt, 2004; Kalinowska, 2004), while oligotrophic environments have
been typically characterized by low cil iate densit ies (Beaver & Crisman, 1989).

In the present study, we observed that, in general, ciliates were more abundant
at the subsurface layer. Similar results have been recorded in other studies in the
temperate (Taylor & Heimen, 1987; Sime-Ngando & Hartmann, 1991) and tropical region
(Arantes et al., 2004). Nevertheless, according to Gates & Lewg (1984), ciliate abundance
increases with depth. James et al. (1995) investigated an oligotrophic temperate lake,
and observed higher density and biomass values in the metalimnium. Other studies
carried out in Brazi l ian reservoirs showed greater ci l iate densit ies and biomass at
the bottom (Barbieri & Godinho-Orlandi, 1989a; Gomes & Godinho, 2003). Gomes &
Godinho (2003) suggested that it was probably due to greater bacteria concentration
in this layer. Bossolan & Godinho (2000), studying the ciliate community of Infernão
Lake, also found high density values at the bottom, but only in the dry period; whereas
in the rainy season, no differences between surface and bottom layers were observed.

In relation to seasonal variation, our data also diverge from the results obtained
in other surveys developed in Brazi l  (Barbier i  & Godinho-Orlandi ,  1989; Gomes &
Godinho, 2003) ,  which recorded greater densi ty and biomass values in strat i f ied
water conditions during the wet-warm season, and also from some studies performed
in the temperate region (Taylor & Reynen, 1987; Riemann & Christoffersen, 1993; James
et al., 1995), which suggested that this pattern is a consequence of nanoplankton and
microzooplankton populat ion dynamics. Nevertheless, in a study developed in tro-
pical region (Hecky & Kling, 1981), high protozoan abundance coincided with water
column mixture phases.

Oligotrichia was frequently dominant in relation to the density and biomass of
the ciliate community in the three studied reservoirs, followed by Hymenostomatida,
independent of sampling depth, season and trophic state. Oligotrichia dominance is
a  pat te rn  commonly  recorded in  p lank ton f rom d i f fe rent  wor ldwide aquat ic
environments (Sime-Ngando & Hartman, 1991; Laybourn-Parry, 1992; James et al., 1995;
Burns & Schal lenberg, 1998; Zingel et al . ,  2002).  Hymenostomatida has also been
recorded as an important group among planktonic cil iates (Beaver & Crisman, 1982;
Zingel et al., 2002).

The pos i t ive  cor re la t ion observed between c i l ia te  dens i ty  and nut r ien t
concentrations, chlorophyll-a, bacteria and HNF suggests that greater environmental
product iv i ty st rongly inf luenced the increase in c i l ia te abundance in the studied
environments. According to Mathes & Arndt (1994) and Gates & Lewg (1984), positive
biot ic correlat ion and the correlat ion between ci l iate and nutr ient concentrat ions
suggest  tha t  food resource ava i lab i l i ty  preva i ls  in  determin ing the abundance
distribution of these organisms. Although predation pressure on the ciliate community
certainly occurs, several studies have shown that trophic state is one of the main
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forces inf luencing ci l iate distr ibution, in such a way that nutr ient levels determine
the density of these organisms (Beaver & Crisman, 1982; Sola et al., 1996; Hwang &
Health, 1997; Bettez et al., 2002; Samuelsson et al., 2002; Auer et al., 2004).

Small -sized cil iate dominance (<40µm) has been verif ied as a common pattern
among planktonic ciliate communities (Beaver & Crisman, 1982; Gates & Lewg, 1984;
Taylor & Heynen, 1987).  Although Thiel (1981) apud Peters (1993) emphasizes that
body s ize increases according to the increase in food resource avai labi l i ty ,  we
observed a tendency of decrease in mean size with the increase in reservoir trophic
state. Thus, in the studied reservoirs, ciliates seem lunge more in reproduction than
in individual growth, under conditions of high food resource availabil i ty.

In  summary ,  the resu l ts  suggest  tha t  the t roph ic  s ta te  o f  reservo i rs  is  a
preponderant  factor  in  determining pat terns of  spat ia l  and temporal  var ia t ion in
planktonic ciliate abundance. In this way, Iraí Reservoir, with high nutrient availability,
which determines higher phytoplankton and bacteria abundance,  propitiated greater
development of planktonic ciliate populations. On the other hand, Chavantes Reservoir,
the most oligotrophic, had lower abundance values of these protozoa.
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