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In Telesh et al. (2011) we reported a substantial in-
crease in protistan diversity at salinities of 5 to 8 in the
horohalinicum of the Baltic Sea. This finding chal-
lenges the broadly accepted brackish-water biodiver-
sity pattern known as the ‘Artenminimum’ (species-
minimum) concept, developed by Remane (1934, his
Fig. 1). This concept was derived from macrozooben-
thos data of the Baltic Sea and has been textbook
knowledge for decades (e.g. Kinne 1971, Remmert
1989, Lalli & Parsons 1997, McLusky & Elliott 2004),
playing a key role in characterizing the Baltic Sea as
a ‘species-poor basin’. We reassessed overall plankton

diversity in the Baltic Sea, refined Remane’s concept
by showing its inapplicability to plankton, proposed a
new ‘protistan species-maximum concept’ and dis-
missed the outdated viewpoint that the Baltic Sea
is poor in plankton species (Telesh et al. 2011).

Ptacnik et al. (2011), in their thoughtful Comment on
our article concerning protistan diversity trends in the
Baltic Sea, dispute that the analysis performed in
Telesh et al. (2011) allows conclusions regarding the
pattern of plankton diversity along the freshwater–
marine continuum. They particularly claim that our
analysis is biased because species lists were pooled
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ABSTRACT: In reply to the Comment by Ptacnik et al. (2011; Mar Ecol Prog Ser 432:291–292), a sub-
stantiation is given for the use of the simplest method to conduct a meta-analysis of published plank-
ton data sets and annotated checklists aimed at refining the ‘Artenminimum’ (species-minimum) con-
cept (Remane 1934; Zool Anz 7(Suppl):34–74). The applicability of this concept, which originally
derived from macrozoobenthos data, was tested by Telesh et al. (2011; Mar Ecol Prog Ser 421:1–11)
for plankton species using much larger data sets, and these results backed up the novel ‘protistan
species-maximum concept’ for the horohalinicum of the Baltic Sea. Re-fitting our algorithm to the
available data sets after the critical comments of Ptacnik et al. (2011) did not alter the shape of the
plankton diversity trends, and the original conclusions that (1) the brackish-water Baltic Sea is not
poor in plankton species, (2) Remane’s curve is invalid for plankton, and (3) protistan species richness
peaks in the horohalinicum at salinities of 5 to 8 remained robust. The suggestion by Ptacnik et al.
(2011) to use a more detailed statistical analysis for describing the patterns of overall plankton diver-
sity is recognized as a perspective for future research of changes in plankton communities within the
Baltic Sea salinity gradient, although it cannot be implemented until spatially representative zoo-
plankton data sets become available.
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within salinity bands, which may create patterns that
are due to methodology. We welcome the opportunity
to clarify key aspects of our analysis.

To pool or not to pool?

Scientific generalizations are often based on analy-
ses of large heterogeneous data sets, which may be
incomparable due to methodological discrepancies,
non-random sampling and other inconsistencies. It is
generally accepted that ongoing observations of
marine ecosystems and prudent examination of histor-
ical data sets are both needed (Boyce et al. 2011,
Mackas 2011, McQuatters-Gollop et al. 2011, Ryka -
czewski & Dunne 2011). Although every statistical
analysis requires data obtained by random sampling,
in reality ecologists rarely sample the individual
organisms randomly (Gotelli & Colwell 2001). How-
ever, despite considerable differences in scales, ap -
proaches, methodology and philosophy behind any
particular research, large-scale biodiversity estimates
using historical and modern data are a necessary—
albeit elusive—prerequisite to understanding macroe-
cological changes that define biodiversity patterns and
ecosystem functioning (Falkowski et al. 1998, Raitsos
et al. 2005, Behrenfeld et al. 2006, Martinez et al. 2009,
Boyce et al. 2010, 2011, Ojaveer et al. 2010).

Thus, the dilemma often arises: either to pool the
available data and perform an analysis to acquire real-
istic results or to ignore the vast, though methodologi-
cally outdated knowledge gained by previous genera-
tions of scientists. This challenge is often resolved in
favor of statistical transformation of the irregular, non-
uniform, or incomplete historic data sets to match the
modern ones (e.g. Boyce et al. 2010). For example,
depending upon the scale of interest or the focus of
research, a group of e.g. individual-based data sets or
mass samples can be analysed as if they were replicate
samples from the same statistical universe (e.g. Grassle
& Maciolek 1992). Likewise, it is standard practice to
pool a set of replicated samples and to treat them as a
single data set for some purposes (Engstrom & James
1981, Gotelli & Colwell 2001).

The main purpose of our study (Telesh et al. 2011)
was to consider the numbers of plankton species in the
salinity gradient of the Baltic Sea against the back-
ground of Remane’s curve for macrozoobenthos and to
evaluate the applicability of Remane’s species-minimum
concept to plankton. To achieve this goal, we used the
same approach as Remane (1934): (1) we pooled the
numbers of plankton species from different salinity
ranges after we had performed meta-analyses of sev-
eral extended data sets on phytoplankton and zoo-
plankton in the Baltic Sea, and (2) we re-estimated the

updated numbers of species and higher taxa following
the present-day synonymy (Telesh et al. 2011 and
 references therein). Although these data sets origi-
nate from various sources (cited in Telesh et al. 2011,
p. 3–5) and have different resolution, standardization
was achieved years ago (e.g. HELCOM 1988, 2001,
Harris et al. 2000; see Telesh et al. 2011, p. 4).

To better compare our results with Remane’s curve,
we used the same method and metrics as Remane
(1934), who pooled numbers of macrozoobenthos spe-
cies and higher taxa for different salinity ranges. The
original Remane’s curve, as well as its modification
based on an extended data set (Remane 1958), were
created by pooling ca. 400 macrozoobenthos taxa of
the Baltic Sea (including the Öresund) into 5 salinity
classes. Before this, Johansen et al. (1918; used by
Remane 1934 for refining his curve), employed 10
unequal salinity classes for pooling data collected in
the Randers Fjord. Therefore, Telesh et al. (2011) per-
formed a robust and unbiased comparison of protistan
diversity trends with appropriate reference data, like-
wise collected in the Baltic coastal regions and inlets as
was the case for Johansen et al. (1918) and Remane
(1934, 1958). Moreover, Remane (1958) assumed that
the distribution of protists and some phytoplankton
groups might be different from that of the macrofauna,
because he referred to the work of Hustedt (1925) and
Kahl (1928), which showed that the number of diatom
and ciliate species increases with salinity to a certain
point, after which the number of species declines with
further increasing salinity (Remane 1958, p. 25).

With respect to the resolution of the salinity data, our
approach of pooling taxa within salinity intervals of 1 (cf.
Fig. 2C in Telesh et al. 2011) allowed a substantially
higher resolution and, consequently, contains less bias
than the data in Remane (1934), which were classified in
salinity intervals of 5. Therefore, we maintain that our
analysis used adequate methods and provided ade -
quate results (Telesh et al. 2011). Hence, pooling the
 existing data on phytoplankton and zooplankton
species richness in the Baltic Sea allowed us to draw
conclusions that were supported also by earlier observa-
tions on the inapplicability of Remane’s concept to dif-
ferent communities in other brackish water bodies (e.g.
Boesch et al. 1976, Attrill 2002, Muylaert et al. 2009).

Nevertheless, we welcome the critical suggestions
of Ptacnik et al. (2011) and concur with their opinion
that calculation of e.g. smoothed rarefaction curves
and accumulation curves for certain plankton groups
would be useful. Application of these statistical
 methods to the homogenous data sets (when available)
would be helpful for future assessments of the spatial
distribution of plankton and the identification of ‘bio-
geographic provinces’ in the Baltic Sea, e.g. at local or
regional levels or as conducted by Olli et al. (2011).
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Spatial coverage and availability of data

Ptacnik et al. (2011) question the validity of the rich-
ness patterns in Telesh et al. (2011), which were
largely derived from coastal sites, claiming that those
are not representative of the open Baltic Sea. This may
be true if the latter term refers to the deep-sea Baltic
Proper, the plankton diversity of which is not well
known, because HELCOM monitoring data for this
region are restricted to dominant species. Neverthe-
less, these monitoring data, although they usually have
lower taxonomic resolution, contribute significantly to
the newly discovered protistan diversity pattern, as the
salinity of the Baltic Proper falls into the horohalinicum
range (Feistel et al. 2008). Future expansions of plank-
ton data sets for the Baltic Proper would facilitate bio-
diversity analyses with more complete coverage. How-
ever, present-day spatial coverage and taxonomic
resolution allow us to conclude that the Baltic Sea is by
no means ‘poor in plankton species’. By comparison,
Hoppenrath (2004) lists 227 phytoplankton species for
the North Sea around Helgoland, and Hallegraeff &
Jeffrey (1984) list a similar number of taxa for north
and northwest Australia. In both articles, higher taxa
are included in the analysis, because some species
could not be identified below genus level, and there-
fore the true number of species in these basins should
be higher. In the data set from the horohalinicum of the
SW Baltic Sea we found ca. 300 phytoplankton taxa at
each salinity interval of 1, about 140 of which were
identified to the species level. Using salinity intervals
of 5, which are more comparable to the data from
 Hallegraeff & Jeffrey (1984) and Hoppenrath (2004)
increases the number of taxa per salinity class, thus
confirming that phytoplankton diversity in marine and
brackish Baltic regions is high.

Moreover, the coastal zone and coastal inlets are
important with respect to spatial biodiversity coverage,
as well as their function as ‘bioreactors’ that convert
terrestrial nutrient runoff into biomass and thus ‘feed’
the sea (Schiewer 2008). Coastal plankton communi-
ties are largely representative of many Baltic habitats,
including the Baltic Proper, due to hydrodynamic
exchange processes (Telesh 2004, Schiewer 2008,
Telesh et al. 2009). Moreover, the species-rich low-
salinity and freshwater areas in estuaries and gulfs are
also parts of the Baltic Sea (Schiewer 2008, Telesh &
Khlebovich 2010) and have to be considered. However,
in our article (Telesh et al. 2011), we were not targeting
a spatial analysis of plankton species distribution in the
Baltic Sea, largely because of the fact that the back-
ground data for such analyses are insufficient so far, or
just lacking for a number of groups of plankton organ-
isms (e.g. ciliates) in certain areas (Telesh et al. 2008,
2009, Mironova et al. 2009).

Species–area correlation versus effect of sampling
effort

Ptacnik et al. (2011) surmise that the peak in plank-
ton diversity in Telesh et al. (2011, their Fig. 2C) seems
to stem largely from the peak in sampling effort. How-
ever, the curve with numbers of Criptophyta species
in the same graph (broken line in Fig. 2C) peaks at
salinity of about 16, which cannot be explained by
sampling effort alone, as it is completely different from
the sampling frequency maximum at salinity of 8.

With respect to temporal aspects of the sampling
effort, we reanalyzed the data set for seasonal cover-
age (Fig. 1). The gap in January and February as well
as the limited number of samples in December corre-
spond to the period of ice cover, when the productivity
of the system is low (e.g. Schumann et al. 2005, Schu-
bert & Wasmund 2005). Although some flagellates can
bloom under the ice, species diversity in winter is
lower than during the vegetation season (Schumann et
al. 2005). Throughout the rest of the annual cycle, the
database we used is balanced, taking into account that
Fig. 1 represents more than 3000 data sub-sets, each
one consisting of a species list for each sample taken at
particular date and locality over 15 yr (1986 through
1999; Sagert et al. 2008).

The range covered by the database described in
Sagert et al. (2008) extends up to a salinity of 29; how-
ever, the columns above salinity 23 cannot be seen in
Fig. 2C of Telesh et al. (2011) due to the scaling prob-
lem: only 1 sampling case is available for salinity 29,
while the most frequent class of salinity 8 consists of
588 cases. Some of the higher salinity classes are
‘empty’. However, having salinity 29 as the highest
class, we performed an interpolation, not an extrapola-
tion as assumed by Ptacnik et al. (2011). To illustrate
this, we have re-arranged the data shown in Fig. 2C of

295

0

2

4

6

8

10

12

14

Ja
nu

ar
y

Fe
b

ru
ar

y

M
ar

ch

A
p

ril

M
ay

Ju
ne

Ju
ly

A
ug

us
t

S
ep

te
m

b
er

O
ct

ob
er

N
ov

em
b

er

D
ec

em
b

er

P
er

ce
nt

ag
e 

of
 s

am
p

le
s

Fig. 1. Temporal distribution of sampling effort (percentage
of samples collected per month) for the phytoplankton data
set in Sagert et al. (2008) analysed in Telesh et al. (2011).
The thin line (8.3%) represents the mean for a 12 mo period;
the thick line (10.2%) represents the mean excluding the
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Telesh et al. (2011) excluding all salinity classes repre-
sented by <10 samples, and adding the curve for dino-
phytes, where species numbers are highest at salinities
>15, irrespective of the lower sampling density (Fig. 2).

Effect of salinity on plankton diversity

Ptacnik et al. (2011) assert that the data in Telesh et al.
(2011) suggest highest diversity of plankton at ‘interme-
diate salinities’, following a species–area relationship
and fitting well with the null hypothesis that ‘salinity
itself has no effect on plankton diversity’ (Ptacnik et al.
2011, p. 292). This supports our idea that planktonic
protists with their high salinity tolerance (e.g. Stock et
al. 2002) are generally not affected by salinity stress
in the horohalinicum within the Baltic Sea gradient
(Telesh et al. 2011). Assuming that the ‘intermediate
salinities’ (the exact range of which is not specified in
Ptacnik et al. 2011) correspond to the horohalinicum
salinities of 5 to 8, as in Telesh et al. (2011), we agree
with the points made by Ptacnik and colleagues as far as
protists are concerned. Indeed, our results show that
salinity within this range has no major stressful effect
on the diversity of ciliates and phytoplankton; never-
theless, this might not apply to plankton diversity in
general, as affirmed by Ptacnik et al. (2011).

Other explanations for the observed species maximum
patterns are discussed in Telesh et al. (2011), e.g. the
 IntermediateDisturbanceHypothesis proposed by Grime
(1973). Ongoing studies should eventually explain why
the small-sized, rapidly evolving protists peak in the
horohalinicum of the brackish-water Baltic Sea.
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