
Abstract
Marine intertidal hard substrates provide an ecologically important habitat for many sessile or semi-sessile 
organisms. As shelter, food source, nursery or living space, they are of central importance in marine ecosy-
stems worldwide (Bellan-Santini et al., 1994).
Particularly in the Wadden Sea, dominated by soft substrates and extensive tidal flats, the few hard substrates 
are essential to many sessile organisms. Therefore, such habitats require special protection. During the last 
forty years, the pacific oyster became more dominant in the North Sea. While it appears to be in compe-
tition with the blue mussel, it could provide potential new niches for sessile organisms, on the other side 
(Dietrich, 2005). This study aims to make a comparative investigation of the biodiversity on the different 
types of hard substrates in the intertidal zone of the North Sea on Sylt Island. In total, 53 species belonging 
to three different ecological guilds (algae, sessile and mobile animals) could be documented on four dif-
ferent substrates under two conditions. Besides the attached species’ list, different ecological parameters 
were calculated, including species abundance, Evenness, and the Shannon-Wiener Index (H). The latter 
was highest for rocks from the rock-blue mussel reef and lowest in detached rocks taken from the mudflat. 
In bivalves, the observed biodiversity in sessile organisms was higher in pacific oysters than it was on blue 
mussels. The opposite is true for mobile organisms, which showed a higher biodiversity on blue mussels 
found in reef than on isolated oysters. 
This study has shown that the isolated oysters provide a comparable biodiverse habitat for species living 
on hard substrate in the Wadden Sea, showing a comparable biodiversity. The native blue mussel as well as 
the rock reefs shows a great abundance of species, being a shelter for specialist taxa like the hydrozoans. In 
contrast to the expectations, the oysters offer living space for many native taxa. Therefore, as an extension 
to the original habitats, they might represent an enrichment of the hard substrate habitat in the Wadden sea 
on Sylt.

Introduction
The scientific observation of species commu-
nities across a larger area and different habitats 
has always been the focus of ecological work 
(Spellerberg & Fedor, 2003). Biodiversity quanti-
fication studies are particularly central to habitat 
description and conservation, and of practical use 
in conservation and planning of protected areas. 
Studies about biodiversity can answer fundamen-
tal questions about the stability and productivity 
of a habitat in relation to the biocoenosis within 
it (Odum and Barrett 1971).
Biodiversity describes the sum of all species and 
life forms in a defined area. The main difference 
between biodiversity and pure species diversity 
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is that, in addition to the number of species, this 
can comprise genetic diversity within species as 
well as the abundance of species compared to 
others or between several habitats. 
The relative abundances of different species wi-
thin an area, or several habitats can be compared 
with each other using biodiversity indices. The 
more even the distribution of species is, the high-
er certain biodiversity indices will be. If there 
are one or a few dominant species on one side 
and rare species on the other, the index values 
will decrease.
In this analysis, we will distinguish and compare 
diversity on each hard substrate (alpha-diversity) 
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and diversity among different substrates in the 
same area (beta diversity).
As another metric to describe the dominance 
of single species over a few rare species, the 
Shannon-Wiener index (Shannon, 1967) will be 
determined in this work. The Shannon-Wiener 
index is independent of the absolute number 
of species and therefore optimal for comparing 
habitats with different sizes. 
Ratio Hs (Shannon-Wiener) / Hmax = Evenness 
(E) - quotient is between 0 and 1, where 1 means 
that all species are represented at equal propor-
tions. Higher evenness and biodiversity of a 
habitat is often discussed in connection with the 
stability of the observed habitat. In this context, 
greater diversity is usually associated with a more 
stable system  in disturbed systems, few species 
dominate a habitat (Odum and Barrett 1971). 
Focus of the study was a comparison between 
the native blue mussels Mytilus edulis Linnaeus, 
1758 and the human-introduced pacific oysters 
Magallana gigas Thunberg, 1793, with the ex-

pectation that lower biodiversity will be observed 
on the invasive oyster. Accordingly, a higher 
evenness would be expected on the blue mussels. 
The studied specimens can be observed attached 
to or associated with hard substrate. It can be 
assumed that the studied hard substrate fauna 
has evolved in association with the native ha-
bitats and reaches a higher stability on familiar 
substrate (M. edulis), whereas the evenness on 
new substrate would decrease in favor of less 
dominant taxa. 
To rule out weather the higher biodiversity of 
the M. edulis reef can not only be attributed to 
the conditions that occur within reef structures, 
both, stones that were collected within the M. 
edulis reef, as well as stones from the mudflat 
were compared.  According to Bellan-Santini et 
al. (1994) higher evenness is presumed for the 
reef-forming substrates, since intertidal species 
associated with hard substrate are known to form 
communities characterized by high abundance 
and biomass (Brzana et al., 2016).

Materials and methods
Study Area 
We studied samples from the intertidal zone in 
the Königsbucht just off List, Sylt in the Ger-
man North Sea, located in the northern part of 
the Wadden Sea close to the Danish border. As 
part of the cold temperate region there is a mean 
annual air temperature of 8.1°C and an annual 
precipitation of 731 mm (Reise, 1985). The wind 
velocity is was 10-30m/s in our sampling period 
(according to the Wind compass App). Water 
conditions are 9°C mean water temperature and 
about 30 ‰ salinity (Reise et al., 1994).
Tides are semidiurnal separated by 12.4 h on 
average with an amplitude of 1.8 m, while the 
average difference between neap and spring tide 
is only about 17cm (Reise, 1985).
The sample sites were up to 600 meters apart 
from each other. 

Habitat Description 
Four different hard substrate-based habitats were 
investigated. For each habitat type 3 samples 

were taken. The sample types were:
The free M. gigas (Mg_f) formed aggregates, 
with at least one live specimen. They were coll-
ected in the mudflats at the northern limit of the 
sample collection area. The shells were partially 
buried in the sand during the low tide. 
Since the clusters lie freely in the tidal zone, 
currents are to be expected and the organisms on 
the surface are not provided a lot of protection 
from sediment coverage.
The M. edulis reef from which the Me_r samples 
were collected at the southernmost sampling 
points. The reef is close to a rocky breakwater at 
the southern end of the bay. The complex struc-
ture of reefs can locally alleviate the stress caused 
by water currents. The collected M. edulis (Me_r) 
clusters have a big surface area per covered space 
and, through their byssus threads, provide lots of 
small interstices in which organisms can collect 
or actively attach to.
The stones in the reef (S_r) were part of the M. 

Diodoversoty vs. substrate3 typeBiodiversity vs. substrate type



23Qualitative differences between epifauna on rock and Mytilus edulis

edulis reef part of the reef. They were overgrown 
with algae and mussels.
The free-lying stones were exposed to the cur-
rents. They were half-buried in the sand and 
their surface was partly covered in sediment. The 
collected stones had different shapes, sizes and 
surface properties. 

Field Data Collection
The samples were taken on the 04/07/2022 
(Mg_f), 04/09/2022 (Me_r and S_r) and on the 
04/10/2022 (S_f). Sample sites were marked in 
google maps and the samples were taken back 
to the laboratory, keeping them moist. In the la-
boratory, the samples were subjected to seawater 
flow until analysis. Most samples could be picked 
up by hand, though in some cases a shovel was 
used to detach them from the ground or attached 
organisms. In the case of the Mytilus edulis 
(Me_r) samples, everything that came off the 
reef together when pulling was considered one 
cluster. For each sample, the total surface area 
was calculated (see Calculation and Statistical 
Methods) for further analysis.

Species Identifications and Counting
All samples were observed using MS5 Binocu-
lars (Leica), illuminated using cold light sources 
KL 750 (Schott), and a DM 400 Microscope 
(Leica).
Species pertaining to the investigated groups 
were identified and the individuals were counted.
For the rock samples, only individuals directly 
attached to the rock were considered. For exa-
mple, attached Mytilus edulis were counted, but 
not the flora and fauna attached to them.
For all specimens of the sessile and mobile 
animal guilds the following identification keys 
were used. The “Handbook of the Marine Fauna 
of North-West Europe” (Hayward and Ryland, 
1995) was used for the identification of higher 
taxa, for the Hydrozoans and for all the mobile 
taxa. The species of barnacles were identified 
using Luther (1987). For the gastropods, Zie-
gelmeier (1966) was consulted. Bryozoans were 
identified using Hayward and Ryland (1979, 
1985a, 1985b, 1998) and cross-referenced with 
Hayward and Ryland (1995). Algae (Chloro-
phyta, Rhodophyta, and Phaeophyceae) were 
identified based on Kornmann and Sahling 

Fig. 1. Sample sites mapped in the subtidial zone in the Königsbucht in front of List, Sylt, Germany in the North Sea. 
Two clusters of sides, northern freer M. gigas (and Stones, second cluster with M. edulis and Stones attached to the reef. 
Species per side in absolute numbers found on different hart-substrates. Pie charts show the abundance of species from 
each side, while the size of the circle is relative to the total number of specimens collected (M. gigas 21; Stone (free) 
20; M. edulis 25; Stone (reef) 31; 53 species in total). The most abundant Taxa in all four habitats are Chlorophyta, 
Bryozoa and Crustacea (Sessilia), followed by Hydrozoa. 
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(1978), Kremer (1975) and cross-referenced with 
the photographs in Braune (2008). Some species 
could only be determined to the family or genus 
level, others were only placed into the groups of 
Rhodophyta, Chlorophyta, and Phaeophyceae, 
due to their small size and similarity with other 
species.

A species list was generated (Table 1) and for 
each sample the occurrence and number of each 
species was recorded (Appendix).
In some cases, the individuals could not be 
counted. For sessile, colony-forming animals, the 
colonies were counted and multiplied with the 
mean of animals per colony (e.g., Bryozoans). 
In the case of small Chlorophyta, the covered 
surface area was determined. The individuals on 
a 0.25 cm2 square were scraped off and counted. 
Then, these two values were used to estimate the 
total individual count. In some Rhodophyta, the 
size of ten individuals was averaged and then, 
the approximated surface coverage was divided 
by that to determine the number of individuals.

Studied Taxa (in ecological guilds)
In this study, the observed biodiversity could be 
assigned into three guilds, depending on how 
they are attached to the substrate and their way 
of life. One of the guilds observed were algae. 
The second ecological guild was defined as ses-
sile animals or sessile stages of animals attached 
to the substrate. The third guild consisted of all 
mobile animals.

Algae
The three observed groups of algae can be re-
cognized based on the photosynthetic pigments 
they contain. The three observed groups are 
Rhodophyta, Chlorophyta and Phaeophyceae.

Sessile animals
Barnacles (Sessilia Lamarck, 1818) are among 
the most conspicuous sessile marine inhabitants 
of the intertidal belt. They often occur in densely 
aggregated colonies and can cover almost any 
substrate. They are found on living, dead, or 
inorganic material even under difficult environ-
mental conditions. Depending on environmental 
influences such as current or water depth, diffe-
rent species of barnacles can be found, but there 

are hardly any clear demarcations between the 
colonization zones (Luther, 1987).
Bryozoa Ehrenberg, 1831 are aquatic, sessile and 
colonial animals. The taxon includes freshwater 
organisms as well as marine species, which domi-
nate the phylum. They are surprisingly common, 
forming a significant part of the hard substratum 
epifauna, becoming especially abundant in shal-
low sub-littoral habitats. Colonies of Bryozoans 
are usually small, covering a few square centi-
meters of rocks, shells or algae (Hayward and 
Ryland, 1998).
Hydrozoans Owen, 1843 are characterized by 
sessile polyp and free-swimming medusa genera-
tions in their lifecycle. They are known as mainly 
marine organisms and the sessile stage is either 
colonial or solitary, wherein in colonial forms are 
dominant (Hayward and Ryland, 1995).
Egg clutches of lugworms were also counted as 
sessile, since they are incapable of movement 
before hatching. The attached mussels where 
also counted as sessile, because by our definition 
a species only counts as mobile if specimen can 
proactively move to other substrates. Taxa like 
the Polyplacophora were counted as mobile ani-
mals, since they did not move during sampling 
of the substrates but are known wo be motile 
when scavenging the area for food (Chelazzi et 
al.,1990).

Mobile animals
Many of the observed species are found on the 
hard substrate and can be related to it as associ-
ated taxa. Species were considered still present 
on hard substrate after collection in the field and 
a rest period of at least 12 hours in the labora-
tory. In this study we defined a taxon as mobile, 
when the observed lifecycle stage was able to 
proactively leave the substrate. Mobile taxa 
namely snails and chitons, copepods, isopods, 
amphipods, flatworms and crabs. 

Calculations and Statistical Methods 
Three samples per habitat were considered for all 
calculations. The data for each sample type was 
pooled to calculate the indices. All calculations 
were performed in Excel, Microsoft 2018.

Surface calculation
The surface of the Magallana gigas samples was 
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determined by laying a sheet of paper on top of 
the oyster and tracing its outlines, bending the 
paper around the corners down to the half point, 
then, they were calculated using an oval as an 
approximation and multiplied by two in order to 
approximate the complete surface area.
For Mytilus edulis clusters (Me_r), the surface 
area of ten mussels was calculated as a cylinder 
and then, the average was multiplied by the 
number of mussels in each cluster.
For the reef-derived rock samples (S_r), the 
surface was calculated using a cuboid appro-
ximation. This was also possible for two free 
stone samples (S_f). The Last S_f was calculated 
with the method described above for the oyster 
clusters (Mg_f).

Data analysis and Statistics
Species richness (S)
Alpha diversity was measured as the total number 
of species, including the maximum number of 
species of all three samples per habitat S=∑ N 
(Shannon, 1967).

Shannon-Wiener Index (H) and Evenness (E)
When calculating the indices, mean values of 
the three samples were calculated. In order to 
establish comparability within the samples of the 
same habitat and between the different habitats, 
all values were further approximated for an area 
of 0.1m2.
Furthermore, we calculated the Shannon-Wiener 
index (H) and the Evenness (E) in the different 
habitats. Indices for the three described ecolo-
gical guilds (algae, sessile animals and mobile 
animals) were calculated for each habitat to allow 
a better comparability between the guilds.

Shannon-Wiener index was calculated using:
H= -∑ pi * ln pi 

The Evenness was calculated using:
E H/Hmax 

Results
Species list 
53 species were observed. Some were identified 
to the species; others were registered as the lo-
west distinguishable taxon.
The highest number of species was found on the 
stone reef (S_r: 31 taxa). Followed by M. edulis 
cluster (Me_r: 25 taxa). Lowest taxon numbers 
were observed on detached M. gigas (Mg_f: 21 
taxa) and stones (S_f: 20 taxa). The most abun-
dant species on all substrates is Balanus crenatus 
(Crustacea; 2985 individuals). Followed by Co-
nopeum reticulum (Bryozoa; 1717 individuals), 
both representatives of sessile animals. In the 
guild of sessile animals, Tubulipora liliacea 
(Bryozoa), Gonothyraea loveni and Hydrallma-
nia falcata (Hydrozoa) were found only once on 
a single substrate. The least common barnacle 
was Verruca stroemia. The most abundant mo-
bile species on all substrates is the shore crab 
Carcinus maenas (Crustacea; 46 individuals). 
The second most abundant species is Littorina 
littorea (Gastropoda; 43 individuals). The least 
common mobile animal, identified to species 

level is Lepidochitona cinerea (3 individuals) 
the gray chiton, found on the two mussels, but 
never on a stone. 
The most abundant algae were Ulothrix sp., only 
found on free stones. In general, the species 
Fucus spiralis (Phaeophyceae) and Ceramium 
rubrum (Rhodophyta) were both found on three 
habitats but only in small numbers of individuals. 
Overall, it can be concluded that Chlorophyta 
are often present in large quantities on the free 
stones. While the Rhodophyta never occur on 
oysters, most Phaeophyta are found on this 
substrate.

Shannon-Wiener Index (H) and Evenness (E)
Shannon-Wiener-Index
The Shannon-Wiener index of the whole area 
for sessile animalia is 1.5 (Table 2). The index 
is highest for the rocks stemming from the stone 
reef (S_r; 1.3) and lowest in the free stones 
(S_f; 0.2). It is higher for the free pacific oysters 
(Mg_f; 1.28) than for the blue mussels from the 
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reef (Me_r; 1.18).
The evenness of sessile animals is very similar 
for all habitats, varying from 0.18 (Mg_f) to 0.2 
(S_f).
In the group of mobile animals, the overall Shan-
non index is 1.89 (Table 3). The highest value 
is reached in the blue mussel reef (Me_r; 1.83), 
followed by the stones from the same reef (S_r; 
1.22), the free oysters (Mg_f; 0.8) and, with the 
lowest number for free stones (S_f; 0.21).
For the mobile animals, the overall evenness is 
0.44. The highest value is reached in the blue 
mussels from the reef (Me_r; 0.58). Free oysters 
and stones from the reef have very similar values 

(Mg_f; 0.38 and S_r; 0.36). The free Stones have 
a very low evenness value at 0.08 (S_f).
In algae, the overall Shannon Wiener index is 
1.05 (Table 4). In conrast to the other investigated 
groups, the Shannon index is highest in the free 
substrates (Mg_f; 0.78 and S_f; 0.75). This is 
followed by the reef-derived stones (S_r; 0.63) 
and reef-derived mussel clusters (Me_r; 0.5).
For algae, the overall evenness is low, at 0.09. 
The individual evenness never reaches 0.1. 
Mussels from the reef have an evenness of 0.09 
(Me_r), free oysters and reef-derived stones have 
an evenness of 0.08 (Mg_f and S_r) and free 
stones have an evenness of 0.06 (S_f).

Table 1: List of observed taxa with total counts for all samples and qualitative records for the dif-
ferent types of hard substrates with „x“ indicating the occurrence of the respective taxon.
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Discussion
The observed alpha diversity of the whole sample 
area was 53. However, this value must be taken 
with a grain of salt, since the value is extremely 
biased by the sample size, as well as the scale on 
which the diversity is measured. Alpha diversity 
does not need to be tied to a specific spatial scale. 
For example, a 2013 study by Dekker and Drent 
in which they looked at the macrozoobenthos of 
the western Dutch Wadden Sea, a region similar 
to the region that was sampled in this study, found 
40 different species on hard substrate, while in 
this study only 30 species were found. The dif-
ference between the 2013 study and the present 
study may be explained by the difference in the 
sample size (in Dekker and Drent´s study, 397 
different samples were taken, while our study 
only comprised 12 different samples).
Depending on the ecological guild, the type of 
substrate had a distinct effect on the species com-
position. The highest number of algae (individu-
als per area) was found on the detached rocks, 
while less sessile animals could be found here. 
We expected the Mytilus edulis samples to be 
more diverse than the Magallana gigas samples. 
Mytilus edulis is a native species of this region 
and the byssus threads of M. edulis provide lots 
of interstitial spaces and a big habitat complexity. 
On the other hand, M. gigas is an invasive spe-
cies that might not provide the same niches and 
might reduce biodiversity by displace M. edulis 

Table 2: Shannon-Wiener Index (S) and Evenness (E) of sessile animals given for the complete 
area and the four different substrates (Mg_f: Magallana gigas free; ME_r: Mytilus edulis reef; S_r: 
Stones reef; S_f: Stones free; High values are color coded in darker grey).

Table 3: Shannon-Wiener Index (S) and Evenness (E) of mobile animals given for the complete 
area and the four different substrates. (Mg_f: Magallana gigas free; ME_r: Mytilus edulis reef; S_r: 
Stones reef; S_f: Stones free; High values are color coded in darker grey).

(Diederich, 2005; Reise, 2017). Our data sug-
gests that the mobile animals, are more diverse 
in blue-mussel reefs than on the free oysters, due 
to the Shannon index (Hblue-mussle=1,832 vs. 
Hoyster=0,79). It might be that the sheltering 
effect of reefs is more relevant for the mobile 
organisms, since they can easily be carried away 
by stronger currents.
For sessile animals, this ratio is inverted, though 
with a much lower difference (Hblue-muss-
le=1,178 vs. Hoyster= 1,28). This is contrary to 
our hypothesis. An explanation for this might be 
the increased surface of the oysters that has more 
direct contact to the water current, compared to 
the mussels which are mostly embedded within 
the reef, making the oysters a more favorable 
habitat for filter feeders. Nevertheless, we found 
some taxa (e.g., Ectocarpus sp. and Electra 
crustulenta) in high numbers on oysters, but 
never on blue-mussels. The opposite is shown 
in Hydrozoans, which are more sensitive to the 
influence of different variables such as current 
velocities and sediment cover. These is mirrored 
by the results from the free and the reef stones.
This study has verified that reefs are important 
for marine biodiversity, as van der Ouderaaac 
mentioned (2021). They form complex habi-
tats with varied niches and serve as nurseries 
for many benthic and pelagic marine animals, 
shown by the Shannon-Index and evenness from 
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Table 4: Shannon-Wiener Index (S) and Evenness (E) of algae given for the complete area and the 
four different substrates. (Mg_f: Magallana gigas free; ME_r: ; S_r: Stones reef; S_f: Stones free; 
High values are color coded in darker grey).

the mobile animals. These are highest with the 
blue-mussels and the stone reefs. Contrary to our 
hypothesis, the isolated oysters provide a com-
parable biodiverse habitat for species, living on 
hard substrate in the Wadden Sea. Oysters may 
be an extension to the native hard substrates, 
forming new habitats in the Wadden sea on Sylt.
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