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Benthic foraminiferal assemblages are employed for past environmental reconstructions,
as well as for biomonitoring studies in recent environments. Despite their established
status for such applications, and existing protocols for sample treatment, not all studies
using benthic Foraminifera employ the same methodology. For instance, there is no
broad practical consensus whether to use the >125 or >150 um size fraction for benthic
foraminiferal assemblage analyses. Here, we use early Pleistocene material from the
Pefka E section on the Island of Rhodes (Greece), which has been counted in both size
fractions, to investigate whether a 25 pm difference in the counted fraction is already
sufficient to have an impact on ecological studies. We analyzed the influence of the
difference in size fraction on studies of biodiversity as well as multivariate assemblage
analyses of the sample material. We found that for both types of studies, the general
trends remain the same regardless of the chosen size fraction, but in detail significant
differences emerge which are not consistently distributed between samples. Studies
which require a high degree of precision can thus not compare results from analyses
that used different size fractions, and the inconsistent distribution of differences makes
it impossible to develop corrections for this issue. We therefore advocate the consistent
use of the >125 pm size fraction for benthic foraminiferal studies in the future.

Keywords: benthic Foraminifera, sieve size fraction, ecological analyses, biodiversity, assemblage analyses,
environmental reconstruction, biomonitoring

1. INTRODUCTION

Studies of benthic Foraminifera are numerous, because benthic foraminiferal assemblages are
widely used to characterize recent and to reconstruct past environmental conditions, employing
various tools such as diversity analyses (e.g., Debenay, 1991; Almogi-Labin et al., 1996; Armynot du
Chatelet et al., 2004; Badawi et al., 2005; Mojtahid et al., 2009), multivariate analyses (e.g., Frontalini
etal.,, 2009; Mojtahid et al., 2009; Cosentino et al., 2013; Minhat et al., 2016), and transfer function
approaches (e.g., Horton et al., 1999; Gehrels, 2000; Leorri et al., 2010; Kemp et al., 2015; Milker
etal., 2017).
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One of the problems in studies based on protists, such
as benthic Foraminifera, in comparison to other organismal
groups is, that it is virtually impossible to get a clear picture
of the entire assemblage present in a habitat. This is because
juvenile shells of benthic Foraminifera are very small (in the
case of propagules, which are dormant stages that consist of
only the proloculus or maybe a few chambers, <32 pum; Alve
and Goldstein, 2002, 2003, 2010), and below a certain size their
taxonomic identity is well-nigh impossible to determine (Bé,
1959, 1960). The customary approach in such studies is therefore
to use a particular size fraction for foraminiferal analyses, and to
ignore specimens which are smaller than this chosen threshold.
In terms of comparability between studies, such an approach
would be unproblematic if all studies were based on the same
size fraction, but throughout the decades different size fractions
(e.g., >63, >125, >150, and >250 pm) for the study of benthic
Foraminifera have been used (compare Schonfeld, 2012). To
solve this problem, Schonfeld et al. (2012) strived to establish
a universal protocol for benthic foraminiferal studies from soft
grounds, in which the size fraction >125um should be used
for all biomonitoring studies, unless specific research questions
dictate the use of another size fraction. However, not all studies
of benthic Foraminifera stick to those guidelines, sometimes
because it is impossible, sometimes because the authors are not
aware of the standardized approach, and sometimes because the
study was performed before the publication of the standardized
rules by Schonfeld et al. (2012).

Such inconsistencies in sample analyses can never be
fully avoided, but it is important to understand the effect
such differences would have on the comparability of studies.
Former investigations have demonstrated that there are large
discrepancies between the assemblages from smaller and larger
size fractions used for benthic foraminiferal analyses (e.g.,
Bouchet et al,, 2012). For example, the study by Schroder
et al. (1987) reported that the use of the >125um and larger
fractions results in a high loss of benthic specimens when
compared with the >63 um fraction. Schonfeld (2012) examined
other data sets and has shown that an average of 28% of
benthic foraminiferal species are not observed in the >125um
size fraction, when compared to the >63 um fraction, which
is consistent with findings by Hermelin (1986). However, it
has never been analyzed whether there are discrepancies with
regard to the benthic foraminiferal distribution between the
larger (i.e., >125 and >150 um) size fractions that are most
commonly used in benthic foraminiferal studies (Schonfeld,
2012). For planktonic Foraminifera, it could be shown by Storz
(2006) that the comparatively small size fraction between 125 and
150 um can in some environments contain well above 80% of all
planktonic Foraminifera specimens in the sample. The resulting
differences between studies using the >125 or >150 um fraction
can therefore be considerable. For planktonic Foraminifera, this
has also been shown to be true when comparing the <125 and
>125 um size fraction by Peeters et al. (1999). In contrast, Schiebel
and Hemleben (2000) did report no considerable differences in
abundances of individual species between the >100 and >125 pm
size fraction in planktonic Foraminifera, but never explicitly
tested what impact the sieve size fraction difference would have

had on their seasonality studies. Since benthic Foraminifera are
on average larger than planktonic Foraminifera (Armstrong and
Brasier, 2005), the expected impact of the use of slightly different
size fractions is not as strong as documented in Storz (2006) for
planktonic Foraminifera. Nevertheless, it is of utmost importance
to understand if this difference in the size fraction used can have
a significant impact on the comparability of the resulting studies.

The goal of the present study is therefore to quantify the
difference across a variety of commonly applied analytical
methods, when using either the >125 pum or the >150 um fraction
from the same samples. For this, we use sediment material from
the Island of Rhodes (Greece), which has been counted for
its benthic foraminiferal assemblage in both size fractions, to
compare different analyses using the resulting assemblage counts.

2. MATERIALS AND METHODS

2.1. Material Sampling and Preparation

For this study, we investigated a total of 158 sediment samples
from the Pefka E sediment section, situated at the south-eastern
coast of the Island of Rhodes (36° 3’ 50” N, 28° 3’ 58" E). This
section has a length of approximately 16 m, and was deposited
during the early Pleistocene. It mainly comprises homogeneous
and bioturbated marls with intercalations of laminated marls
(Milker et al., 2017). Prior to sampling, the weathered surface
was removed, and sediment samples of 2cm thickness each
were taken every 10 cm. All samples were treated with hydrogen
peroxide (10%) for 24 hours to disaggregate the sediment, and
subsequently wet-sieved with tap water over a 63 pm screen. After
drying in an oven at 40°C, all samples were dry-sieved over
a 125 um screen, and benthic Foraminifera were counted from
representative splits (using a microsplitter) from this fraction.
Species were identified in a picking tray and counted with a tally
sheet. The same procedure was then applied for counting the
>150 um fraction. At least c.240 (and on average 364) benthic
individuals of the >125 and >150 um grain size fractions have
been counted, respectively. Four samples (at 617, 1,057, 1,317,
and 1,427 cm depth) contained less than 100 specimens, and
were excluded from further analyses.

For the classification of the benthic Foraminifera in the
>125 and >150 um size fractions, we used the same taxonomic
concept. We combined all species under their genus to avoid
any influence of slightly different taxonomic concepts that are
used for the identification on species level (i.e., rare species with
a low ecological relevance were combined on genus level in
the >150 um size fraction). While this is less precise than the
counting on species level that would be normally performed for
an ecological analysis, it allows us to avoid taxonomic problems
and consequently leads to more robust results. All differences
we could see on the genus level already in our analyses would
only be similar or larger when performing the analyses on species
level, so that our results are not biased toward inflated error
terms when compared with standard ecological studies. The
generic classification of Loeblich and Tappan (1988) provided
the basis for the classification applied here. The assemblage data
necessary to replicate our analyses are available on PANGAEA
under doi: 10.1594/PANGAEA.884573.
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2.2. Methods

We tested the data from both size fractions for significant
differences in the results across a variety of commonly applied
analysis types. For all statistical analyses, we used R v. 3.4.2 (R
Development Core Team, 2017).

2.2.1. Biodiversity Analyses

The first question to answer was whether we would find the same
number of genera in both fractions when counting the same
number of specimens. To test this, we first used rarefactioning
(as implemented in the R-package “vegan” v. 2.4-4) to normalize
all samples of both size fractions to the size of the smallest
sample in our dataset, and then used a Wilcoxon signed rank test
(Wilcoxon, 1945) to investigate, whether we would have found
significantly more taxa in the one or other size fraction with that
sample size.

To further compare whether biodiversity studies would yield
different results depending on the size fraction used for the
analysis, we calculated the Shannon-Wiener diversity index
H’ (Shannon and Weaver, 1949) including its bootstrapped
95% confidence interval (999 bootstrap replicates) across all
samples. More precisely, we calculated the version of the
index with bias-correction for incomplete sampling after Chao
and Shen (2003). Using the confidence intervals, we could
evaluate along the entire section length, if the biodiversity
would have been estimated significantly differently in any part
of the succession. Additionally, we compared the biodiversity
of the >125 and >150pum size fractions by calculating a
Kendall rank-order correlation between the individual indices
of samples in both fractions (Kendall, 1938). We further
compared the Shannon-Wiener index and the Simpson diversity
index DS (Simpson, 1949) between the size fractions integrated
across the entire section. For this, we estimated two-sided
simultaneous confidence intervals for both size fraction groups,
as implemented in the R-package “simboot” v. 0.2-6 (Scherer
et al., 2013), based on the algorithm by Westfall and Young
(1993) and using Tukey contrasts and 2000 replications.

2.2.2. Multivariate Assemblage Analyses

We applied a variety of approaches to investigate, whether
multivariate analyses would yield different results within the
Pefka E section, depending on which size fraction was
investigated, using functions from the R-package “vegan.” (1) We
plotted ordination plots for both size fractions using a metric
multidimensional scaling (MDS) on the Bray-Curtis similarity
indices (Bray and Curtis, 1957) for visual comparison. The
quality of the MDS solutions was evaluated according to
Legendre and Legendre (2012): (a) If negative eigenvalues occur
they should be much smaller than the largest positive eigenvalues,
and (b) the Shepard plot (original vs. ordinated distances between
samples) should show a linear trend without too much spread.
We further applied an analysis of similarities (ANOSIM) (Clarke,
1993) with 999 permutations on the Bray-Curtis similarity
matrices to test the two size fractions for detectable differences
in taxonomic composition. (2) We used a Mantel test (Mantel,
1967) with 999 permutations, as implemented in the R-package

“ade4” v. 1.7-8 (Dray and Dufour, 2007), to test the Bray-
Curtis similarity matrices for significant differences. (3) We
tested the correspondence between MDS solutions based on
the Bray-Curtis similarity matrices of the two size fractions
after a symmetrically scaled Procrustes normalization (Mardia
et al., 1979), and tested for the significance of differences in
the ordination solutions between both size fractions using the
PROTEST approach (Jackson, 1995; Peres-Neto and Jackson,
2001).

3. RESULTS

The >125 and >150 um fractions contained a total of 98
genera of benthic Foraminifera, with 92 genera present in
the >125pum fraction and 81 genera present in the >150 um
size fraction, respectively (Supplementary Data Sheet 1).
Six genera were not found in the >125um fraction but in
the >150pum fraction: Abidodentrix, Adelosina, Cassidelina,
Patellina, Planorbulina, and Tretomphalus. All those genera
are very rare (<8 specimens across all samples), and their
absence in the smaller size fraction is simply the result of
chance. A total of 17 genera were not observed in the >150 um
fraction, but were present in the >125um fraction: Astacolus,
Biloculinella, Cancris, Cribrogoesella, Eponides, Glabratella,
Heronallenia, Hyalinonetrion, Lagnea, Lamarckina, Miliolinella,
Orthomorphina, Psammosphaera, Sigmavirgulina, Siphogenerina,
Siphonaperta, and Stomatorbina. An application of the Wilcoxon
signed rank test on rarefied genus richnesses per sample reveals,
that in a standardized sample with 236 specimens, the observed
richness would differ significantly at p < 0.001 (V = 10317). The
mean estimated genus richness for the smaller size fraction is
29.44, while for the larger size fraction it is only 27.33 (Figure 1).

The ensuing comparison of the observed biodiversity in the
>125 and >150 pm size fraction shows, that the biodiversity in
the smaller size fraction is generally higher than in the larger
one (Figure 2A), but that the same trends emerge in both size
fractions. However, the differences between the size fractions
are not consistent. In some intervals of the Pefka E section the
curves run closely together while in others their 95% confidence
intervals do not overlap, and occasionally even the >150 um
fraction shows higher biodiversities than the >125um size
fraction. This is confirmed by a Kendall rank-order correlation
between the biodiversity in both size fractions (Figure 2B), which
is significantat p < 0.001 but has a small correlation coefficient of
only t = 0.565. This result indicates that biodiversity in both size
fractions follows the same trends, but that there are considerable
differences in the details. Furthermore, the differences in the
integrated Shannon-Wiener and Simpson biodiversities of both
size fractions are statistically significant (Figures 2C,D), with the
mean biodiversity of the smaller fraction being H},; = 2.58,
DS125 = 0.85, while for the larger size fraction it is Hjs, =
2.49, DSi50 = 0.84. This holds true whether using the Simpson
diversity index (p = 0.027) or the Shannon-Wiener diversity
index (p = 0.002), regardless.

A direct visual comparison of the MDS ordination of both size
fractions (Figure 3) shows a strong overlap between both sample
sets. Nevertheless, while there is a large correspondence between
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FIGURE 1 | Notched boxplot depicting the differences in observed rarefied
genus richness of benthic foraminiferal assemblages between the >125 and
>150 pm size fraction from the Pefka E section. Horizontal line depicts median,
boxes indicate interquartile range (IQR), whiskers extend to 1.5 x IQR, outliers
are marked by black dots.

the ordinations, there is also a considerable offset visible, mainly
along the first ordination axis. The MDS solutions show a high
quality: Negative eigenvalues occur, but are smaller than 1/10th
of the largest positive eigenvalues, and the Shepard plots indicate
that original distances have been preserved well (Supplementary
Data Sheet 1). The ordination is therefore representative, and
the observed offset between the size fractions can be reliably
interpreted. The difference implied by the ordination solution
of both size fractions is also confirmed by an ANOSIM, which
detected significant differences in the taxonomic composition
between the >125 and >150 um size fractions (R = 0.098, p =
0.001).

Further evidence for a considerable difference in the internal
structure, i.e., how samples are positioned in relation to each
other based on taxonomic similarity, comes from a Mantel
test applied on the Bray-Curtis similarity matrices of both
size fractions. After 999 permutations, the difference observed
between Bray-Curtis similarity matrices of the >125 and >150 pm
size fractions is significantly greater than any difference that can
be explained by chance with those data (p = 0.001, Figure 4).

4. DISCUSSION

We investigated the differences in assemblage analyses when
using either the >125 or >150pm fraction for benthic
foraminiferal studies, and found considerable differences despite
the small difference in mesh size. Several studies in the past
were already testing what influence the chosen size fraction
could have on benthic foraminiferal analyses (e.g., Jonkers, 1984;
Schroder et al, 1987; Bouchet et al, 2012; Schonfeld et al.,

2013), however, they were all using much different size fractions
(mostly the >63 vs. >125/150 um size fractions). The size fraction
>63 pm is also commonly used in benthic foraminiferal analyses
(Schonfeld, 2012), and it is known at least since the late 80s
that using any larger size fraction (>125um and larger) can
have a significant effect on the observed assemblage of benthic
Foraminifera (Schroder et al., 1987). However, as is argued for
instance in Schroder et al. (1987), using the >63 um fraction is
much more labor intensive and leads to more insecurities in
the taxonomic identification. This is one reason why Schonfeld
et al. (2012) suggested using the >125um fraction for benthic
foraminiferal biomonitoring studies.

By simply summing up the observed genera, we found 17
genera exclusively in the >125um size fraction, that cannot
be found in the >150 pm size fraction. At least some of those
genera are rather abundant in the samples in terms of sheer
number of specimens across all samples (Astacolus: 31 specimens,
Eponides: 22 specimens, Lagnea: 42 specimens, Sigmavirgulina:
20 specimens). This indicates that their absence in the >150 um
size fraction cannot be attributed to chance alone. Rather, the
problems observed by Schroder et al. (1987) and Schonfeld et al.
(2013) seem to some degree already persist when the difference
between size fractions is as small as 25 pm, making comparisons
between assemblage analyses of benthic Foraminifera using only
marginally different size fractions already difficult. This is also
supported by the size and shape of the genera missing in the
>150 um size fraction. The observed Lagnea species are generally
small, while the identified Astacolus and Sigmavirgulina species
are rather long but narrow, and may easily fall through a
larger mesh size along their long axis. Amongst the rather
abundant genera, Eponides is the only genuinely large genus
that is missing in the >150 um size fraction, but it only occurs
with 22 specimens across all samples in the >125um size
fraction, so its absence in the larger fraction can be the result of
chance.

4.1. Biodiversity Analyses

We observed, that the >150 um size fraction has a significantly
lower genus richness when compared with the >125um size
fraction on the basis of rarefied samples. This could either
mean, that different size fractions require different sample
sizes to estimate taxonomic richness with the same accuracy,
or alternatively that either one size fraction truly has a
lower apparent diversity due to the influence of the sieving
process. Our analyses of the biodiversity all point toward the
second explanation. While biodiversity is significantly correlated
between both size fractions, the low correlation coefficient
indicates a large degree of differences in the details. Indeed, the
smaller size fraction shows a tendency toward higher observed
biodiversity both over time (though not consistently) and in the
integrated values (Figure 2), well in line with earlier observations
(Schroder et al., 1987; Schonfeld et al., 2013). We therefore
conclude, that the apparent differences in biodiversity when
using different size fractions cannot be compensated by counting
more specimens in a larger size fraction (compare rarefaction
curves in Supplementary Data Sheet 1). Rather, already the small
size difference between the >125 and >150 um fraction has a
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FIGURE 2 | Differences in observed biodiversity of the benthic foraminiferal assemblages between the >125 and >150 um size fraction from the Pefka E section.

(A) Shannon-Wiener biodiversity (with bias-correction for incomplete sampling) of both size fractions along the entire section (lines) including its bootstrapped 95%
confidence interval (shaded area). The observed biodiversity in the >125 um fraction is mostly but not consistently higher than in the >150 um size fraction, and in
considerable parts of the section there is no overlap between the 95% confidence intervals of the size fractions. (B) Kendall rank-order correlation between the
individual Shannon-Wiener biodiversity values per sample in both size fractions. The correlation is significant, but the correlation coefficient is rather low, indicating
consistent trends but larger differences in the details between the size fractions. The gray, dashed line indicates the identity function (x = y). (C,D) Notched boxplots of
the individually observed Shannon-Wiener biodiversity (C) and Simpson biodiversity (D) values per sample in both size fractions. Horizontal line depicts median, boxes
indicate interquartile range (IQR), whiskers extend to 1.5 x IQR, outliers are marked by black dots.

significant impact on what is observable in a sample in terms
of estimated biodiversity. Thus, we conclude that studies using
either the >125 or >150 pum fraction can be comparable regarding
general biodiversity trends, as was suggested by Van Marle
(1988), but that the actual values of biodiversity cannot even be
compared between samples employing such similar size fractions.
More importantly perhaps, while the smaller size fraction shows
generally higher biodiversity, this difference is consistent in
neither size nor direction over time and probably space. We
therefore see no possibility to develop correction functions for
this difference, and suggest that biodiversity studies using the
>125 pm size fraction are broadly incomparable to those using
the >150 um fraction in greater detail.

4.2. Multivariate Assemblage Analyses

Our study implies a considerable difference between assemblages
when counting either the >125um or >150 um size fraction of
the same samples. We do observe a large overlap in the MDS
ordination, but this is expected, given that both size fractions
are taken from the same samples and no large-scale differences
are thus assumed. However, we do also observe a considerable
offset between both size fractions along the first ordination axis
(Figure 3), which is supported by the significant ANOSIM result
that implies a considerable difference between the assemblages
observed in both size fractions. Such differences can make studies
which employ different size fractions difficult to comparatively
interpret (Van Marle, 1988; Fontanier et al., 2006).
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FIGURE 3 | Metric multidimensional scaling of the benthic foraminiferal assemblages from the >125 and >150 um size fraction from the Pefka E section. The two
different size fractions are indicated by convex hulls in different colors and crosshatching. The area of overlap between both size fractions (indicated by intersecting
crosshatching) is rather large, but a considerable offset along the first ordination axis is obvious.

Axis 1

In addition to this general difference in assemblage, we also
observe a mentionable difference in the internal structure of the
samples within one size fraction amongst each other, as indicated
by the Mantel test. This means, that not only are the two size
fractions different from each other as a whole, but also that the
difference is not equally distributed between samples, but rather
some samples differ more between size fractions than others, as
was already observed by Hermelin (1986).

This problem is illustrated when a symmetrical Procrustes
scaling is applied to the individual MDS ordinations of each size
fraction (Figure 5). The Procrustes scaling employs rotation and
scaling along the ordination axes to transfer the >125pum into
the >150 um size fraction ordination solution, thus eliminating
the fact that rotation and partly axis-scaling in ordination space
is meaningless. Any difference that is still observed between
identical samples between size fractions after this procedure is a
true difference between their positions in ordination space, after
all arbitrary differences have been removed. Figure 5A shows
that only few points occupy similar positions in ordination space
between both size fractions, and that many samples plot in

considerably different positions depending on the size fraction
that was used. When investigating the Procrustes residuals
(the distances between identical samples in ordination space)
between the size fractions (Figure 5B), two results are obvious:
(1) The mean Procrustes residuals are 0.025, which already
creates a mean relative error of 3.87% in the positioning of
the samples in ordination space, depending on the chosen size
fraction. (2) The Procrustes residuals are very variable (standard
deviation: 0.015) and very inconsistently distributed between
samples, with the error ranging between 0.002 (0.29%) and
0.080 (12.45%). Accordingly, the PROTEST implies a significant
difference between the ordination solutions of both size fractions
(p = 0.001), with a Procrustes sum of squares of 0.132.
Investigating the individual genus abundances (Supplementary
Data Sheet 1) in more detail reveals the reason for this
inconsistent distribution of differences, namely that some genera
behave much more similar between size fractions than others.
While the abundance curves for some genera are nearly
identical between size fractions (e.g., Amphicoryna, Bulimina,
Cibicidoides, Discorbinella, Melonis, and Sphaeroidina), others
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differ considerably (e.g., Angulogerina, Cassidulina, Dentalina,
Fissurina, and Oridosalis) to very strongly (e.g., Articulina,
Gaudryina, Haynesina, Spiroplectinella, and Valvulineria). This
means that with changing dominance of the different genera
across the section, the differences between size fractions ought
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FIGURE 4 | Histogram of the differences between Bray—Curtis similarity
matrices of benthic foraminiferal assemblages from the >125 and >150 pm
size fraction from the Pefka E section. Blue bars show differences between
similarity matrices from 999 random permutations, the orange line indicates
the observed difference between the similarity matrices of both size fractions.

to be non-predictably variable. For this reason, such an effect
cannot be retrospectively quantified and corrected in past studies.
As with the biodiversity analyses, this non-consistent difference
between size fractions makes it impossible to develop any kind
of size-fraction-correction term, that could help to make studies
employing either the >125 or >150pum size fraction better
comparable.

Those results can be interpreted similarly to the results from
the biodiversity study. The general trends between the size
fractions are comparable, with a correlation between Procrustes
rotations of 0.932. However, in detail we observe significant
differences both between and within the assemblages when using
size fractions that differ only by 25 um. While not problematic
when employing qualitative comparisons, this difference can
be very detrimental when different datasets using different size
fractions need to be compared on a high level of accuracy.

4.3. Implications for Studies of Benthic

Foraminifera

Benthic Foraminifera are applied for various studies and
reconstructions. The results of our analyses can have a
considerable impact on some of them, mostly depending on the
precision that is anticipated in regard to the research question
which ought to be answered.

For studies that necessitate only a comparison of general
trends, or that cannot reconstruct environmental conditions
with a high precision, our results do not imply significant
problems. The general trends are fully comparable between the
>125 and >150 um size fractions, and qualitative interpretations
are not influenced by the chosen size fraction in which
benthic Foraminifera have been counted. Studies for which
such qualitative or low-precision quantitative interpretations are
sufficient, such as past environmental reconstruction studies
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(e.g., Herguera and Berger, 1991; Erbacher et al., 1999; Gooday,
2003; Kouwenhoven and van der Zwaan, 2006; Milker et al.,
2017), where errors are generally rather large, will not have to deal
with any negative impacts on their performance. Rather, they can
fully compare published studies and use them as a basis for their
own, regardless of whether those studies employed the >125 um
or the >150 um size fraction for their benthic foraminiferal
assemblage counts.

Studies which necessitate a high degree of precision, on the
other hand, will face much larger problems according to the
results of our analyses. Such studies in the majority include the
field of biomonitoring, where high-precision reconstructions are
required to allow the detection of environmental perturbations
(e.g., Ferraro et al., 2009; Frontalini and Coccioni, 2011; Bouchet
et al.,, 2012; Foster et al., 2012; Pawlowski et al., 2014). Such
studies will suffer from the significant differences in detail
that already emerge when using the only slightly different size
fractions of >125 and >150 um. This includes both biodiversity
and multivariate assemblage analyses as common tools for
benthic foraminiferal biomonitoring. We therefore suggest that
the recommendations by Schonfeld et al. (2012) are strictly
followed for biomonitoring studies, and that, if possible, only
the >125 um size fraction is used for such studies. The reasoning
for this suggestion is two-fold: (1) While not consistently so, the
>125 pm size fraction tended to show higher biodiversities than
the >150 um size fraction. The >125 pm size fraction therefore
draws a less biased picture of the true biodiversity while at
the same time not increasing the processing time significantly
(as using the >63um size fraction would; Schroder et al,
1987). It is thus a more ideal trade-off between processing
time and precision than using the >150pum size fraction
would be. (2) Since the use of the >125um size fraction was
recommended by Schonfeld et al. (2012) already, we expect
the majority of future biomonitoring studies using benthic
Foraminifera to investigate this size fraction. Renewing this
recommendation here will ensure an increased comparability
of forthcoming benthic foraminiferal studies. We furthermore
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