
Abstract
Anthropogenic disturbance is known to be highly influential on ecosystems. Sensitive systems with a high 
ratio of specialized Fauna and Flora are often more affected than those inhabited with generalists. An example 
of a sensitive ecosystem is the mudflats located off List on the island of Sylt. To investigate the anthropogenic 
disturbance of the mudflats, we examined populations of Peringia ulvae and Corophium volutator. In this 
article we show that already a one-time disturbance of the mudflats leads to a significant reduction of density 
of P. ulvae. No significant difference could be observed between the area disturbed multiple times and the 
zone that was disturbed only once, indicating that a single disturbance has drastic effects on the ecosystem. 
Total numbers of C. volutator increased in zones that were disturbed compared to the control area. While 
organic mass did not significantly differ between disturbed and control area, disturbance, even a single one, 
resulted in a visual alteration and a decrease of net animal count.  

Introduction
The Wadden Sea is characterized by low and high 
tides which change the conditions of the ecosy-
stem twice a day. Therefore, only highly adapted 
species inhabit this environment (Fenchel et al. 
1975). As often with such ecosystems, anthro-
pogenic influence can have negative effects. 
Peak tourism at Sylt is during summer months 
(Brosowski et al. 2020). In 2019 an average of 
around 80,000 tourists visited Sylt between June 
and August. Many of them participated in mudflat 
hikes as part of their touristic experience. This 
tourism and mudflat hikes impair this vulnerable 
habitat and lead to a decrease in animal popu-
lation and may even result in inhabitable areas 
(Heydemann 1981). Continuous impairment of 
the habitat can lead to a change in the animal’s 
rhythm of activity (WWF Deutschland 2015). 
Often damage done to the environment is visible 
and can be confirmed with an analysis of net ani-
mal count and net bio masses. Sylt has multiple 
mudflat areas which are mainly populated by 
the gastropod Peringia ulvae and the crustacean 
Corophium volutator (Fenchel et al. 1975; Ne-
well 1965). A study conducted by Ketzenberg 
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in 1993 which investigated the anthropogenic 
influence on eider ducks (Somateria mollissima) 
in the Königshafen/Sylt-bay showed a dispersion 
of ducks especially during high tourism months 
(Ketzenberg 1993). While birds are often able 
to change habitats and adapt to other regions, 
smaller and slower gastropods such as P. ulvae 
are not able to move as fast from one habitat to 
another. Therefore, for such animals impairment 
of the environment is usually faster than their 
ability to adaptat to it, thus leading to a decrease 
in the impacted population. 
To determine the anthropogenic influence on the 
Schlickwatt, we investigated the density of P. 
ulvae and C. volutator present in impaired and 
unimpaired areas during five consecutive low 
tides. Additionally, we analyzed the net organic 
mass to find out whether there are differences 
between impacted and non-impacted areas. 
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Materials and emthods
Study site
The representative mudflat area of the study is lo-
cated on the island of Sylt in List (55°01‘33.5“N 
8°25‘54.4“E). Samples were collected on three 
consecutive days during five consecutive low 
tides. A study area of 30 x 10 m was subsequently 
divided into three squares of 10 x 10 m, contai-
ning a control zone, a one-time impairment zone, 
and a repeatedly disturbed impairment zone. 
Impairment of the respective zones was inflicted 
via vigorously walking through them.

Sample collection
During low tides four soil samples were collected 
in each zone resulting in a total number of 52 
samples. For collection a 3,5 x 8 cm tube was 
used (Purkart und Busse 2021). Pictures were 
taken of each sample and tubes transferred to a 
plastic bag for later analysis. Two samples were 
used for analysis of organic mass while the other 
two were filtered through a 1 mm mesh to isolate 
individuals of Peringia ulvae and Corophium 
volutator. The numbers of P. ulvae and C. volu-
tator present in the samples were counted with a 
dissecting microscope (Leica, Germany).

 
Organic mass of soil samples
To analyze the organic mass of samples, samples 
were air-dried in a dry oven (Memmert, Ger-
many) at 70° and resulting dry weights were 
subsequently determined with a precision scale 
(Sartorius, Germany).  The dried soil was burnt 
at 500 °C for 3h in a muffle furnace (Nabertherm, 
Germany) and the weight measured (Lischke 
und Johst 2021). The difference between the 
measured values indicates the loss of material 
on ignition and is used to estimate the organic 
matter content of the soil samples.

Statistical analysis
Statistical analysis was carried out using Micro-
soft Excel and GraphPad Prism. Unpaired t-tests 
with a confidence interval of 0,95 were used to 
conclude significant differences between each 
group.

Table 1: Number of collected specimen. During five consecutive low-tides, soil samples were taken 
and analyzed for P. ulvae and C. volutator specimens. The control group contained an extra value, 
which was collected prior to the experiment start to evaluate the current-state of the system. There 
was no significant difference between the Repeated Disturbance and the Single Disturbance group. 
Therefore, data of both groups were pooled and compared to the control group. 
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Results
Species presence
In total, 26 samples were analyzed for Perin-
gia ulvae and Corophium volutator presence. 
Samples contained 451 animals (268 P. ulvae 
and 183 C. volutator). Samples taken before 
the event of impairment were taken as a starting 
point to evaluate the current-state of the area 
and thus were left out in some calculations (K0: 
37 animals). Consequently, a net number of 414 
animals were counted (240 P. ulvae and 174 C. 
volutator) (See table 1). 
With unpaired t-tests, we compared each experi-
mental group against the control group.
The number of P. ulvae specimen decreased 
significantly in the disturbed zones. In the Sin-
gle Disturbance group, we observed a mean of 
0.6 animals per cm2 (Figure 1). This value was 
similar to the repeated disturbance experiment, 
where we counted on average of 0.9 animals per 

cm2. In the control, the respective number was 
1.7 animals per cm2. The comparison of these 
values showed that the difference between the 
experimentally treated areas and the control was 
highly significant (p = 0.0017 (Single Distur-
bance/Control), p = 0.01 (Repeated Disturbance/
Control); unpaired t-test) whereas the experi-
mentally treated areas did not differ significantly 
from one another (p = 0.77, unpaired t-test). As 
there was no significant difference between the 
Repeated Disturbance and Single Dirsturbance 
group, we compared the Control group against 
the pooled data of the disturbed group. As men-
tioned before, the animals present in the Control 
group were 1.7 animals per cm2, which was in 
comparison to the mean number of 0.8 animals 
per cm2 in the Disturbed group significantly 
higher (p = 0.0034 (Control/Disturbed; unpaired 

Fig. 3. Total numbers of P. ulvae specimen per cm2 isolated 
from soil samples. The control group contained the high-
est number of specimen of P. ulvae. There is a significant 
decrease of P. ulvae in both impaired areas. No significant 
difference was observed between the perpetual and one-
time group, thus giving the opportunity to pool the data and 
compare impaired zones against the control zone.

Fig. 2. Total numbers of C. volutator specimen per cm2 
isolated from soil samples. The control group contained the 
lowest number of specimen of C. volutator. C. volutator 
presence increased increased in the impaired zones. Though 
there was a trend of increase, no significant difference 
compared to the control group could be observed. Fur-
thermore, no significant difference was observed between 
the Repeated Disturbance and Single Disturbance group, 
thus giving the opportunity to pool the data and compare 
disturbed zones against the control zone. Again, there was 
a non-significant trend of increased C. volutator specimen 
presence.
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t-test).  Additionally, a decrease in P. ulvae net 
specimen count over time during low tide events 
could be observed. A single disturbing event led 
to a reduction of 13 P. ulvae specimen over 4 
consecutive low-tide events.
No statistical difference in Corophium volutator 
presence was examined at any given time. The 
mean number of Corophium volutator present in 
the control group was 0,49 per cm2. The mean  
number of individuals increased from 0.6 to 
0.9 individuals per cm2 over time in the Single 
Disturbance group. Furthermore, specimen colle-
cted in the Repeated Disturbance zone increased 
from 0.7 individuals per cm2 to 1.14 individuals 
per cm2. Numbers of specimen were therefore 
higher in disturbed zones than in the control zone. 
Although the numbers increased in the disturbed 
zones, there was no significant difference to the 
control measurable (p = 0.09 (Control/Single 
Disturbed), p = 0.055 (Control/Repeated Di-
sturbance); unpaired t-test). As in the case of P. 
ulvae, we pooled the data of the disturbed groups 
leading to a mean C. volutator presence of 0.8 
per cm2. There was no significant difference in 

Fig. 3. P. ulvae presence in each study area over 5 different low-tide events. Low-tide-0 values were taken as starting 
values to evaluate the current-state of the habitat. P. ulvae specimen numbers were constant in the control group (green) 
over the course of the experiment. In the Repeated Disturbance group (red), the number of snails stayed the same. The 
Single Disturbance group (orange) did show a decline in specimen numbers.

this case as well (p = 0.065 (Control/Disturbed); 
unpaired t-test)). 

Organic mass
 A total of 26 samples were air-dried to calculate 
the organic mass present in the soil samples. 
Following the burn at 500 °C, an average organic 
mass of 2,35 g (30,5 mg/cm³) was examined from 
all groups. No significant difference was detected 
for any given combination with absolute organic 
mass values. 

Discussion
A decrease in the population of P. ulvae was the 
result of repeated disturbance. Moreover, already 
a single disturbance does lead to a significant 
reduction in P. ulvae specimens. P. ulvae is de-
scribed to feed on phytoplankton which is usually 
located in the thin oxygenated upper layer of silt. 
If a destruction of this biofilm occurs, P. ulvae 
might lose a possible food source and therefore 
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Fig. 4. C. volutator presence in each study area over 5 different low-tide events. Low-tide-0 values were taken as starting 
values to evaluate the current-state of the habitat. C. volutator specimen numbers were constant in the control group 
(green) over the course of the experiment. In the Repeated Disturbance group (red), the number of crustacea stayed the 
same. The Single Disturbance group (orange) did not show any decline in specimen numbers as opposite of P. ulvae.

population could decrease. Additionally, P. ul-
vae populations are described to decrease when 
initial density crosses the threshold per cent 
square meter (López-Figueroa und Niell 1988). 
That could explain the decrease we observed. If 
a human steps onto the mud layer and sinks into 
it as a result of the relatively low soil density, 
P. ulvae’s environment is drastically reduced. 
Consequently, food availability is reduced and 
specimen density is increased, thus leading to 
an overall displacement of P. ulvae. 

Regions of fine-grained deposits are assignable 
to the growth in density of the microorganism 
population. The affluence of organic debris as 
a food supply is not as important to P. ulvae as 
the one that is provided through surface area 
dependent microorganisms (Newell 1965). No 
significant correlation in the decrease of P. ulvae 
to the organic matter could be observed. It seems 
to be the case that, after disturbance, less micro-
organisms could settle evenly and thus leading 
to a decrease in P. ulvae specimen. Regarding 
this fact, particle-sized selection does play a role 
in both P. ulvae and C. volutator. Diatoms that 
are part of the thin silt layer of the mudflats are 

more likely a part of the diet of P. ulvae than of 
C. volutator (Fenchel et al. 1975). Bacteria seem 
to play a bigger role in the diet of the crustacean 
(Fenchel et al. 1975).

Stepping into the mud flat results in a destruction 
of the inhabitable area as it is highly improbable 
that C. volutator and other animals will repopu-
late the disturbed piece of soil. Furthermore, it 
leads to an artificial compression of inhabita-
ble space accessible to the animals. In a study 
conducted by Møller & Riisgård, C. volutator 
density was averaged around 1 specimen / cm². 
This was highly dependent on the time of the 
year in which samples were collected. During 
the relatively cold months of September through 
May the density was calculated between 0.8 and 
2 specimens / cm2 (Møller und Riisgård 2006). 
Our numbers were lower but within range of this 
value [0.49 (Control), 0.6 (Single Disturbance), 
0.7 (Repeated Disturbance)]., As a result, C. 
volutator might still have more room to live in, 
thus allowing it to dispense better in the disturbed 
zones. Consequently, the C. volutator population 
could not have been affected from the disturbance 
caused by us. Increased C. volutator numbers 
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could have resulted from a compression of the 
surrounding soil. On the one hand, numbers were 
still lower compared to Møller & Riisgård. C. 
volutator specimen might have been compressed 
and dense, leading to an increase in counted 
animals per cm2. On the other hand, Corophium 
volutator might just have been at the right ratio 
of animal per cm2, therefore they were not overly 
dense and have not reached the critical threshold 
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of 0.8 to 2 specimen per cm2, were naturally a 
decrease was observed by Møller & Riisgård. 
Therefore, a disturbance might not have led to 
a significant change in the C. volutator popula-
tion, which we observed. In summary, it can be 
deduced that already a single disturbance of the 
mudflats does lead to a significant decrease in P. 
ulvae population but not in C. volutator. 
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