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Abstract Planktonic community structure was investi-
gated during outbreak of harmful Phaeocystis globosa
bloom in a subtropical bay, the Maowei Sea, South China
Sea. The phytoplankton assemblage was numerically
dominated by colonial P. globosa, with its abundance
ranging from 1.23 x 10® to 11.12 x 10® cells m™> and
contributing nearly 90 % to the total abundance. Totally 66
mesozooplankton (>169 um) and 19 ciliates species were
recorded, with the densities ranged from 169 to
1633 ind m ™~ and 74 to 1118 cells L™, respectively. The
dominant species for mesozooplankton were Copepoda
(larvae), Bestiola sinicus, B. amoyensis, Macrura (larvae)
and Acartia spinicauda, respectively. The ciliate assem-
blage was numerically dominated by Codonella rapa,
Strombidium globosaneum and Mesodinium rubrum. Dur-
ing the bloom, P. globosa seemed to be negatively affected
by the nutrient phosphate significantly (p < 0.05). How-
ever, no correlation between P. globosa and ciliate
assemblage was detected, but P. globosa was negatively
correlated with total biomass of mesozooplankton and
abundance of B. sinicus (p < 0.05), suggesting that P.
globosa was uncoupled from the grazing by both ciliates
and mesozooplankton when appearing as colonies form.
On the other hand, both positive and negative correlations
among the dominant groups of mesozooplankton and
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ciliates were observed (p < 0.05) which possibly indicated
that the predation of mesozooplankton upon ciliates might
be strengthened during the Phaeocystis bloom and the
complex effect also varied from species to species.
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Introduction

Phaeocystis (Prymnesiophyta) which can form nearly
monospecific dense blooms and constitute environmental
nuisance in global marine waters, is recognized worldwide
as harmful algae (Grattepanche et al. 2011). Members of
this genus have special characteristics of physiology, bio-
chemistry and ecology and play a key role as an interme-
diary in the transfer of both carbon and sulfur between
ocean and atmosphere (Schoemann et al. 2005). Most im-
portantly, they possess extraordinary heterogenic life cycle
that involves in sexual reproduction between free-living
cells (6-9 pum in diameter) and gelatinous colonies (up to
3.0 cm in diameter). These special life strategies are
functionally interpreted as the survival adaptation of
Phaeocystis in both oligotrophic and eutrophic waters
(Schoemann et al. 2005). For example, single cells with
longer stationary phase and lower death rate are typically
observed in nutrient-poor environment, while solitary non-
flagellate cells in colony with short lag phase and high
growth rate usually dominate in rapidly developing blooms
(Peperzak et al. 2000). The exact transition between these
two different life forms, however, is still unclear and
evolution of Phaeocystis life-history strategy is generally
believed to be forced by zooplankton grazing pressure
(Riegman and van Boekel 1996; Widdicombe et al. 2004).
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Due to the large size of the colonies, however, Phaeocystis
are supposed to be unsuitable food sources for copepods
directly (Nejstgaard et al. 2007), but nano-sized single cells
are heavily grazed by protozoa and can support a suboptimal
growth of ciliates (Hensen et al. 1993; Tang et al. 2001).
Since ciliates are usually considered as a food source for
metazoan zooplankton or fish larvae, they consequently
improve the food quality for higher predators in Phaeocys-
tis-dominated ecosystem and playing a pivotal role in
transferring the materials and energy in marine microbial
food webs (Pierce and Turner 1992; Clarke et al. 2006).

As for the Phaeocystis bloom, some researchers believe
that grazing of zooplankton is a negligible loss factor if
concerning bloom dynamics (Davies et al. 1992), while
others argue that copepods switch to ciliates as food source
might have a positive influence on Phaeocystis population
and thus stimulate the development of a bloom (Nejstgaard
et al. 2007). Therefore, knowledge of trophic responses of
grazers to Phaeocystis is essential to understand the po-
tential top-down control of Phaeocystis bloom develop-
ment (Jakobsen and Tang 2002). Many studies have
focused on simple interaction (e.g. one prey—one predator)
or single cells-based treatment in the laboratory conditions
(Tang et al. 2001), yet it is still unclear to what extent the
zooplankton species feed on different life forms of
Phaeocystis globosa, in particular in the field conditions.
Moreover, little is known about the variations of ciliate
community in most marine ecosystems, especially during
the harmful algae blooms in coastal waters of the South
China Sea (Liu et al. 2010).

During the last two decades, blooms of Phaeocystis have
frequently occurred in coastal waters of Southern China, e.g.
Shantou, Hong Kong, Zhanjiang, Hainan Island and Beihai,
leading to a great impact on local fishery and environmental
health (Huang et al. 1999; Li et al. 2012). These Chinese
strains were characterized by extraordinary large size of the
colony (up to 3.0 cm in diameter), high temperature re-
quirements and hemolytic properties which make them
special members of the P. globosa complex (Shen et al.
2011a). All these characteristics should be taken into account
when trying to understand their role in the coastal ecosystem.
In autumn of 2011, P. globosa bloom reoccurred in the
Maowei Sea, SCS. As Phaeocystis blooms have a large
ecological impact on ecosystem, the aims of present study
are to explore the planktonic community structure during the
bloom and the possible trophic interactions among the me-
sozooplankton, ciliates and phytoplankton assemblages; to
assess whether ciliates play a potential top-down control on
the P. globosa bloom development through acting as an in-
termediate prey between the mesozooplankton and the algae.
Moreover, these investigations could also gain insight into
the microbial food web structure in P. globosa-dominated
ecosystem in the typical subtropical bay of the SCS.
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Materials and methods
Study area, filed sampling and treatment

The Maowei Sea is a semi-enclosed shallow bay, with an
area about 135 km? and the water depth usually less than
10 m. It is located in the northwestern part of the South
China Sea (SCS) and receives freshwater from the Qinjiang
River and Maoling River. As in the subtropical area, it is
significantly influenced by South-west monsoon in summer
and North-east monsoon in winter, with nearly 80 % of the
discharge occurred during summer and 20 % during win-
ter. More recently, the rapid development around this area
(mainly anthropogenic drainage and oyster aquiculture in
the bay) has brought about environmental pressures on this
bay ecosystem, resulting in frequent occurrence of eu-
trophication and harmful algae blooms (HABs). During the
outbreak of P. globosa bloom, 16 sampling sites were ar-
ranged to cover both the bloom center and non-bloom area
in the bay, from which water samples were collected on
October 29, 2011 (Fig. 1).

Water samples were collected using a 5 L niskin bottle
at surface layer and environmental factors (temperature and
salinity) were measured by an YSI 6600 multi-parameter
water quality monitor (Yellow Springs Instrument Co.,
USA) at each sampling station. After collection, the water
samples for later inorganic nutrients and chlorophyll a de-
termination were filtered through 0.45 pm cellulose filters
and both the water and filters were preserved at 4 °C in
dark before further processing in the laboratory. The nu-
trient (nitrate, nitrite, ammonia, phosphate and silicate)
concentrations were analyzed by a nutrient-analyzer
(Quickchem 8500, USA) according to the method de-
scribed in Kirkwood et al. (1996). Chlorophyll a (Chl a)
concentration was also measured using a Turner Design
10-AU fluorometer according to the method described in
Parsons et al. (1984).

Planktonic community structure

Mesozooplankton was collected by vertical tows from
1.0 m above the sediment to the water surface with 169 pm
mesh-size plankton net (0.5 m in mouth diameter and
1.45 m long), fitting with a Hydro-Bios flowmeter in the
net mouth. Samples were fixed and preserved with formalin
in 5 % final concentration, and identified to species level
where possible. Mesozooplankton abundance was counted
under an inverted microscope and the wet weight was
measured according to the method of Li et al. (2006).
Microphytoplankton (>55 pm) including P. globosa was
collected using 55 pum mesh-size plankton net (0.37 m in
mouth diameter and 1.3 m long, fitted a Hydro-Bios
flowmeter) and preserved with 1 % Lugol’s iodine solution
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Fig. 1 Sampling sites in the
Maowei Sea. MLR the Maoling
River, OR the Qinjiang River
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(no glacial acetic acid). Phytoplankton species were iden-
tified and enumerated under a microscope (Leica
DM2000). The P. globosa free-living cells and colonies
were counted separately, and the diameter of each observed
colony was measured to estimate the cell number based on
the regression relationship between colony diameter and
cells number per colony (LogY = 1.34 x logX — 0.44,Y
is the cell number in colony and X is the diameter of the
colony, Huang et al. 2012).

One liter of water sample for ciliates analysis was fixed
with Lugol’s solution and stored in darkness for later ana-
lyses. The water sample was concentrated to 20-30 mL us-
ing Uterm6hl method (1958), and the ciliates were identified
by referring to Kofoid and Campbell (1929, 1939), Carey
(1992) for tintinnids and Maeda and Carey (1985), Lynn
et al. (1991) for aloricate ciliates, respectively.

Statistical analysis

Species richness and diversity (Shannon—Wiener diversity
index H', based on log,) were calculated for each group.

108.50° 108.54° 108.58° 108.62°E

Multivariate analyses were used to detect any spatial dif-
ferences in species composition and abundance of plank-
tonic communities (after square root transformation based
on plankton abundance data), and to assess which taxon
mainly contributed to the spatial variability (Software
PRIMER v6). Similarity matrices were constructed using
Bray—Curtis similarity, and non-metric multidimensional
scaling (nMDS) was also applied to the similarity matrixes
to determine the similarity of sites with respect to plankton
composition (Shen et al. 2012). Following the cluster
analysis, the species having the greatest contribution to the
division of samples into cluster were determined using the
similarity percentage program (SIMPER) (Clarke and
Gorley 2006). Pearson analysis was also performed to de-
tect the relationships between the abundance of phyto-
plankton, mesozooplankton and ciliates populations with
SPSS software. The spatial distribution of ciliates and their
responses to biotic and/or abiotic factors were elucidated
by means of canonical correspondence analysis (CCA).
The CCA analysis was processed using statistical program
CANOCO version 4.5 (Chen et al. 2011).
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Results
Environmental parameters

Sea surface temperature (T) and salinity (S) of the MWS
were apparently influenced by freshwater inputs from the
Qinjiang River and the Maoling River. Temperature ranged
from 22.8 to 25.4 °C and increased from the river mouth to
the transition zone and the bay mouth. Salinity showed
similar spatial changes along the gradient with the range
between 11.3 and 22.9. To better understand the impacts of
freshwater discharges, all stations were divided into saline
water type (S > 17) and brackish water type (S < 17)
(Table 1), respectively.

The MWS was typically nutrient-rich with dissolved
inorganic nitrogen (DIN) ranging from 19.29 to
45.71 pmol L™". The highest DIN concentration was found
at station S14 which is located near the river mouth while
the lowest at station S1 which is nearest to the bay mouth
and connected with the open sea directly. Therefore, the
mean DIN concentration was generally higher in brackish
water (inner part of the bay) than in saline water (outer part
of the bay). Concentration of phosphate was lower than
1 pmol L~! in most area (Table 1) and similarly, the av-
eraged concentration was higher in brackish water than in
saline water. Chlorophyll a also showed spatial variation
and its concentration fluctuated from 1.42 mg m > (S13) to
5.20 mg m > (S16), with a mean of 3.01 mg m™ across

Table 1 Environmental parameters at each sites in the Maowei Sea

the whole bay area. Although the maximum Chl a con-
centration recorded near the river mouth, the averaged
value was generally lower in brackish water than in saline
water (Table 1).

Planktonic community and its spatial distribution

Totally 89 phytoplankton species belonging to 51 genera
were recorded in this study, with colonial P. globosa nu-
merically dominated. The diameter of colonies ranged
from 3.0 to 15.0 mm, and the colony density ranged from
0.12 x 10" to 0.68 x 10*ind m™>, with a mean of
0.37 x 10% ind m > throughout the bay. According to the
regression relationship between colony diameter and cells
number per colony, the total abundance of P. globosa was
estimated ranging from 1.23 x 10° to 11.12 x 10®
cells m—, contributed nearly 90 % to the total abundance
of phytoplankton. Spatially, high abundance was obviously
found in the bay mouth which is connecting to the open sea
and the mean value was usually higher in saline water than
in brackish water.

A total of 66 mesozooplankton species were identified
and copepods (26 species) were the most abundant group,
followed by planktonic larvae (10 species). The dominant
species were Copepoda larvae, Bestiola sinicus, B.
amoyensis, Macrura larvae and Acartia spinicauda, re-
spectively. The averaged species richness in saline water
(34 species) was much higher than in brackish water (24

Area Site T (°C) S DIN (pumol L") P (umol L™") Chl a (mg m ™)
Saline water S1 25.42 22.76 19.29 0.65 4.1

S2 25.16 19.2 25 0.97 2.51

S3 25.44 22.89 19.29 0.65 4.15

S4 25.25 21.09 23.57 0.97 3.06

S5 25.29 21.79 2143 0.65 4.26

S7 24.85 17.89 27.86 0.97 3.39

S8 25.24 20.94 22.86 0.65 3.66

S9 25.07 19.55 28.57 0.65 234

Mean + SD 2522 +0.19 20.76 + 1.77 23.48 + 3.53 0.77 £ 0.17 3.43 £ 0.74
Brackish water S6 24.95 13.58 31.43 1.29 2.17

S10 23.58 13.02 30.00 1.94 1.59

Si1 22.81 11.6 29.29 1.29 271

S12 24.12 16.47 26.43 0.97 1.65

S13 24.03 16.59 25.71 0.97 1.42

S14 23.79 13.71 4571 1.00 251

S15 23.79 14.34 27.14 0.97 3.48

S16 23.14 11.26 33.57 0.65 5.20

Mean + SD 23.78 + 0.65 13.82 4+ 1.97 31.16 + 6.44 1.14 £ 0.38 259 + 1.26
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species), with the maximum occurred at station S1 (41
species) which is located in the bay mouth. Although the
species diversity showed no significant difference among
the stations, with most species diversity index higher than
three except at station S7 which is located in the central
bay, the dominant species at each station were various
(Table 2). The spatial distribution of mesozooplankton was
also apparent and its high abundance and biomass pre-
sented in the central bay, while low abundance occurred
near the river mouth and the bay mouth. The abundance
fluctuated between 169 and 1633 ind m— and biomass
ranged from 58.33 to 133.33 mg m >, respectively, with
the maximum were both found in the central bay (station
S7) (Fig. 2).

For ciliates, 19 species belonging to 13 genera were
identified, among which 11 of them were tintinnids and the
dominant species included Codonella rapa, Strombidium
globosaneum and Mesodinium rubrum (Table 3). The
species richness and diversity at each station ranged from 3
to 7 and 1.30 to 2.75, respectively, with high species
number and diversity occurred near the bay mouth (e.g.,
S1, S3 and S5). The ciliate abundance fluctuated remark-
ably on a spatial scale, ranging from 74 to 1118 cells L'
at each station. High abundance mainly occurred in estu-
arine area (e.g., S14 and S16), but the abundance was
usually lower than 500 cells L™" at most stations. Spatial
variation was also found for the dominant species, for
example, tintinnids, Strombidiida and M. rubrum appeared

to abundant at stations S1-S7 (Bay mouth), S8-S11 (cen-
tral Bay) and S14-S16 (river mouth), respectively.

Spatial variation was also detected in the classification
and ordination analysis (one-way ANOSIM, Global
R = 0.77, p < 0.001), which separated the sampling sta-
tions, at 50 % of similarity, into two main groups (named
inner group and outer group, which are in agreement with
the brackish water and saline water types, respectively),
reflecting high heterogeneity among the stations (Figs. 3,
4). The outer group includes S1-S5 and S9, dominated by
homogeneous saline water and the plankton community
structure being uniform. Other stations were assigned to the
inner group, influenced by riverine runoffs and the plank-
tonic community structure being diverse. Moreover, under
each cluster, two sub-clades corresponding to the inner and
outer sectors were defined (Figs. 3, 4). Other sites com-
prised higher similarities than the S9 within the outer
group, and the same situation existed at S7 within the inner
group, indicating that the plankton communities in the
central bay were more variable because of the influence of
diffusive mixing of freshwater and oceanic water (Figs. 3,
4). According to SIMPER results, the species contributing
the greatest to the division of stations into different groups
were M. rubrum, S. globosaneum, C. rapa, larvae of
Copepoda, B. sinicus, S. conicum and Tintinnopsis tubulosa
(SIMPER, 51 % cutoff).

The ciliates and abiotic parameters that determine the
spatial variability of the assemblage are shown in the

Table 2 Mesozooplankton communities in the saline water and brackish water

Site Dominant species Total abundance Total biomass Species Diversity
(ind m™3) (mg m™3) number index (H')

S1 Copepoda larvae, Acartia spinicauda 366.43 71.43 41 3.81

S2 A. spinicauda, Copepoda larvae 435.83 58.33 34 3.63

S3 A. spinicauda, Copepoda larvae 608.82 98.04 38 3.46

S4 A. spinicauda 257.73 82.47 31 3.16

S5 Copepoda larvae, A. spinicauda 329.35 97.83 36 3.87

S7 Copepoda larvae, A. spinicauda Bestiola amoyensis 1633.33 133.33 26 2.90

S8 Copepoda larvae, B. amoyensis 700.00 100.00 37 3.67

S9 A. spinicauda 169.29 71.43 32 391

Mean + SD 562.6 £+ 467 89.11 £ 23.44 344 £ 4.7 355+ 0.36
S6 Copepoda larvae, Macrura larvae 320 116.67 23 3.92

S10 Copepoda larvae, A. spinicauda 274.29 114.29 22 3.64

S11 Macrura larvae, Copepoda larvae 268 120 20 3.66

S12 Copepoda larvae, B. sinicus 890 100 28 3.15

S13 Copepoda larvae, B. amoyensis 670 125 34 3.70

S14 Copepoda larvae, B. sinicus 540 116.67 23 3.06

S15 Macrura larvae, B. amoyensis 236 80 20 3.79

S16 A. spinicauda, B. amoyensis 316.67 83 21 3.66

Mean + SD 439.4 + 237 106.95 + 17.3 239+ 48 3.57 £0.30
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Fig. 2 Spatial distribution of ciliates, Phaeocystis globosa and mesozooplankton abundance and mesozooplankton biomass (Zooplankton-Bio:

mg m ™). Ciliates abundance: cells L', P. globosa abundance: cells m>, mesozooplankton abundance (Zooplankton-Abu): ind m

bi-plots of CCA analysis (Fig. 5). Cumulative percentage  Table 4. The two main axes cumulatively explained nearly
of explained variance and correlation coefficients of each 86.5 % variability in ciliates abundance and spatial distri-
selected factor for the two main axes are summarized in  bution. Three factors including temperature, salinity and
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Table 3 Ciliates population at each site in the Maowei Sea

Site Species number Dominant species Diversity index (H') Abundance (cells L™1)
S1 7 Leprotintinnus simple 2.75 160

S2 4 Tintinnopsis tubulosa, T. tocantinencis 1.92 78

S3 7 L. simple, S. conicum 2.46 380

S4 4 Codonella rapa 1.66 185

S5 7 S. conicum, C. rapa 2.46 338

S7 3 T. tubulosa 1.38 74

S8 4 S. globosaneum 1.66 126

S9 7 S. globosaneum, Mesodinium rubrum 2.44 260

Mean + SD 538 + 1.77 2.09 + 0.50 200.13 £+ 115.33
S6 3 C. rapa 1.37 190

S10 3 S. globosaneum 1.31 115

S11 3 S. globosaneum 1.75 328

S12 4 M. rubrum, C. rapa 1.63 228

S13 4 C. rapa, M. rubrum 1.84 301

S14 4 M. rubrum 1.93 1118

S15 3 M. rubrum 1.3 310

S16 4 M. rubrum 1.7 581

Mean + SD 3.50 £ 0.53 1.60 + 0.25 396.38 £ 322.09

DIN were the main determinants of axis 1 (Fig. 5). Tem-
perature and salinity showed opposite character to the DIN,
which was consistent to the spatial distribution of other
environmental parameters. CCA analysis revealed that
S. globosaneum and M. rubrum were closely related to low
temperature and salinity.

Pearson correlation analysis revealed that P. globosa
abundance was negatively related to the total biomass of
mesozooplankton and abundance of B. sinicus (p < 0.05,
n = 15). However, correlations among mesozooplankton
and ciliates were much more complex and the effects were
species-specific. For example, ciliates C. rapa and S. glo-
bosaneum was positively related to the abundance of larvae
of Macrura and Polychaeta (p < 0.05, n = 15), but
negatively related to the abundance of A. spinicauda
(» <0.05, n = 15), respectively. M. rubrum was also
positively related to larvae of Macrura and Polychaeta
(p < 0.05, n = 15) and S. conicum positively related to B.
sinicus (p < 0.05, n = 15).

Moreover, environmental factors also play important
role in affecting the abundance and distribution of plank-
tonic assemblages. Field data showed a negative relation-
ship between nutrient phosphate and the abundance of P.
globosa (p < 0.05, n = 15). Temperature and salinity have
a negative effect on the abundance of larvae of Macrura
and Polychaeta, S. globosaneum and M. rubrum, but a
positive effect on the abundance of A. spinicauda
(p < 0.05, n = 15). DIN appeared to be positively related
to the abundance of ciliates, especially to M. rubrum,

S. globosaneum and C. rapa (p < 0.05, n = 15), which
was consistent with the results of CCA analysis.

Discussion
Regulation of planktonic community structure

Planktonic community structures are complicated and
regulated by both abiotic factors and biotic interactions. In
eutrophic transitional zones, such as estuaries and bays,
physic-chemical variables (e.g. temperature, salinity, light
and nutrients) are supposed to be the driving forces to
regulate community structure (Muylaert et al. 2000; Gib-
erto et al. 2007; Shen et al. 2011b; Chen et al. 2011). Many
studies including laboratory and filed observations have
demonstrated the strongly influence of the environmental
factors upon the species composition, distribution and
abundance of biological communities (Kchaou et al. 2009).
In present study, dominant species also showed great spa-
tial variations in the bay along the environmental gradients,
e.g. tintinnids dominated the ciliate populations near the
bay mouth where exchanged with oceanic water from
outside the bay. The abundance of larvae of Macrura and
Polychaeta, S. globosaneum, A. spinicauda and M. rubrum
were closely associated with temperature and salinity,
which were consistent to others’ results that the key drivers
of zooplankton dynamics were abiotic factors in many
rivers and bays ecosystem (Dickerson et al. 2010; Johnson
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et al. 2013). As a semi-closed shallow bay, high nutrients-
load due to anthropogenic input has lead to the develop-
ment of massive algal blooms in the MWS, including P.
globosa and M. rubrum as well (Lan 2012). DIN appeared
to be significantly related to the abundance of ciliates,
especially the pigmented ciliate M. rubrum, reflecting its
high demand of inorganic nitrogen. For P. globosa,
although a negative effect of phosphorous upon this
harmful alga was detected from the field data, this result
should be considered with caution as it was derived from
field observation during the increasing phase of bloom
when rapid uptake by the colonial algae and consequently
P-depletion were supposed to be happened simultaneously.
Nonetheless, these bottom-up processes, involving the
ambient physic-chemical factors such as temperature,
salinity, light and nutrients, played a most important role in
coastal and particular estuarine and bay ecosystems (Steen
2004; Cohen and Fong 2004; Worm and Lotze 2006). This
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shown in the figure, including Amphorella quadrilineata (Amph qu),
Amphorellopsis acuta (Amph ac), Codonellopsis morchella (Codo),
C. rapa (Coll), Craterella retusa (Crat), Cyclidium sp.(Cycl), Favella
companula (Fave), Leprotintinnus simple (Lepr), M. rubrum (Meso
ru), S. conicum (Stro co), S. globosaneum (Stro gl), S. major (Stro
ma), S. tintinnodes (Stro ti), Tintinnopsis radix (Tint ra), Tintinnopsis
schotti (Tint sc), Tintinnopsis tocantinencis (Tint to), Tintinnopsis
tubulosa (Tint tu), Vorticella sp. (Vort)

is a complex research area that needs to be addressed with
more detailed studies in the future.

Trophic relationships in Phaeocystis-dominated
ecosystem

Phaeocystis globosa can form nearly monospecific dense
blooms of gelatinous colonies in global marine waters and
the complexity of trophic relationships in Phaeocystis-
dominated ecosystem was previously pointed out (Tang
et al. 2001). It is still unclear to which extent their success
is due to their high competitiveness for the niches (light
and nutrients) or to their resistance to predation (Schoe-
mann et al. 2005 and references therein). Knowledge of the
trophic responses of grazers to Phaeocystis is essential to
understand the potential top-down control of Phaeocystis
bloom development (Jakobsen and Tang 2002). Although

ciliates are assumed to act as an intermediate prey between
mesozooplankton and P. globosa, no significant correlation
between P. globosa and ciliates was detected during the
bloom, but negative impact of P. globosa upon the total
biomass of mesozooplankton and B. sinicus abundance was
significant, indicating that P. globosa was uncoupled from
the grazing by both ciliates and mesozooplankton when
appearing as colonies form. This result consistents with
other study that grazing on Phaeocystis cells differ among
protozoans and ciliate Mesodinium pulex may exploit
Phaeocystis indirectly by preying on intermediate grazers
(Tang et al. 2001). On the one hand, it can be attributed to
the Phaeocystis multiple life stages, occurring as colonies
during bloom which are large-sized and protected by a thin
but tough skin, deterring mainly small, fast-growing
pathogens and predators (Hamm et al. 1999; Hamm 2000).
On the other hand, the production of acrylic acid and toxins
in this harmful alga may also help to defend against
predators, competitors and parasites (Verity and Smetacek
1996; Peng et al. 2005). Moreover, adverse inhibition ef-
fect on the abundance and biomass of mesozooplankton
was also observed, indicating that the higher predators
were not expected to obtain a better nutrition through the
Phaeocystis-based food chains. Thus, potential grazers may
switch to other suitable food sources, such as diatoms. It
has been demonstrated that diatoms could not only com-
pete for nutrients, but are also preyed by mesozooplankton
(Verity and Smayda 1989). As a consequence, grazing on
diatoms are likely to favor the formation of nearly
monospecific dense blooms and have a positive influence
on the bloom dynamics of P. globosa (Nejstgaard et al.
2007).

In the contrast, correlations of mesozooplankton to
ciliates were much more complex and both positive and
negative effects among the dominant groups of mesozoo-
plankton and ciliates were observed significantly which
possibly indicated that the predation of mesozooplankton
upon ciliates might be strengthened during the Phaeocystis
bloom, but the effects were species-specific. It’s also
consistent with others finding (Schoemann et al. 2005 and
references therein). For example, ciliates C. rapa and S.
globosaneum was positively related to the abundance of
Macrura and Polychaeta, but had an adverse impact on the
abundance of A. spinicauda. M. rubrum was also positively
related to Macrura and Polychaeta and S. conicum associ-
ated positively with B. sinicus, indicating that different

Table 4 Results of the CCA

. Axis Cumulative percentage Temperature Salinity DIN Phosphate Chl a
analysis

1 77.0 -0.72 -0.69 0.72 0.05 0.03

2 86.5 —0.26 0.28 —0.01 —0.39 —0.56

Relatively important factors explaining each axis are shown in bold
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ciliates were preferred by selected mesozooplankton
species.

Result from fatty acid analysis indicated that dominating
crustacean zooplankton might derive a major part of their
diet from P. globosa in lower latitudes, suggesting that P.
globosa did enter the food web (Hamm and Rousseau 2003).
Teixeira et al. (2012) indicated that higher predators may
obtain a better nutrition from Phaeocystis blooms by feeding
on intermediate prey, for example, ciliates and heterotrophic
dinoflagellates which could consume P. globosa single cells,
thus considerably reduced the overall grazing pressure and
enhanced the Phaeocystis blooming (Hensen et al. 1993,
1997). In present study, although the coupling between
Phaeocystis and ciliates was not detected as expected, ob-
vious correlations among the ciliates and mesozooplankton
assemblages still reflected some cues on the trophic rela-
tionships in Phaeocystis-dominated ecosystem in the nature
conditions, implying that trophic efficiency was dependent
on the complex food-chain structures.

Of course, due to the complexity of bottom-up and top-
down controls of planktonic community structure and the
difficulty in interpreting the existing data on the unique
Phaeocystis-dominated ecosystem, the trophic relation-
ships cannot be fully understood by simple correlation due
to its multiple life stages and sizes (Schoemann et al.
2005). Therefore, to better understand the trophic rela-
tionships in Phaeocystis-dominated ecosystem, a most
important process is to clarify the mechanisms controlling
transition between the free-living cells and colonies of
Phaeocystis both in laboratory and field study in the future.

Conclusion

In this descriptive study we have investigated the diversity
and variation of the planktonic community in a Phaeo-
cystis-dominated ecosystem using a variety of analysis
methods. As a semi-closed shallow subtropical bay, envi-
ronmental factors played an important role in affecting the
abundance and distribution of the planktonic assemblages,
in particular the temperature and salinity. No significant
correlation between P. globosa and ciliates assemblage was
detected, but negative impact upon the biomass of meso-
zooplankton and B. sinicus abundance was significant,
suggesting that P. globosa was uncoupled from the grazing
by both ciliates and mesozooplankton when appearing as
colonies form. As consequence, mesozooplankton might
switch to ciliates as food source and the predation upon
ciliates was strengthened during the Phaeocystis bloom,
but the effects were species-specific. In summary, trophic
efficiency was not only dependent on the complex food-
chain structures within the food web, but also on the

@ Springer

bottom-up processes, involving the ambient physic-che-
mical factors, particular in coastal systems.
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