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ОЦЕНКА ВЛИЯНИЯ БИОТУРБАЦИОННОЙ АКТИВНОСТИ  
ПОЛИХЕТ MARENZELLERIA ARCTIA НА СОДЕРЖАНИЕ ВЕЩЕСТВ  

В ДОННЫХ ОТЛОЖЕНИЯХ ВОСТОЧНОЙ ЧАСТИ ФИНСКОГО ЗАЛИВА

Статья поступила в редакцию 07.03.2017, после доработки 11.05.2017.

Бентосные организмы способны оказывать значительное влияние на геохимические процессы в донных от-
ложениях за счет выкапывания нор и туннелей, которые затем разрушаются или засыпаются, поглощения и экс-
креции отложений, вспахивания поверхностных грунтов и т. д. В работе исследуется влияние биотурбационной 
активности видов-вселенцев полихет Marenzelleria arctia на содержание органического углерода, валовое содер-
жание железа и марганца в твердой фазе донных отложений в восточной части Финского залива. Содержание 
химических соединений в донных отложениях, а также численность и биомасса полихет были получены в ходе 
экспедиции РГГМУ в июле 2016 г. Применение методов статистического анализа позволило выявить закономер-
ности распределения химических веществ в условиях различной численности полихет. Было установлено, что на 
станциях с более высокой плотностью поселения полихет наблюдается более низкое содержание органического 
вещества, железа и марганца твердой фазы донных отложений. Напротив, на станциях с низкой численностью 
червей, содержание этих веществ выше. Можно заключить, что биотурбационная деятельность полихет способ-
ствует увеличению минерализации органического вещества и уменьшению его захоронения, а также, вероятно, 
способствует более интенсивному расходованию оксидов/гидроксидов Fe и Mn при окислении органического 
вещества.
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Benthic organisms can significantly influence the geochemical processes in the sediments by digging burrows and 
tunnels, which are then destroyed or backfilled, by absorption and excretion of sediments, plowing of surface soil etc. 
This work is dedicated to assessment of influence of invasive polychaetes Marenzelleria arctia activity on organic carbon 
content, total contents of iron and manganese in the solid phase of bottom sediments in the Eastern part of the Gulf of 
Finland. The content of chemical compounds in the sediments, abundance and biomass of polychaetes were obtained 
during the research cruise of RSHU in July 2016. Statistical analysis of field data allowed to reveal the peculiarities in 
distribution of chemicals depending on polychaetes population. Stations with higher polychaetes density were found to 
correspond to the lower content of organic matter, iron and manganese in the solid phase of sediments. In contrast, at 
stations with low Marenzelleria population the contents of these substances are higher. It can be concluded that bioturbation 
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activity of polychaetes increases organic matter mineralization and reduces its burial, and also, probably, contributes to a 
more intensive consumption of Fe and Mn oxides/hydroxides in organic matter oxidation.

Key words: benthic layer, bioturbation, Gulf of Finland.

Metabolism in the sediments and distribution of dissolved compounds in the pore water are controlled 
by balance processes of organic matter decomposition and transport [1, 2]. This balance can be disturbed, 
if sediments are inhabited by bioturbating organisms, whose activity leads to changes in physico-chemical 
characteristics of soils [3—6]. The process of bioturbation is a set of disturbances in sediments caused by 
activities of living organisms [7]. These processes include the digging of burrows and tunnels, which are then 
destroyed or backfilled, ingestion of soil and formation of faeces, ploughing up of bottom surface, construction 
of mounds and digging of craters. The process of bioturbation involves the mixing of both solid and liquid 
phase of the sediments, increasing the porosity of soils, oxygen penetration depth and, hence, the area of 
oxygen and sediments contact (area of the oxidized layer).

Bioturbation increases the speed of mineralization process due to mechanical splitting of detritus particles 
and oxidation of organic substances penetrating into the bottom sediments. In addition to mixing of sediments, 
the development of bacterial mineralization of organic substances is accelerated (fig. 1).

As a result of sediments mixing by benthic organisms, oxidized compounds move deeper into the ground 
and reduced substances diffuse upward. This process leads to the increase in the average depth of organic 
matter mineralization [8]. There exists a positive correlation between the rate of organic matter mineralization 
and density of macroorganisms population as shown by Karlson et al. and Van der Bund et al. [9, 10].

However, only physical mixing of sediments is not enough to increase mineralization; presence of oxygen 
in the bottom waters and its easy transport are of greater importance [11].

The study of organic matter mineralization in the bottom of the Gulf of Finland is an actual target in 
conditions of deteriorating state of the Gulf of Finland. Hypoxia (O2 < 2 ml L−1) and anoxic conditions (absence 
of O2) are often observed in the bottom of the Gulf in the summer period leading to animals’ death and formation 
of «dead zones». The mechanism of hypoxia in the Gulf of Finland is associated with two main factors: the 
physical processes that determine the establishment of vertical water stratification and biological supply of 
organic matter to the bottom. Owing to the stratification of water, the supply of oxygen to the bottom layers 
stops, and organic substances accumulated on the bottom «consume» the remains of O2, which leads to the 
formation of hydrogen sulphide. Currently, active sediment bioturbators in the Gulf of Finland are polychaetes 
Marenzelleria spp. [12, 13] (more likely Marenzelleria arctia (M. arctia)), that were recently found in the Baltic 
Sea. These polychaetes burrow into the ground deeper than native species of benthic invertebrates, exerting 
significant influence on biogeochemical processes at the bottom. Estimates of polychaetes effect on nitrogen 
and phosphorus fluxes have been carried out in many works [5, 9, 12—17], while the effect of M. arctia on the 
content of organic carbon, iron and manganese in sediments is poorly known [18].

In the marine environment iron and manganese in the solid phase of sediments occur predominantly in the 
form of oxides /hydroxides, which participate in anaerobic oxidation of organic matter. At the same time, their 
contribution to organic matter oxidation can be very significant, reaching 21—78 % in the bottom sediments of 
the Skagerrak Strait (the maximum contribution of manganese oxides is 5—14 % in this case) [19]. However,  

Fig. 1. Influence of bioturbation on organic matter recycling in sediments.
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the presence of bioturbators in bottom sediments significantly reduces (up to 0 %) contribution of manganese oxides 
[11] due to the greater availability of molecular O2. Manganese oxides can also be used to oxidize iron [11].

It is known that distribution of manganese in sediments depends not only on the intensity of bioturbation, 
but also on the benthic organic carbon (Corg) flux and oxygen concentration in the overlying water [4]. The 
formation of iron hydroxides occurs faster than manganese, and strongly depends on the pH value multiplying 
with its growth [20].

The results of field observations in the Eastern part of the Gulf of Finland indicate a slight variation 
in the iron and manganese content in the upper (0—3 cm) sediment layer during the period 2001—2009. 
Thus, according to the data of Fokin and Frumin [21], the average iron content varied within 3.25—3.76 %, 
and for manganese — 0.066—0.082 %. In this paper, the effect of M. arctia activity on mineralization of 
organic matter is investigated. In addition, the relationship between bioturbation of polychaetes and iron and 
manganese content in the solid phase of the sediments is revealed.

Materials and methods
Collection and processing of data. Scientific cruise in the Eastern Gulf of Finland was organized in July 

2016 by Russian State Hydrometeorological University. During the cruise 7 stations were studied. Sediment 
samples were taken by Borutsky grab and cut into layers 1—2.5 cm thick. The maximum thickness of the 
sampled ground was from 8 to 12.5 cm. In the solid phase of the sediments, organic matter content was 
determined as the loss in ignition. It was assumed that carbon is 50 % of organic matter mass. In addition, the 
total content of iron (ΣFe) and manganese (ΣMn) were determined by X-ray fluorescence on the EDX-800P 
spectrometer.

To determine the biomass and abundance of M. arctia, 3 sediment samples were taken from Van-Win grab 
at the studied stations (capture area of 0.025 m2). Sediments were washed through a sieve of 0.4 mm mesh 
size. The residue was fixed with 4 % formalin. Further processing was made in a laboratory.

Statistical analysis of observational data. Mean abundance of M. arctia at 7 stations is 1380 ind./m2 

with average absolute deviation (AAD) 634 ind./m2. To assess the effect of bioturbation on organic carbon 
content, and the total content of iron and manganese in the solid phase of sediments, the studied stations 
were divided into three groups: high (population > 2014 ind./m2, more than mean value + AAD), medium 
(range of abundances within the mean ± AAD) and low (< 746 ind./m2, density less than mean value — 
AAD) polychaetes population. Since the greatest impact of polychaetes is observed in the bioturbation zone, 
calculation of average values of compounds in each of the three selected groups was carried out to depths of 
3.5—5 cm, which corresponds to the two upper layers of the samples. The significance of differences in the 
samples was determined with respect to the group with a high M. arctia population using the Student's t-test 
at a significance level of α = 0.05 [22]. The regularities of joint distribution of Corg, ΣFe, and ΣMn content in 
the sediments at different stations regardless of polychaetes density were determined by the cluster analysis. 
The analysis was performed in STATISTICA 6.0 program using the Ward method, with Euclidean distance 
measure. The thickness of the described layer was also 3.5—5 cm.

Results and discussion. In the considered period, in the upper 0—3.5/5 cm layer of sediments, measured 
concentrations of organic carbon in the solid phase ranged from 2.14 to 6.75 % (mean 4.69 %), of iron 2.21—
2.87 % (2.56 %); manganese concentrations varied significantly — from 0.07 to 0.76 % (0.21 %). Oxygen 
conditions in the bottom layer, which has substantial effect on bioturbation process, were favorable: O2 content 
varied from 3.40 to 4.55 ml L−1 (there was no data for 2F station).

Results of measurements of polychaete abundance and biomass at the stations as well as allocation of 
station groups are shown on fig. 2 and in table 1.

Average contents of chemicals in the groups of low, medium and high M. arctia population are presented 
in table 2.

According to the results presented in table 2, in conditions of high M. arctia density, Corg content is on 
the average 2.4 times lower in comparison with the low population group. This is apparently due to both the 
direct consumption of organic substances by worms and deeper penetration of oxygen into the sediments 
due to the more intensive bioturbation and, consequently, more intensive oxidation of carbon. In addition, as 
abundance of polychaetes increases, content of iron and manganese decreases (for the content of manganese, the 
differences in the mean values are not statistically significant). Apparently, due to bioturbation, the contribution  
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Fig. 2. Abundance and biomass of polychaetes M. arctia in the Eastern Part of the Gulf of Finland in July 2016.

Table 1
Allocation of station groups by M. arctia abundance

Characteristic  
of abundance Station Depth, m Abundance, ind./m2 Biomass, g/m2

Low
8F 29 640 3.9
20F 46 540 8.44

Medium

2UGMS 36 820 8.16
17F 49 1340 40.88
2L 33 1340 38.4
4F 28 1580 8.72

High 2F 21 3400 36.16

Table 2
Mean values (±AAD) of Corg, ΣFe and ΣMn in the sediment solid phase  

in the groups of high, medium and low abundance of polychaetes M. arctia

Component / Characteristic 
of abundance

Low Medium High

Corg, % 5.56 ± 1.17* 4.89 ± 0.63* 2.17 ± 0.02
ΣFe, % 2.69 ± 0.11* 2.57 ± 0.17 2.27 ± 0.06
ΣMn, % 0.40 ± 0.26 0.14 ± 0.06 0.08 ± 0.01

Significant differences with respect to the group with high polychaetes population are marked by *.

of Fe and Mn oxides/hydroxides to organic matter oxidation on the bottom increases leading to decrease in 
their content.

Fig. 3 shows the dendrogram of stations classification for the content of sediment chemicals, while the 
characteristics of abundance and biomass of polychaetes were not considered as a parameter for clustering. 
The stations were divided into 4 clusters. The allocation of clusters on the dendrogram is to some extent 
subjective. Nevertheless, it is quite justified to allocate four clusters, as it is clear from table 3, that 2 clusters 
have extremely low (3rd) and high (1st) values of all three chemical characteristics. In this case, the maximum 
(3rd cluster) and minimum (1st) polychaetes density correspond to these groups. In clusters 2 and 4, the content 
of substances is average between the 1st and 3rd clusters, and polychaetes population also does not very much, 
but the biomass ratio is large (varies by a factor of 5) (table 3). Apparently, this could determine significance  



38

Волощук Е. В., Максимов А. А.

of differences in Corg content in these two groups, since larger individuals dig out larger holes, which can 
facilitate rapid delivery of O2 to the sediments.

The dendrogram also shows that the closest to each other are stations in the 4th cluster, but the characteristics 
of station 20F are the most different from those at other stations: mean organic carbon content here is the 
largest (6.73 %), as well as iron and manganese contents (table 3), so cluster 1 is combined with the rest of the 
group in the last turn. Significance of differences in contents of chemicals was estimated between clusters 2 
and 4, which correspond to the average density of polychaetes. Significant differences were obtained only in 
organic matter content.

The allocation of stations into clusters as a whole coincided with physiographic zonation of the Eastern 
Gulf of Finland [23]. For example, station 2F is located in the eastern shallow area, in the zone of the Shepelev 
accumulative region. The stations of the 4th cluster are under the influence of the Neva river flow and are 
located within the Shepelev and Seskara accumulative areas. Shepelev sedimentation basin stores the bulk of 
the Neva River's solid flow, which passes through the Neva Bay. Stations 2L, 17F (cluster 2) and station 20F 
(cluster 1) are located in the deep water area.

Partly the differences in substances content between various regions can be explained by the peculiarities 
of quantitative distribution of M. arctia, namely, the higher density of worms at the eastern stations due to 
dynamics of polychaetes invasion, spreading in the Gulf of Finland eastwards [24, 25]. As a rule, at the initial 
stages of invasion, there is a sharp increase in population of invasive species, and then there is some decrease 

Fig. 3. Dengrogram of stations classification.

Table 3
Average values of Corg, ΣFe and ΣMn content in the clusters; abundance and biomass of M. arctia

Cluster/characteristics 1 2 3 4
Corg, % 6.73 5.24* 2.17 4.30*
∑Fe, % 2.8 2.49 2.27 2.68
∑Mn, % 0.66 0.12 0.08 0.16

Polychaetes 
abundance, ind./m2

Low Medium High Medium
540 1340 3400 1013

Polychaetes biomass, 
g/m2 8.4 34.6 36.2 6.9

Significant differences in Corg, ΣFe and ΣMn contents between the 2nd and 4th clusters are marked by*.
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and stabilization of their density at a lower level. The higher population of worms in the eastern shallow area 
is due to the later penetration of M. arctia into the tip of the Gulf.

Definitely, the differences cannot be uniquely attributed solely to bioturbation of sediments by polychaetes. 
The content of chemicals in the sediments could be affected by the peculiarities of hydrological regime in 
different areas of the Gulf. In particular, because of the shallow water at stations of the eastern area, the 
resuspension of sediments by autumn storms, apparently, contributes to the decrease in the fraction of 
small-sized particles in sediments, causing a lower content of organic substances there. However, content 
of substances was also significantly different in the deepwater region, even at closely located stations with 
different polychaete abundances (stations 17F and 20F), which indicates a noticeable effect of worm activity.

The fragmentary information available in the literature on geochemistry of bottom sediments over the past 
years also indicates the changes that have occurred after the invasion of M. arctia. For instance, in 1950s and 
1980s the Corg content in silty sediments of the Shepelev and Seskara accumulative regions (clusters 3 and 4) 
was 5—6 % [26, 27]. At present such organic carbon concentrations were registered only at stations with low 
population of polychaetes.

***
The results of sampling at 7 stations in the Eastern part of the Gulf of Finland demonstrate that at stations 

with higher abundance of polychaetes M. arctia the lower organic carbon content of the solid phase of bottom 
sediments is observed. In contrast, at stations with low worm population, the content of Corg is higher. It was 
concluded that bioturbation activity of polychaetes increases the mineralization of organic matter and reduces 
its burial. Consumption of organic compounds by worms also contributes to its decrease.

In terms of higher polychaetes abundance lower content of ΣFe and ΣMn of the solid phase was observed, 
apparently, due to more intensive use of oxides/hydroxides of these substances in organic matter oxidation at 
the bottom. However, the differences in content of ΣFe and ΣMn in different groups in some cases were not 
statistically significant.

The more detailed study of polychaetes effect on the changes in bottom sediments requires the increase in 
number of sampling stations, that will also improve the accuracy of the results.

This work was funded by the project COCOA of BONUS program.
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