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Abstract
This study investigates the long-term trends and potential drivers of changes in the epibenthic community at the “Dogger 
Bank” to clarify the effects of rising sea temperatures and trawling activities on epibenthic species composition and biodiver-
sity. Over three decades (1991–2021), the epibenthic megafauna (> 1 cm) has been regularly sampled in summer with a 2-m 
beam trawl at five stations at the Dogger Bank tail end, and the epibenthic species abundances were quantitatively recorded. 
Furthermore, sea temperature and trawling effort datasets for the corresponding area were used to check for correlations 
with the species composition and abundances. The study relies on long-term data analysis and the application of multivariate 
statistical methods to discern temporal trends and the relative contributions of environmental and anthropogenic factors to 
community changes. This study hypothesizes that the benthic species community at the MPA on the Dogger Bank has under-
gone significant shifts over three decades due to rising sea temperatures and pressure from bottom contact fisheries. While 
local summer temperatures of the bottom water layer increased by up to 4 °C throughout the research period, trawling efforts 
rather decreased continuously in the area. Despite low interannual differences in species composition between the stations, 
we found the faunal regime to be under constant change (MDS, CCA), with a decrease in biodiversity (Shannon–Wiener 
indices) along with a general faunal regime shift around the turn of the millennium. We did not detect a linear correlation 
between biodiversity and temperature/trawling effort; however, we did find certain species positively or negatively correlat-
ing with these factors when using Spearman’s rank analysis. Our results provide a solid benchmark for future research in the 
German and neighboring Exclusive Economic Zone.

Keywords  Epibenthic megafauna · Long-term analysis · Trawling activity · Temperature rise · Exclusive economic zone · 
Marine biodiversity

Introduction

The North Sea is a shallow, semi-enclosed shelf sea (Wiek-
ing and Kröncke 2005; Ducrotoy et al. 2000). Especially in 
coastal and shallow areas like the North Sea, marine biodiver-
sity seems to be threatened as a result of conflicting, anthro-
pogenic uses of coastal habitats (Gray 1997). Multiple factors 
such as industrial and agricultural pollution (Ducrotoy et al. 
2000), marine traffic (Gislason 1994), offshore wind farms 
(Krone et al. 2013), and pipelines (Lacey and Hayes 2020) 
have led to a loss of marine biodiversity in general (Coleman 
and Williams 2002; Worm et al. 2006). An increasing number 
of studies, ranging from local to global scales, have demon-
strated the apparent effects of climate change on the diversity 
of marine species (Worm and Lotze 2021), with ocean warm-
ing being a major driver (Williamson and Guinder 2021). For 
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the North Sea, long-term studies have highlighted that the sea 
is subject to significant changes, including rising temperatures 
and associated shifts in marine communities (Kröncke et al. 
2011; Clarc and Frid 2001).

For the benthic fauna, fisheries mean another major 
impact factor (Tillin et al. 2006). Benthic fauna in the North 
Sea, especially in fished areas, has been subject to changes 
since the beginning of the twentieth century, partly due to 
changes in fishing intensity and methodology (Frid et al. 
2000). This has had an impact on the size, occurrence, 
avoidance strategies, and feeding behavior of benthic spe-
cies (Callaway et al. 2007; Groenewold and Fonds 2000). At 
the Dogger Bank, fisheries (and climate) have likely induced 
macrofaunal changes and regime shifts (Kröncke 2011). 
Since the early nineteenth century, prolonged declines in 
fish abundance have been observed, likely to be caused by 
fisheries (Plumeridge and Roberts 2017). At the two marine 
protected areas (MPAs) “Sylt Outer Reef” and “Borkum 
Reef Ground” in the German Exclusive Economic Zone 

(EEZ), we have found biodiversity to be slightly higher at 
areas with lower fishing effort (Hahn et al. 2022).

These changes underline the need for detailed investi-
gations into the combined impacts of climate change and 
human activities on marine biodiversity. As both fisher-
ies and ocean warming appear to be two of the key drivers 
of change to benthic biodiversity, an example area at the 
North Sea, the Dogger Bank, was chosen for investigating 
if changes in trawling effort and water temperature can be 
directly related to changes in benthic biodiversity.

The Dogger Bank (Fig. 1) is an isolated (Cotterill et al. 
2017) 300-km-wide sandbank (Kröncke and Knust 1995) 
in the central-southern North Sea. According to Sonnewald 
and Türkay (2012a), it is considered a representative area 
for conducting long-term studies as it has a predominantly 
uniform, sandy, and shallow sediment structure. This homo-
geneity minimizes confounding factors, allowing for clearer 
interpretations of environmental and anthropogenic effects 
on benthic communities. There are only marginal differences 

Fig. 1   Overview of the Dogger Bank with the sampling stations 
36–40 in the central North Sea (small map). Red lines: Boundaries 
of the EEZs of the UK (GB), the Netherlands (NL), Denmark (DK), 
Norway (NW), and Germany (GER); blue line: 30 m depth line; 

thin gray squares: ICES statistical rectangles from which the fishery 
and water parameters were extracted—from top left to bottom right: 
40F3, 40F4, 39F3, and 39F4. Red-shaded polygon: Natura2000 pro-
tected area. The map was compiled in QGIS 3.22.10



Marine Biodiversity (2025) 55:74	 Page 3 of 15  74

in depth and sediment composition at the Dogger Bank tail 
end, and the selected stations are comparable with respect 
to their benthic species composition.

Different species are found north and south of the Dogger 
Bank; at the central North Sea, and thus also on the Dogger 
Bank, there is a mixture of benthic species communities 
(Heip and Craeymeersch 1995).

Herein, a long-term dataset on the abundances of the 
mega-epibenthic species (1991–2021) at the eastern part of 
the Dogger Bank, the so-called “tail end” (Kröncke 1990), is 
investigated and correlated with corresponding data on fish-
eries and water temperature. Thus, this research contributes 
to understanding how synergistic stressors influence benthic 
biodiversity. Moreover, it has implications for marine con-
servation and management strategies, as at the German EEZ, 
parts of the NATURA2000 marine protected area “Dogger 
Bank” are likely to be closed for fisheries in the future, 
and this study serves as a baseline for future studies after a 
potential closure (Marine Management Organisation 2022).

Material and methods

Benthos sampling

During three decades (1991 to 2021), the benthos was sam-
pled almost yearly (Tab. A1) in summer using RV “Senck-
enberg” at the Dogger Bank (Fig. 1). Five stations in the 
German and Dutch EEZ (36 (55.30669 N, 3.31324 E), 37 
(55.38456 N, 3.56565 E), 38 (55.37632 N, 3.80124 E), 39 
(55.48234 N, 3.97183 E), and 40 (55.45932 N, 4.14359 E)) 
were visited 26 times. All species over 1 cm in size that live 
on the seafloor in and on the uppermost sediment layer (first 
5 cm), including demersal fishes that could be captured, were 
examined. The term “benthos” or “benthic fauna” is used to 
describe these species. At each station, marine benthic spe-
cies were collected with a 2-m beam trawl (cod-end mesh 
size 1 cm2) that was towed over the seafloor for a distance 
of 1 nautical mile (~ 1.85 km) in one direction at a speed 
of 2 knots (~ 3.7 km/h). The catch was photo-documented 
and its volume determined. Afterwards, the catch was sieved 
over two different mesh sizes (1 cm2, 1 mm2), with a part 
of the fine fraction (> 1 mm) immediately preserved but 
not used in the later data analysis of this work. Species of 
the larger fraction (> 1 cm) were identified to the species 
level as quickly as possible, and the abundance of all non-
colonial forms was recorded in a list. During this procedure, 
we always endeavored to keep the animals alive in buckets 
of seawater. After their identification at the species level, the 
living animals were released back to the sea again if they 
were not of further scientific interest. Undetermined species 
and fine fractions were preserved either in a formaldehyde-
seawater solution or predominantly, in more recent years, in 

96% EtOH for later determination and analyses. After iden-
tification, the count data of the preserved specimens from 
the larger fraction (> 1 cm) of the beam trawl were added to 
the diversity dataset already obtained on board. The rate of 
species discoveries over time was determined and shown in 
a species accumulation curve (Fig. 3).

Trawling dataset

A dataset by Couce et al. (2020) was used which contains 
the compiled data of trawled hours per year and the ICES 
(International Council for the Exploration of the Sea) rec-
tangle covered by bottom-contacting fishery. The stations 
were assigned to the ICES rectangle(s) in which they are 
geographically located to extract the respective trawling 
hours for statistical analyses from the dataset by Couce et al. 
(2020). Stations 36–39 were assigned to the mean beam and 
bottom trawling hours from the ICES rectangle 39F3, and 
for station 40, the average between the yearly mean beam 
and bottom trawling hours for the two ICES rectangles 39F4 
and 40F4 was calculated. For statistical analysis, the corre-
sponding benthic and trawling hours data from 1991 to 2012 
(2012: last year of the dataset by Couce et al. (2020) were 
used. No trawl data were available for the years after 2012, 
and, hence, any trawling-related analysis was limited to the 
period 1991–2012.

Temperature dataset

The water temperature was measured at each station with a 
CTD probe. Our dataset was complemented using publicly 
available CTD data from ICES (https://​data.​ices.​dk/​view-​
map?​area=​35), covering the same time period (June 1–Aug 
31, 1991–2021) and region (3–5° E, 55–56° N, Fig. 2) as 
the benthic dataset. The temperature in the summer seasons 
was averaged for the period 1991 to 2001 and 2002 to 2021 
with the program Ocean Data View 5.5.2. As stratification 
was detected, only temperature data from depths below 25 
m were considered to be directly relevant to the benthos and 
were included in the statistical analyses (see below).

Statistical analyses

The packages psych (v. 2.2.5), stats (4.2.0), car (v. 3.1–2), 
and vegan (v. 2.6–2) were used in R (v. 4.3.2, 2023) for 
statistical analyses (except for the Spearman’s rank correla-
tions). A linear regression model was used to determine a 
potential temporal trend in the temperature data. Biodiver-
sity was determined using the Shannon–Wiener biodiver-
sity index (Spellerberg and Fedor 2003). To identify a linear 
trend in the change in the Shannon–Wiener Index over the 
years, the significance of the relationship between the years 
and the Shannon–Wiener indices was tested by performing a 

https://data.ices.dk/view-map?area=35
https://data.ices.dk/view-map?area=35
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linear regression and determining the p-values for the slope 
of the regression coefficient. To identify potential changes 
in community composition, we scaled and rounded the mean 
abundance per species and per year, applied dispersion-
based weighting (Clarke et al. 2006) to account for differ-
ences in variability, and performed a Bray–Curtis similarity 
analysis (Bray and Curtis 1957), which we visualized using 
a multidimensional scaling (MDS) plot. In order to detect 
potential relationships between the Shannon–Wiener biodi-
versity indices per year and the mean temperature and trawl-
ing hours individually, two linear regressions were made. In 
addition, a series of canonical correspondence analyses were 
performed for each of the five stations, using the individual 
species abundances per year as response variables, while the 
corresponding mean temperature per season and trawling 
hours per year were used as explanatory variables. The same 
input variables of only those species with a minimum of ten 
individuals found throughout the research period were used 
in the software Primer (v. 6.1.11) to perform Spearman’s 
rank correlations between species data and trawling activ-
ity as well as temperature, respectively. The first correla-
tion consisted of yearly, mean benthos species abundances 
and trawling hours from 1991 to 2012, and the second of 
yearly, mean benthos species abundances and mean bottom 
water temperatures in summer from 1991 to 2021. An x–y 
matrix of mean species abundance data, trawling hours, 

and temperature was square-root transformed (Bishara and 
Hittner 2012), and the Spearman’s rank correlation coeffi-
cients were computed. The correlations “abundance— tem-
perature” and “abundance—trawling hours” were checked 
for their significance (p = 0.05) in relation to the number of 
pairings according to Zar (1972).

Results

Species composition

From 1991 to 2021, a total of 117 benthic species were 
recorded across five sampling stations. These belonged to 
the phyla Chordata (43 species), Mollusca (26 species), 
Arthropoda (22 species), Echinodermata (12 species), 
Annelida (6 species), Bryozoa (5 species), Porifera (1 spe-
cies), and Nemertea (1 species). The most common spe-
cies over the entire research period was the Mediterranean 
scaldfish Arnoglossus laterna (Walbaum, 1792), the com-
mon starfish Asterias rubens (Linnaeus, 1758), the solenette 
Buglossidium luteum (Chabanaud, 1930), the common dab 
Limanda limanda (Linnaeus, 1758), and the common hermit 
crab Pagurus bernhardus (Linnaeus, 1758). A species accu-
mulation curve indicated that in the first few years, there was 
still a rapid increase in the number of species being detected 
with each additional sampling visit to Dogger Bank (Fig. 3), 
demonstrating that the diversity of a certain area is, gener-
ally, likely to be higher than shown in the samples. While 
individual species richness data points remained virtually 
unchanged after 2011, the curve fit has not yet shown signs 
of approaching an asymptote.

Biodiversity

The Shannon–Wiener index (Hs) showed a negative 
trend from 1991 to 2021. It ranged from 2.2 in 1996 to 
0.8 in 2017 (Fig.  4). The linear regression of Hs over 
time was significant (p < 0.001). The extent to which the 
conspicuously low Hs value in 2017 influenced the general 
trend was analyzed. A separate analysis without this 
outlier showed that the negative trend remains significant 
(p = 0.005). The year 2017 is conspicuous with a very 
low average biodiversity and this may be a link to the 
comparatively lower mean summer temperatures of that 
year (Fig. 8). The average Shannon–Wiener index value 
over the entire study period is 1.74.

The epibenthic community showed some variability from 
year to year. The MDS plot shows that the development of 
species composition and diversity in the study area can be 
clearly separated into two time periods: 1991 to 2001 and 
2002 to 2021 (Fig. 5). This separation is clearly recognizable 
in the MDS diagram, as the communities of the first period 

Fig. 2   Locations of available data points of publicly available CTD 
data from ICES (blue spots and lines) of the CTD data for the study 
area. Black dots mark our sampled stations. The map was compiled in 
Ocean Data View (v. 5.5.2)
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(1991 to 2001) are grouped in the lower part of the diagram, 
while the communities of the second period (2002 to 2021) 
are clustering in the upper part of the diagram. This spatial 
separation indicates differences in species composition and 
biodiversity between the two periods.

Effects of trawling activities

Trawling activity decreased sharply in the study area from 
1991 to 2012 (Fig. 6). While around 30,000 h/year were 
fished in the corresponding ICES rectangles at the initial 
phase of our study period (Fig. 1), under 10,000 h/year were 
fished in the same area with beam and otter trawls in recent 
years. However, the correlation coefficient between the 
Shannon–Wiener index values and trawling activity showed 
a low r of − 0.0217, and the linear regression was not sig-
nificant (p = 0.9365). The relationship between Hs and water 
temperature was not significant either (r = − 0.0595, p = 
0.8089).

The analysis of the Spearman’s rank coefficient between 
trawling activity and the mean number of individuals 
from stations 36–40 showed some significant correlations 
(Table 1). Three species, the brittle star Ophiura albida 
(Forbes, 1839), the common whelk Buccinum undatum 

(Linnaeus, 1758), and the common hermit crab Pagurus 
bernhardus, show a significant positive correlation with 
increasing trawling activity. The strongest negative correla-
tion is associated with the lemon sole Microstomus kitt (Wal-
baum, 1792), the sea star Luidia sarsii (Düben and Koren in 
Düben, 1844), and the Mediterranean scaldfish Arnoglossus 
laterna. Other species such as the European plaice Pleu-
ronectes platessa (Linnaeus, 1758) also show significant 
negative correlations. In general, more species correlate 
negatively than positively with increased trawling activity.

Effects of temperature change

Surface temperatures were higher than bottom water tem-
peratures (Fig. 7a and b). At about 25 m, a thermocline 
was detected. It can also be seen that the temperature in the 
deeper layers has risen in the years since 2001, particularly 
in the east of the studied area (Fig. 7b), and the thermocline 
appears to be deeper. In winter, the water column is mixed 
(Fig. 7c and d). A slight increase in temperature can also be 
seen in the temperature analysis for the winter months from 
2001 onwards, while temperatures of up to 12 °C can also be 
seen in the deep layers (Fig. 7 d), which were not yet present 
in the years leading up to 2001 (Fig. 7c).

Fig. 3   Species accumulation curve of the mean values from stations 36 to 40 in the period 1991–2021. First value: Number of species detected 
in 1991. Following values: Number of species from the previous year plus the number of newly detected species from the present year
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Using a linear regression model, it was possible to 
prove with p = 0.0006083 that the temperature increases 
statistically significantly over the years. Mean water tem-
peratures from 1991 to 2021 for the summer months of 
June–August for all stations (ICES transects 40F3, 40F4, 
39F3 and 39F4) below 25 m depth increased by about 
4 °C (Fig. 8). Years where the bottom temperature did 
not follow the trend but were much lower included 1996, 
2001, and 2017.

By investigating the relationship between tempera-
ture and abundance, we aim to understand whether ris-
ing temperatures might lead to shifts in population size. 
The Spearman’s rank correlation analysis between bottom 
water temperature and mean abundance at stations 36–40 
also showed that some species had significant positive and 
others had negative correlations (Table 2). Here, remark-
ably more species correlated positively than negatively 
to temperature, especially Luidia sarsi, Microstomus kitt, 
and Arnoglossus laterna. In contrast, other species such 
as Ophiura albida, Gadus morhua (Linnaeus, 1758), and 
Corystes cassivelaunus (Pennant, 1777) correlated nega-
tively with the water temperature.

CCA​

Figure 9 shows a canonical correspondence analysis (CCA) 
for stations 36–39 and station 40 for the years 1991–2012. 
As the CCAs of stations 36–39 resulted in virtually the same 
patterns, these stations are shown in one CCA (for sepa-
rated CCAs see Fig. A1). Station 40 showed slightly differ-
ent patterns. The CCA for stations 36–39 shows that fishing 
pressure drove the pattern of the benthic community in the 
1990s–early 2000 s, while temperature was more influential 
thereafter. The stronger dissimilarity of communities at sta-
tion 40 in the two time periods suggests a stronger influence 
of temperature than at the other stations.

Discussion

This study focused on the benthic diversity of the Dogger 
Bank and investigated whether species composition and 
abundance showed responses related to trawling activity 
and sea temperature. Benthos plays a crucial role in marine 
ecosystems and has diverse ecological and economic 

Fig. 4   Shannon–Wiener (Hs) biodiversity index for stations 36–40 
over the period 1991–2021 with a linear trend line. The dotted line 
marks the mean Hs from all stations over this period (1.74). The box-

plots show the variability of Hs values between stations for each year, 
with the box showing the interquartile range (IQR) and the error bars 
covering the range of minimum and maximum values



Marine Biodiversity (2025) 55:74	 Page 7 of 15  74

significance. It serves as food for commercially utilized fish 
species in the North Sea and forms the basis for food webs, 
which also include crustaceans such as shrimps, crabs, and 
mussels (Ehrnsten et al. 2019). In addition, the benthos is 
involved in the process of carbon remineralization, whereby 
organic carbon in the sediments is broken down and released 
back into the nutrient cycle (Szczepanek et al. 2024). Ben-
thic fauna in the North Sea, especially in fished areas, has 
been subject to changes for about 100 years, partly due to 
changes in fishing intensity and methodology (Frid et al. 
2000). In addition to historical fishing pressure, tempera-
ture records from the region indicated a consistent warming 
trend over the past three decades, with documented impacts 
on benthic and pelagic communities (Beare et al. 2004).

Species composition and diversity

The results of our time series analysis of benthic macro-
fauna communities revealed significant shifts in commu-
nity structure from 1991 to 2021, as observed in the MDS 
plot. The canonical correspondence analysis (CCA, Fig. 9) 
showed that the influence of fishing was more dominant for 
all stations in the 1990 s and early 2000 s, while in later 
years, a stronger influence of rising temperatures became 
apparent. Station 40 in particular, located in the Natura2000 

area, shows a more pronounced shift towards temperature, 
indicating that water warming may play a stronger role here 
than at the other stations. These results indicate that station 
40 is more strongly influenced by large-scale temperature 
changes, while the stations outside the Natura2000 area 
respond to fishing changes for longer. Species responses to 
these environmental factors varied: trawling predominantly 
led to declines in species abundance, while the temperature 
effects were more diverse, with approximately equal pro-
portions of positive and negative abundance trends. This 
indicates that while temperature has become more influential 
in recent years, its effects on species abundances are more 
complex than the impact of trawling.

Effects of trawling activity on epibenthic community 
structure

From 1991 to 2021, there was a sharp decline in bottom-con-
tacting fisheries at the Dogger Bank in the North Sea (Fig. 6). 
This decline in trawling was partly due to the increasing 
number of regulations and restrictions imposed on fishermen 
(Arnason 2013) but was also certainly due to a change in the 
distribution of target fish stocks (Engelhard et al. 2014). The 
correlations found between the trawling hours and species 
may reflect the ecological traits and behaviors of individual 

Fig. 5   Bray–Curtis community similarity evaluation in an MDS plot based on the dispersion-based weighted mean species abundances of sta-
tions 36–40. The red line marks the threshold at which a separation of time periods in the MDS plot can be recognized
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species. For example, scavenger species such as Ophiura 
albida, Buccinum undatum, and Pagurus bernhardus, which 
show a positive correlation with trawling activity, benefit 
from trawled areas and the associated destroyed epibenthos 
(Groenewold and Fonds 2000). Species such as Luidia sarsi 
and Arnoglossus laterna that show a negative correlation with 
trawling activity may be more sensitive to the effects of trawl-
ing, whether through direct physical damage to their habitat or 
the disruption of their food web. For species like Microstomus 
kitt and Pleuronectes platessa, the reason for a negative corre-
lation can simply be that they are target species of the fishing 
industry. However, since there has been a decline in trawling 
over the past two decades, these target species should have 
become more abundant again in recent years or in the future, 
as long as they are not affected by rising sea temperatures or 
other stressors (Blöcker 2022). These interpretations suggest 
that different species may respond differently to the effects of 
trawling depending on their ecological characteristics, habitat 
preferences, and adaptations to their environment.

The intensity of fishing with small trawlers was greatest 
in the regions of the Wadden Sea in 2010 to 2012 (Eigaard 
et al. 2017). The Dogger Bank, which is located at the north-
western end of the German EEZ, shows a lower intensity. 
Considering there are other areas which are much more 

Fig. 6   Mean hours of trawling for the ICES statistical rectangles 39F3, 39F4, and 40F4 (Fig. 1) with linear regression (solid) and mean (dotted) 
lines from 1991 to 2012. Data are from the Couce et al. (2019) dataset

Table 1   Spearman’s rank correlation (rs) of the trawling data and 
mean species abundances of stations 36–40 from 1991 to 2012. 
Only species with statistically significant correlations (p < 0.05) are 
shown. Positive values (marked in red) indicate a positive correlation 
between epifaunal abundance and trawling activity, while negative 
values (marked in blue) indicate a negative correlation

Species rs

Ophiura albida 0.48
Buccinum undatum 0.33
Pagurus bernhardus 0.28
Merlangius merlangus −0.25
Asterias rubens −0.29
Echiichthys vipera −0.32
Limanda limanda −0.32
Merlangius merlangus −0.34
Pomatoschistus minutus  −0.34
Ascidiella scbra −0.45
Callionymus lyra −0.48
Echinocardium cordatum −0.48
Buglossidium luteum −0.52
Pleuronectes platessa −0.60
Arnoglossus laterna −0.66
Luidia sarsi −0.75
Microstomus kitt −0.78
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intensely fished in the North Sea, even more drastic changes 
can be expected there with regard to the epifauna. Several 
studies confirm that epifauna communities in the Wadden 
Sea have changed over the years long before the present time 
series from 1924 to 1986 (Reise and Schubert 1987; Buhs 
and Reise 1997). Regular fishing with bottom-touching gear 
increases the possibility that this fished area will have per-
manent changes in ground-living fauna (Jones 1992). There-
fore, limiting bottom-contact fishing in designated zones (as 
has happened recently in the German NATURA2000 areas 
of the Sylt Outer Reef, Borkum Reef Ground, and Amrum-
bank) is useful to ensure the recovery of marine ecosystems 
and their benthic fauna. It is important that periods between 
trawling are sufficiently long since studies have already 
shown that recovery in benthic fauna is not observed at 

fished sites after 1 year; thus, it may take several years for 
these species to recover (Cook et al. 2013).

Besides the direct impact of bottom-contacting fisheries, 
trawlers also have indirect effects on the behavior of various 
commercial fish species, for example, by activating escape 
behavior (Heino and Godø 2002). In a second step, this could 
lead to behavioral adaptations that affect fish stocks by caus-
ing unnecessary escape reactions. These escape responses 
can result in an inefficient distribution of resources, either 
by disrupting the natural foraging patterns of fish (e.g., lead-
ing to suboptimal use of food resources) or by influencing 
the availability of fish for the fishery, thereby affecting both 
predator–prey dynamics and the distribution of fishing efforts 
among fishers (Heino and Godø 2002). Thus, the complete 
exclusion of mobile bottom-touching fisheries in certain 

Fig. 7   Latitudinal section of publicly available mean temperature data 
from ICES of all available data points for the study area (Fig. 2) at 
depths of 0–40 m, recorded with the CTD probe. a Summer (Jun 1–

Aug 31) during 1991–2001; b Summer (Jun 1–Aug 31) during 2002–
2021; c Winter (Nov 1–Mar 31) during 1991–2001; d Winter (Nov 
1–Mar 31) during 2002–2021
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protected areas in the North Sea is more advisable than just a 
reduction in fishing pressure. In order to promote ecosystem-
friendly fisheries, previous studies have focused on indicators 
related to ecosystem status, trawling pressure, and management 
progress (Jennings 2005). These studies have recommended 
the use of specific ecological indicators to monitor and reduce 
fishing impacts, improve management practices, and ensure 
long-term sustainability of fish stocks. The present study builds 
on these recommendations by investigating the relationship 
between trawling activity and ecosystem health, aiming to 
provide further insights into effective management strategies.

Effects of temperature change on epibenthic 
community structure

Advancing climate change is resulting in an increase in water 
temperature (Bijma et al. 2013), an effect that is not stopping 
at the North Sea. The average temperature increases of 4 °C 
from 1991 to 2021 in the water layers from 25 m and deeper 
are dramatic compared to the global change of less than 1° 
for the 0–700 m water layer from 1993 to 2019 (Johnson and 
Lyman 2020)! This temperature increase can be attributed to 
climate change (Clark et al. 2003), a phenomenon that has 
also affected benthic species in marine ecosystems across 

broad ocean regions (Birchenough et al. 2015). In 2017, water 
temperatures at depths of 25 m and below were considerably 
lower than in the years before and after this time, which also 
applies to biodiversity according to the Shannon–Wiener 
index for the year 2017. Strong temperature fluctuations can 
cause stress for marine organisms, especially if they are not 
able to adapt quickly enough to these changes (Neumann 
et al. 2009). Temperature changes can affect the growth and 
distribution of plankton which, in turn, can affect the entire 
food chain (Winder and Sommer 2012). If the availability of 
planktonic species changes due to temperature changes, then 
this can affect the food base for various marine organisms 
and lead to a shift in biodiversity (Weyhenmeyer et al. 2012).

In general, the effects of elevated temperature on a spe-
cies depends on their specific temperature sensitivity (Freitas 
et al. 2007). The species Luidia sarsii, Microstomus kitt, and 
Arnoglossus laterna show a strong positive correlation with 
increasing temperatures; for Ludidia sarsii, a positive cor-
relation with summer bottom temperatures has already been 
demonstrated by Sonnewald and Türkay (2012b). Based on 
the ecological preferences, a model was developed that can 
be used to make future predictions on abundance and dis-
tribution of a given species; Microstomus kitt is one of the 
species that may be found in greater numbers in the future 

Fig. 8   Mean summer temperatures (June 1–August 31) of all measured data at depths below 25 m in the ICES statistical transects 39F3, 39F4, 
and 40F4 (Fig. 1) with linear regression (solid) and mean (dotted) lines from 1991 to 2021
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due to the increase in temperature (Maltby et al. 2020). The 
negative correlation patterns of the species Ophiura albida, 
Gadus morhua, and the masked crab Corystes cassivelaunus 
with temperature suggest that these species are either sensi-
tive to higher temperatures or prefer colder environments. 
Gadus morhua is known for its preference for cooler waters 
as the temperature tolerance during the spawning period is 
approx. 1–8 °C (Righton et al. 2010) and may, therefore, be 
less successful in warmer conditions (Drinkwater 2005), and 
modeling has already calculated a decline for Gadus morhua 
in the future (Maltby et al. 2020) Species with tolerance for 
high temperatures may show a lower or no direct response to 
sea temperature fluctuations, while other species that are less 
adaptable may be negatively affected by temperature change. 
A study of long-term data from the North Sea from 1978 to 
after 1987 already shows that trawling has an effect on fish 
stocks, although changes in environmental conditions may 
exacerbate this effect (Reid and Edwards 2001).

The Dogger Bank is an elevation that at its maximum is 40 
m deep, and, thus, temperature changes may have a stronger 
impact on epifauna communities in that region compared 
to deeper areas. In the deeper northern part of the North 
Sea, few benthic species appear to be affected by warming 
water temperatures; this contrasts with benthos in the shal-
lower, southern North Sea (Neumann et al. 2009). Climate 
change–induced introductions of benthic, invasive species, 
such as the angular crab Goneplax rhomboides (Linnaeus 
1758), are causing a repopulation and ecosystem restoring due 
to overlapping niches (Neumann et al. 2013), while species’ 

Table 2   Spearman’s rank correlation (rs) of the temperature data 
and mean species abundances of stations 36–40 from 1991 to 2021. 
Only species with statistically significant correlations (p < 0.05) are 
shown. Positive values (marked in red) indicate a positive correlation 
between epifaunal abundance and trawling activity, while negative 
values (marked in blue) indicate a negative correlation

Species rs

Luidia sarsi 0.69
Microstomus kitt 0.67
Arnoglossus laterna 0.67
Pleuronectes platessa 0.39
Alcyonium digitatum 0.36
Alcyonidium diaphanum 0.35
Merlangius merlangus 0.26
Buglossidium lureum 0.25
Pomatoschistus minutus 0.22
Ascidiella scabra 0.21
Echiichthys vipera −0.20
Asterias rubens −0.26
Eutrigla gurnadus −0.27
Liocarcinus holsatus  −0.29
Euspira pulchella −0.34
Psammechinus miliaris −0.38
Buccinum undatum −0.42
Pagurus bernhardus −0.43
Corystes cassivelaunus −0.43
Gadus morhua −0.51
Ophiura albida −0.63

Fig. 9   Canonical correspondence analysis (CCA) of individual species abundances with the mean summer bottom water temperature and the 
mean trawling activity (fishing hours per year, derived from Couce et al. 2020) of stations 36–39 versus station 40
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range shifts occur (Lord 2014). A long-term study of epifauna 
communities in the North Sea has shown that reproduction 
success, in particular, is affected by temperature anomalies 
(Neumann and Kröncke 2011). As bottom-associated fishes 
move to deeper areas in response to temperature change 
(Dulvy et al. 2008), the shallow areas of the North Sea in par-
ticular could expect to lose species richness or a species shift.

Combination of temperature and trawling effects 
on benthic fauna

The interpretation of the results from the present and pub-
lished studies shows that both water temperature and trawling 
activity can have a significant impact on the abundance and 
diversity of benthic communities, and on the ecological rela-
tionships and behavior of the species studied, emphasizing the 
importance of studying the combined influence of tempera-
ture and trawling on the ecology of marine communities. In 
general, it can be assumed that the food webs and, thus, also 
the energy flow in the near-bottom layers will change in the 
future with changing temperature and trawling activity, as they 
already have done, evidently, in our research area. Although 
no significant correlation between the Shannon–Wiener Index 
and temperature or trawling activity could be detected, it is 
clear that there are distinct, positive or negative effects of both 
factors at the species level. Both multi-variate analyses indi-
cated a clear shift in community structure from 1991 to 2001 
and the years 2002 to 2021; during the same period, trawling 
continued to decline and the sea temperatures increased.

This finding supports the hypothesis that a change of mul-
tiple factors, among them trawling and temperature, must 
have taken place around the turn of the century. The faunal 
community of the years 2020 and 2021, in particular, showed 
a greater correlation with temperature; therefore, it can be 
assumed that the influence of temperature will become even 
greater and more significant as the sea temperature is expected 
to continue to rise in the coming years.

Summary and outlook

During the study period of 30 years between 1991 and 2021, 
the local summer temperatures in the lower water layer 
increased by up to 4 °C, while trawling activity in the area 
continuously decreased. Despite minimal annual variation in 
species composition between the stations, our analysis revealed 
a continuous change in the benthic fauna characterized by the 
decreasing species diversity and an overall faunal regime shift 
around the turn of the millennium. Although we did not find 
a direct relationship between biodiversity and temperature or 
trawling effort, we identified certain species that show positive 
or negative correlations with these factors.

Since 2012, the annual sampling of the stations with the 
RV “Senckenberg” has regrettably diminished due to canceled 
expeditions and/or bad weather conditions. It will be vital to 
resume regular sampling so that future changes in the benthos 
in the area can be compared with historical records. Further 
biodiversity change can be expected in the coming years. 
Therefore, in order to be able to study this anticipated change, 
annual surveys of the area are essential. Since the exclusion of 
mobile, bottom-dwelling fisheries is planned around station 
40 in the coming years, it is particularly important to monitor 
both that station and the stations outside the protected area. 
Long-term studies such as these are now, and will continue to 
be, increasingly important. Climate change and other environ-
mental factors continue to impact benthic biodiversity (Clark 
et al. 2003). Hence, such long-term studies are important for 
future measures in ecosystem restorations. The outcomes 
of this study serve as a foundation for future research and 
monitoring efforts, particularly within the Dogger Bank study 
area. Long-term, fisheries-independent studies are needed to 
inform conservation and fisheries management, as they can 
document the time frames required for the recovery of benthic 
communities and provide deeper insights into the long-term 
consequences of environmental changes caused by human 
activities on marine ecosystems.

Supplementary Information  The online version contains supplementary 
material available at https://​doi.​org/​10.​1007/​s12526-​025-​01539-8.

Acknowledgements  We thank the crew of the F.K. “Senckenberg” for 
their consistent safe sailing on the North Sea and “Senckenberg am 
Meer” for equipping the ship. We also thank Prof. Dr. Ingrid Kröncke 
for coordinating the project. Many thanks to Alison Davis for reviewing 
the English writing style. Thank you to all the helpers who assisted in 
the identification of numerous species. Many thanks are also expressed 
for the time and efforts of the reviewers and editors of the journal. Last 
but not least, we would like to thank the Federal Ministry of Education 
and Research for its financial support. 

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This study was funded by the Bundesministerium für Bildung 
und Forschung/Federal Ministry of Education and Research, in the 
absence of commercial purposes (BMBF grant 03F0847D).

Declarations 

Conflict of interest  The authors declare no competing interests.

Ethical approval  The use and care of experimental animals complied 
with German animal welfare laws, guidelines, and policies as approved 
by § 7a Sect."Introduction"No. 1–8 Animal Welfare Act. Care was 
taken to ensure that no animal suffered unnecessarily and that all ani-
mals were released back into their natural habitat after a quick identifi-
cation, as long as they could be properly identified on board. All appli-
cable international, national, and/or institutional guidelines for animal 
testing, animal care, and use of animals were followed by the authors.

Sampling and field studies  All necessary permits for sampling and 
observational field studies were obtained by the authors from the 

https://doi.org/10.1007/s12526-025-01539-8


Marine Biodiversity (2025) 55:74	 Page 13 of 15  74

respective authorities. The study complies with the Convention on 
Biological Diversity and the Nagoya protocol. 

Data availability  Generated data are available in the appendix. Sample 
metadata (if samples were transferred to the collection) will be avail-
able via the scientific collection portal AQUILA (https://​search.​senck​
enberg.​de/​aquila-​public-​search/​search).

Author contribution  SJH and MS conceived and designed the research 
and experiments conducted. SJH and MS analyzed the data. SJH, AB, 
and MS wrote the manuscript. All authors read and approved the manu-
script. Artificial intelligence (https://​chatg​pt.​com/) was used to finally 
check the grammar and spelling of the scientific English.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Arnason R (2013) Individual transferable quotas in fisheries. Encyclo-
pedia of Energy, Natural Resource, and Environmental Economics 
2:183–191. https://​doi.​org/​10.​1016/​B978-0-​12-​375067-​9.​00058-9

Beare DJ, Burns F, Greig, A, Jones EG, Peach K, Kienzle M, McKen-
zie E, Reid DG (2004) Long-term increases in prevalence of North 
Sea fishes having southern biogeographic affinities. Mar Ecol Prog 
Ser 284269–278. https://​doi.​org/​10.​3354/​meps2​84269 

Bijma J, Pörtner H-O, Yesson C, Rogers AD (2013) Climate change 
and the oceans – what does the future hold? Mar Pollut Bull 
74:495–505. https://​doi.​org/​10.​1016/j.​marpo​lbul.​2013.​07.​022

Birchenough SN, Reiss H, Degraer S, Mieszkowska N, Borja Á, Buhl-
Mortensen L, Braeckman U, Craeymeersch J, De Mesel I, Ker-
ckhof F, Kröncke I, Parra S, Rabaut M, Schröder A, Van Colen 
C, Van Hoey G, Vincx M, Wätjen K (2015) Climate change and 
marine benthos: a review of existing research and future directions 
in the North Atlantic. Wires Clim Change 6:203–223. https://​doi.​
org/​10.​1002/​wcc.​330

Bishara AJ, Hittner JB (2012) Testing the significance of a correla-
tion with nonnormal data: comparison of Pearson, Spearman, 
transformation, and resampling approaches. Psychol Methods 
17:339–417. https://​doi.​org/​10.​1037/​a0028​087

Blöcker, A. (2022) Regime shifts in perspective - the North Sea and 
Atlantic cod (Gadus morhua) as paradigmatic examples. Doc-
toral Dissertation. Available online under file:///E:/Downloads/
Bloecker_Dissertation.pdf [07.01.2025, 15:34 h]

Bray JR, Curtis JT (1957) An ordination of the upland forest communi-
ties of Southern Wisconsin. Ecol Monogr 27:325–349. https://​doi.​
org/​10.​2307/​19422​68

Buhs F, Reise K (1997) Epibenthic fauna dredged from tidal channels 
in the Wadden Sea of Schleswig-Holstein: spatial patterns and a 
long-term decline. Helgoländer Meeresuntersuchungen 51:343–
359. https://​doi.​org/​10.​1007/​BF029​08719

Callaway R, Engelhard GH, Dann J, Cotter J, Rumohr H (2007) A cen-
tury of North Sea epibenthos and trawling: comparison between 

1902–1912, 1982–1985 and 2000. Mar Ecol Prog Ser 346:27–43. 
https://​doi.​org/​10.​3354/​meps0​7038

Clarc RA, Frid C, L. J. (2001) Long-term changes in the North Sea 
ecosystem. Environ Rev 9(3):131–187. https://​doi.​org/​10.​1139/​
a01-​005

Clark RA, Fox CJ, Viner D, Livermore M (2003) North Sea cod and 
climate change – modelling the effects of temperature on popula-
tion dynamics. Glob Change Biol 9:1669–1680. https://​doi.​org/​
10.​1046/j.​1365-​2486.​2003.​00685.x

Clarke KR, Chapman MG, Somerfield PJ, Needham HR (2006) Dis-
persion-based weighting of species counts in assemblage analyses. 
Mar Ecol Prog Ser 320:11–27. https://​doi.​org/​10.​3354/​meps3​20011

Coleman FC, Williams SL (2002) Overexploiting marine ecosystem 
engineers: potential consequences for biodiversity. Trends Ecol 
Evol 17:40–44. https://​doi.​org/​10.​1016/​S0169-​5347(01)​02330-8

Cook R, Fariñas-Franco JM, Gell FR, Holt RHF, Holt T, Lindenbaum C, 
Porter JS, Seed R, Skates LR, Stringell TB, Sanderson WG (2013) 
The substantial first impact of bottom fishing on rare biodiversity 
hotspots: a dilemma for evidence-based conservation. PLoS ONE 
8:e69904. https://​doi.​org/​10.​1371/​journ​al.​pone.​00699​04

Cotterill CJ, Phillips E, James L, Forsberg CF, Tjelta TI, Carter G, 
Dove D (2017) The evolution of the Dogger Bank, North Sea: a 
complex history of terrestrial, glacial and marine environmental 
change. Quatern Sci Rev 171:136–153. https://​doi.​org/​10.​1016/j.​
quasc​irev.​2017.​07.​006

Couce E, Schratzberger M, Engelhard GH (2020) Reconstructing three 
decades of total international trawling effort in the North Sea. 
Earth System Science Data 12(1):373–386. https://​doi.​org/​10.​
5194/​essd-​12-​373-​2020

Drinkwater KF (2005) The response of Atlantic cod (Gadus morhua) 
to future climate change. ICES J Mar Sci 62:1327–1337. https://​
doi.​org/​10.​1016/j.​icesj​ms.​2005.​05.​015

Ducrotoy J-P, Elliott M, de Jonge VN (2000) The North Sea. Mar Pollut 
Bull 41:5–23. https://​doi.​org/​10.​1016/​S0025-​326X(00)​00099-0

Dulvy NK, Rogers SI, Jennings S, Stelzenmüller V, Dye SR, Skjoldal 
HR (2008) Climate change and deepening of the North Sea fish 
assemblage: a biotic indicator of warming seas. J Appl Ecol 
45:1029–1039. https://​doi.​org/​10.​1111/j.​1365-​2664.​2008.​01488.x

Ehrnsten E, Norkko A, Timmermann K, Gustafsson BG (2019) Benthic-
pelagic coupling in coastal seas – modelling macrofaunal biomass 
and carbon processing in response to organic matter supply. J Mar 
Syst 196:36–47. https://​doi.​org/​10.​1016/j.​jmars​ys.​2019.​04.​003

Eigaard OR, Bastardie F, Hintzen NT, Buhl-Mortensen L, Buhl-
Mortensen P, Catarino R, Dinesen GE, Egekvist J, Fock HO, Geit-
ner K, Gerritsen HD, González MM, Jonsson P, Kavadas S, Laffar-
gue P, Lundy M, Gonzalez-Mirelis G, Nielsen JR, Papadopoulou N, 
Posen PE, Pulcinella J, Russo T, Sala A, Silva C, Smith CJ, Vanels-
lander B, Rijnsdorp AD (2017) The footprint of bottom trawling in 
European waters: distribution, intensity, and seabed integrity. ICES 
J Mar Sci 74:847–865. https://​doi.​org/​10.​1093/​icesj​ms/​fsw194

Engelhard GH, Righton DA, Pinnegar JK (2014) Climate change and 
fishing: a century of shifting distribution in North Sea cod. Glob 
Change Biol 20(8):2473–2483. https://​doi.​org/​10.​1111/​gcb.​12513

Freitas V, Campos J, Fonds M, Van der Veer HW (2007) Potential 
impact of temperature change on epibenthic predator–bivalve prey 
interactions in temperate estuaries. J Therm Biol 32:328–340. 
https://​doi.​org/​10.​1016/j.​jther​bio.​2007.​04.​004

Frid CLJ, Harwood KG, Hall SJ, Hall JA (2000) Long-term changes 
in the benthic communities on North Sea fishing grounds. ICES J 
Mar Sci 57(5):1303–1309. https://​doi.​org/​10.​1006/​jmsc.​2000.​0900

Gislason H (1994) Ecosystem effects of fishing activities in the North 
Sea. Mar Pollut Bull 29:520–527. https://​doi.​org/​10.​1016/​0025-​
326X(94)​90680-7

Gray JS (1997) Marine biodiversity: patterns, threats and conservation 
needs. Biodivers Conserv 6:153–175. https://​doi.​org/​10.​1023/A:​
10183​35901​847

https://search.senckenberg.de/aquila-public-search/search
https://search.senckenberg.de/aquila-public-search/search
https://chatgpt.com/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/B978-0-12-375067-9.00058-9
https://doi.org/10.3354/meps284269
https://doi.org/10.1016/j.marpolbul.2013.07.022
https://doi.org/10.1002/wcc.330
https://doi.org/10.1002/wcc.330
https://doi.org/10.1037/a0028087
https://doi.org/10.2307/1942268
https://doi.org/10.2307/1942268
https://doi.org/10.1007/BF02908719
https://doi.org/10.3354/meps07038
https://doi.org/10.1139/a01-005
https://doi.org/10.1139/a01-005
https://doi.org/10.1046/j.1365-2486.2003.00685.x
https://doi.org/10.1046/j.1365-2486.2003.00685.x
https://doi.org/10.3354/meps320011
https://doi.org/10.1016/S0169-5347(01)02330-8
https://doi.org/10.1371/journal.pone.0069904
https://doi.org/10.1016/j.quascirev.2017.07.006
https://doi.org/10.1016/j.quascirev.2017.07.006
https://doi.org/10.5194/essd-12-373-2020
https://doi.org/10.5194/essd-12-373-2020
https://doi.org/10.1016/j.icesjms.2005.05.015
https://doi.org/10.1016/j.icesjms.2005.05.015
https://doi.org/10.1016/S0025-326X(00)00099-0
https://doi.org/10.1111/j.1365-2664.2008.01488.x
https://doi.org/10.1016/j.jmarsys.2019.04.003
https://doi.org/10.1093/icesjms/fsw194
https://doi.org/10.1111/gcb.12513
https://doi.org/10.1016/j.jtherbio.2007.04.004
https://doi.org/10.1006/jmsc.2000.0900
https://doi.org/10.1016/0025-326X(94)90680-7
https://doi.org/10.1016/0025-326X(94)90680-7
https://doi.org/10.1023/A:1018335901847
https://doi.org/10.1023/A:1018335901847


	 Marine Biodiversity (2025) 55:7474  Page 14 of 15

Groenewold S, Fonds M (2000) Effects on benthic scavengers of dis-
cards and damaged benthos produced by the beam-trawl fish-
ery in the southern North Sea. ICES Jouranl of Marine Science 
57:1395–1406. https://​doi.​org/​10.​1006/​jmsc.​2000.​0914

Hahn SJ, Brandt A, Sonnewald M (2022) Annotated checklist and 
biodiversity analysis of benthic fauna at Sylt Outer Reef and 
Borkum Reef Ground (North Sea). Check List 18(3):593–628. 
https://​doi.​org/​10.​15560/​18.3.​593

Heino M, Godø OR (2002) Fisheries-induced selection pressures in 
the context of sustainable fisheries. Bull Mar Sci 70:639–656. 
http://​pure.​iiasa.​ac.​at/​id/​eprint/​6763/1/​IR-​02-​022.​pdf

Heip C, Craeymeersch JA (1995) Benthic community structures in 
the North Sea. Helgoländer Meeresuntersuchungen 49:313–328. 
https://​doi.​org/​10.​1007/​BF023​68359

Jones JB (1992) Environmental impact of trawling on the seabed: 
a review. New Zealand J Marine Freshwater Res 26:59–67. 
https://​doi.​org/​10.​1080/​00288​330.​1992.​95165​00

Jennings S (2005) Indicators to support an ecosystem approach to 
fisheries. Fish Fish 6:212–232. https://​doi.​org/​10.​1111/j.​1467-​
2979.​2005.​00189.x

Johnson GC and Lyman JM (2020) Warming trends increasingly 
dominate global ocean. Nature Climate Change 10(8):757–761. 
https://​doi.​org/​10.​1038/​s41558-​020-​0822-​0Jones

Kröncke I (1990) Macrofauna standing stock of the Dogger Bank. 
A comparison: II. 1951–1952 versus 1985–1987 are changes in 
the community of the northeastern part of the Dogger Bank due 
to environmental changes? Netherland Journal of Sea Research 
25:189–198. https://​doi.​org/​10.​1007/​BF023​66052

Kröncke I (2011) Changes in Dogger Bank macrofauna communities in 
the 20th century caused by fishing and climate. Estuar Coast Shelf 
Sci 94(3):234–245. https://​doi.​org/​10.​1016/j.​ecss.​2011.​06.​015

Kröncke I, Knust R (1995) The Dogger Bank: a special ecological 
region in the central North Sea. Helgoländer Meeresuntersu-
chungen 49:335–353. https://​doi.​org/​10.​1007/​BF023​68361

Kröncke I, Reiss H, Eggleton JD, Aldridge J, Bergman MJN, Cochrane S, 
Craeymeersch JA, Degraer S, Desroy N, Dewarumez J-M, Duineveld 
GCA, Essink K, Hillewaert H, Lavaleye MSS, Moll A, Nehring S, 
Newell R, Oug E, Pohlmann T, Rachor E, Robertson M, Rumohr 
H, Schratzberger M, Smith R, Vanden Berghe E, van Dalfsen J, van 
Hoey G, Vincx M, Willems W, Rees HL (2011) Changes in North 
Sea macrofauna communities and species distribution between 1986 
and 2000. Estuar Coast Shelf Sci 94(1):1–15. https://​doi.​org/​10.​
1016/j.​ecss.​2011.​04.​008

Krone R, Gutow L, Joschko TJ, Schröder A (2013) Epifauna dynam-
ics at an offshore foundation – implications of future wind 
power farming in the North Sea. Mar Environ Res 85:1–12. 
https://​doi.​org/​10.​1016/j.​maren​vres.​2012.​12.​004

Lacey NC, Hayes P (2020) Epifauna associated with subsea pipelines 
in the North Sea. ICES J Mar Sci 77:1137–1147. https://​doi.​org/​
10.​1093/​icesj​ms/​fsy196

Lord JP (2014) Effect of temperature changes on competitive and 
predator-prey interactions in coastal epi-benthic communities. 
Doctoral Dissertation. Available online under https://​core.​ac.​uk/​
downl​oad/​pdf/​30239​0178.​pdf  [04.05.2023, 12:32 h]

Maltby KM, Rutterford LA, Tinker J, Genner MJ, Simpson SD 
(2020) Projected impacts of warming seas on commercially 
fished species at a biogeographic boundary of the European 
continental shelf. J Appl Ecol 57(11):2222–2233. https://​doi.​
org/​10.​1111/​1365-​2664.​13724

Marine Management Organisation (2022) Decision document: Dog-
ger Bank SAC. Available online under: https://​assets.​publi​shing.​
servi​ce.​gov.​uk/​media/​6256e​401e9​0e072​9fb84​27fd/​Dogger_​
Bank_​SAC_​Decis​ion_​Docum​ent.​pdf. [06.01.2025, 15:25 h]

Neumann H, Kröncke I (2011) The effect of temperature variability 
on ecological functioning of epifauna in the German Bight. Mar 
Ecol 32:49–57. https://​doi.​org/​10.​1111/j.​1439-​0485.​2010.​00420.x

Neumann H, Ehrich S, Kröncke I (2009) Variability of epifauna and 
temperature in the northern North Sea. Mar Biol 156:1817–
1826. https://​doi.​org/​10.​1007/​s00227-​009-​1215-0

Neumann H, de Boois I, Kröncke I, Reiss H (2013) Climate change 
facilitated range expansion of the non-native angular crab 
Goneplax rhomboides into the North Sea. Mar Ecol Prog Ser 
484:143–153. https://​doi.​org/​10.​3354/​meps1​0299

Plumeridge AA, Roberts CM (2017) Conservation targets in marine 
protected area management suffer from shifting baseline syndrome: a 
case study on the Dogger Bank. Mar Pollut Bull 116(1–2):395–404. 
https://​doi.​org/​10.​1016/j.​marpo​lbul.​2017.​01.​012

Reid PC, Edwards M (2001) Long-term changes in the pelagos, ben-
thos and fisheries of the North Sea. Senckenb Marit 31:107–
115. https://​doi.​org/​10.​1007/​BF030​43021

Reise K, Schubert A (1987) Macrobenthic turnover in the subtidal 
Wadden Sea: the Norderaue revisited after 60 years. Hel-
goländer Meeresuntersuchungen 41:69–82. https://​doi.​org/​10.​
1007/​BF023​65100

Righton DA, Andersen KH, Neat F, Thorsteinsson V, Steingr-
und P, Svedäng H, Michalsen K, Hinrichsen HH, Bendall V, 
Neuenfeldt S, Wright P, Jonsson P, Huse G, van der Kooij J, 
Mosegaard H, Hüssy K, Metcalfe J (2010) Thermal niche of 
Atlantic cod Gadus morhua: limits, tolerance and optima. Mar 
Ecol Prog Ser 420:1–13. https://​doi.​org/​10.​3354/​meps0​8889

Sonnewald M, Türkay M (2012a) The megaepifauna of the Dogger 
Bank (North Sea): species composition and faunal characteris-
tics 1991–2008. Helgol Mar Res 66:63–75. https://​doi.​org/​10.​
1007/​s10152-​011-​0247-2

Sonnewald M, Türkay M (2012b) Environmental influence on the 
bottom and near-bottom megafauna communities of the Dog-
ger Bank: a long-term survey. Helgol Mar Res 66(4):503–511. 
https://​doi.​org/​10.​1007/​s10152-​011-​0286-8

Spellerberg IF, Fedor PJ (2003) A tribute to Claude Shannon (1916–
2001) and a plea for more rigorous use of species richness, 
species diversity and the Shannon-Wiener Index. Glob Ecol 
Biogeogr 12:177–179. https://​doi.​org/​10.​1046/j.​1466-​822X.​
2003.​00015.x

Szczepanek M, Silberberger MJ, Kędra M (2024) Functional struc-
ture and diversity of marine benthos reflect food availability and 
quality, as evidenced by isotopic diversity. Limnol Oceanogr 
69(4):757–771. https://​doi.​org/​10.​1002/​lno.​12506

Tillin HM, Hiddink JG, Jennings S, Kaiser MJ (2006) Chronic bottom 
trawling alters the functional composition of benthic invertebrate 
communities on a sea-basin scale. Mar Ecol Prog Ser 318:31–45. 
https://​doi.​org/​10.​3354/​meps3​18031

Weyhenmeyer GA, Peter H, Willén E (2012) Shifts in phytoplankton 
species richness and biomass along a latitudinal gradient – con-
sequences for relationships between biodiversity and ecosystem 
functioning. Freshw Biol 58:612–623. https://​doi.​org/​10.​1111/j.​
1365-​2427.​2012.​02779.x

Wieking G, Kröncke I (2005) Is benthic trophic structure affected by 
food quality? The Dogger Bank example. Mar Biol 146:387–
400. https://​doi.​org/​10.​1007/​s00227-​004-​1443-2

Williamson P, Guinder VA (2021) Chapter 5 - Effect of climate 
change on marine ecosystems. In: Trevor M (ed) The impacts 
of climate change. Letcher, Elsevier, pp 115–176. https://​doi.​
org/​10.​1016/​B978-0-​12-​822373-​4.​00024-0

Winder M, Sommer U (2012) Phytoplankton response to a chang-
ing climate. Hydrobiologia 698:5–16. https://​doi.​org/​10.​1007/​
s10750-​012-​1149-2

https://doi.org/10.1006/jmsc.2000.0914
https://doi.org/10.15560/18.3.593
http://pure.iiasa.ac.at/id/eprint/6763/1/IR-02-022.pdf
https://doi.org/10.1007/BF02368359
https://doi.org/10.1080/00288330.1992.9516500
https://doi.org/10.1111/j.1467-2979.2005.00189.x
https://doi.org/10.1111/j.1467-2979.2005.00189.x
https://doi.org/10.1038/s41558-020-0822-0Jones
https://doi.org/10.1007/BF02366052
https://doi.org/10.1016/j.ecss.2011.06.015
https://doi.org/10.1007/BF02368361
https://doi.org/10.1016/j.ecss.2011.04.008
https://doi.org/10.1016/j.ecss.2011.04.008
https://doi.org/10.1016/j.marenvres.2012.12.004
https://doi.org/10.1093/icesjms/fsy196
https://doi.org/10.1093/icesjms/fsy196
https://core.ac.uk/download/pdf/302390178.pdf
https://core.ac.uk/download/pdf/302390178.pdf
https://doi.org/10.1111/1365-2664.13724
https://doi.org/10.1111/1365-2664.13724
https://assets.publishing.service.gov.uk/media/6256e401e90e0729fb8427fd/Dogger_Bank_SAC_Decision_Document.pdf
https://assets.publishing.service.gov.uk/media/6256e401e90e0729fb8427fd/Dogger_Bank_SAC_Decision_Document.pdf
https://assets.publishing.service.gov.uk/media/6256e401e90e0729fb8427fd/Dogger_Bank_SAC_Decision_Document.pdf
https://doi.org/10.1111/j.1439-0485.2010.00420.x
https://doi.org/10.1007/s00227-009-1215-0
https://doi.org/10.3354/meps10299
https://doi.org/10.1016/j.marpolbul.2017.01.012
https://doi.org/10.1007/BF03043021
https://doi.org/10.1007/BF02365100
https://doi.org/10.1007/BF02365100
https://doi.org/10.3354/meps08889
https://doi.org/10.1007/s10152-011-0247-2
https://doi.org/10.1007/s10152-011-0247-2
https://doi.org/10.1007/s10152-011-0286-8
https://doi.org/10.1046/j.1466-822X.2003.00015.x
https://doi.org/10.1046/j.1466-822X.2003.00015.x
https://doi.org/10.1002/lno.12506
https://doi.org/10.3354/meps318031
https://doi.org/10.1111/j.1365-2427.2012.02779.x
https://doi.org/10.1111/j.1365-2427.2012.02779.x
https://doi.org/10.1007/s00227-004-1443-2
https://doi.org/10.1016/B978-0-12-822373-4.00024-0
https://doi.org/10.1016/B978-0-12-822373-4.00024-0
https://doi.org/10.1007/s10750-012-1149-2
https://doi.org/10.1007/s10750-012-1149-2


Marine Biodiversity (2025) 55:74	 Page 15 of 15  74

Worm B, Lotze HK (2021) Marine biodiversity and climate change. In: 
Climate change 445–464. Elsevier. https://​doi.​org/​10.​1016/​B978-
0-​12-​821575-​3.​00021-9

Worm B, Barbier AB, Beaumont N, Duffy JE, Folke C, Halpern BS, 
Jackson JBC, Lotze HK, Micheli F, Palumbi SR, Sala E, Selkoe 
KA, Stachowicz JJ, Watson R (2006) Impacts of biodiversity loss 
on ocean ecosystem services. Science 314:787–790. https://​doi.​
org/​10.​1126/​scien​ce.​11322​94

Zar JH (1972) Significance testing of the Spearman rank correlation 
coefficient. J Am Stat Assoc 67:578–580. https://​doi.​org/​10.​2307/​
22844​41

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/B978-0-12-821575-3.00021-9
https://doi.org/10.1016/B978-0-12-821575-3.00021-9
https://doi.org/10.1126/science.1132294
https://doi.org/10.1126/science.1132294
https://doi.org/10.2307/2284441
https://doi.org/10.2307/2284441

	Climate change and fisheries affect benthic composition and diversity in the North Sea — investigations at the Dogger Bank during three decades (1991–2021)
	Abstract
	Introduction
	Material and methods
	Benthos sampling
	Trawling dataset
	Temperature dataset
	Statistical analyses

	Results
	Species composition
	Biodiversity
	Effects of trawling activities
	Effects of temperature change
	CCA​

	Discussion
	Species composition and diversity
	Effects of trawling activity on epibenthic community structure
	Effects of temperature change on epibenthic community structure
	Combination of temperature and trawling effects on benthic fauna

	Summary and outlook
	Acknowledgements 
	References


