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Ciliates are one of the main components of micro-
zooplankton. The abundance and biomass of ciliates
have been widely reported (e.g. Perez et al. 1997,
2000). Many studies about the seasonal variation of
ciliate abundance have been reported. In these inves-
tigations, samples were usually taken monthly (Wasik
& Mikolajczyk 1994), biweekly (Pierce & Turner 1994,
Kamiyama & Tsujino 1996) or weekly (Barria de Cao
1992). However, ciliate community generation times
are a few days or less (Dolan 1991, Perez et al. 1997)
and strongly influenced by environmental factors
(Kamiyama & Tsujino 1996). Data available from short-
interval sampling programs are currently very limited
(Kamiyama 1995, Perez et al. 2000).

Until recently, little information on ciliate stocks in
the China Seas could be found (Hu et al. 1999). In the
present study, we report on the rapid changes in stocks
of ciliate microzooplankton associated with a hurri-

cane in the Bohai Sea (China). At the anchor stations
(Stns E3, B1 and A4) and the drift station, 3 or 4 h inter-
val variations of ciliate abundance were estimated. 

Materials and methods. The Bohai Sea is a mid-lati-
tude temperate semi-closed inland sea with an aver-
age depth of 18 m. The Huanghe River and several
other rivers discharge into the Bohai Sea. The ciliate
community in the Bohai Sea was studied from 23 Sep-
tember to 7 October 1998 on board the RV ‘Dongfang-
hong No. 2’. There were 30 stations (Fig. 1) altogether,
with the minimum depth at Stn D1 (14.4 m) and the
maximum depth at Stn A4 (52 m). The investigation
process was divided into several stages as shown in
Table 1. 
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Fig. 1. Map of the study site in the Bohai Sea (China). Experi-
ments were conducted from 23 September to 7 October 1998 at 

30 stations
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Time Investigation items

24–27, Sep The first grid station investigation: Stns A1–A4–G5–G1–F1–F5–E5–E1–D1–D4–C3– 
C1–B1–B2–D5–C4

08:00 h, 29 Sep–05:00 h, 30 Sep Anchor Stn E3, sampling every 3 h
08:00 h, 30 Sep–05:00 h, 1 Oct Drift Stn E3, a buoy was released to the sea. The ship followed the buoy in order to 

sample the same water mass. The buoy drifted less than 8 sea miles. Sampling every 3 h
05:00 h, 1 Oct–01:00 h, 2 Oct Drift Stn E3, sampling every 4 h
01:00 h–22:00 h, 2 Oct Hurricane struck, the ship sailed to Anchor Stn B1 and anchored due to bad weather

conditions
22:00 h, 2 Oct–10:00 h, 3 Oct Anchor Stn B1, sampling every 3 h
10:00 h, 3 Oct–12:00 h, 6 Oct The second grid station investigation: Stns B1–B2–C1–C3–D4–D1–E1–E5–F5–F1– 

G1– G5–D5–C4–A1–A4
12:00 h, 6 Oct–00:00 h, 7 Oct Anchor Stn A4, sampling every 3 h

Table 1. The Bohai Sea investigation process

Fig. 2. Surface temperature (°C), salinity and chlorophyll a concentration (µg l–1) during the 2 grid station investigations
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Water samples were collected using 2 liter Rossette
sample bottles from the surface, 5 and 10 m depths and
the bottom (5 m above the bottom). The temperature
and salinity profiles were measured using a SeaBird
CTD. Chlorophyll concentration was determined with
the spectrophotometric measurements according to
Strickland & Parsons (1972), with the substitution of
the equations of Jeffrey & Humphrey (1975).

A 1 l water sample from each depth was preserved
with 2% acid Lugol’s iodine solution in plastic bottles.
The samples were counted using an Axiovert micro-
scope at 150× magnification after pre-concentration by
serial settling methods. The cell concentrations are
considered to be minimum estimates because only
ciliates with a maximum preserved dimension of
>20 µm were counted.

The dimensions of the ciliates were measured using
an Olympus microscope at 200 or 400× magnification.
The average dimensions were derived from measure-
ments of at least 30 animals for each species; fewer
individuals were used in the case of rare taxa. The cell
volume of each species was estimated using appropri-
ate geometric shapes (balls, cones, cylinders and their
combinations). The total plasma volume of tintinnids is
assumed to occupy 30% of the lorica volume (Gilron &
Lynn 1989). The carbon:volume ratio used to calculate

biomass of ciliates was 0.19 pg C µm–3 (Putt & Stoecker
1989).

Results. The surface temperature, salinity and chlor-
ophyll concentrations during the 2 grid station investi-
gations are shown in Fig. 2.

During the first grid station investigation (24 to 27
September 1998), the ciliate biomass on the surface
was 0.2 to 12.3 mg C l–1, with peaks appearing at Stns
B1, D5 and F2 (9.1, 12.3 and 6.6 µg C l–1 respectively).
The water column biomass was 2 to 136 mg C m–2. The
spatial pattern of water column biomass resembles that
of the surface biomass. Because only 4 depths were
sampled, some details could be missed in the condition
of deep waters. Therefore, the water column bio-
masses at the deep stations are rough estimates. 

The second grid station investigation (3 to 6 October
1998) yielded lower estimates of ciliate biomass. The
surface layer biomass ranged between 0.02 and 2.8 mg
C l–1, with the maximum at Stn E1. Water column bio-
mass ranged between 0.01 and 47 mg C m–2 (Fig. 3).

The ciliate biomass:chlorophyll ratios in the surface
water were calculated to be 0.04 to 4.7 (1.41 on aver-
age) during the first grid investigation and 0.01 to 1.18
(0.26 on average) during the second grid investigation. 

The time series sampling revealed distinct differ-
ences between stations both prior to and after the hur-
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Fig. 3. Surface biomass (µg C l–1) and column biomass (mg C m–2) during the 2 grid station investigations
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Fig. 4. Dynamics of temperature, salinity and total ciliate abundance at anchor stations (Stns E3, B1 and A4) and the drift station. 
Boxes (■) in the temperature and salinity panels show the times when the ciliate samples were taken
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ricane (Fig. 4). The Anchor Stn E3 and the drift station,
both occupied before the hurricane, showed distinct
temporal peaks in ciliate concentrations. Abundances
at Stn E3 were maximal around 20:00 h while at the
drift station peak concentrations were recorded from
samples taken at about 17:00 h. For both time series,
ciliate concentrations did not appear to co-vary with
temperature or salinity. Interestingly, the 2 time series
conducted after the hurricane at Anchor Stns B1 and
A4 also showed distinct temporal patterns of ciliate
abundance. Data for Anchor Stn B1 showed a regular
decline in ciliate number from 22:00 to 10:00 h. In con-
trast, ciliate concentrations peaked distinctly at Anchor
Stn A4 at about 18:00 h. Thus, both before and after the
hurricane, different stations showed different patterns
of ciliate abundance.

Discussion. In western Hiroshima Bay, the Seto
Inland Sea (Japan), the temporal change in the micro-
zooplankton community during the decay of a bloom of
Heterosigma akashiwo was recorded over a 10 d
period in June-July 1991 (Kamiyama 1995). The ciliate
density increased rapidly when the density of H.
akashiwo decreased drastically due to the vertical mix-
ing. This process lasted only 4 d. Both the results of
Kamiyama (1995) and this study suggest that physical
processes such as vertical mixing by storms could
influence the ciliate community drastically. The possi-
bility of irregular patterns of temporal variability inde-
pendent of water mass changes further complicates
interpretations (e.g. Perez et al. 2000). 

In this paper, the fluctuation of the ciliate abundance
at the anchor stations (Stns E3, B1 and A4) and the drift
station may be interpreted as the change of the water-
mass. The variations of temperature and salinity justi-
fied this causation. Although the high ciliate concen-
trations coincided with the high temperatures at those
stations, temperature may not be the definitive factor
that controls the occurrence of ciliates. As pointed out
by Sanders (1987) and Kamiyama & Tsujino (1996),
correlation must not necessarily mean causation. 
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