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colonies of pelagic blue-green algae®
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Abstract: Ciliated protozoa were isolated from the blue green alga Trichodesmium

thiebautii which is ubiquitous and often abundant in surface seawater of the pelagic

sea. Through protargol impregnation, nuclear staining and observations of the living

cells, the morphological characteristics of the protist were determined and this
ciliate was identified as Holosticha diademata (REES, 1884) KarL, 1932. This ciliate
was frequently found in the coastal seawater which suggests the wide distribution of
a certain species of protozoa in the coastal and pelagic sea. This species preferen-
tially fed on bacterial strains of Pseudomonas spp. when several genera of bacteria

were offered as feed.

1. Introduction

In the course of our research on bacterial
biomass in seawater, bacterial carbon was
determined to occupy several tens of per cent
of particulate organic carbon even within the
euphotic zone of the seawater column (MaE-
pa and TAGA, 1979; MAEDA, 1982). As a
result of this research, bacterial carbon is
now considered to be one of the largest
energy sources in the sea. WILL1AMS (1981)
also mentioned the significantly large
biomass of bacteria in the sea. There have
been several reports describing small animals
which feed on bacteria (PAFFENHOFER and
STRICKLAND, 1970; HEINLE et al., 1977
KING et al., 1980; MAEDA, 1989). A large
portion of ciliated protozoa are also known
to be bacteria feeders (WEBB, 1956; F EN-
CHEL, 1968; TAYLOR and BERGER, 1976;
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ALONSO et al., 1981; MAEDA and CAREY,
1985; MAEDA, 1986) and the existence of
energy transfer from bacteria to animals
through ciliates was conclusively established
in the laboratory (S EKI, 1966; T EZUKA,
1974). Thus the role of bacteria as feed
seems to be substantial and ciliates are
probably one of the key animals in the
process of food transfer in the marine eco-
system. From this point of view we have
been interested in investigating the ecological
aspects of ciliates in the marine environ-
ment.

In this report we describe the taxonomical
characteristics of ciliated protozoa attached
to suspended colonies of the blue green alga
Trichodesmium thiebautii in the South
China Sea. Bacterial strains which coexisted
in the ciliate culture were also identified and
their availability as feed for the ciliates was
determined.

2. Materials and methods
Sampling

Trichodesmium colonies. were collected
using a plankton net with a mesh size of 330
um in the southern area of the South China
Sea during the cruise of R,V Hakuhomaru
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in November, 1981. Coastal seawater were
collected with a small glass bottle at
Aburatsubo Inlet, Japan. 7Trichodesmium
colonies were picked up with sterilized pi-
pettes and kept in sterilized seawater for
subsequent isolation or examination of the
ciliates attached to them.

Isolation of ciliated protozoa

Cililates attached to Trichodesmium thie-
bautit were isolated using a micropipette
under a binocular microscope (magnification,
X 45). Isolated ciliates were placed into a
medium which contained the following com-
ponents (g+17! seawater): Proteose peptone
(Difco), 0.02; Tripticase (Sigma), 0.02;
Bacto yeast extract (Difco), 0.02; ribonu-
cleic acid (Sigma), 0.002; Bacto agar
(Difco), 15 and extract of cerophyl leaves
(Sigma), 2 ml/1 (that is, 5 g of cerophyl
leaves was boiled with 1 litre of distilled
water for 5 min. and the supernatant after
filtration with Toyo filter paper (Type 1)
was used.). Ten ml of this agar medium was
put into a 200 ml of flask and 10 ml of
sterilized seawater was placed on top of the
agar after solidification. The ciliate cultures
were kept at 25 °C.

Identification of ciliates

The species of ciliate was identified by the
protargol impregnation technique (TUFFRAL,
1967) and the Feulgen nuclear reaction for
examining cirri and nuclei, respectively.

Isolation and identification of bacteria
Bacteria were isolated from seawater in
situ and from the cultivation bottle for
ciliates and were cultured on the same agar
medium described above. The isolated bacte-
ria were identified according to the scheme
of SHEWAN et al. (1960). The vibriostatic
compound 0,129 (2, 4-diamino-6, 7-diiso-
propylpteridine) was not used to distinguish
Vibrio from Aeromonas. Their discrimina-
tion was made on the basis of gas produc-
tion from glucose. A few Gram-negative,
oxidase-negative rods with polar flagella
were assigned to Vibrio or Aeromonas but

not to Enterobacteriaceae. The mode of
glucose metabolism of the 1solates was
determined using the Hugh-Leifson’s medium
(HucH and LEIFSON, 1953) made with
artificial seawater instead of freshwater.

Response of ciliates to bacteria

Ten freshly cultured ciliates were washed
three times in sterilized seawater for 24 hrs
and placed in a small Petri dishes (27 mm
diameter) with seawater. The bacterial
strains used as feed for the ciliates were
washed with sterilized seawater by centrifu-
gation after cultivating for two days and
were added at the concentration of 10°
cells,/ml to the Petri dishes containing the
ciliate. The Petri dishes were placed in the
wet chamber at 256 °C and ciliate numbers
were determined under the binocular micro-
scope.

3. Results

Fig. 1 shows a colony of Trichodesmium
thiebautit. Ciliates of the order Hypotrichida
were found among the Trichodesmium colony
and these ciliates were isolated and investi-
gated in this work.

Protargol staining shows the arrangement
of cirri in the adoral, ventral and caudal
zones of the ciliate cell (Fig. 2). Three
frontal cirri and pairs of ventral cirri with
zig-zag shape were the characteristic features

Fig. 1. A colony of the blue green algae
Trichodesmium thiebautit.
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of this ciliate. Nuclear staining revealed two
macronuclel and 4 micro-nuclei (Fig. 3).
Based on these observations and direct obser-
vations of the living cells, taxonomical
characteristics of the ciliate are summarized

Fig. 2. Protargol impregnation of the
ciliate.

Fig. 3. Nuclear staining of the ciliate.

diagrammatically in Fig. 4. Further charac-
teristics of this protist are as follows. Size
around 80 X 30 gm. Body flat dorsoven-
trally, rounded at ends. Membranelles of
adoral zone (AZM) 19-26, 2 frontal cirri,
about 11 left and 10 right marginal cirri.
Transverse cirri around 7 and pairs of ven-
tral cirri with zig-zag shape about 8. Bend
of the anterior end of the left marginal
cirrus row and a marine habitat. We identi-
fied this ciliate as Holosticha diademata
(REEs, 1884) KauL, 1932, although the
number of AZM was slightly different from
that reported by BOR ROR (1963). The same
species was also found frequently on
zooplankton detritus in coastal waters of
Japan, such as Aburatsubo Inlet.

Bacterial strains 1solated from the agar-
seawater medium bottle of Holosticha
diademata were all  Pseudomonas spp.
Among 9 bacteria isolated, H. diademata
could be grown with 3 of these bacterial
strains as feed, and amongst these strains
the Strain No. 7 supported the maximum
growth of ciliates during 5 days incubation
(Table1). Among the strains of Pseudo-
monas, Vibrio, Acinetobacter and Flavobac-

Frontal clrri
Buccal cirri

Adoral zone of
membranelles

Paroral membrane

Ventral cirri

— Left marginal clrri

Right marginal cirri

Transverse cirri

10um

Fig. 4. Diagram summarizing the taxonomical
characteristics of the ciliate, Holosticha
diademata REES, 1884,
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terium 1isolated from coastal seawater of
Aburatsubo Inlet, H. diademata grew well
when the animal was kept with Pseudomonas
spp. (Table 2).

4. Discussion

The blue green alga Trichodesmium 1is
ubiquitous and frequently abundant in sub-
equatorial sea areas. It occurs at andor
slightly below the surface water layer and
cells (size; 5-10 g m) are linked to each

other in strings. The strings form coagulates
resulting in colonies which are often large
enough to be wvisible. Trichodesmium fre-
quently blooms in the South China Sea and
this prominent productive algae which occurs
in oligotrophic environments provides a
habitat for various microorganisms.

B ORROR (1963) reported the distribution
of Holosticha diademata in the sediment of
a salt marsh. We found this species fre-
quently on detritus in coastal seawater in

Table 1. Bacteria isolated from culture liquid of Holosticha diademata and

growth of the ciliate in their presence

Strain No. Bacterial genus Growth of Holosticha -
HPP 4 Pseudomonas +
HPP 5 Pseudomonas ++
HPP 7 Pseudomonas ++
HPP 8 Pseudomonas -
HPP 13 Pseudomonas -
HPP 15 Pseudomonas -
HPP 20 Pseudomonas -
+  :numbers of the ciliate less than 50 cells,/cm®”

++ : numbers of the ciliate more than 50 cells,/cm’

* :little identifiable growth of the ciliate
:no growth of the ciliate

|

(*: Numbers of H. diademata was expressed as the unit of cells cm’* because
this ciliate tended to stay on the bottom of the culture container.)

Table 2. Bacteria isolated form coastal seawater and the growth of Holosticha

diademata in their presence

Strain No. Bacterial genus Growth of Holosticha
HPO 1 Vibrio -
HPO 2 Vibrio -
HPO 3 Pseudomonas -
HPO 6 Pseudomonas +
HPO 7 Vibrio -
HPO 8 Pseudomonas +
HPO 15 Pseudomonas ++
HPO 16 Acinetobacter +
HPO 17 Acinetobacter
HPO 19 Pseudomonas -
HPO 62 Flavobacterium -

(Notations are same as those in Table 1.)
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eutropic areas, as well as in pelagic environ-
ments. The occurrence of the same species of
ciliate in both pelagic and coastal areas
seems to suggest that even in oligotrophic
areas the potential extent of biological
productivity might be high in microbial
communities. Thes high productivity of
ciliates was attributed by the bloom of
Trichodesmium.

H. diademata fed preferentially on Pseu-
domonas strains of bacteria. Although the
reasons for the unsuitability of some bacte-
ria as ciliate feed are still not clear from
this study, feeding specificity may also
provide a mechanism for niche partitioning
among cohabiting bactivorous ciliates in the
natural environment, as spatial distribution
and temporal succession of ciliates can be
explained by prey specificity (NOLAND,
1925; COLER and GUNNER, 1969; T AYLOR
and B ERGER, 1976).
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