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Analysis of the community structure of abyssal
kinetoplastids revealed similar communities at
larger spatial scales

Faezeh Shah Salani1, Hartmut Arndt1, Klaus Hausmann2, Frank Nitsche1 and
Frank Scheckenbach1

1Department of General Ecology and Limnology, Institute for Zoology, Biocenter, University of Cologne,
Cologne, Germany and 2Free University of Berlin, Institute of Biology/Zoology, Research group Protozoology,
Berlin, Germany

Knowledge of the spatial scales of diversity is necessary to evaluate the mechanisms driving
biodiversity and biogeography in the vast but poorly understood deep sea. The community structure
of kinetoplastids, an important group of microbial eukaryotes belonging to the Euglenozoa, from all
abyssal plains of the South Atlantic and two areas of the eastern Mediterranean was studied using
partial small subunit ribosomal DNA gene clone libraries. A total of 1364 clones from 10 different
regions were retrieved. The analysis revealed statistically not distinguishable communities from
both the South-East Atlantic (Angola and Guinea Basin) and the South-West Atlantic (Angola and
Brazil Basin) at spatial scales of 1000–3000 km, whereas all other communities were significantly
differentiated from one another. It seems likely that multiple processes operate at the same time to
shape communities of deep-sea kinetoplastids. Nevertheless, constant and homogenous environ-
mental conditions over large spatial scales at abyssal depths, together with high dispersal
capabilities of microbial eukaryotes, maintain best the results of statistically indistinguishable
communities at larger spatial scales.
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Introduction

The vast abyssal sea floor covers more than 50% of
Earth’s surface and is postulated to have a key role
in ecological and biogeochemical processes on a
global scale as well as being an untapped reservoir
of high genetic and metabolic diversity (Danovaro
et al., 2008a). Whereas deep-sea ecosystems are of
‘paramount importance’ (Arı́stegui et al., 2009) for
global oceanic material cycling, only a tiny fraction
of the total proportion of the deep sea has been
studied up to now (o1%). Most of these studies
have focused on vent, ridge or seep ecosystems and
not on the vast expanses of the abyssal sea floor,
although its extent is orders of magnitude greater
(Rex and Etter, 2010).

The local diversity of some deep-sea ecosystems
has been well documented, but little is known about
deep-sea diversity at greater spatial scales. Danovaro

et al. (2008a) reported a clear link between benthic
diversity and ecosystem functioning. They esti-
mated that a biodiversity loss of 20–30% could
result in a 50–80% reduction of deep-sea ecosys-
tems’ key processes (Danovaro et al., 2008b). Knowl-
edge of the spatial dimension of diversity and hence
the need for large-scale community sequencing is
necessary to evaluate the mechanisms driving
biodiversity and biogeography in this vast but
poorly understood ecosystem (Azam and Worden,
2004).

Microbes are important in the function of all
ecosystems (Fuhrman, 2009). They dominate the
ocean in terms of abundance and metabolic activity
(Azam and Malfatti, 2007), and have a dispropor-
tional large role in abyssal energy flow (Rex et al.,
2006). Among them, microbial eukaryotes are key
players in controlling prokaryotic abundance and
especially heterotrophic nanoflagellates seem to
control efficiently prokaryotic communities in the
deep ocean, at least in the mesopelagic zone
(Fukuda et al., 2007; Arı́stegui et al., 2009). The
few molecular studies focusing on the diversity of
abyssal microbial eukaryotes rather point to specific
communities with only minor contributions from
epipelagic depths. An important fraction of these
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communities is comprised of Euglenozoa, a large
group of flagellate protozoa characterized by the
ultrastructure of their flagella containing a rod
(called paraxonemal; Hausmann et al., 2003). This
group seems to be more abundant in deep-sea clone
libraries than in epipelagic waters (Countway et al.,
2007) and has been reported from a wide variety of
deep-sea environments (for example, López-Garcı́a
et al., 2001; Stoeck et al., 2003; Scheckenbach et al.,
2010).

Kinetoplastids are an ecological important
(Moreira et al., 2004) group of euglenozoans. They
are characterized by the presence of a DNA-contain-
ing granule located within the single mitochondrion
associated with the base of the cell’s flagella (the
kinetoplast; Hausmann et al., 2003). Kinetoplastids
are found in almost all terrestrial and aquatic
environments. A recent study of deep-sea eugle-
nozoans revealed the presence of deep-sea specific
lineages of diplonemids, a sister group of kineto-
plastids (Lara et al., 2008), and studies of deep-sea
kinetoplastids reported a disproportional low repre-
sentation of these deep-sea lineages in public
databases (Shah Salani, 2009; Scheckenbach et al.,
2010). The ecological relevance of kinetoplastids,
together with the potential specific deep water
lineages reported, made this group an interest-
ing subject for the study of deep-sea microbial
eukaryotes.

The Mediterranean is separated from the Atlantic
by the Gibraltar sill and represents one of the few
warm deep-sea regions on Earth, with deep-water
temperatures of about 13.5 1C, whereas abyssal
bottom water in the Atlantic usually has a tempera-
ture of 2–4 1C, which makes it an interesting location
for studying deep-sea biogeography. Here, we have
studied the community structure and spatial scales
of kinetoplastids by rDNA clone libraries from all
abyssal plains of the South Atlantic (Angola-,
Argentine-, Brazil-, Guinea-, Namibia- and Pernam-
buco Abyssal Plain; Figure 1), as well as the
Ierapetra Basin and the Pliny Trench of the eastern
Mediterranean.

Materials and methods

Sampling
Samples were taken using multi-corers from the
South-East Atlantic (R/V Meteor cruise 63/2, ex-
pedition DIVA2;26 February 2005–31 March 2005;
Angola Abyssal Plain, 91 560 S, 01 540 E; Guinea
Abyssal Plain, 01 00 S, 21 250 W; and Namibia
Abyssal Plain, 281 070 S, 71 210 E; Figure 1), from
depths of 5033–5142 m; from the Mediterranean
(R/V Meteor cruise 71/2;28 December 2006–15
January 2007), from depths of 4400 m (Ierapetra
Basin, 341 300 N, 261 110 E) and 2670 m (Pliny
Trench, 331 440 N, 261 080 E); and from the South-
West Atlantic (R/V Meteor cruise 79/1, expedition
DIVA3;10 July 2009–23 August 2009; Argentine, 351
590 S, 491 010 W; South Brazil Basin, 261 340 S, 351 130

W; North Brazil Basin, 141 590 S, 291 570 W; and
Pernambuco Abyssal Plain, 31 570 S, 281 050 W;
Figure 1), from depths of 4605–5189 m. Additionally,
samples were also taken from the Great Meteor
Seamount (291 570 N, 281 350 W) from depths of
300 m using a box-corer. An overview of the sampling
regions is provided in Supplementary Table 1.

From each region of the South-East Atlantic, 10 l of
sediment-overlaying water were immediately filtered
over 0.2-mm polycarbonate filters (Millipore,
Schwalbach, Germany) and stored at �20 1C until
further treatment. The following expeditions to the
Mediterranean and South-West Atlantic did not
enable us to equally sample sediment-overlaying
water but solely sediment. Therefore, from the
Mediterranean, the upper 2 mm of sediment were
filled into 50-ml DNA/RNA and nuclease-free tubes
(Sarstedt, Nuembrecht, Germany) together with sedi-
ment-overlaying water and stored at �80 1C until
further treatment. Owing to the conditions on board
of the research vessel during the Mediterranean
cruise, a large proportion of the sediment was already
suspended and could therefore not be sampled
without overlaying water. From the South-West
Atlantic and Seamount samples, sediment was filled
into 15-ml DNA/RNA and nuclease-free tubes (Sar-
stedt) and equally stored at �80 1C until further
treatment. In addition, 224 ml of sediment-overlaying
water from the Brazil Basin were filled in 15-ml
DNA/RNA and nuclease-free tubes (Sarstedt) and
stored at �80 1C until further treatment.

Genomic DNA extraction, purification, cloning and
sequencing
Genomic DNA from filters of the South-East Atlantic
was extracted using a phenol/chloroform/CTAB
extraction protocol (Clark, 1992) and further pur-
ified by using sepharose-4B/PVPP columns (Edel-
Hermann et al., 2004). In order to process the larger
sampling volume of the Mediterranean, we have
chosen to separate the Mediterranean samples into
sediment (42 g, Ierapetra Basin; 24 g, Pliny Trench)
and water (330 ml, Ierapetra Basin; 198 ml, Pliny
Trench) by centrifugation (4000 g at 4 1C for 10 min),
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Figure 1 Map of the South Atlantic with sampling areas: North
Argentine Basin (I), South Brazil Basin (II), North Brazil Basin
(III), Pernambuco Abyssal Plain (IV), Guinea Abyssal Plain (V),
Angola Abyssal Plain (VI), and Namibia Abyssal Plain (VII).
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and extract genomic DNA from each phase using
appropriate methods. The water was filtered over
0.2-mm polycarbonate filters (Millipore). Genomic
DNA from these filters was extracted by the same
procedure as for the South-East Atlantic samples.
The sediment was extracted using the Ultra Clean
Soil DNA Isolation kit (MO BIO Laboratories,
Carlsbad, CA, USA) as described in the manufac-
turer’s instructions. As the Mediterranean samples
already contained a mixture of sediment and
sediment-overlaying water as described above, we
have pooled the genomic DNA of both phases after
extraction. From the sediment samples of the South-
West Atlantic, 2 g were used for DNA isolation using
the Ultra Clean Soil DNA Isolation kit (MO BIO
Laboratories) following the manufacturer’s instruc-
tions. The 224 ml of sediment-overlaying water from
the Brazil Basin were equally filtered over 0.2-mm
polycarbonate filters (Millipore) and genomic DNA
from these filters was extracted by the same
procedure as for the South-East Atlantic samples.

The purified DNA was pooled and then used
for PCR. The partial 18S rDNA gene (position 668–
1196/1231 relative to Bodo saltans, GenBank acc-
ession numbers DQ207570, JN629095 and JN630458)
was amplified using two primer combinations,
For_668 (50-GCTGTTAAAGGGTTCGTAGTTG-30) and
Rev1_1231 (50-GGACTACAATGGTMTCTAATCATC-
30), as well as For_668 and Rev2_1196 (50-CACTTTR
GTTCTTGATTGAKGAAGG-30). Primers were de-
signed manually using the entire kinetoplastid data
set of the SILVA database (July 2009; Pruesse et al.,
2007) following general rules of primer design in
conjunction with the NCBI primer-BLAST tool
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/).
Primers were tested manually for specificity against
several other taxonomic groups retrieved from the
SILVA database as well as automatically using
BLAST. Primers are kinetoplastid-specific and cover
all kinetoplastid sequences present in the SILVA
database as of July 2009. PCRs were performed in
50 ml of reaction volume under standard conditions
as specified by the manufacturer (Ta¼ 50 1C for
Rev1_1231; Ta¼ 51 1C for Rev2_1196). Amplicons
were pooled and purified using a PeqGOLD Cycle-
Pure Kit (Peqlab, Erlangen, Germany) according to
the manufacturer’s instructions. Purified 18S rDNA
fragments were cloned into pSC-A cloning vectors
and transformed into competent cells using the
StrataClone PCR Cloning Kit (Stratagene, Santa
Clara, CA, USA). Cloned inserts were amplified by
PCR using Dream Taq DNA polymerase (Fermentas,
St Leon-Rot, Germany) and sequenced in both
directions using the BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City,
CA, USA) using the vector primers M13For and
M13Rev following the manufacturer’s instructions.

Phylogenetic and statistical analysis
Sequences were assembled and corrected manually.
Each sequence was checked for chimeras using the

various methods available by Mothur v.1.12.0
(Schloss et al., 2009).

For phylogenetic analysis, multiple alignments
were computed using the E-INS-i iterative refinement
method of MAFFT v.6.833 (Katoh and Toh, 2010).
Maximum likelihood phylogenetic trees were com-
puted from these multiple alignments using RAxML
v.7.2.7 with the GTRþ Ã model of nucleotide sub-
stitutions (Stamatakis, 2006) and the extended major-
ity rule bootstrap convergence criteria. Phylogenetic
trees were displayed and midpoint rooting was
performed using iTOL (Letunic and Bork, 2007).

For statistical analysis, a p-distance matrix from
pairwise p-distances was calculated from pairwise
alignments for each possible combination using
water and distmat from the EMBOSS package
v.6.3.1 (Rice et al., 2000). From the p-distance
matrix, a minimum evolution phylogenetic tree
was computed using FastME v.2.0.7 (Desper and
Gascuel, 2002) with SPR post-processing enabled.

Operational taxonomic unit (OTU)-based analysis
were performed using Mothur v.1.12.0 (Schloss
et al., 2009). This included clustering of all clones
into OTUs, calculation of rarefaction curves and
richness estimators (Abundance-based Coverage
Estimator (ACE); Chao and Lee, 1992), OTU-based
analysis of community structure (yYC; Yue and
Clayton, 2005), as well as phylogeny-based
weighted UniFrac test (Lozupone and Knight,
2005). The threshold for OTU delineation was
estimated to be 1% genetic p-distance (Supplemen-
tary Figure 1). The estimation was based on
the calculation of the median (Q.5) intraspecific
p-distance of 44 morphospecies of kinetoplastids
with 459 sequences covering the small subunit
rDNA (SSU rDNA) position 500–1300 and being
longer than 500 bp, retrieved in January 2010 from
the SILVA database (Pruesse et al., 2007). Faith’s
phylogenetic diversity (Faith, 1992), mean pairwise
distance and mean nearest taxon distance (Webb
et al., 2002), and the correlation between species co-
occurrence and phylogenetic distance (Cavender-
Bares et al., 2004) were calculated using R v.2.12.0
(R Development Core Team, 2010), using the R
package picante v.1.2-0 (Kembel et al., 2010). The
metric for species co-occurrence used was Jaccard’s
index of co-occurrence. For all calculations of null
models, the independent swap algorithm was used
(Gotelli and Entsminger, 2003). Analysis of molecu-
lar variances (Excoiffier et al., 1992) was performed
using the R package pegas v.0.3-2 (http://ape.
mpl.ird.fr/pegas/). Linear regression was also cal-
culated with R, as was the Mantel test using the
R package ade4 (Thioulouse et al., 1997).

Results

Sampling efficiency and diversity estimation
We retrieved a total of 1364 clones with an average
length of 526 bp. In addition, 37 clones were
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identified as chimeric sequences, using the various
methods for chimera checking available by Mothur
(Schloss et al., 2009). All clones were grouped into
OTUs, following a value for OTU delineation of 1%
median p-distance, resulting in 317 different OTUs.
Rank-abundance curves calculated for each sam-
pling area showed the typical rank-abundance curve
usually found by phylogenetic surveys of microbes,
with, here, 8% of all OTUs containing 50% of all
clones. A high percentage of singletons was found
(Table 1). The highest percentage of singletons was
found for the Pernambuco Abyssal Plain (69%) and
the Angola Abyssal Plain (77%). Rarefaction curves
leveled-off for all sampling stations except for the
Angola and the Pernambuco Abyssal Plain (data not
shown). OUT-based richness estimators (SACE;
Table 1) were 4–6 times higher for the Pernambuco
and the Angola Abyssal Plain, and about 1.5–2.5
times higher for all other sampling regions. Stan-
dardized effect sizes versus null communities of
Faith’s phylogenetic diversity showed that the
Angola Abyssal Plain and the Ierapetra Basin, and
to a lesser extent the Pernambuco Abyssal Plain, had
relatively higher phylogenetic diversity than the
other sampling regions (Supplementary Figure 2).
The mean genetic p-distance between clones and
their first BLAST hit was 8% (range¼ 38%) and
higher than reported by another environmental
study of kinetoplastids using specific primers
(n¼ 84, mean¼ 2%, range¼ 16%, position 668–
1231; Von der Heyden and Cavalier-Smith, 2005).

Community composition and comparison
The taxonomic community composition was
heterogeneous between different sampling regions
(Figure 2 and Supplementary Figure 3). The most
represented taxa were members of Rhynchomonas,
Ichthyobodo and Neobodo (Supplementary Figure
4). Only few other genera were retrieved, all also

belonging to the Prokinetoplastina or the order
Neobodonida. Whereas most communities were
composed of a diverse assemblage of the above
named taxa, the community from the Seamount was
mainly composed of a single taxa, Dimastigella. No
members of the orders Eubodonida and Parabodo-
nida, as well as Tryposomatida, were retrieved,
although we were able to successfully amplify
several cultured isolates of Eubodonida and Para-
bodonida using both primer pairs.

Clear differences in the dominance patterns
between the sampling areas are visible (Figure 2;
can be deduced from Supplementary Figure 3). The
dominant OTUs in the South-West Atlantic mostly
belonged to Rhynchomonas and Neobodo designis
II, which did not dominate communities from both
the South-East Atlantic and the Mediterranean. On
the other hand, Prokinetoplastea (Ichthyobodo and
Perkinsiella) and N. designis/celer dominated the
South-East Atlantic and the Mediterranean, and
were mostly rare in the South-West Atlantic.

Using a threshold of 1% p-distance for OTU
delineation, the number of OTUs present in two or
more sampling regions, that is, OTUs shared
between regions, was low. A single OTU was found
in 8 of the 10 sampling regions and, consequently,
no OTU was present in all sampling regions. Sixty-
eight percent of all OTUs were present in one and
only 18% in more than two sampling areas. Plotting
the number of OTUs against the number of shared
sampling regions for a given OTU resulted in a
unimodal distribution with a long right-hand tail, as
commonly reported for microbial rank-abundance
curves. By contrast, plotting the number of shared
sampling regions for a given OTU against the
number of clones within all OTUs of the respective
rank resulted in a bimodal distribution skewed to
both sides (Supplementary Figure 5), indicating that
abundant OTUs were rather present in several
sampling regions. This was in particular apparent
for two groups of sampling regions: All three
sampling regions from the South-West Atlantic
(Argentine and Brazil Basin) and the sampling
regions with the highest numbers of clones (Ierapetra
Basin, Namibia Abyssal Plain, Pliny Trench). These
sampling regions clustered together using OTU-
based measures of dissimilarity between the struc-
tures of two communities (yYC; Supplementary
Figure 4). A cladogram of mean nearest neighbor
distances based on cophenetic distances between
the sampling regions showed a similar clustering
and, in addition, a high similarity between the
Angola and the Guinea Abyssal Plain (Figure 2),
whose OTUs were more restricted in their distribu-
tion (Supplementary Figure 5).

Raising the level for OTU delineation to 2 and
3% p-distance, as commonly found in the literature,
did lower the total number of OTUs to 214 (2%
p-distance) and 177 (3% p-distance). By contrast,
the number of clones present in OTUs found in
several sampling regions increased and, hence, the

Table 1 Table with the number of clones and OTUs, the
percentage of singletons and the OTU-based richness estimator
(Abundance-based Coverage Estimator (ACE); Chao and Lee,
1992) for each sampling area

No.
of

clones

No.
of

OTUs

Percentage
of

singletons

ACE

N. Argentine 105 42 50 92.7624
S. Brazil 108 56 54 92.8578
N. Brazil (sediment) 86 35 49 53.8076
N. Brazil (water) 107 56 61 106.5427
Pernambuco 92 54 69 214.4702
Angola 89 57 77 355.4462
Guinea 79 45 62 87.1727
Namibia 200 43 47 88.4215
Ierapetra 199 57 57 222.6436
Pliny 199 54 54 113.879
Seamount 100 11 36 14.4133

Abbreviation: OTU, operational taxonomic unit.
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distribution of the number of shared sampling
regions for a given OTU against the number of
clones within all OTUs of the respective rank shifted
toward the right side of the plot (Supplementary
Figure 5). However, the maximum number of
sampling regions an OTU was present was only
marginally raised to nine sampling regions. Yue and
Clayton’s measure of dissimilarity resulted in simi-
lar sampling regions becoming more similar by
increasing the threshold for OTU delineation up to
3% p-distance and, at the same time, dissimilarities
became more apparent. However, Yue and Clayton’s
y similarity coefficients within the group encom-
passing the Mediterranean sampling regions and the
Namibia Abyssal Plain did not change significantly:
èYC for a threshold of 1% p-distance was in the range
of 0.40–0.53, and for a threshold of 3% p-distance in
the range of 0.43–0.52.

The differences between the sampling regions, as
shown above, were supported by analysis of mole-
cular variances. This test demonstrated that there is
a strong biogeographical pattern (Po0.001). Accord-
ingly, Holm’s corrected pairwise analysis of mole-
cular variances (Supplementary Table 2) supported

the high similarity of the sampling regions of the
South-West Atlantic (Argentine and Brazil Basin;
P40.05) as well as the high similarity of the Angola
and Guinea Abyssal Plain (P40.05). Pairwise
weighted UniFrac analysis equally supported these
findings (Figure 2 and Supplementary Table 2).
Analyses of molecular variances grouped according
to habitat, depth, temperature or sampling period
were also all significant (Po0.001).

Phylogenetic structure
The maximum likelihood phylogenetic tree of all
clones showed phylogenetic structuring of most
sampling stations (Supplementary Figure 3). Only
clones from the Ierapetra Basin and the Pernambuco
Abyssal Plain, as well as to a lesser extent the Pliny
Trench, were more evenly spread over the phyloge-
netic tree. This observed phylogenetic structure is
supported by standardized effect sizes of mean
pairwise distances versus null communities indicat-
ing a tree-wide phylogenetic evenness of these
sampling regions (Figure 3). The other sampling
regions, on the other hand, showed phylogenetic
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clustering. Standardized effect sizes of mean nearest
taxon distances versus null communities showed
that the clones from the Angola Abyssal Plain, and
to a lesser extent from the Ierapetra Basin, were
more evenly spread at the tips of the phylogenetic
tree (Figure 3). The other communities showed
phylogenetic clustering closer to the tips of the
phylogeny. This result was corroborated by a
significant negative correlation between species
co-occurrence and phylogenetic distance (corr¼
�0.053, Po0.001).

Relationship between genetic and geographic distances
The mean percentage of identical (0.00% p-distance)
clones within each sampling area in relation to the
total number of clones of the according area was
58%, whereas the average percentage of shared
identical clones between two sampling regions in
relation to the total number of clones within both
environments was relatively low (18%). There was,
however, no significant linear relationship between
the percentage of shared identical clones between
two sampling regions in relation to the total number
of clones within both environments and geographic

distance (r¼�0.05, P40.05). By contrast, there was
a significant and positive, although weak, linear
relationship between genetic and geographic dis-
tance (r¼ 0.07, Po0.001). This significant correla-
tion between genetic and geographic distance was
supported by a Mantel test (Po0.001).

Discussion

The ocean is an interconnected geophysical fluid
principally allowing extensive gene flow at large
geographic scales of organisms with a presumed
high dispersal potential, such as microorganisms.
It may, therefore, not be surprising to find coherent
communities of microbial eukaryotes at a given
depth horizon at adjacent regions. However, similar
communities (P40.05) were not found in the range
of kilometers or tens of kilometers but in the range of
hundreds and thousands of kilometers, as reported
here for the South-West Atlantic (Argentine and
Brazil Basin) and the South-East Atlantic (Angola
and Guinea Basin). This may underline the constant
and homogeneous conditions prevailing over large
spatial distances at abyssal depths. Two previous
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studies already reported of similar, and even
statistically not distinguishable, communities of
microbial eukaryotes at larger scales from the
abyssal North-West Atlantic (Countway et al.,
2007) and the abyssal South-East Atlantic
(Scheckenbach et al., 2010). The latter study equally
reported of statistically not distinguishable commu-
nities from the Angola and the Guinea Basin, and
also of statistically distinct communities from the
Namibia Abyssal Plain. Our results from the South-
East Atlantic, thus, corroborate the report of
Scheckenbach et al. (2010) and are also in agreement
with a comparable study of communities of prokar-
yotes from the same sampling regions also reporting
of statistically indistinguishable communities from
both the Angola and the Guinea Basin, as well as the
Guinea Basin and the Namibia Abyssal Plain
(Schauer et al., 2009). Furthermore, as the kineto-
plastid-specific clone libraries from the South-East
Atlantic, reported here, show the same pattern as
clone libraries built with general eukaryotic primers
as reported by Scheckenbach et al. (2010), it is
admissible to assume that the pattern reported here
for both the South-East and South-West Atlantic
may be similar for other groups of microbial
eukaryotes.

The assumption of McClain and Hardy (2010),
that geographical ranges may increase with depth as
environmental conditions become more constant
and homogeneous, may therefore be plausible.
Moreover, as many genetically studied microbial
eukaryotes from the deep sea have revealed wide
distribution ranges (Pawlowski et al., 2007; Lecroq
et al., 2009). In their extensive review on deep-sea
biogeography, these authors furthermore noticed
that many taxa appear widely distributed across
the deep sea, even at specialized environments such
as hydrothermal vents (McClain and Hardy, 2010).
The fact that we had no linear relationship among
the number of identical clones (0.00% p-distance)
between two sampling regions in relation to the total
number of clones at both sampling regions and
the geographical distance between both regions
(r¼�0.05, P40.05), may point into that direction.
Moreover, most dominant OTUs were equally pre-
sent in both Mediterranean sampling areas and the
Cape Basin (Figure 2; Shah Salani, 2009), supporting
the hypothesis that some marine protists are indeed
cosmopolitan despite geographic barriers and dif-
ferent ecological parameters. Kouridaki et al. (2010)
even reported of communities of prokaryotes from
the same depth layer (4000 m) of the North-East
Pacific and the Eastern Mediterranean having
different trophic states and temperature conditions,
but which did not show substantial differences in
community composition. Wide dispersal ranges,
however, of microbes may be a general characteristic
of, at least, marine ecosystems. Cermeño and
Falkowski (2009) reported that marine diatoms were
not limited by dispersal. Wide dispersal ranges may,
to some extent, explain the large areas covered by

coherent communities and the finding that a
particular percentage of identical clones is shared
among even geographically distantly related regions,
but not the substantial differences among most
sampling regions studied.

A central tenet of community ecology is that
strong environmental gradients shape ecosystems by
controlling the spatial and temporal distribution of
species. In this regard, recent evidence suggests a
link between marine microbial community structure
and water masses (Agogué et al., 2008; Varela et al.,
2008; Galand et al., 2009; Kirchman et al., 2010).
Galand et al. (2010) reported of a strong association
between the large-scale distribution of microbial
communities from the deep Arctic and the hydro-
geography of the arctic water masses. Differences in
community structure would thus reflect the differ-
ences in environmental parameters among water
masses, as also suggested by studies of marine
foraminiferans (De Vargas et al., 1999; Darling
et al., 2000). Schauer et al. (2009), who studied the
same sampling regions of the South-East Atlantic,
attributed the differences reported, at least partially,
to environmental differences of the different water
masses. The distinction among some communities
studied may, therefore, be attributed to environ-
mental differences of the water masses, and, vice
versa, the similarity of the communities from both
the South-West Atlantic and the South-East Atlantic
may consequently be attributed to similar water
masses. This accounts for both the bottom water and
the surface water as there is a strong pelagic–benthic
coupling in marine environments. The organic
matter flux down to the deep sea influences deep-
sea biodiversity over large spatial scales (Levin
et al., 2001; Smith et al., 2008). The phylogenetic
clustering reported here provides further evidence
for environmental filtering, as phylogenetic cluster-
ing at larger spatial scales of organisms with high
dispersal potential is most likely the result of
environmental filtering (Webb et al., 2002; Kraft
et al., 2007).

The Angola and Guinea Basin are filled with
North Atlantic Deep Water originating from the
Arctic, whereas the Namibia Abyssal Plain and the
abyssal plains of the South-West Atlantic are filled
with Antarctic Bottom Water originating from the
Antarctic. At the surface, the Angola, the Brazil and
the Guinea Basin, as well as the Pernambuco
Abyssal Plain, are all under the influence of the
South Equatorial Current system. The Namibia
Abyssal Plain, by contrast, is under the influence
of the northward directed Benguela Current, and the
North Argentine Basin is at the intersection of the
southward directed Brazil Current, which is part of
the South Equatorial Current system, and the north-
ward directed Malvinas Current. The different water
masses of the South Atlantic may, therefore, be
responsible for the biogeographical pattern reported
here. They could explain the similarity of the
communities from the Angola and the Guinea Basin,
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as well as their distinction from those of the
Namibia Abyssal Plain, and could equally explain
the similarity of the North Argentine Basin and the
Brazil Basin. The divergence of both Mediterranean
communities with those from the Atlantic could
also be explained by differences in the water masses,
as the Mediterranean is one of the few warm deep-
sea regions of the Earth with deep-water tempera-
tures of about 13.5 1C, whereas abyssal bottom water
usually has a temperature of 2–4 1C. The observed
biogeographical pattern could, therefore, be the
result of the environmental heterogeneity repre-
sented by water masses with distinct abiotic and
biotic properties. The high similarity of the Namibia
Abyssal Plain and both Mediterranean sampling
areas, on the other hand, is mainly the result of few
shared dominant OTUs, and not the result of
similarity in species richness (Shah Salani, 2009).
In fact, the Mediterranean communities are far
diverse than the relatively species-poor Namibia
Abyssal Plain (Supplementary Figure 1) and share
only those few dominant OTUs with the Namibia
Abyssal Plain. Comparisons of community member-
ship clearly showed the differences between the
Mediterranean communities and the community
from the Namibia Abyssal Plain (data not shown).
This is also supported by the fact that Yue and
Clayton’s y similarity coefficients within the group
encompassing the Mediterranean sampling regions
and the Namibia Abyssal Plain did not change
significantly while raising the threshold for OTU
delineation from 1 to 3% p-distance. By contrast,
raising the threshold for OTU delineation lowered
this similarity coefficient among all sampling
regions of the South-West Atlantic (Argentine and
Brazil Basin) and between the Angola and Guinea
Abyssal Plain, resulting in similar sampling regions
becoming more similar. At the same time, dissim-
ilarities became more apparent. Together with the
fact that raising the threshold for OTU delineation
did not significantly raise the maximum number of
sampling regions an OTU was present, this empha-
sizes both the similarities among some sampling
regions as well as the dissimilarities found.

Apart from hydro-geographic features, which may
pose barriers to dispersal among basins, such as the
Antarctic Polar Front (Hunter and Halanych, 2008)
or the Pacific Equatorial Current (Won et al., 2003),
currents may influence dispersal (Young et al., 2008)
and may equally explain the results from the South
Atlantic, at least to some extent. The topography
may be another explanation, as the Mediterranean is
separated from the Atlantic by the Gibraltar Sill,
which may prevent deep-sea species from the
Atlantic to enter the Mediterranean (Sardà et al.,
2004). Similarly, the mid-oceanic ridge may prevent
dispersal among the communities from the South-
East and South-West Atlantic, as shown for deep-sea
bivalves, which are restricted to either the East or
the West Atlantic (McClain et al., 2009). The Walvis
Ridge, separating the Angola Basin from the Namibia

Abyssal Plain has shown to prevent dispersal of
peracarid crustaceans (Brandt et al., 2005). The
different depths among some of the Atlantic and
Mediterranean sampling regions may be another
factor. Bathymetric patterns are known (Levin et al.,
2001; Countway et al., 2007; Not et al., 2007; Brown
et al., 2009), even though depth may not always be
sufficient to explain community differences (Galand
et al., 2010). The same holds true for differences
in sediment characteristics among the sampling
stations of the South-East Atlantic and the Medi-
terranean, as the sediment composition is known to
affect community structure (Levin et al., 2001).
Although the differences between communities
isolated from sediment or sediment-overlaying
water may be attributed to their habitat, the latter
possibility is less likely as communities from
sediment and sediment-overlaying water from the
same sampling area (North Brazil Basin) were not
significantly differentiated (P40.05). Finally, many
marine communities show a strong seasonal pattern
(Levin et al., 2001; Ruhl and Smith, 2004; Fuhrman
et al., 2006; Caron and Countway, 2009; Treusch
et al., 2009) and can rapidly alter their community
assemblage in areas with high seasonality in time-
scales in the order of days and weeks (Fuhrman and
Hagström, 2008), rendering deep-sea microbial
communities as dynamic as surface ones (Winter
et al., 2009). The significant differences (Po0.05)
between the communities from the South-East and
the South-West Atlantic, as well as the Mediterra-
nean, may therefore be attributed to differences in
sampling time.

Lateral transport of organic material produced in
coastal regions into greater depths is of major
importance in maintaining diverse assemblages of
microbial organisms at the seafloor (Salihoglu et al.,
1991; Rabitti et al., 1994). Deep-sea abundance and
biodiversity are, therefore, significantly correlated
with depth and distance to the nearest coast, with
the latter factor being more decisive (Boetius et al.,
1996; Kröncke et al., 2003). Boetius et al. (1996)
reported in their study of the eastern Mediterranean
that the distance from coast is much more important
than water depth for food availability at the seafloor
and thus species diversity. Our results support these
findings, with the community from the Ierapetra
Basin being more diverse than most others.

Our data furthermore indicate that dispersal
limitations by geographical distance may be another
factor, as we had a very low but significant positive
correlation between genetic and geographic distance
(r¼ 0.07, Po0.001). Several publications have
emphasized the effect of spatial distance on micro-
bial diversity (Papke et al., 2003; Whitaker et al.,
2003; Ramette and Tiedje, 2007), and comprehen-
sive reviews on microbial biogeography show that
there is often a distance–decay relationship among
microbial communities (Green and Bohannan, 2006;
Martiny et al., 2006). Schauer et al. (2009) also
reported a weak distance-decay relationship among
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the three abyssal plains of the South-East Atlantic.
Likewise, communities of deep-sea microbes from
depths of 3000 m of the Pacific showed a steady
decline in similarity over a distance of 3500 km
(Hewson et al., 2006). Distance–decay relationships
may, therefore, be common given the vast distances
found among abyssal plains, but may rather be of
ecological nature, as geographical distance often
correlates with environmental changes (Schauer
et al., 2009).

A methodological problem could arise from the
use of rDNA, as recent publications reported of a
constant flux of inactive thermophilic bacteria into
the arctic seabed, influencing the microbial com-
munity structure in this environment (Hubert et al.,
2009). The high dispersal capacities and the possi-
bility to form resting stages of many microbes make
it indeed difficult to discriminate surface-derived
microbes using rDNA. This would require other
molecular markers, such as rRNA (Stoeck et al.,
2007). Another methodological problem is most
certainly the differences in sampling size, in terms
of clone numbers. This may affect the result of
community comparison between the different sam-
pling areas. However, the most dominant OTUs will
most probably always be detected and, as it is
generally assumed that the dominant taxa contribute
most the ecosystem’s function and consequently
best describe that ecosystem (Scheckenbach et al.,
2010), abundance-based statistics (for example, Yue
and Clayton’s y similarity coefficient) should there-
fore deliver comparable results. Equally, differences
in sampling volume most likely affect sampling
efficiency, but again, it can be assumed that the most
dominant taxa will always be detected. And as OUT-
based statistics produced similar results than
sequence/phylogeny-based statistics, the reported
dissimilarities between some sampling regions are
most likely the result of true differences, even
though the results may very well be biased owing
to differences in sampling size and volume. Further-
more, different extraction methods and sample
characteristics are known to affect sampling effi-
ciency (Maier et al., 2009). As already stated above,
the differences between communities isolated from
sediment and sediment-overlaying water may there-
fore be attributed to the different extraction methods
used. This, however, did not seem to significantly
bias our results, as the community extracted from
the sediment-overlaying water of the North Brazil
Basin was very similar to the other communities of
this region (North Argentine Basin, South Brazil
Basin, North Brazil Basin) that were extracted from
sediments, and was even not significantly differ-
entiated from these (P40.05, weighted UniFrac test).

The circumstances of our sampling and the
missing abiotic and biotic parameters, among others
the missing trophic levels, do not allow to elucidat-
ing the decisive deterministic and stochastic factors
controlling the community composition reported
here. Environmental factors, such as water masses

and time, may be decisive factors, although, accord-
ing to analysis of molecular variances, depth, habitat
and temperature may all have a role (Po0.001), as
well as geographic distance. It is, therefore, very
likely that multiple processes operate at the same
time to structure communities of deep-sea kineto-
plastids. In this context, note that most communities
were phylogenetically clustered, thus providing
evidence for environmental filtering. Caron and
Countway (2009) stated that even slight changes in
environmental parameters can cause massive shifts
in microbial community structure. This makes our
findings of statistically indistinguishable commu-
nities of kinetoplastids in the range of thousands of
kilometers from both the South-East Atlantic
(Angola and Guinea Basin) and the South-West
Atlantic (Argentine and Brazil Basin) all the more
interesting, as they point to constant and homo-
genous environmental conditions prevailing over
large spatial scales at abyssal depths.
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