Armonies Helgol Mar Res (2021) 75:8
https://doi.org/10.1186/510152-021-00552-1

Helgoland Marine Research

SHORT COMMUNICATION Open Access

Who lives where? Macrobenthic species

=

Check for
updates

distribution over sediment types and depth
classes in the eastern North Sea

Werner Armonies’

Abstract

An extensive data set of macrozoobenthos from the eastern North Sea was evaluated in order to describe the dis-
tribution of infaunal species with respect to water depth and median grain size of the sediment. The resulting data
are presented for 134 species, in 104 species abundance correlated significantly with water depth, with most spe-
cies decreasing in abundance towards the hydrographically turbulent shallow areas. This suggests hydrography is a
limiting factor for most of the species in this area while very few species only seem to favour the turbulent side of the
gradient. With respect to median grain size, two thirds of the species showed significant abundance variations and
one third did not. Most of the latter species were either represented by rather poor data or are known to be highly
motile. Thus, true sediment generalists seem to be few. Conversely, no species was exclusively restricted to a single
sediment type. Significant depth x sediment type interaction terms in a regression model indicate that abundance
distribution over sediment types varied with depth level in 60% of the species, indicating that these populations were
restricted to a part of their species-specific tolerated ranges in the study area. Hence, the distributional patterns over
water depth and sediment types shown here represent realised niches. These data may help to locate populations
and, in the light of global change, may serve as a baseline for future comparisons.
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Background

“You classified Lagis koreni as a mud-dweller, how do you
know?” — a simple question by a reviewer, but it turned
out to be difficult to answer. Whoever has sorted North
Sea macrobenthos knows, by experience, that this spe-
cies is closely associated with very fine sediments. How-
ever, citable information about sediment preferences are
limited to a few species and I found no comprehensive
overview. With respect to water depth, the lack of com-
prehensive information applies accordingly. The morpho-
logical/systematic papers used for species determination
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are usually not based on quantitative studies over a range
of habitats; therefore, they can only list the habitat types
and depth levels where a species has been encountered.
For the more abundant species this results in an every-
one-everywhere impression.

The quantitative surveys available for the North Sea
benthos primarily concentrated on the delimitation of
species assemblages. On a large spatial scale (the entire
North Sea), sea bottom temperature was identified as a
major structuring factor (correlating with water depth
and, ultimately, the origin and connection of the water
body with southern Lusitanian or northern Atlantic
waters [1]). On a smaller spatial scale (the German Bight),
sediment composition was the main factor separating the
species associations [2] while temperature strongly var-
ies seasonally but shows no correlation with water depth
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in these shallow (<50 m) and well-mixed waters. Instead,
hydrodynamic sediment disturbance becomes a major
structuring force which strongly correlates with water
depth and directly or indirectly influences all physi-
cal properties of the sediment [3]. Thus, water depth is
important within these shallow waters as well, although
most likely as a proxy only for a hydrodynamic-generated
combination of physical factors within the sediment.

In order to fill the gap of species-specific information
of the dependence on water depth and sediment com-
position, I evaluated species abundances in the eastern
part of the North Sea which had been repeatedly sam-
pled between 2004 and 2011 (Fig. 1) and supplemented
by a data set from the shallow waters off the island of
Sylt. From a total of 2591 sediment cores, each with indi-
vidual information on water depth and a granulometric
sediment analysis, quantitative distribution over depth
classes and sediment types is compiled for the 134 most
abundant species. These data represent the species real-
ised niches which may help to locate populations and
serve as a baseline for future studies.

Data source and statistical treatment

As a data source I restricted to sediment cores gained
from a 0.02 m? Reineck-type box-corer that were sieved
over 1 mm square meshes without prior fixation. This
was done because corer types have different sampling
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characteristics while mesh size and shape affect the
percentage of fauna retained by sieving [4]. A further
requirement was information about water depth of the
sampled site (which is usually available) and a granulo-
metric sediment analysis for each core (which is usually
not available because most sampling protocols restrict
to a sediment sample from a single replicate). Finally, I
restricted seasonally to samples collected outside the
main recruitment season; most sample sets were col-
lected in September/October, i.e. during the annual
maximum of diversity. This was done because in many
species early recruitment includes water depths and/or
sediment types where they cannot not survive, for what-
ever reason [3, 5]. Thus, the focus of this evaluation is on
habitats likely to harbour persistent populations.

The resulting data matrix includes 2591 sediment cores
sampled between 2004 and 2011 (see Additional file 1).
The statistical evaluation includes tests for significance
and graphs. One-way ANOVAs were calculated to test
for abundance variations over classes of water depth and
median grains size, respectively, with H, assuming no
effect of these factors. In addition, the explanatory power
of correlations was tested by a multiple regression model
with univariate tests of significance for water depth,
median grain size, and water depth x grain size interac-
tions. As this is a linear model, it gives more emphasis on
linear trends while ANOVAs just tested for differences

North Sea

Fig. 1 Study area; inset shows repeatedly sampled sites
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among classes. Accordingly, the results differed when
abundance peaked in the middle of the studied gradients
of water depth or median grain size.

While linear regression directly used the measured
water depth and grains sizes, ANOVAs and the graphical
presentations are based on classes of water depth (10 m
intervals) and median grain size. For the latter, I used the
Wentworth [6] classes mud (median<62 pm), very fine
sand (63 — 125 pm), fine sand (125 — 250 um), medium
sand (250 — 500 um), coarse sand (500 — 1,000 pum), and
very coarse sand (1,000 — 2,000 um) which are also com-
monly used for field classification of sediment types.
Figures showing mean abundance with 95% confidence
intervals per depth class, respectively grain size class, are
given for each species in the Additional file 1. In addi-
tion, distribution over habitat types is shown by contour
plots (water depth x sediment class x abundance) based
on water depth in finer (5 m intervals) depth classes; the
resulting abundance pattern was calculated by distance-
weighted least squares following the standard procedures
of STATISTICA®6.1 software.

Results
ANOVAs revealed significant (p<0.05) effects of water
depth for 104 species (Table 1); most species increased
in abundance towards deeper waters or peaked in inter-
mediate water depths while few species showed an oppo-
site trend (see Additional file 1). Sediment composition
caused significant abundance variations in 95 out of 134
species while there was no significant effect (p>0.05) in
39 species. However, species with a significant effect of
sediment composition were recorded from 280 localities,
on average, while those without had been found in an
average of 36 localities, only. Similarly, species showing
a significant depth effect had an average of 261 records
versus an average of 36 records in species without a sig-
nificant effect. The lack of significant effects may thus be
due to a lack of data (Fig. 2).

Multiple regressions gave similar results (Table 1); in
102 species water depth or sediment type or both con-
tributed significantly to abundance variations. In 80
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species the depth x median grain size interaction term
was significant, i.e. abundance distribution over sedi-
ment types varied with depth level. This is interpreted
as a sign for restriction of the populations to a part of
their species-specific tolerated ranges.

Explanations for the supplementary figures

Three graphs are given for each of the 134 most abun-
dant species in the Additional file 1 material that all
adhere to the following example (Fig. 3). The first two
graphs show abundance (mean=+95% confidence inter-
vals) over classes of water depth and median grain size,
respectively. The third graph estimates the realised niche
in a depth class x sediment type matrix. Abundance
always refers to the original sampling units of 200 cm?
surface area, i.e. 1/50 m? and is a mean of the 2004 to
2011 period. Three tables give additional information.
‘Data base’ gives the numbers of localities, of individuals
recorded, and overall presence in the data set; these data
allow for an estimate of the reliability of the data with
respect to the present species. ‘Univariate ANOVA’ gives
the p-values for the one-way ANOVAs, with p<0.05
(highlighted in red) indicating significant deviations
from the null-hypothesis assuming to effects of water
depth and median grain size, respectively. Finally, the
results of multiple regression analyses are given which
are more sensitive than ANOVAs for linear trends, again
with factors highlighted in red if significant (p <0.05). In
some cases, there are further comments on the species,
e.g. on restrictions caused by the sampling device. Thus,
for the Lanice conchilega example in Fig. 3 this means
we have an excellent data base and both water depth and
median grain size significantly affect abundances. The
figures show maximum abundances in fine sand and in
the 20 — 30 m depth range.

Discussion

Seasonally, the data evaluated here basically repre-
sent autumn (September and October) conditions, only
a single data set derived from April. During summer,

Table 1 Effects of water depth and mean grain size (‘sediment’) on the distributional ranges of species

ANOVA on Linear regression model
Depth classes Sediment classes Water depth [m] Median grain size [um] Depth x grain size
interaction
Significant effect 104 95 76 73 80
Both factors significant 84 46
No significant effect 30 39 58 61 54
No significant model 18 24

Numbers of species showing significant effects in one-way ANOVAs and in a linear regression model with univariate test of significance, respectively
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Fig. 2 Number of species with significant and non-significant ANOVAs, respectively, of sediment and depth effects plotted against the number of
available records. Non-significant ANOVAs only occurred in rarely recorded species
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Fig. 3 Structure of the data presented in supplementary materials; explanation in the text

Data base 3 /
Recorded individuals 7970 3
Recorded sites 1233 2 ?
Overall presence 47,6% 2 = J
1 -
Univariate ANOVA for P 1 ‘ | |2
Class of waterdepth <0.0001 i 0 T
Sedimentclass <0.0001 0 =
<10m 10-20m -30m 30-40m 40-50m mud very fine fine medium coarse  very coarse sand
Multiple regression analysis very coarse
Effect SS df MS F
Constant 4228,100 1 422810500 67,15458 <0.00001 p—
|Water depth 1049,200 1 1049,15200 16,66358 0,000046) 2 4
Median grain size 1385,200 1 138515400 22,00027 <0,00001 3 e
Depth x Median 721,000 1 72103100 11,45207 0.000725 é
Error 162879,60 2587  62,96100 32 e
very fine
v
mud

Water depth




Armonies Helgol Mar Res (2021) 75:8

abundance of recruits may strongly deviate from the pat-
terns described here because larvae often settled in areas
where they could not survive until autumn, with summer
storm events as a probable cause for the decline in many
species [3]. Thus, summer sampling including recent set-
tlers may result in different patterns.

Grab type and size may also affect the distributional
patterns detected: due to different sieving characteris-
tics of large and small sediment volumes, the average
abundances of species derived from the small-sized box
cores used here may deviate from data obtained from
larger grabs. Generally, larger cores are expected to bet-
ter represent large-sized fauna while small cores may bet-
ter represent the small-sized fauna because they require
less vigorous sieve movements, with less risks of smash-
ing small individuals, and sieving is faster, which means
less time for the smaller individuals to escape through
the meshes. This particularly applies to coarse grained
sediments.

All data evaluated here come from the eastern North
Sea off the North Frisian Islands from water depths
between 10 and some 50 m. A majority of species cor-
related with water depth which may be mainly caused
by local hydrography restricting many species towards
the more turbulent shallows [3]. Thus, the resulting dis-
tributional patterns over depth classes are shaped by
hydrography and can only be generalised to hydrographi-
cally similar parts of the North Sea. The study area is
characterised by an extended slope to 50 m depth; from
local bathymetry [7] I therefore assume the data derived
from here may also be transferable to the adjoining Dan-
ish coastline in the north, and down to the Netherlands
towards the south. Whether or not they also fit for the
SE of the British coast or even the entire eastern coast of
Britain with a far steeper slope remains to be tested.

Hydrography of the adjoining Wadden Sea is quite dif-
ferent from the North Sea because the chain of shelter
Islands strongly reduces wave heights while tidal cur-
rents are reduced in the shallow parts of the Wadden Sea
but may be enhanced in the tidal inlets. Together with
other factors such as a higher variability of temperature
and salinity, this causes major differences in the levels of
water depth and sediment type exploited by a species.
Hence, the range of factors that actually limit the distri-
butional ranges of a species may be different which, in
the end, is the reason for differences in faunal composi-
tion between the Wadden Sea and the adjoining North
Sea. This is also seen in the Lanice conchilega example
above. While abundance of this species sharply dropped
close to zero in the shallows of the wave-exposed study
area, this species may be highly abundant in the shallows
of the Wadden Sea, with winter frost as a limiting factor
for its onshore distribution [8]. Likewise, the results from
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the eastern North Sea cannot be generalised for the Bal-
tic Sea because hydrography (in particular, tidal range)
is different and because salinity is strongly decreased.
The latter factor is known to cause dislocations towards
deeper water in many species (brackish water submer-
gence, [9, 10].

With respect to sediment composition, most species
show clear preferences but are not confined to a single
class of grain size, i.e. there seem to be no sediment-type
specialists among the macrobenthic species of the study
area. However, there are two restrictions to that state-
ment. One the one hand, we do not know how the areas
surrounding the species-specific high-abundance spots
contribute to population recruitment; in some cases,
abundance may be too low for a self-sustaining sub-pop-
ulation, so these areas may depend on recruits deriving
from the high-abundance areas. On the other hand, this
evaluation only included species that had been recorded
10 times, at least, in the current data set. However, the
more a species is restricted to a single habitat type, the
lower is the chance to record this species. Thus, sedi-
ment-type specialists may have passed this evaluation
undetected.

Since the non-existence of an effect is impossible to
proof, we do not know whether there are sediment-type
generalists in a strict sense. But the data show that some
species tolerate rather wide ranges of sediment types,
mostly coinciding with a good swimming ability. Accord-
ingly, crustaceans are particularly frequent among these
species.

While the water depth occupied by a species in the
study area is closely linked with local hydrography, the
sediment types occupied may be easier generalised
beyond the local level. This is expected because species-
specific properties such as mode of movement, tube-
building, food type and food acquisition may already
restrict each species to a specific spectrum of sediment
types. As an example, the polychaete Lanice conchilega
mentioned above builds a tube from fine sand grains;
accordingly, problems may arise both in pure mud and
coarse sand if there are not enough sand grains of a fit-
ting size available. However, median grain size is a rough
classification of sediment type; other aspects of sedi-
ment composition such as mud content or sorting may
be equally important for some species. In Lanice conchil-
ega, for example, a fine sand content of a few percent may
be enough to enable tube building in both mud and very
coarse sand. Accordingly, poorly sorted coarse sand may
be suitable while very well sorted coarse sand may not,
despite of equal median diameters of the sand grains.

Generally, sediment sorting is thought to reflect sedi-
ment mobility [11] and hence hydrodynamic forcing.
Thus, hydrodynamics affects the benthic fauna both
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directly and indirectly by shaping the properties of the
sedimentary environment, though probably at differ-
ent temporal scales. For direct effects, I propose short-
term extremes like storm driven sediment disturbance to
exert the strongest effect while the longer-term dynamics
determines sediment composition. Thus, for some spe-
cies the apparent sediment ‘preferences’ may be merely
a proxy for the longer-term hydrodynamics of their
environment and the physical factors associated with
hydrodynamics.

Conclusions

In the eastern North Sea, the levels of water depth occu-
pied by macrobenthic species are strongly limited by
local hydrography. Most species concentrate in species-
specific sediment types, with highly motile species tend-
ing to use a broader spectrum than more sessile species.
Since some aspects of sediment types also depend on
local hydrography, this may be a key factor for mac-
robenthic species, with sediment composition a proxy for
hydrodynamics.
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Additional file 1: The file ‘Supplementary material xIsx’contains the
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of tables and figures for each of the 134 most abundant species.
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