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Abstract

Peritrich ciliates are commonly found colonizing living substrates. Although this a well known phenomenon, biologi-
cal aspects of this relationship need to be studied in more detail. Assessment of growth rates in peritrichs has been the
subject of very few studies. Only species in the genera Carchesium Ehrenberg, 1830 and Vorticella Linnaeus, 1767 had
their growth rates evaluated in the field and in the laboratory. In the present study, growth, colonization (colonies/host),
and proliferation (zooids/colony) rates of the peritrich epibiont Zoothamnium intermedium Precht, 1935 attached to the
calanoid copepod Acartia tonsa Dana 1848 were evaluated in the laboratory in two food regimes: bacteria only, and al-
gal based diet. Results showed that growth, colonization, and proliferation rates were similar for both diets. Maximum
growth rates obtained for Z. intermedium was 0.85 and 0.83 per day, for bacteria and algae respectively. Maximum
colonization rates were 0.5 per day for both diets, and the maximum proliferation rates were 0.44 and 0.42 per day for
bacteria and algae respectively. These results demonstrate that Z. intermedium is able to grow at the same rate of other
peritrichs on bacterial and algal based diets.
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Crescimento do peritriquio epibionte Zoothamnium intermedium Precht, 1935
(Ciliophora, Peritrichia) obtido através de experimentos em laboratério

Resumo

Ciliados peritriquios s@o geralmente encontrados colonizando a superficie de outros organismos. Embora este fe-
nomeno seja bem documentado, certos aspectos bioldgicos desta associacdo ainda precisam ser estudados. Taxas de
crescimento em peritriquios foram objeto de pouquissimos estudos, visto que apenas espécies nos géneros Carchesium
e Vorticella tiveram suas taxas de crescimento calculadas em experimentos de campo e de laboratdrio. No presente
trabalho, taxas de crescimento, colonizagdo (coldnias/hospedeiro) e proliferagdo (zooides/coldnia) do peritriquio epi-
bionte Zoothamnium intermedium colonizando o copépodo calanoide Acartia tonsa foram avaliadas em laboratério
com duas dietas: bactéria somente e alga. Resultados demonstraram que taxas de crescimento, colonizacdo e proli-
feracdo foram semelhantes para as duas dietas. A taxa de crescimento mdxima observada para Z. intermedium foi de
0.85 e 0.83 por dia para bactéria e alga, respectivamente. A taxa mdxima de colonizacdo foi 0.5 por dia para as duas
dietas e a taxa maxima de proliferacdo foi de 0.44 e 0.42 por dia para bactéria e alga, respectivamente. Estes resultados
demonstram que Z. intermedium cresce em taxas semelhantes a outras espécies de peritriquios em dietas de bactérias
ou de algas.

Palavras-chave: ciliados, comensalismo, Acartia tonsa, copépodos, bactéria.

1. Introduction

Peritrich ciliates commonly colonize planktonic Xu and Burns, 1991; Xu, 1992; Weissman et al., 1993).

crustacea (Hermann and Mihursky, 1964; Green, 1974;
Henebry and Ridgeway, 1979; Lépez et al., 1998), with
the majority of the reports on this epibiotic relationship
focusing on the effects of these epibionts on host survi-
vorship and reproduction (Kankaala and Eloranta, 1987;
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However, studies emphasizing aspects of the peritrich
life cycle such as growth rates of these ciliates are still
lacking.

Assessment of community composition and growth
rates of free-living peritrichs have been the subject of
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only a few studies in freshwater environments, such as
streams and activated sludge plants (Curds and Vandyke,
1966; Taylor, 1983; Kusuoka and Watanabe, 1987,
Harmsworth et al., 1992; Harmsworth and Sleigh, 1993).
In these researches it was demonstrated that peritrichs
have an important role in controlling bacterial popula-
tions, especially in waster water treatment systems. One
of the most comprehensive studies of in situ growth of
the peritrichs in the field was performed by Kusuoka and
Watanabe (1987) in an urban stream in Japan. They sam-
pled colonies of Carchesium polypinum Linnaeus, 1758
and individuals of Vorticella microstoma Ehrenberg, 1830
attached to transparent plastic films and found growth
rates of 1.37 and 1.01 per day for the two peritrichs re-
spectively. Considering peritrichs as epibionts, only one
study so far, performed by Gilbert and Schroder (2003)
has dealt with growth rates of peritrichs attached to liv-
ing substrates in the laboratory. The authors observed an
exponential growth of colonies of Epistylis pygmaeum
Ehrenberg, 1838, from a single zooid, attached to the ro-
tifer Brachionus angularis (Gosse, 1851), but no actual
growth or colonization rates were calculated for the tro-
phont stage of this species.

In the present study, growth, colonization, and pro-
liferation rates of the peritrich epibiont Zoothamnium
intermedium were evaluated in the laboratory, feeding on
bacteria alone and on a mixture of bacteria and Isochrysis
galbana Stein, 1878. This diet was chosen because peri-
trichs are primarily bacterivores (Corliss, 1979) and it
was observed from laboratory cultures that these ciliates
are able to feed on 1. galbana. This is the first study to
investigate growth rates of a peritrich epibiont species
attached to a crustacean host.

2. Materials and Methods

2.1. Cultures of Acartia tonsa, Eurytemora affinis
(Poppe, 1880) and their epibionts

A. tonsa and E. affinis were collected with a plankton
net (202 um mesh size) from the Patuxent River (a tribu-
tary of the Chesapeake Bay) brought alive to the labora-
tory and examined for the presence of ciliate epibionts.
Copepods were transferred to 4 - L beakers (3 cultures
for each species) containing 2 L of < 0.45 um filtered
seawater with salinity adjusted for 15 psu. Cultures of
clean copepods (without epibionts) and of copepods
carrying Z. intermedium were maintained following the
methods described in Utz and Coats (2005). The cultures
were maintained in the laboratory for at least two weeks
before starting the experiments. Copepods were used in
the experiments as substrate for Z. intermedium, since
this peritrich does not attach to non-living substrates.

2.2. Growth rates of Z. intermedium feeding on bacteria

To assess growth rates of Z. intermedium feeding on
bacteria alone, the development of colonies was observed
over a period of 96 hours. The production of telotrochs was
induced by killing A. fonsa colonized by Z. intermedium.

After about 2 hours following the death of the hosts, the
peritrich started to form free-swimming stages that were
harvested and exposed to live, clean A. fonsa. Hosts car-
rying a single zooid were transferred to glass Petri dishes
(147 mm in diameter) filled with 150 mL of < 0.45 um
15 psu water, enriched with varying amounts of Cerophyl®
to reach different bacterial concentrations. These Petri
dishes were incubated for 3 days before the beginning of
the experiment to allow bacterial growth. As food for the
copepods, the diatom Thalassiosira weisflogii (Grunow,
1880), cultured as described in Utz and Coats (2005), was
added at a final concentration of 1 X 103 cells.mL"". The ex-
periment had a total of five treatments (bacterial concentra-
tions of 107, 10, 10°, 107, and 10®) with three replicates per
treatment and one infested host per replicate. Experimental
chambers were kept in an incubator at 20 °C with photope-
riod of 14:10 light:dark hours. Copepods were observed in
dissecting microscope (40X magnification) every 24 hours
for a period of four days for the total number of attached
zooids; the number of colonies per host and mean number
of zooids per colony were recorded. Growth rates (rate of
change in number of epibiont zooids) were calculated us-
ing the following formula: In (N)) = In(N) + rt, where, N,
is the number of zooids at time t; N, is the number of zo-
oids at time O; t is the period of time in days; and r is the
growth rate. Colonization rates (rate of change in number
of epibiont colony) were calculated using the same for-
mulae as suggested by Kusuoka and Watanabe (1987):
In(N;") =In(N’) + 1 t, where, N, is the number of epibiont
colonies at time t; N’ is the number of the epibiont colonies
at time 0, tis the period of time in days; and 1’ is the coloni-
zation rate. Proliferation rates (rate of change in the mean
number of epibiont zooids/colony) were calculated using
the same formulae: In(N;”) = In(N,”) + " t; where N” is
the mean number of epibiont zooids/colony at time t; N”
is the mean number of epibiont zooids/colony at time 0; t is
the time in days; and r”” is the proliferation rate.

A water sample (5 mL) from each replicate was taken
at the beginning (T ) and at the end of the experiment (T,),
and preserved with formaldehyde for the enumeration of
bacteria using the DAPI staining technique (Porter and
Feig, 1980). Counts were performed using an Axioscope
equipped with optics epifluorescence (Zeiss Corp.). For
each replicate, duplicate counts were carried out up to a
total of 200 cells/count. The enumeration of background
bacteria was performed by replicate counts of blank filters
(for each concentration) and the result was included in the
calculation of bacterial concentration.

2.3. Growth rates of Z. intermedium feeding
on Isochrysis galbana based diet

To determine growth rates of Z. intermedium feeding
primarily on the haptophyte algae Isochrysis galbana, the
development of colonies originated from a single zooid
was observed over a period of 96 hours. The experimental
set up used in this experiment was the same used to assess
the growth rates of the epibiont feeding on bacteria. The
experiment had a total of six concentrations of 1. galbana
(10", 10% 103, 10%, 105, and 10° cells.mL") with three repli-
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cates per treatment and one infested A. fonsa per replicate.
The number of zooids and colonies per host and the mean
number of zooids per colony were recorded every 24 hours
for 96 hours. A water sample (5 mL) from each replicate
was taken at every observation point and fixed with acid
Lugol’s for enumeration of /. galbana. Concentration of
algal food was assessed by direct counts using a Palmer-
Maloney counting chamber. Triplicate counts were per-
formed for each replicate to a total of 100 cells/count.

3. Results

The growth rates of Z. intermedium (number of zo-
oids/host/unit of time), feeding on bacteria alone and al-
gae are presented in Figures la and b. The presence of
green food vacuoles inside the cells demonstrated that
Z. intermedium was able to feed and that algae was a sig-
nificant portion of its diet. In both diets a similar pattern
was observed where growth rates increased with increas-
ing food concentration until a threshold was reached.
Additional increases in food concentration either result-
ed in no change in growth (Figure 1a) or in a decrease in
growth rate (Figure 1b). In the experiment with bacteria
as the main food, the maximum growth rate (l) estimat-
ed from the mean growth rates of three replicates was
0.8 per day (SE = 0.007) and was reached at a concentra-
tion of 10° cells.mL". In the experiment with algae as
the main food, the maximum growth rate, estimated as
in the bacteria experiment, was 0.83 per day (SE = 0.03)
and was reached at a concentration of 10° cells.mL™". The
maximum doubling rate of Z. intermedium was 1.20 and
1.23 per day in the experiments with algae and bacteria
respectively.

Figures 1c and d show the colonization rates (in-
crease of colonies/host) of Z. intermedium on A. tonsa
feeding on bacteria and algae respectively. With both di-
ets, colonization rates increased with an increasing food
concentration until a maximum was reached. Further
increases in food concentration, in both cases, resulted
in a decrease in the colonization rates after reaching this
maximum (Figures 1c and d). In the experiment with bac-
teria, the maximum colonization rate was 0.50 per day
(SE = 0.04) and was observed at a concentration of
107 cell. mL", one order of magnitude higher than the ob-
served growth rates. Colonization rates in an algal-based
diet were similar to those observed for bacteria alone.
The maximum rate was 0.51 per day (SE =0.01) and was
observed at the same concentration for which maximum
growth rates were achieved (10° cells.mL™).

The mean number of zooids per colony (proliferation
rate) of Z. intermedium was also similar for bacterial and
algal diets (Figures le and f). With a diet based on bac-
teria, the maximum proliferation rate was 0.44 per day
(SE = 0.04) and was reached at a concentration of
10° cells.mL™! (Figure le). Differently from the bacte-
rial diet and from the growth and colonization rates, the
proliferation rate on an algal diet did not reach a plateau,
and the highest rate of 0.42 (SE = 0.038) was recorded at
10° cells.mL"! (Figure 1f). Algae concentration remained

Braz. J. Biol., 68(2): 441-446, 2008

fairly constant throughout the study, as can be seen in
Figures 2a and b.

4. Discussion

Studies focusing on the growth rates of peritrichs
in the laboratory or in the field are scarce (Curds and
Vandyke, 1966; Sudo and Aiba, 1971; Kusuoka and
Watanabe,1987) however, these ciliates are important
consumers of bacteria in aquatic environments, especial-
ly eutrophic habitats, due to their high metabolic rates
(Fenchel, 1987). Z. intermedium, in the present study,
had a maximum population growth rate of approximate-
ly 0.8 per day (Figures 1a and b) when exposed to diets
based primarily on bacteria or Isochrysis galbana, dem-
onstrating that this peritrich is able to grow at approxi-
mately the same rate when the main available food is
bacteria or small algae. No other study assessing growth
rates of a species in the genus Zoothamnium is yet availa-
ble, but, when compared to another peritrich, the growth
rates of Z. intermedium are lower than those found for
Carchesium polypinum in the field (1.4 per day; Kusuoka
and Watanabe, 1987), or in the laboratory (1.8 per day;
Sudo and Aiba, 1971). On the other hand, the growth
rates found for Z. intermedium were similar to those re-
ported for other species of ciliates. For example, Jack
and Gilbert (1993) found maximum growth rates of
0.87 per day for the oligotrich ciliate Strobilidium gyrans
(Stokes, 1887), and 0.86 per day for Euplotes eurystomus
(Wrzesniowski, 1870) feeding on a cryptomonad algae
at a temperature of 20 °C.

The only other record of growth rates estimated in
the laboratory for a peritrich epibiont is that of Gilbert
and Schroder (2003), who observed colony development
of Epistylis pygmaeum attached to Brachionus angularis.
They reported an exponential increase in zooids and the
colonies originated from a single attached zooid, but the
actual growth rates were not calculated for the trophont
stage.

The maximum rate at which Z. intermedium on
A. tonsa formed new colonies (colonization rates)
was approximately 0.4 per day at a concentration
of 107 bacteria cells.mL™ or 10° algal cells.mL"'
(Figures Ic and d), and was much lower than the actual
growth rate (zooids/host) for this species. Interestingly,
Kusuoka and Watanabe (1987) found colonization rates
of C. polypinum higher than the actual growth rate es-
timated for the same species, due to the migration of
telotrochs from other sites, since their experiment was
performed in situ. By contrast, in the present study no
other population of Z. intermedium was present and new
colonies were formed from telotrochs originated by bi-
nary fission from the original zooid, or in later stages by
direct transformation of the trophont stage.

Proliferation rates (i.e. number of zooids/colony)
of Z. intermedium reached a plateau when these peri-
trichs had bacteria as the main food (Figure le). On
the other hand, in the algal-based diet the number of
zooids per colony continued to increase with higher
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Figure 1. Growth, colonization and proliferation rates of Zoothamnium intermedium attached to Acartia tonsa. Figures la, ¢
and e show results obtained with a diet based primarily on bacteria, and Figures 1b, d and f represent a diet based primarily on
Isochrysis galbana. Symbols are the means of three replicates and error bars are the Standard Error of the Mean.

food concentration (Figure 1f). This observation is in
agreement with the fact that abundance of certain spe-
cies of epibionts varies with the degree of eutrophica-
tion of aquatic environments (Henebry and Ridgeway,
1979; Mannesmann and Rustige, 1994). Mannesmann
and Rustige (1994) found a strong correlation between
the increase in epibiont abundance on the amphipod

Gammarus pulex Linnaeus, 1758 and the increase in
organic load. Although they only tested polluted envi-
ronments, the correlation between load and eutrophi-
cation observed by them in the field and suggested
by laboratory experiments in the present study, could
provide some insights about the relationship between
epibiont load and organic pollution.
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Figure 2. Concentration of Isochrysis galbana observed
throughout the growth rate experiment. Figure 2a shows
fluctuation of I. galbana at concentrations of 10", 102, and
10° cells.mL"!, and Figure 2b shows concentrations of 10%,
10°, and 10°.

In summary, this study analyzed the growth rates of
a peritrich epibiont feeding on bacteria and small algae
demonstrating that Z. intermsedium is able to grow on
an exclusively bacterial diet as well as on an algal based
diet. The methods described here also could be used as
models to study growth rates of other species of peri-
trichs, whether epibionts or not.
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