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Abstract
Introduction In order to identify a potential surrogate of
planktonic ciliate communities for marine bioassessments and
evaluating biological conservations, the different taxonomic/
numerical resolutions and taxa as surrogates were studied in
Jiaozhou Bay, northern China during a 1-year cycle (June
2007–May 2008).
Materials and methods Samples were collected biweekly
from a depth of 1 m at each of five sites. A range of
physicochemical parameters were also measured in order to
determine water quality.
Results The genus- and family-level resolutions maintained
sufficient information to evaluate the ecological patterns of
the ciliate communities in response to environmental status.
The non-loricate oligotrichous ciliate assemblages in both
abundance and occurrence may be used as a surrogate of
planktonic ciliate communities. Heavy data transformations
were an optimal strategy for the species level of planktonic
ciliates, while mild data transformations were for the
higher. The ordination patterns based on species biomass,
occurrence, and biomass/abundance ratio matrices were
significantly consistent with that of species abundance data.
Conclusion The results suggest that the use of simplifica-
tions at both taxonomic and numerical resolutions are time-
efficient and would allow improving sampling strategies of

large spatial/temporal scale monitoring programs and
biological conservation researches in the marine ecosystem
with a relative paucity of scientists.

Keywords Bioassessment . Taxonomic sufficiency .

Numerical resolution . Planktonic ciliate .Marine ecosystem

1 Introduction

Ciliated protozoa are an important component of micro-
plankton communities and have long been considered as
primary mediators of energy transfer from pico- and
nanoplanktonic production to higher trophic levels in the
functioning of microbial food webs (Sherr and Sherr 1987;
Dolan and Coats 1990; Stoecker and McDowell-Cappuzzo
1990; Sime-Ngando et al. 1995; Kchaou et al. 2009; Jiang
et al. 2011a, b; Xu et al. 2011a, b). With their short life
cycle and more rapid responses to environmental changes
than any other eukaryotic organisms, special attentions
have been increasingly focused on ciliated protozoa as a
useful bioindicator of marine bioassessments and biological
conservations in recent decades (Coppellotti and Matarazzo
2000; Corliss 2002; Xu et al. 2002, 2009a, b; Ismael and
Dorgham 2003; Jiang et al. 2011a, b). So far, monitoring
programs using ciliated protozoan communities have
traditionally been based on the species abundance data
(Coppellotti and Matarazzo 2000; Xu et al. 2002; Jiang et
al. 2011a, b). However, the identification of ciliates at
species level requires a skilled taxonomic expertise and is
laborious and thus limits the use of ciliated protozoa for
monitoring researches, especially by the environmental
agencies that are often dealing with large scales in a limited
time span (Lovell et al. 2007; Bertasi et al. 2009; Liu et al.
2010; Shao et al. 2010; Yu et al. 2010; Xu et al. 2011a, b).
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The development of fast and cost-effective procedures
for marine bioassessments and biological conservations has
become a pressing issue for marine ecologists as anthropo-
genic impacts increase rapidly and dramatically worldwide
in recent years (Warwick 1988; Xu et al. 2002; Terlizzi et
al. 2003; Tataranni et al. 2009). For this purpose, taxonomic
sufficiency has been received increasing attentions in terms
of its basic concept that anthropogenic impacts can be
detected using coarse taxonomic resolutions without a
significant loss of information, thus avoiding long and
difficult precise taxonomic identifications and saving time
and costs (Ellis 1985; Vanderklift et al. 1998; Olsgard and
Somerfield 2000; Pagola-Carte et al. 2002; Dauvin et al.
2003; Mendes et al. 2007; Puente and Juanes 2008; Bertasi
et al. 2009). The other technique is to identify either a
sufficient numerical resolution or a taxonomic/ecological
group as a surrogate of the whole species assemblages
(Olsgard and Somerfield 2000; Bertasi et al. 2009; Carneiro
et al. 2010; Xu et al. 2011a). Otherwise, data trans-
formations have been known to affect the results of
multivariate analyses by weighting the relative contribu-
tions to results of abundant and rare taxa (Stark et al. 2003;
Anderson et al. 2005; Xu et al. 2011a). Although the
effectiveness of taxonomic/ecological surrogates has been
reported on metazoan, phytoplanktonic, and periphytic
protozoan assemblages, such studies have yet to be carried
out on planktonic ciliate communities for marine bioassess-
ments and biological conservations (Bertasi et al. 2009;
Carneiro et al. 2010; Xu et al. 2011a).

In this study, the dataset of planktonic ciliate communi-
ties, which was collected biweekly at five sampling sites in
Jiaozhou Bay near Qingdao, northern China, during a 1-
year cycle (June 2007–May 2008), was analyzed. Our study
asks the following questions: (1) are the ordination patterns
of planktonic ciliate communities independent of the
taxonomic and numerical resolutions used (abundance,
biomass, occurrence, and biomass/abundance ratio matri-
ces), so that simplification of sample processing (aggrega-
tion to higher taxonomic levels and/or the use of occurrence
and biomass/abundance ratio data); (2) can the non-loricate
oligotrich assemblages be a surrogate of whole planktonic
ciliate communities; and (3) do data transformations
influence the bioassessments and biological conservations?

2 Materials and methods

2.1 Study area

Jiaozhou Bay (35°58′ N∼36°18′ N, 120°04′ E∼120°23′ E)
is a typical semi-enclosed bay in the western part of the
Yellow Sea, with an area of 390 km2 and an average depth
of about 6 to 7 m. It connects the South Yellow Sea via a
narrow mouth (width: about 2.5 km). More than ten small
seasonal streams empty into the bay with varying water and
sediment loads, notably the Yang River, Dagu River,
Moshui River, Baisha River, Licun River, and Haipo River
(Fig. 1). Most of these rivers have become discharge

Fig. 1 Map of the sampling
stations in Jiaozhou Bay,
northern China
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trenches for industrial and urban living wastes from
Qingdao city and important sources of external nutrients
entering Jiaozhou Bay. In recent decades, deterioration in
water quality within Jiaozhou Bay has led to serious
concern within both the social and scientific communities
(Shen 2001; Liu et al. 2005, 2008).

Five sampling sites in Jiaozhou Bay were selected as
study areas (Fig. 1). Site A was located near Huangdao,
which was slightly stressed by pollutants from inshore
waters due to tidal circulation. Site B near both mouths of
Dagu and Yang rivers was selected as a severely stressed
area polluted by organic pollutants, nutrient, and heavy
metals from domestic sewage and industrial discharge. Site
C was located at the middle-north part of this bay where the
sources of heavy pollution mainly come from mariculture
activities and inshore water by tidal circulation. Site D was
moderately stressed by both domestic and heavy-metal
pollutants from Haipo and Licun rivers. Site E was located
at the mouth of this bay, which was the cleanest area
(Fig. 1).

2.2 Data collection

A total of 120 samples were collected biweekly at the five
sampling sites in Jiaozhou Bay from June 2007 to May
2008. All water samples were collected at a depth of 1 m.
For quantitative studies and for the identification of ciliates,
1,000-ml water samples were fixed with acid Lugol’s iodine
solution to a final concentration of 2% (v/v).

The measurements of concentrations of dissolved
inorganic nitrogen (DIN; sum of NO3-N, NO2-N, and
NH3-N), soluble reactive phosphate (SRP), and chloro-
phyll a (chl a) were carried out in the same scheme as
Jiang et al. (2011a, b). Water temperature, salinity, pH, and
dissolved oxygen (DO) were recorded in situ with
appropriate sensors (WTW) at a depth of 1 m.

Enumeration and re-fixation with Bouin’s fixative for
protargol staining were performed according to Montagnes
and Humphrey (1998). Species identification of ciliates was
based on the published references to keys and guides such
as Song et al. (1999, 2003), Fan et al. (2010), and Pan et al.
(2010). The taxonomic scheme used was according to Lynn
(2008).

2.3 Data analysis

For assessing both the taxonomic and numerical
sufficiency of the whole planktonic ciliate communities,
the planktonic ciliate abundance matrix (PAM), plank-
tonic biomass matrix (PBM), occurrence (presence/
absence) matrix (P/A-M), and the biomass/abundance
ratio matrix (B/A-M) were constructed. The PAM,
PBM, and P/A-M were subjected to aggregate to the

levels of genus, family, order, and class before analyses.
For assessing the efficiency of the primary components
as a surrogate of the whole planktonic ciliate commu-
nities, the non-loricate oligotrich abundance matrix
(OAM) and the loricate tintinnid abundance matrix
(TAM) were separately computed. Each of these was
analyzed after aggregating abundances at the levels of
genus, family, order, and class. For assessing the
correlations between temporal and spatial variations in
each potential surrogate of planktonic ciliate communi-
ties and the changes of environmental variables, the
biotic and abiotic matrices were changed into both
temporal and spatial matrices according to the month
and site ordination, respectively. Thus, a total of 48 data
matrices were constructed, including both the biotic and
abiotic data.

Bray–Curtis similarities of all abundance and biomass
matrices were computed based on the data that were
subjected to a sequence of transformations (none, square
root, fourth root, and logarithmic) for gradually down-
weighting the dominant taxa, whereas the Sørenson
similarities were resulted from the presence/absence data
at various taxonomic levels. Additionally, the Spearman
correlation matrix of the biomass/abundance ratios was
computed from the log-transformed data, while the
dissimilarity matrices of abiotic variables on Euclidean
distance were established from the log-transformed/
normalized data (Clarke and Gorley 2006). The relation-
ships between pairs of similarity matrices were analyzed
using the Spearman rank correlation coefficients (ρ values)
which were computed by the submodule RELATE
(Somerfiled and Clarke 1995; Clarke and Gorley 2006).
All multivariate analyses were carried out using the
PRIMER package version 6.1 (Clarke and Gorley 2006).
Correlation analyses between planktonic ciliate numbers of
species and those of higher taxonomic levels were conducted
using the statistical program SPSS 16.0.

A cost/benefit (C/B) ratio was calculated for each dataset
in order to objectively select the taxonomic level with the
minimal loss of information and the least taxonomic effort
according to the equation:

CBL ¼ 1� rLð Þ= S � tLð Þ=S½ �

where CBL is the cost/benefit ratio at taxonomic level L, rL
is the Spearman correlation coefficient between taxonomic
level L and species level, tL is the number of taxa at
taxonomic level L, and S is the number of species
(Karakassiss and Hatziyanni 2000).

The cost/benefit ratio ranges between 0 and 1. Values
equal to 0 show a high correlation between the species level
and any of the other groups, which means that the loss of
information is the lowest.
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3 Results

3.1 Physical–chemical parameters

The ranges of physical–chemical parameters at the five
sampling sites for a 1-year cycle were summarized in
Table 1. Among these variables, temperature and pH
showed minor differences at all sampling stations during
the 1-year cycle (Table 1). Salinity ranged during 29.46–
31.29 with lowest average values at site B and highest at
site A. The concentration of DO was commonly higher than
8 mg l−1 at all five sites, with the minimum average value at
site D but the maximum at site B. However, the high
concentrations of chl a occurred in sites A and C, the
lowest in site B. Furthermore, the concentrations of NO3-N,
NOn-N (sum of NO3-N and NO2-N) and combination of
NOn-N and SPR basically showed high values in sites B
and C but low in sites E and A although DIN, SRP, and
sum of DIN and SRP presented maximum values at site D
mainly due to the most primary contributor NH3-N
(Table 1).

3.2 Numerical resolution and taxonomic aggregation

The taxonomic composition of the dataset in terms of
numbers of species, genera, families, orders, and classes is
listed in Table 2. The levels of concordance between the
abundance matrix (PAM) and the other numerical matrices
(PBM, P/A-M, and B/A-M) at species resolution as well as
the matrices from planktonic ciliate abundance data at
higher taxonomic levels, under all types of data trans-
formations, were summarized in Fig. 2. It was shown that
the correlations presented higher values than 0.75 between
the PAM and the other three numerical resolutions,
although the ρ values increased with the increased severity
of data transformations (Fig. 2a). However, high-rank
correlations between PAM similarity matrices at species
level and those at higher taxonomic ranks were found for
none and square root transformed data. It should be noted
that the correlation coefficients presented higher values than

0.75 at the taxonomic resolutions up to family level under
none and square root transformations (Fig. 2b). Otherwise,
congruency analyses revealed that planktonic ciliate num-
ber of species was significantly correlated with those of
genus (ρ=0.845; P<0.001) and family (ρ=0.735; P<0.001;
Fig. 3).

3.3 Non-loricate oligotrichs and loricate tintinnids

The taxonomic composition of non-loricate oligotrich and
tintinnid assemblages in terms of the numbers of species,
genera, families, orders, and classes is summarized in
Table 2. The matching correlations between the PAM-
species similarity matrices and those for OAM and TAM at
different taxonomic aggregation levels, under all data
transformations, are shown in Fig. 4a. The results showed
that the correlation coefficients represented higher than 0.75
only at the species-level resolution of the OAM (Fig. 4a).
Furthermore, congruency analyses revealed that the species
number of oligotrich assemblage was significantly correlat-
ed with that of whole planktonic ciliate communities (ρ=
0.941; P<0.001; Fig. 4b). However, it should be noted that
no significant correlation was found between TAM and
PAM at any taxonomic levels and under any data trans-
formations.

3.4 Cost/benefit analysis

The cost/benefit (C/B) ratios for the dataset are summa-
rized in Fig. 4. The PAM at species level was compared to
the matrices of the higher taxonomic levels and of
oligotrich assemblages at all taxonomic levels, respective-
ly. The C/B ratios represented minimal values at the
species-level resolution of OAM due to the high correla-
tion coefficients with PAM-species matrix, but the de-
crease of the taxon numbers was only 50% compared with
the number of species (Fig. 5; Table 2). At the genus and
family levels of PAM, the numbers of taxa correspond-
ingly decreased of 67% and 78%, but the C/B ratios were
acceptably low, respectively (Fig. 4; Table 1). Otherwise,

Parameters Site A Site B Site C Site D Site E

Tem (°C) 14.50±8.17 14.09±9.32 14.84±9.17 14.93±8.43 14.04±9.05

pH 8.22±0.23 8.13±0.62 8.22±0.24 8.08±0.21 7.85±0.77

Sal (psu) 31.48±0.89 30.02±3.31 30.47±1.87 30.78±1.37 29.99±3.39

Chl a (μg l−1) 1.01±2.24 1.05±1.29 1.60±1.85 1.18±1.32 1.00±1.32

DO (mg l−1) 8.46±1.67 8.79±1.87 8.69±1.42 7.94±2.02 8.55±1.60

NH4-N (mg l−1) 0.14±0.08 0.18±0.12 0.22±0.15 0.60±0.41 0.19±0.16

NO3-N (mg l−1) 0.42±0.25 0.47±0.27 0.45±0.31 0.40±0.30 0.39±0.25

NO2-N (mg l−1) 0.02 ±0.02 0.04 ±0.05 0.06±0.06 0.04±0.03 0.04±0.05

SRP (mg l−1) 0.19±0.15 0.26±0.17 0.17±0.12 0.22±0.16 0.15±0.16

Table 1 Physicochemical
parameters of the five sampling
sites in Jiaozhou Bay during the
1-year cycle from June 2007 to
May 2008 (mean values for a
total of 24 samples from each
sampling site)

Tem temperature, Sal salinity,
DO dissolve oxygen, SRP
soluble active phosphate, sum of
NO3-N and NO2-N, dissolved
inorganic nitrogen
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the severity of the data transformation played a significant
role in determining the analyzing results. The lower values
were obtained from the mild (e.g., none, square root)
transformed data at the levels of genus and family and the
heavy (e.g., presence/absence, fourth root, and logarith-
mic) transformed species abundance data of oligotrich
assemblages (Fig. 4a).

3.5 Effects of taxonomic and numerical resolution
on linking environmental variables

Spearman correlation coefficient values between ecological
patterns of planktonic ciliate communities and the temporal/
spatial changes of physicochemical variables were summa-
rized in Table 3. Results showed that (1) the temporal/
spatial variations in planktonic ciliate communities at all
four numerical (abundance, biomass, P/A, and B/A ratio)
resolutions at species level were significantly correlated
with the changes of physicochemical variables and (2) the
variations in abundances of planktonic ciliate communities,
at least family-level resolution, were significantly associat-
ed with the environmental changes. It should be noted that
some lower resolutions (e.g., PAM up to class level under
square root transformation, P/A-M/OAM up to genus level)
also significantly related to the abiotic data although they
represented lower than 0.75 in ρ values with the PAM.

4 Discussion

So far, numeral studies on taxonomic sufficiency with
benthic organisms have suggested that identification to the
level of genus or family may be adequate for bioassessment
and biological conservation issues (Olsgard and Somerfield
2000; Dauvin et al. 2003; Waite et al. 2004; Khan 2006;
Heino and Soininen 2007). This approach has also been
used for other taxonomic groups, e.g., vascular plants, ants,
spiders, Coleoptera, Diptera and Acari, Nemathelminthes,
macromycetes, phytoplankton, and periphyton (Somerfiled
and Clarke 1995; Cardoso et al. 2004; Heino and Soininen
2007; Lovell et al. 2007; Carneiro et al. 2010; Xu et al.
2011a).

Table 2 Number of taxa at each taxonomic resolution level for all
planktonic ciliates, oligotrichs, and tintinnids in the planktonic ciliate
communities collected at five sites in Jiaozhou Bay during a 1-year
cycle of June 2007–May 2008

Tax-Num Site A Site B Site C Site D Site E Total

All planktonic ciliates

Species 41 37 47 41 45 64

Genus 14 12 17 16 15 21

Family 9 8 12 11 10 14

Order 4 4 7 7 5 9

Class 2 2 3 4 2 4

Non-loricate oligotrichs

Species 28 26 26 23 28 32

Genus 9 8 8 9 9 10

Family 4 4 4 4 4 4

Order 2 2 2 2 2 2

Class 1 1 1 1 1 1

Tintinnids

Species 10 10 16 13 13 23

Genus 3 3 4 3 3 4

Family 3 3 3 3 3 3

Order 1 1 1 1 1 1

Class 1 1 1 1 1 1

Fig. 2 Correlations between the planktonic ciliate abundance matrix
and each of the planktonic ciliate biomass matrix (PBM), presence/
absence matrix (P/A-M), and biomass/abundance ratio matrix (B/A-M)
at species-level resolution (a) as well as the matrices from planktonic

ciliate abundance data at higher taxonomic levels (b), under all types
of data transformation. S species, G genus, F family, O order, C class,
None untransformed, SR square root, FR fourth root, Log logarithmic,
P/A presence/absence; horizontal dotted line, ρ=0.75
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The use of genus or family as surrogates for species-
level identification offers many advantages: (1) genus-
or family-level identification can be more reliable since
species-level identification is complex and laborious and
(2) the identification of ciliate species to genus- or
family-level can be less time-consuming, reducing the
costs of monitoring programs, in particular the large
temporal/spatial scale bioassessment and biological con-
servation issues (Heino and Soininen 2007; Carneiro et
al. 2010; Xu et al. 2011a). Lovell et al. (2007) proposed
that a ρ value of greater than 0.75 should be used as
minimal level of congruency for an optimal surrogate. In
this study, the ρ values between PAM and the other
numerical matrices (PBM, P/A-M, and B/A-M) at species
level as well as the taxonomic matrices up to family level
(PAM) remained higher than 0.75. With the acceptable
cost/benefit ratios and significant correlations with abiotic
data, the genus and family levels under mild data trans-
formations may obtain the sufficient information for
evaluating ecological patterns of planktonic ciliate com-
munities in response to the environmental changes. The
results demonstrate that the genus- and family-level
resolutions are sufficient in analyzing the ecological
patterns of planktonic ciliate communities.

In the present study, the oligotrich assemblages repre-
sented higher correlations (ρ>0.75) with the patterns of
PAM-species matrices. The lowest cost/benefit ratios
showed significant disturbances of the severity of data
transformations to the effectiveness of the surrogates, i.e.,
the best results may be obtained under the fourth root,
logarithmic, and presence/absence transformations at spe-
cies level. Furthermore, it should be addressed that the
oligotrich ciliate assemblage represented lowest C/B ratio
values at the species level under P/A data transformation.
This suggests that the oligotrichous ciliate assemblage is a
good surrogate for planktonic ciliate communities in
detecting their ecological patterns by presence/absence data
at species level (Xu et al. 2009b).

Based on our data, the loss of information can be
negligible when one uses presence/absence resolution of
whole planktonic ciliate communities, even the presence/
absence data of oligotrichs. This may be due to the fact that
the ciliate communities were predominated by the non-
loricate oligotrichous ciliates, but not by a few ciliate
species (Jiang et al. 2011a, b). This supports the suggestion
that the analyses of planktonic ciliate community patterns
can be done at coarse level taxonomic and numerical
resolution (Carneiro et al. 2010).

Fig. 3 Congruency between
planktonic ciliate number of
species and those of genus (a)
and family (b)

Fig. 4 Correlations between the
planktonic ciliate abundance
matrix at species resolution and
the matrices from oligotrich
abundance data at different
taxonomic levels (a), under all
types of data transformation,
and congruency between plank-
tonic ciliate and oligotrich
number of species. For all
abbreviations, see Fig. 2
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Biomass is always considered to be of paramount
importance to analyses of ecological patterns of a
community in both freshwater and marine ecosystems
(Beaver and Crisman 1982; Zhang and Wang 2001; Jiang

et al. 2011a, b). Since the biomass was commonly
calculated according the biovolume of the cells, the
ordination patterns based on biomass were almost mir-
rored by those based on abundance. Otherwise, the body-
size patterns are one of the tools capable of assessing
ecosystem changes due to environmental impacts (Sheldon
et al. 1972). Several studies have shown that natural
aquatic communities tend to have inherent patterns of
body-size spectrum and its normalized variant (Sheldon et
al. 1972; San Martin et al. 2006; Kamenir et al. 2010). In
our study, both the biomass and the body-size (i.e.,
biomass/abundance ratio) patterns of planktonic ciliate
communities were found to be significantly correlated
with the abundance matrices. These findings were consis-
tent with the previous evidence that ciliate assemblages
are strongly related to eutrophication status in terms of
species body size and biomass (Beaver and Crisman 1982,
1989). However, the two numerical resolutions may not be
cost-effective for monitoring researches as the estimation
of biovolume (using microscopy methods) is commonly
very time-consuming (Zhang and Wang 2001; Jiang et al.
2011a, b). For this numerical resolution, the use of counter

Fig. 5 Cost/benefit ratios for different taxonomic levels for the
planktonic ciliate abundance matrix and the oligotrich abundance
matrices at different aggregation levels and under different data
transformations. For all abbreviations, see Fig. 2

Tansf Taxa PAM PBM OAM B/A-M

Temp Spat Temp Spat Temp Spat Temp Spat

None S 0.578 0.733 0.380 0.709 0.537 0.370 – –

G 0.564 0.564 0.333 0.624 0.301 0.321 – –

F 0.538 0.539 0.258 0.564 0.228 0.321 – –

O 0.270 0.394 0.073 0.358 0.142 0.527 – –

C 0.218 0.394 0.067 0.345 0.255 – – –

SR S 0.625 0.588 0.492 0.685 0.576 0.479 – –

G 0.612 0.576 0.453 0.576 0.494 0.261 – –

F 0.532 0.685 0.308 0.685 0.273 0.200 – –

O 0.237 0.612 0.095 0.503 0.192 0.327 – –

C 0.153 0.697 0.099 0.527 0.255 – – –

FR S 0.652 0.552 0.581 0.661 0.536 0.576 – –

G 0.619 0.479 0.532 0.564 0.554 0.600 – –

F 0.432 0.612 0.296 0.673 0.235 0.176 – –

O 0.115 0.661 0.089 0.491 0.205 0.527 – –

C 0.019 0.806 0.076 0.745 0.255 – – –

Log S 0.652 0.515 0.539 0.709 0.526 0.515 0.364 0.479

G 0.616 0.576 0.501 0.612 0.560 0.212 – –

F 0.394 0.661 0.290 0.685 0.231 0.018 – –

O 0.054 0.576 0.093 0.430 0.258 0.527 – –

C 0.005 0.673 0.082 0.358 0.267 – – –

P/A S 0.647 0.486 0.647 0.486 0.423 0.652 – –

G 0.451 0.527 0.451 0.527 0.359 0.578 – –

F 0.095 0.280 0.095 0.280 0.110 0.110 – –

O 0.057 0.466 0.057 0.466 0.091 0.110 – –

C 0.110 0.308 0.110 0.308 0.072 – – –

Table 3 Spearman correlation
coefficient values between the
ecological patterns of planktonic
ciliate communities and changes
of physicochemical variables on
Bray–Curtis similarity matrices
from PAM/PBM and OAM
under a range of data trans-
formations, Sørenson similarity
from P/A-M at various taxo-
nomic levels, and Spearman
correlation matrices from
B/A-M

Values are the correlation
coefficient ρ, significant tests
(P<0.05) are in bold

S species, G genus, F family,
O order, C class, None untrans-
formed, SR square root, FR
fourth root, Log logarithmic,
P/A presence/absence, Tansf
transformation, Temp temporal
pattern, Spat spatial pattern,
PAM planktonic ciliate abun-
dance, PBM planktonic biomass
matrices, OAM oligotrich abun-
dance matrices, P/A presence/
absence matrices, B/A-M bio-
mass/abundance ratio matrices
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programs may be an alternative to reduce sample process-
ing time and to obtain reliable and more ecologically
relevant information in monitoring programs (San Martin
et al. 2006; Kamenir et al. 2010).

In summary, the present study has demonstrated that (1) the
genus- and family-level resolutions maintained sufficient
information to evaluate the temporal/spatial patterns of ciliate
communities in response to environmental impacts; (2) the
non-loricate oligotrichous ciliate assemblages in both abun-
dance and presence/absence may be used as a surrogate of
planktonic ciliate communities; (3) heavy data transforma-
tions were an optimal strategy for the species level of
planktonic ciliates, while mild data transformations were for
the higher; and (4) the ordination patterns based on species
biomass, presence/absence, and biomass/abundance ratio
matrices were significantly consistent with that of species
abundance data. These results suggest that the use of some
simplifications at both taxonomic and numerical resolutions
are time-efficient and would allow improving sampling
strategies of large spatial/temporal scale monitoring programs
and biological conservation researches in the marine ecosys-
tem with a relative paucity of scientists. However, it should be
noted that further studies on a range of marine environments
and over long time periods are needed in order to verify this
conclusion.

Acknowledgments This work was supported by “The Natural
Science Foundation of China” (project number 41076089), the Darwin
Initiative Programme (project no. 14-015) which is funded by UK
Department for Environment, Food and Rural Affairs, and Funded by
Research Group Project No. RGP-VPP-083, King Saud University
Deanship of Scientific Research. Our special thanks are due to Dr.
Alan Warren, Department of Zoology, Natural History Museum, UK,
for his helpful discussion with preparing the manuscript.

References

Anderson MJ, Connell SD, Gillanders BM, Diebel CE, Blom WM,
Saunders JE, Landers TJ (2005) Relationships between taxo-
nomic resolution and spatial scales of multivariate variation. J
Anim Ecol 74:636–646

Beaver JR, Crisman TL (1982) The trophic response of ciliated
protozoans in freshwater lakes. Limnol Oceanogr 27:246–
253

Beaver JR, Crisman TL (1989) Analysis of the community structure of
planktonic ciliated protozoa relative to trophic state in Florida
Lakes. Hydrobiologia 174:177–184

Bertasi F, Colangelo MA, Colosio F, Gregoria G (2009) Comparing
efficacy of different taxonomic resolutions and surrogates in
detecting changes in soft bottom assemblages due to coastal
defence structures. Mar Pollut Bull 58:686–694

Cardoso P, Silva I, Oliveira NG, Serrano ARM (2004) Higher taxa
surrogates of spider (Araneae) diversity and their efficiency in
conservation. Biol Conserv 117:453–459

Carneiro FM, Nini LM, Rodrigues LC (2010) Influence of taxonomic
and numerical resolution on the analysis of temporal changes in
phytoplankton communities. Ecol Indic 10:249–255

Clarke KR, Gorley RN (2006) User manual/tutorial. PRIMER-E,
Plymouth

Coppellotti O, Matarazzo P (2000) Ciliate colonization of artificial
substrates in the Lagoon of Venice. J Mar Biol Ass UK 80:419–
427

Corliss JO (2002) Biodiversity and biocomplexity of the protists and
an overview of their significant roles in maintenance of our
biosphere. Acta Protozool 41:199–219

Dauvin JC, Gesteria JLG, Fraga MS (2003) Taxonomic sufficiency: an
overview of its use in the monitoring of sublittoral benthic
communities after oil spills. Mar Pollut Bull 46:552–555

Dolan JR, Coats DW (1990) Seasonal abundances of planktonic
ciliates and microflagellates in mesohaline Chesapeake Bay
waters. Estuar Coast Shelf Sci 31:157–175

Ellis D (1985) Taxonomic sufficiency in pollution assessment. Mar
Pollut Bull 16:459

Fan X, Chen X, Song W, AL-Rasheid KAS, Warren A (2010) Two
new marine scuticociliates, Sathrophilus planus n. sp. and
Pseudoplatynematum dengi n. sp., with improved definition of
Pseudoplatynematum (Ciliophora, Oligohymenophora). Eur J
Protistol 46:212–220

Heino J, Soininen J (2007) Are higher taxa adequate surrogates for
species-level assemblage patterns and species richness in stream
organisms? Biol Conserv 137:78–89

Ismael AA, Dorgham MM (2003) Ecological indices as a tool for
assessing pollution in El-Dekhaila Harbour (Alexandria, Egypt).
Oceanologia 45:121–131

Jiang Y, Xu H, Al-Rasheid KAS, Warren A, Song W (2011a)
Planktonic ciliate communities in a semi-enclosed bay of Yellow
Sea, northern China. J Mar Biol Assoc UK 91:97–105

Jiang Y, Xu H, Hu X, Zhu M, Al-Rasheid KAS, Warren A (2011b) An
approach to analyzing spatial patterns of planktonic ciliate
communities for monitoring water quality in Jiaozhou Bay,
northern China. Mar Pollut Bull 62:227–235

Kamenir Y, Dubinsky Z, Harris R (2010) Taxonomic size structure
consistency of English Channel phytoplankton. J Exp Mar Biol
Ecol 383:105–110

Karakassiss I, Hatziyanni E (2000) Benthic disturbance due to fish
farming analyzed under different levels of taxonomic resolution.
Mar Ecol Prog Ser 203:247–253

Kchaou N, Elloumi J, Drira Z, Hamza A, Ayadi H, Bouain A, Aleya L
(2009) Distribution of ciliates in relation to environmental factors
along the coastline of the Gulf of Gabes, Tunisia. Estuar Coast
Shelf Sci 83:414–424

Khan SA (2006) Is species level identification essential for environ-
mental impact studies? Curr Sci 91:29–34

Liu S, Zhang J, Chen JZ, Zhang GS (2005) Factors influencing
nutrient dynamics in the eutrophic Jiaozhou Bay, North China.
Prog Oceanogr 66:66–85

Liu D, Sun J, Zhang J, Liu G (2008) Response of the diatom flora in
Jiaozhou Bay, China to environmental changes during the last
century. Mar Micropaleontol 66:279–290

Liu W, Shao C, Gong J, Li J, Lin X, Song W (2010) Morphology,
morphogenesis and molecular phylogeny of a new marine
urostylid ciliate (Ciliophora, Stichotrichia) from the South China
Sea, and an overview of the convergent evolution of midventral
complex within the Spirotrichea. Zool J Linn Soc 158:697–710

Lovell S, Hamer M, Slotow R, Herbert D (2007) Assessment of
congruency across invertebrate surrogates. Biol Conserv
139:113–125

Lynn DH (2008) The ciliated protozoa. Characterization, classification
and guide to the literature, 3rd edn. Springer, New York

Mendes CLT, Tavares M, Soares-Gomes A (2007) Taxonomic
sufficiency for soft-bottom sublittoral mollusks assemblages in
a tropical estuary, Guanabara Bay, Southeast Brazil. Mar Pollut
Bull 54:377–384

1440 Environ Sci Pollut Res (2011) 18:1433–1441

Author's personal copy



Montagnes DJS, Humphrey E (1998) A description of occurrence and
morphology of a new species of red-water forming Strombidium
(Spirotrichea, Oligotrichia). J Eukaryot Microbiol 45:502–506

Olsgard F, Somerfield PJ (2000) Surrogates in marine benthic
investigations—which taxonomic unit to target? J Aquat Ecosyst
Stress Recovery 7:25–42

Pagola-Carte S, Urkiaga-Alberdi J, Bustamante M, Saiz-Salinas JI
(2002) Concordance degrees in macrozoobenthic monitoring
programmes using different sampling methods and taxonomic
resolution levels. Mar Pollut Bull 44:63–67

Pan H, Huang J, Hu X, Fan X, Al-Rasheid KAS, Song W (2010)
Morphology and SSU rRNA gene sequences of three marine ciliates
from Yellow Sea, China, including one new species, Uronema
heteromarinum nov. spec. (Ciliophora, Scuticociliatida). Acta
Protozool 49:45–59

Puente A, Juanes JA (2008) Testing taxonomic resolution, data
transformation and selection of species for monitoring macro-
algae communities. Estuar Coast Shelf Sci 78:327–340

San Martin E, Harris RP, Irigoien X (2006) Latitudinal variation in
plankton size spectra in the Atlantic Ocean. Deep Sea Res II
53:1560–1572

Shao C, Zhang Q, Al-Rasheid KAS, Warren A, Song W (2010)
Ontogenesis and molecular phylogeny of the marine ciliate
Diophryopsis hystrix: implications for the systematics of the
Diophrys-complex (Ciliophora, Spirotrichea, Euplotida). J
Eukaryot Microbiol 57:33–39

Sheldon RW, Prakash A, Sutcliffe WH (1972) The size distribution of
particles in the ocean. Limnol Oceanogr 17:327–340

Shen ZL (2001) Historical changes in nutrient structure and its
influences on phytoplankton composition in Jiaozhou Bay. Estuar
Coast Shelf Sci 52:211–224

Sherr EB, Sherr BF (1987) High rates of consumption of bacteria by
pelagic ciliates. Nature 325:710–711

Sime-Ngando T, Gosselin M, Roy S, Chanut JP (1995) Significance of
planktonic ciliated protozoa in the lower St. Lawrence estuary:
comparison with bacterial, phytoplankton, and particulate organic
carbon. Aquat Microb Ecol 9:243–258

Somerfiled PJ, Clarke KR (1995) Taxonomic levels, in marine
community studies, revisited. Mar Ecol Prog Ser 127:113–119

SongW, XuK, Shi X, Hu X, Lei Y,Wei J, Chen Z, Shi X,WangM (1999)
Ecological studies on Aufwuch ciliates from a eutrophic freshwater
pond. In: Song W (ed) Progress in protozoology. Qingdao Ocean
University Press, Qingdao, pp 325–362 (in Chinese)

Song W, Zhao Y, Xu K, Hu X, Gong J (2003) Pathogenic protozoa in
mariculture. Science, Beijing, pp 1–178, in Chinese

Stark JS, Riddle MJ, Simpson RD (2003) Human impacts in soft-
sediment assemblages at Casey Station East Antarctica: spatial

variation, taxonomic resolution and data transformation. Austral
Ecol 28:207–304

Stoecker DK, McDowell-Cappuzzo J (1990) Predation on protozoa:
its importance to zooplankton. J Plankton Res 12:891–908

Tataranni M, Maltagliati F, Floris A, Castelli A, Lardicci C
(2009) Variance estimate and taxonomic resolution: an
analysis of macrobenthic spatial patterns at different scales
in a Western Mediterranean coastal lagoon. Mar Environ Res
67:219–229

Terlizzi A, Bevilacqua S, Fraschetti S, Boero F (2003) Taxonomic
sufficiency and the increasing insufficiency of taxonomic
expertise. Mar Pollut Bull 46:556–561

Vanderklift MA, Ward TJ, Phillips JC (1998) Use of assemblages
derived from different taxonomic levels to select areas for
conserving marine biodiversity. Biol Conserv 86:307–315

Waite IR, Herlihy AT, Larsen DP, Urquhart NS, Klemm DJ (2004)
The effects of macroinvertebrate taxonomic resolution in large
landscape bioassessments: an example from the Mid-Atlantic
Highlands, U.S.A. Freshw Biol 49:474–489

Warwick RM (1988) The level of taxonomic discrimination required
to detect pollution effects on marine benthic communities. Mar
Pollut Bull 19:259–268

Xu K, Choi JK, Yang EJ, Lee KC, Lei Y (2002) Biomonitoring of
coastal pollution status using protozoan communities with a
modified PFU method. Mar Pollut Bull 44:877–886

Xu H, Min GK, Choi JK, Jung JH, Park MH (2009a) An approach to
analyses of periphytic ciliate colonization for monitoring water
quality using a modified artificial substrate in Korean coastal
waters. Mar Pollut Bull 58:1278–1285

Xu H, Min GK, Choi JK, Kim SJ, Jung JH, Lim BJ (2009b) An
approach to analyses of periphytic ciliate communities for
monitoring water quality using a modified artificial substrate in
Korean coastal waters. J Mar Biol Assoc UK 89:669–679

Xu H, Zhang W, Jiang Y, Min GS, Choi JK (2011a) An approach to
identifying potential surrogates of periphytic ciliate communities
for monitoring water quality of coastal waters. Ecol Indic.
doi:10.1016/j.ecolind.2010.12.025

Xu H, Jiang Y, Al-Rasheid KAS, Al-Farraj, SA, Song W (2011b)
Application of an indicator based on taxonomic relatedness of
ciliated protozoan assemblages for marine environmental assess-
ment. Environ Sci Pollut Res. doi:10.1007/sll356-011-0476-6

Yu L, Hou X, Gao M, Shi P (2010) Assessment of coastal zone
sustainable development: A case study of Yantai, China. Ecol
Indic 10:1218–1225

Zhang W, Wang R (2001) Abundance and biomass of copepod nauplii
and ciliates in Jiaozhou Bay. Oceanol Limnol Sin 32:280–287 (in
Chinese with English summary)

Environ Sci Pollut Res (2011) 18:1433–1441 1441

Author's personal copy

http://dx.doi.org/10.1016/j.ecolind.2010.12.025
http://dx.doi.org/10.1007/sll356-011-0476-6

	An...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Study area
	Data collection
	Data analysis

	Results
	Physical–chemical parameters
	Numerical resolution and taxonomic aggregation
	Non-loricate oligotrichs and loricate tintinnids
	Cost/benefit analysis
	Effects of taxonomic and numerical resolution on linking environmental variables

	Discussion
	References


