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Abstract. The mucilage formation, which emerged in the Marmara Sea in November 2020, was soon seen in the Çanakkale Strait 
and became effective in different locations of the strait in a short time. In this study, the place of mucilage in the food web as a food 
source and the percentage of mucilage in the food web of warty crab (Eriphia verrucosa), which is a benthic species, was determined 
by the stable isotope method. For this purpose, E. verrucosa was sampled from a mucilage-affected area of the Çanakkale Strait in 
July 2021. In addition, sediment samples were collected to sort out macrophyte samples and macroinvertebrate samples, which 
could be possible food sources of the species. Finally, the pelagic and benthic mucilage samples were also taken and brought to the 
laboratory in the cold chain. The stable isotope analyses of all samples were made and evaluated. The results showed that mucilage 
from both layers joined the food web and that benthic mucilage, in particular, contributed to the diet of a benthic species, E. 
verrucosa. The possible contribution of mucilage, which has been determined to be included in the diet of benthic organisms with its 
high bacterial density, is also a concern for the diet of fish species that are consumed more frequently by humans. 
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Introduction 
 
Mucilage has been defined as amorphous aggregates 
ranging in size from a few millimeters to several meters and 
is a gelatinous structure that can cover hundreds of 
kilometers of coastline and is ubiquitous in the Earth's seas 
(Herndl & Peduzzi 1988, Giani et al. 1992, Herndl 1992, Fogg 
1995, Simon et al. 2002, Danovaro et al. 2009).  When the 
content of mucilage was examined, it was reported as a gel-
like substance formed by organic matter produced by 
various marine organisms under specific seasonal and 
trophic conditions (Innamorati et al. 2001, Mecozzi et al. 
2001, Balkıs et al. 2010). Studies revealing the existence of 
mucilage date back to the 1700s (Precali et al. 2005), and 
since these years mucilage cases were reported multiple 
times in different marine ecosystems in the Adriatic (Del 
Negro et al. 2005, Precali et al. 2005, Danovaro et al. 2009, 
Faganelli et al. 2009), in the Tyrrhenian Sea (Lorenti et al. 
2005), in the Ligurian Sea (Schiaparelli et al. 2007), and in the 
Aegean Sea (Gotsis-Skretas 1995, Altın et al. 2015). In our 
country, mucilage events were encountered, especially in the 
Sea of Marmara, and Aktan et al (2008) reported the 
formation of mucilage for the first time in 2007. The 
mucilage formation seen in this period was evaluated by 
Balkıs et al. 2010, Tüfekçi et al. 2010, Altın et al. 2015, Okyay 
et al., 2015, Taş et al. 2020, Toklu Alıçlı et al. 2020.  

The high organic matter content in the mucilage 
structure becomes a rich source of nutrients for 
heterotrophic microorganisms multiplying on organic 
matter. In studies on the organisms found in mucilage, it has 
been noted that the mucilage contains 103-104 more 
prokaryotic organisms compared to the water column in 
which it is located (Danovaro et al. 2009). It is considered 
that the richness of both prokaryotes and viruses in the 
mucilage contributes to the growth and maturation stages of 
the mucilage as a result of bacterial biodegradation and viral 
shunt mechanisms (Öztürk et al. 2021).In some studies 
examining mucilage formation, it was reported that there is 
a relationship between mucilage and phytoplankton 
(Mingazzini & Thake 1995) and that diatoms, which are 

known to produce extracellular polysaccharides, are 
effective in mucilage formation and bacteria also participate 
in this formation (Rinaldi et al. 1995, Herndl et al. 1999, 
Azam & Long 2001, Balkıs et al. 2010). 

The mucilage, which started to show its effect in 2020 
and has increased in the current year and affected the 
Marmara Sea and the Çanakkale Strait, has become alarming 
as it has been effective for longer than expected, although it 
has been reported before, both in this region and in different 
marine ecosystems. The mucilage event in the Çanakkale 
Strait was reported as an observation study (Özalp 2021) and 
the effects on biodiversity of benthic invertebrates in 
Gökçeada (Aslan et al. 2021) and fish assemblages (Dalyan et 
al. 2021). Although the studies on the mechanisms thought 
to be effective in mucilage formation and possible regulatory 
factors were examined and the studies focusing on the cases 
recorded in the Marmara Sea were briefly evaluated, no 
study was found on whether the mucilage was included in 
the food web of aquatic organisms. The stable isotope 
composition in living tissue plays a key role in food web 
studies, as it reflects the organism’s diet and environment 
for a while (Li et al. 2017). This method is based on the 
principle that stable carbon (C) and nitrogen (N) isotope 
ratios are systematically broken down along the food web as 
consumers consume their food sources (Li et al. 2017). 
Marine food web studies have also shown that the δ13C and 
δ15N ratios in consumer tissues are related to the trophic 
level (Schoeninger & DeNiro 1984, Wada et al. 1987, Fry 
1988, Hobson & Welch 1992, Rau et al. 1992, Mutlu 2021a). 
The trophic structure of a single species has been 
qualitatively described by food web studies using stable 
isotopes, however, with new advances, quantitative 
applications have also been added, so that food web models 
can be studied and solved. These quantitative applications 
allow the researcher to reveal the 'isotopic trace' status, such 
as the δ13C and δ15N exchange between the consumer and 
the food source (Zanden & Rasmussen 2001). 

In this study, it was aimed to reveal the place of 
mucilage in the food web as a source, which has been 
affecting the Çanakkale Strait since November 2020, and to 
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determine how warty crab (Eriphia verrucosa) using the 
benthic habitat add the mucilage in the food web to their 
diet by using stable isotope analysis.  
 
 
Material and Methods 
 
Sampling Site and Sample Collection 
Within the scope of the study, sampling was made in June 2021 from 
one station in the Çanakkale Strait where mucilage was effective 
(Figure 1). Both pelagic and benthic mucilage samples were taken to 
reveal the possible place of mucilage in the food web. Benthos 
samples were collected from an average depth of 1.5-2 m with a 
hand scoop and sieved with a 0.5 cm mesh sieve. The average height 
range of the collected macrobenthos samples (considering the 
differences according to the groups) varies between 0.5 cm and 2 cm. 
In addition, Mediterranean mussel (Mytilus galloprovincialis) and 
warty crab (Eriphia verrucosa) samples, which are supposed to 
consume mucilage as a food source, were collected. All collected 
samples were transported to the laboratory in the cold chain.  
 
 

 
 

Figure 1. Warty crabs (Eriphia verrucosa) and native fauna were 
sampled from the Kilitbahir region, which is thought to be heavily 
affected by mucilage in the Çanakkale Strait of the North Aegean 
Sea of Turkey 

 
 
Stable Isotope Analysis 
Mucilage Samples: During sampling, mucilage samples taken from 
both benthic and pelagic were passed through distilled water and 
filtered through Whatman filter paper. The overlying layer is dried 
in an oven at 60ºC for 24 hours. The samples were kept in a 
desiccator until analysis (Yalçın Özdilek et al. 2019, Apaydın Yağcı 
et. 2020). 

Macrophyte Samples: The macrophyte samples identified as 
Rhodophyta and Chlorophyta at the ordo level were cleaned in pure 
water and left to dry. Then, it was dried in an oven at 60ºC for 24 
hours, ground with the help of a microdismembrator, and stored in a 
desiccator. 

Macroinvertebrate Samples: Macroinvertebrate samples were 
separated from the sediment, grouped as Annelida, Crustacea, 
Echinodermata, and Mollusca according to their functional 
properties, and dried in an oven at 60ºC for 24 hours. At the end of 
the period, it was ground with the help of a microdismembrator and 
stored in a desiccator until stable isotope analysis. 

Mussel and Crab Samples: Muscle tissues taken from both 
mussel and crab samples during dissection were dried in an oven at 
60ºC for 24 hours, then ground with the help of a 
microdismembrator and stored in a desiccator until stable isotope 
analysis (Mutlu 2021b). 

Pulverized macrophyte, macroinvertebrate, mussel, and crab 
samples were weighed 0.15 mg (±0.005 mg) with an accuracy of 
±0.0001 mg with Sartorius brand microbalance and packed in tin 
containers to be sent for stable isotope analysis. The isotope analyses 
were performed by the Akdeniz University Food Safety and 
Agricultural Research Institute as a service procurement with Mass 

Isotope Spectrometer. During the mass spectrometric measurement, 
the 13C/12C and 15N/14N ratios (δ13C and δ15N) of the samples were 
measured, while the Pee dee Belemnite limestone used for carbon 
and the atmospheric nitrogen gas used for nitrogen were used as a 
reference (bovine liver, nylon 5 and glutamic acid).CH-6 Sucrose and 
USGS-34 Potassium Nitrate standards were used as reference 
materials. The delta notation (δ) in per mil units (‰) was calculated 
by following the formula for mucilage samples and organisms 
(Peterson and Fry 1987).  

 
δX = [(Rexample /Rstandard) – 1] x 1000 

 
In this formula, X represented 13C or 15N and R is the ratio of 

13C/12C or 15N/14N. The Pee dee Belemnite (VPDB) limestone used 
for δ13C and the atmospheric nitrogen gas (AIR) used for δ15N 
values were used as a reference (Rstandard). 
 
Data Analysis 
The mean δ13C and δ15N values of pelagic and benthic mucilage 
samples were compared by Student t-test and 95% statistical 
significance was assumed. The contribution of nutrients to the diet 
was calculated with the MixSIAR version of the Bayesian mixing 
model R statistical program SIAR (Stable Isotope Analysis in R) 
package (Parnell et al. 2010). SIAR is an R statistical package based 
on two main Bayesian statistical methods commonly used in stable 
isotope ecology. It provides quantitative tools to determine the 
proportional contribution ratio of sources in a mixture (eg, the 
proportion of nutrients in the consumer's diet) and to compare the 
distribution in isotope space. The mixing model component of SIAR 
uses the Bayesian approach to decipher possible dietary ratios, given 
the isotope ratios of food sources and consumers. In addition, SIAR 
directly compares the estimated diets of individuals between groups 
(Parnell et al. 2010). MixSIAR, on the other hand, is not a model, but 
rather a framework that allows building a mixing model based on 
data structure and research questions through options for 
fixed/random effects, source data types, priorities, and error terms 
(Stock et al. 2018). In this paper, two different trophic discrimination 
factors (TDF) were used in the null model to compare the results 
with the other studies. The mean TDF of consumers/their food 
source was assumed as 3.4 ‰± 0.9 and 0.4 ± 1.3 in δ15N and δ13C, 
respectively (Post 2002). In addition, TDF values are incorporated as 
1.6 ± 0.6 for δ15N and 0.6 ± 0.7 for δ13C derived from the blue crab 
muscle tissue by McCann and Jensen (2018). Two models at posterior 
simulations of the parameter values were compared by LOO (leave-
one-out cross-validation) method, which is used for estimating 
pointwise out-of-sample prediction from a fitted Bayesian model 
using the log-likelihood (Vehtari et al. 2017). 
 
 
Results 
 
The descriptive statistics of δ13C and δ15N ratios determined 
in benthic and pelagic mucilage samples, muscle tissues of E. 
verrucosa, and possible food sources (macroinvertebrate and 
macrophyte samples and also M. galloprovincialis samples) 
collected for determining the food web of the study area 
were presented in Table 1. The analysis results showed that 
the highest δ13C values were in Annelida and Mollusca 
samples, and the lowest values were in the pelagic mucilage 
samples. The lowest N values were observed also in the 
pelagic mucilage sample, while the highest values were 
observed in Echinodermata samples. When the benthic or 
pelagic mucilage samples were taken, both the C and N 
averages were found to be quite different from each other (t= 
19.5, p<0.001, t = 2.5, p<0.05). 

As a food organism, M. galloprovincialis was the main 
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diet of E. verrucosa, a benthic invertebrate group (Table 1). 
Following this, it was observed that the contributions of 
Crustacea and Rhodophyta were close to each other in terms 
of both models. Apart from macroinvertebrates and 
macrophytes, the contribution of mucilage to the diet of 
warty crab was average percentages. It was observed that 
the most common source of E. verrucosa was pelagic 

mucilage with a rate from 8.5% to 11.5%. This contribution 
was followed by benthic mucilage with 8.1% - 9.2% (Table 1). 
In general, the contribution rates of food sources to the diet 
are close to each other according to the Post (2002) and 
McCann & Jensen (2018) models, however, an increase of 
approximately 26% in pelagic mucilage is particularly 
striking. 

 
 

Table 1. Mean and standard deviation of δ13C and δ15N of consumer and possible source samples collected 
during the field study. The relative contributions (mean ± standard deviation) to E. verrucosa diet of 
various sources given two different TDS values, Post (2002) and McCann and Jensen (2018) 

 

Samples 
 δ13C, ‰ δ15N, ‰ Relative contribution to the diet 
N Mean SD Mean SD McCann and Jensen (2018) Post (2002) 

Benthic musilage 5 -17.43 0.68 0.25 3.41 9.2 ± 8.7 8.0 ± 7.3 
Pelagic musilage 5 -24.75 0.49 -5.82 3.77 11.5 ± 9.5 8.1 ± 7.4 
Chlorophyta 3 -15.29 0.45 2.74 2.85 9.0± 8.0 8.8 ± 8.0 
Rhodophyta 3 -15.96 0.87 7.57 3.07 14.3 ± 11.1 14.0 ± 10.7 
Annelida 3 -9.97 4.53 0.55 3.49 4.7 ± 4.8 4.7 ± 4.7 
Crustaceae 3 -19.23 1.0 4.7 0.4 15.1 ±12.2 17.1 ±13 
Echinodermata 3 -12.43 1.85 9.66 3.24 10.3 ± 9.1 11.2 ± 8.6 
Mollusca 3 -8.18 0.66 3.11 2.2 4.9 ± 4.8 5.5 ± 5.1 

E. verrucosa 3 -17.88 0.59 9.09 0.24 Consumer Consumer 

M. galloprovincialis 10 -20.72 0.11 5.03 0.21 21.0 ± 14.7 22.7 ± 14.5 
 
 
Among the macroinvertebrate samples that have the 
potential to use these mucilage samples taken from different 
layers as a food source, it was determined that E. verrucosa, 
M. galloprovincialis, and Crustaceae have a strong potential to 
use especially benthic mucilage (Figure 2, 3). It can be said 
that mucilage, particularly benthic mucilage takes part in 
both macrophyte and macroinvertebrate food web as a 
source. 

The two TDF values gave slight differences in MixSIAR 
models. In the model that TDF suggested by Post (2002) the 
percentage of pelagic mucilage was 47% higher than that in 
the other model in which TDF values were suggested by 
McCann & Jensen (2018) (Table 1). Comparing the predictive 
accuracy of these two MixSIAR models indicated that the 
model in which TDF was assumed from Post, (2002) was 
more robust than the other model (Table 2). 
 
 

 
 

Figure 2. Mean stable isotope ratios (δ15N and δ13C) of mucilage  
samples and the main prey categories of E. verrucosa. Solid points 
and error bars represent, respectively, the mean and standard 
deviation of isotope signatures of prey sources for E. verrucosa (in 
the ellipses). 

 
 

Figure 3. The two posterior density distributions of Bayesian stable 
isotope mixing models were formulated to estimate proportional 
contributions. The trophic discriminant factors (TDFs) were used 
according to Post (2002) and McCann and Jensen (2018) on the left 
and right sides, respectively (1: Annelida, 2: Mollusca, 3: Benthic 
mucilage, 4: Chlorophyta, 5: Crustacea, 6: Echinodermata, 7: M. 
galloprovincialis, 8: Pelagic mucilage, 9: Rhodophyta). 

 
 
Discussion 
 
It has been revealed that mucilage, or in other words, sea 
saliva is produced and secreted by various marine 
organisms, or it consists of polymeric substances and 
extracellular polysaccharides leaking from them (Yılmaz 
2021). For this reason, it is rich in dissolved and polymeric 
organic matter, has hydrogel properties, is dense, and has a 
high viscosity. Due to this gel-like and sticky form, it can 
contain many viruses, bacteria, or different species and sizes 
of marine organisms such as phytoplankton and even 
zooplankton (Del Negro et al. 2005, Giani et al. 2005, 
Flander-Putrle & Malej 2008, Öztürk et al. 2021). Studies on 
mucilage to date have mainly focused on finding answers to 
two basic questions: what does the content of mucilage 
consist of ( Del Negro et al. 2005, Giani et al. 2005, Luglie et 
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al. 2008, Faganeli et al. 2009, Kreitschitz & Garb 2018, 
Higdon et al. 2020) and what are the factors that trigger the 
formation of mucilage (Tüfekçi et al. 2008, Danovaro et al. 
2009, Balkıs et al. 2011, Taş et al. 2020, Toklu-Alıçlı et al. 
2020)? In addition, few studies were found on how the 
presence of mucilage affects zooplankton abundance (Okyar 
et al. 2015) and the demersal fish community (Altın et al. 
2015). 

In the studies on the mucilage event seen in the Marmara 
Sea in 2007-2008, it was emphasized that the surface layer 
waters exhibited very low nitrogen-phosphorus ratio (N:P) 
values compared to the Redfield ratio, and therefore 
nitrogen could be the limiting nutrient for the region 
(Tüfekçi et al. 2008, Balkıs et al. 2011). In the same period, 
when the phytoplankton density and diversity of the 

Marmara Sea were examined during and after the mucilage, 
it was determined that the dominance of some known 
mucilage-producing phytoplankton communities (Gonyaulax 
hyalina, Thalassiosira gravida) increased with the onset of the 
mucilage event, and there was a significant decrease in the 
species number and diversity index after the mucilage event 
ended (Taş et al. 2020). It was observed that the abundance 
of Synechococcus species, which is an important element of 
the microbial food web, was at the highest level during the 
same period when mucilage was intense. The correlation of 
this cyanobacteria with environmental parameters was also 
evaluated and it was stated that it was negatively correlated 
with salinity and nitrate but positively correlated with 
chlorophyll-a. (Toklu-Alıçlı et al. 2020). 

 
 

Table 2. The results of comparing the predictive accuracy of two MixSIAR models 
TDF(Post, 2002) and TDF(McCann and Jensen, 2018) 

 

Model LOOic Se_LOOic dLOOic se_dLOOic weight 
TDF (Post, 2002) 4.5 0.5 0.0 NA 0.875 

TDF (McCann and Jensen, 2018) 8.4 0.7 3.9 0.3 0.125 
 
 
Focusing on the content of mucilage from these studies, 
Giani et al. (2005) stated that the chemical composition of 
mucilage aggregates found in the North Adriatic Sea in the 
summer of 2000, 2001, and 2002 may vary depending on the 
organic matter structure during aggregation, environmental 
conditions in the region where it occurs, and transformations 
during aging. In another study conducted in the Adriatic in 
the same period, when pelagic and benthic mucilage 
structures were examined, it was observed that these biota-
rich environments were much denser than the surrounding 
seawater in terms of the abundance of planktonic organisms 
and nutrient concentration. It has been reported that 
mucilage aggregates partially deteriorate as a result of 
changes in organic matter composition over time, and high 
bacterial abundance and efficient recycling of nutrients in 
the aggregate are effective in this degradation (Del Negro et 
al. 2005). 

In November 2020, a mucilage case, which was also 
effective in the Çanakkale Strait due to the Sea of Marmara, 
was reported by Özalp (2021). The benthic organisms (Aslan 
et al. 2021) and the fish communities (Dalyan et al. 2021) 
affected by the presence of mucilage in the region were 
evaluated by some studies. In this study, it was aimed to see 
the place of the mucilage, which started to show its effect in 
the region, in the food web of benthic organisms as a source, 
and the stable isotope method was used to determine this. 
Thus, it has been revealed how mucilage, which shows its 
effect on both the surface and benthic, contributes to the diet 
of, especially, benthic groups. Similarly, the effect of 
mucilage formation on the isotopic composition of 
particulate organic matter in the Adriatic was also revealed 
by the stable isotope method (Faganeli et al. 2009), but no 
other study was found that evaluated mucilage formation 
with this method. 

The diet of E. verrucosa, a nonspecific predator of benthic 
macroinvertebrates, is known to consist of gastropods and 
bivalve mollusks (Pérez-Miguel et al. 2017). However, the 

degree of utilization of these food sources is determined by 
direct and indirect effects, because these effects can affect 
population dynamics, community composition (Wood et al. 
2007, Gribben et al. 2009), and nutrient cycling (Stief & 
Hölker 2006). For this reason, the main question of this study 
was how and how much the mucilage emerging in the 
region affected this cycle. In this context, the results of the 
analysis showed that E. verrucosa and even benthic Crustacea 
and Mediterranean mussel samples collected from the 
region as potential food sources have a high probability of 
using benthic mucilage. This means that in addition to the 
intense phytoplankton diversity, depending on the content 
of the mucilage that affects the region, most bacteria, and 
even viruses, join the food web. This situation raised the 
concern that mucilage might be effective in causing 
individual damage by entering the diet of benthic 
macroinvertebrates and macrophytes, as well as the known 
negative effects on species diversity. Although the mucilage 
form taken from both pelagic and benthic layers contributes 
to the diet of crab specimens at different rates, it can be 
explained by the fact that the specimens are in motion, it is 
important to conduct similar studies in groups that lead to a 
stable life. 

The results showed that mucilage incorporate into the 
food web as a source by benthic groups is also indirectly by 
vertebrate groups that feed on these living groups. The 
results show that mucilage consumed as a food source by 
benthic groups is also indirectly consumed by vertebrate 
groups that feed on these living groups. The situation faced 
from this point of view appears to be more alarming because 
marine vertebrates are also an important food source for 
humanity. It would be appropriate to conduct detailed 
studies showing how mucilage contributes to the nutrition 
of fish communities, which is frequently consumed by 
humans, in order to eliminate this uncertainty and create 
solutions. 
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