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ABSTRACT 

 

Earlier studies have shown that dense drifting algal mats influence the marine benthic fauna 

negatively. The purpose of this study was to evaluate the effects of drifting filamentous algae 

on the benthic fauna on soft bottom shallow bays. Sampling of the benthic fauna in areas with 

drifting algal mats and areas with bare sand was conducted in two shallow bays of northern 

Gotland, Baltic Sea. An additional experiment was carried out in situ including cages with 

and without algae, respectively. The opportunity to investigate a drifting algal mat from the 

start to the final stage of decomposition occurred. The abundance of the benthic fauna 

increased significantly more in cages without algae compared to the initial data and cages 

with algae. The number of taxa was also higher in cages without algae when compared to the 

initial data, cages with algae and under the algal mat. Oxygen levels declined in cages with 

algae and under the algal mat, but this was most pronounced under the algal mat. Under the 

drifting algal mat, only species with higher tolerance to reduced oxygen levels were recorded. 

This study shows that dense algal mats that become stagnant for a longer period of time 

influence the benthic fauna negatively because of reduced oxygen levels. 

 INTRODUCTION 

The Baltic Sea is to a large extent isolated from other seas. The only link between the Baltic 

Sea and Kattegat and Skagerrak is through the Danish Straits, i.e. the Sound and the Belts 

(Bernes 2005). The Danish Straits are narrow and shallow. This affects the saltwater inflow 

from the sea areas in the west to the Baltic Sea. Without saltwater inflows, which arise during 

favorable conditions with strong westerly winds driving the more or less saline water into the 

basin, the Baltic Sea would be fresh rather than brackish. The Baltic Sea flora and fauna 

consists of both limnic and marine species. The salinity in the surface water is approximately 

7 ‰ in the center of the Baltic proper around Gotland, which is too low for many marine 

species and too high for the limnic ones. As a consequence, the Baltic Sea is species poor. 

The benthic species richness declines from the open Skagerrak to the northern parts of the 

Baltic Sea (Bonsdorff 2006).  

Most of the epifauna is found on hard substrates like stones, rocks or hard compressed clay 

bottoms. This fauna also contains animals that can attach to algae. Most of the epifauna are 

suspensions feeders (Bernes 2005), filtering particles from the water column (Köie & 

Svedberg 2004). Unlike the epifauna, the infauna lives within the sediment. The infauna 

contains animals that can be found in sand and clay mixed bottoms. The infauna includes a 

great deal of deposit feeders, feeding on dead organic material in the sediment (Bernes 2005). 

However, the infauna also contains animals that are suspension feeders or predators (Köie & 

Svedberg 2004).  

There are less benthic species on shallow soft bottoms in comparison with soft bottoms at 

larger depths (Bernes 2005). The benthic fauna in soft shallow bays have a higher tolerance to 

stress since the habitat is subjected to waves, water fluctuations, ice and variations in surface 
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water salinity and temperature. Bottoms at depths larger than 15 m have a higher and more 

stable salinity. This could be the explanation for the higher number of species there. Soft 

bottoms in general do not have the same species richness as those on hard rocky bottoms 

(Moen & Svensen 2009). However, the abundance of the species on soft bottoms is usually 

higher.  

Fish, mollusks and crustaceans can be found on soft bottoms (Moen & Svensen 2009). Also 

annelids (Köie & Svedberg 2004) and echinoderms prefer marine soft bottoms (Svensson et 

al. 2014).  Some animals have a short life span and grow very fast, while others can be several 

years old. 

Disturbance by filamentous algae   

Eutrophication occurs when enhanced amounts of nutrients, e.g. phosphorus and nitrogen, 

reach the water column and increase the growth of algae and other vegetation (Bernes 2005). 

Elevated growth of algae and plants becomes a problem causing increased water turbidity, 

algal blooms, oxygen free bottoms and changes in the benthic fauna. Extensive algal growth 

sometimes leads to the creation of thick drifting algal mats, beneath which hypoxic and 

anoxic conditions appear (Widén & Widén 2008). Thick algal mats may also reduce the 

rooted vegetation on the bottom. 

The current levels of phosphorus and nitrogen in the Baltic Sea proper are higher today than 

in the 1970s (Ahlgren et al. 2014). The areas with anaerobic bottoms were three times larger 

in 2014 than in 2000. Much of the macrofaunal benthic species are missing in these areas. In 

the most northern parts of the Baltic Sea, in the open Bothnian Bay, the oxygen level has 

increased and the amount of phosphorus has declined. In the southern parts of the Gulf of 

Bothnia, the oxygen level has declined and the amount of phosphorus has increased. Inflow of 

water with high levels of phosphorus and low oxygen content from the Baltic proper seems to 

be the source (Ahlgren et al. 2014).  

The green alga Enteromorpha spp. is known to benefit from eutrophication and dominates in 

areas where nutrient levels are high (Widén & Widén 2008). It grows mainly on shallow hard 

bottoms. The most common green alga in the Baltic Sea is Cladophora glomerata (L) 

(Larsdotter 2013). It often grows attached to a substrate. However, the algae also have the 

ability to live as drifting algae.  

Eelgrass (Zostera marina) is a flowering plant that grows exclusively on soft shallow bottoms 

and forms large contextual meadows that are species rich and important as nursery grounds 

for juvenile fish (Baden et al. 2003). The abundance and species diversity of the zoobenthic 

infauna is significantly higher in eelgrass meadows than in adjacent bare sand areas in the 

Åland archipelago, northern Baltic Sea (Boström & Bonsdorff 1997). However, the 

populations of Z. marina have decreased worldwide, especially in shallow parts of the 

meadows (Baden et al. 2003). Eutrophication of coastal waters seems to be the main reason 

behind this decline, making the waters more turbid, which causes a decreased light 

availability. Enhanced growth of filamentous algae does not only affect the eelgrass, but has 

also been shown to have a negative effect on both strait-nosed pipefish (Nerophis ophidian) 
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and broad-nosed pipefish (Syngnathus typhle) (Sundin et al. 2011). Laboratory studies have 

shown that the juveniles and brooding adult males of both species prefer to visit areas with 

clean eelgrass rather than eelgrass covered by filamentous algae.  

When comparing benthic and algal fauna in the outer archipelago of Åland (N. Baltic proper) 

it was discovered that the benthic fauna was dominated by suspensions feeders, surface 

detrivores and burrowing detrivores (Norkko et al. 2000). The algal fauna, however, was 

dominated only by surface detrivores. The study also showed that the abundance of the 

invertebrate macrofauna found in drifting algal mats at times is higher than the fauna located 

in adjacent sediment. Total abundance of the algal fauna increased over time while average 

biomass decreased. Since the algal mats investigated became more fragmented over time 

(from July to October) it was concluded that the main factor influencing the changes in the 

algal faunal community was the cover of algae and algal condition, i.e. degree of fragmented 

algae in the algal mat. 

Österling & Pihl (2001) conducted a study in a shallow (1m) soft bottom bay on the Swedish 

West Coast, simulating patches with moderate and high disturbance of algae. Suspension 

feeders and surface detrivores were more abundant in sediment without disturbance by 

drifting algae. Moderate disturbance by drift algae did not cause any differences in the 

abundance of burrowing detrivores and predators. Total macrofaunal abundance was lower in 

sediment with a moderate disturbance of algae, in comparison to sediment without algae. 

With a high disturbance of algae, suspension feeders, surface detrivores and predators were 

significantly lower in abundance.  

Olafsson et al. (2013) investigated the fauna related to three different stages of C. glomerata, 

i.e. attached, drifting and decaying algae, in the Åland archipelago (N. Baltic proper). In total, 

a number of 50 taxa were connected to the algae. The number of taxa was on average higher 

in drift algae than in attached and decaying algae. This implies that patchy occurrence of drift 

algae at times increases the number of taxa.  

In a study conducted in the Archipelago Sea (N. Balthic proper) it was stated that macrofaunal 

species, mostly juveniles, temporarily utilize drifting algae as habitats with the highest 

colonization rates in July (Salovius et al. 2005). However, long distances from the shore as 

well as large depths were shown to restrict the colonization of drifting algae. In the drifting 

algae close to the bottom, mainly sediment species were found whilst the drifting algae in the 

water column were utilized by epibenthic crustaceans and pelagic juvenile mollusks. The 

number of species colonizing the algae at the bottom was higher than the number of species 

colonizing the algae in the water column. 

 

Storm activity, waves and fluctuations in the water level usually result in drifting algae 

(Gubelit & Berezina 2010). The algae then accumulate near the shore and start to decay. 

When the algal mat becomes dense and stagnant, hypoxia and anoxia under the mat has been 

recorded in several studies (e.g. Bonsdorff 1992, Jones & Pinn 2006, Franz & Friedman 

2002).  
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According to Bonsdorff (1992) increasing algal biomass on soft bottoms in shallow bays in 

the Åland archipelago (N. Baltic proper) results in declining species richness. Increasing algal 

biomass was shown to aggravate the settlement of the mussel Macoma balthica. Also the 

polychaetes Pygospio elegeans and Manayunkia aestuarina were negatively affected by algal 

growth. The amphipod Corophium volutator, however, benefited from algal growth and was 

noticed to increase in numbers.  

 

Jones & Pinn (2006) followed the development process of an algal mat, during six months 

(June to November) in an enclosed bay in southern England. The algal mat mostly consisted 

of Ulva lactuca and was at its most 90 mm thick. Infaunal species richness beneath the algal 

mat declined steadily throughout the entire investigation. However, infaunal abundance 

increased slightly in October but continued thereafter to decline as the algal mat became more 

dense. Distribution and occurrence of species varied over time, with mollusks being more 

abundant during June and July. The abundance of the mollusks was reduced during August 

and September, with some species, e.g. the blue mussel Mytilus edulis, being completely lost 

from the community. In October the amphipod Gammarus locusta and the annelid Capitella 

capitata was discovered in the invertebrate community. Many species disappeared from the 

benthic community between October and November. 

 

Franz & Friedman (2002) investigated the effects of an algal mat on meiobenthic copepods, in 

Jamaica Bay National Wildlife Refuge, New York. In sites where the alga U. lactuca had 

been removed a significant increase in copepod density and species richness was noticed. 

Copepod densities declined significantly in treatments were algae were added.  The highest 

migration rates of copepods from the sediment to the water column were discovered in sites 

with algae present. The migration of copepods correlated with hypoxic conditions.  

 

Hypoxic and anoxic conditions in the sediment beneath an algal mat have also been recorded 

in experimental laboratory studies (e.g. Arroyo et al. 2012, Norkko et al. 2000, Österling & 

Pihl 2001). Just like the studies conducted in the field, these experiments showed differences 

among species in the benthic fauna when it comes to tolerance to reduced oxygen levels 

beneath the algal mat. 

 

Arroyo et al. (2012) investigated the effects of drifting algal mats on meiofauna and 

macrofauna interactions. The experiment was conducted to simulate areas were algal mats 

become stagnant, developing hypoxic conditions (< 2 mg O2/l) in the center of the algal mat. 

Both in aquaria with only meiofauna and in aquaria with both meio- and macrofauna, a 

significant decline in meiofauna occurred. The loss of meiofauna occurred as a result of 

anoxia in the sediment as well as migration from the sediment into the algae and predation 

from the present macrofauna. The polychaete Marenzelleria spp., was shown to have the 

highest tolerance to reduced oxygen levels while the mortality of the polychaete Nereis 

diversicolor, and the Baltic mussel, M. balthica, increased after six days under the algal mat. 

Surviving mussels were found on the sediment surface, indicating an upward migration as a 

response to reduced oxygen levels.  
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Norkko et al. (2000) noticed that reduced oxygen levels in aquaria, caused by addition of 

algae, resulted in an infaunal migration from the sediment into the algae. The survival of 

larger mussels, M. balthica, with size 10 mm was high in comparison to juveniles with size 5 

mm. Both size classes had emerged to the sediment surface. However, only a few of the 

mussels had moved into the algae were the oxygen level was higher. The survival and 

mobility of the mud snails, Hydrobia spp., and the polychaete N. diversicolor were high. Most 

of them had migrated into the algae and the polychaetes were shown to move around quite 

freely. However, the survival of the amphipod Bathyporeia pilosa was recorded to be low, 

showing that not all species are able to move from the sediment and into the algae. 

 

Half covered or totally covered algal treatments in the laboratory, divided into aquaria with 

stagnant or running water, showed that the oxygen content decreased in all algal treatments, 

but this was especially pronounced in treatments with total algal cover and stagnant water 

(Österling & Pihl 2001). Differences in tolerance to reduced oxygen levels among the benthic 

fauna were recorded. Adult mussels of the species Cerastoderma edule were more affected by 

reduced oxygen levels in comparison to juvenile Cerastoderma spp., and the amphipod C. 

volutator. The survival of the benthic fauna in aquaria with a high algal biomass and running 

water was higher than the survival of the benthic fauna in aquaria with a high algal biomass 

and no water flow. 

This study includes sampling of the benthic marine fauna in two habitats; areas with drifting 

algal mats and areas with bare sand. In the study I had the opportunity to investigate a drifting 

algal mat from the start to the final stage of decomposition. Also an experiment was carried 

out, in situ. The study also contained a fish part, which was designed to find out if fish are 

attracted to areas with drifting algal mats.  

Aim  

The aim of this study was to compare the species richness and the abundance of the benthic 

fauna in areas with drifting algal mats and areas with bare sand. However, many studies have 

been done on the relationship between the benthic fauna and increasing amounts of 

filamentous algae, most of them including a large algal mat in situ, or laboratory 

investigations. Comparisons between areas with drifting algal mats and areas with bare sand 

have been investigated in several studies.  

The collection of sediment cores from one of the bays, Hideviken, cannot give a clear answer 

to which effects drifting algal mats have on the benthic fauna on a longer term since the algal 

mats here are highly exposed to waves. The sediment cores taken in Hideviken thus just tell 

us what the benthic fauna looks like during this period of time. They do not tell us what would 

happen to the species composition and diversity if the algal mats would persist for a longer 

period of time. To answer this question an experiment was designed. Therefore, in this study, 

the effects of drifting filamentous algae on the benthic fauna, was investigated through a 

controlled experiment in situ. The effects of drifting algal mats were also studied for a shorter 

period of time in comparison to most studies conducted within this area of investigation.  
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It was also of importance to find out more about the benthic community structure earlier in 

the season since many earlier studies have been carried out in July, when the benthic fauna is 

complete. Since the study was carried out quite early in the year, the development of the 

benthic fauna could be monitored in situ.  

The main question of my study was as follows: What is the consequence of drifting and 

accumulating algal mats for the benthic fauna, earlier in the season, in soft bottom shallow 

bays on northern Gotland? 

Hypotheses: 

1) The species richness and abundance in the benthic fauna are lower in areas with 

drifting algal mats than in areas with bare sand. 

2) There are differences in dominating taxa between the different habitats. 

3) Species richness and abundance decrease gradually over time in cages with drifting 

filaments of algae.  

4) Areas with drifting filamentous algae do not attract fish. 

 

MATERIALS AND METHODS 

Study area 

The survey was performed in two shallow bays on northern Gotland (Fig. 1- 5).  All samples 

were collected at a depth of < 0.5 m. The salinity in both bays was 6.5 ‰ S.  

The experiment, as well as the investigation of fish was carried out in Kappelshamnsviken, on 

northwestern Gotland (Fig. 2 and 4). The sediment in Kappelshamnsviken consists of muddy 

sand. The bay is sheltered for all but northerly winds and the rate of sedimentation is high. 

Due to its narrow passage the water level in the southernmost part of the bay fluctuates 

markedly. The water level is often low, which is most pervasive close to the shore (Fig. 4). On 

occasions with northerly winds the water level rises.  

 

Hideviken, on northeast Gotland (Fig. 3 and 5), is a highly exposed area. The sediment 

consists of sand and the rate of sedimentation is low.  
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Figure 1. Satellite photo showing both bays, Kappelshamnsviken and Hideviken, on northern Gotland. © 

Lantmäteriet Gävle (2012): Permission i2012/921. 

 

 
 

Figure 2. Satellite photo showing how narrow and sheltered the southernmost part of Kappelshamsnviken is. © 

Lantmäteriet Gävle (2012): Permission i2012/921. 
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Figure 3. Satellite photo showing that Hideviken is an exposed area. Note the different map scales in figure 3 

compared to figure 2. © Lantmäteriet Gävle (2012): Permission i2012/921. 
 

 
Figure 4. The southernmost part of Kappelshamnsviken on northern Gotland is a sheltered area with a narrow 

passage. The photo shows an occasion with a very low water level. Photo: J. Ljungberg. 

 

 

 
Figure 5. Hideviken on northern Gotland is an open, exposed and windy area. Photo: J. Ljungberg. 
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Sampling method  

In Hideviken on May 21, 2014, 15 sediment cores were collected. Six sediment cores were 

collected in areas with bare sand and six were collected in areas with drifting algal mats. In 

addition, three sediment cores were collected in a water body trapped between large 

sandbanks, with decomposed algae in its final stage. The water had been trapped between the 

sandbanks for ten days, i.e. from May 12 to May 21, probably as a result of an anticyclone 

that during this period of time passed through Gotland. The oxygen content in the water was 

measured in areas with drifting algal mats, bare sand and in the trapped water body.  

The sediment cores were collected with a plastic tube of 35 cm length and a diameter of 10 

cm. The tube was pressed down into the sediment, approximately 15 cm, and then slowly 

lifted from the bottom. The sediment was poured into pre-marked plastic jars and preserved in 

70 % ethanol. Later on, each sample was sieved through a 1 mm mesh. The animals were 

picked out and placed into Petri dishes, where they were determined to species or lowest 

identifiable taxon. Identification of lowest taxa (Appendix 1 and 2), was accomplished with 

literature (e.g. Gärdenfors et al. 2010, Muus et al. 1999, Olsen & Svedberg 1999, Köie & 

Svedberg 2004), under a dissecting microscope with 10.5 - 45 X magnification. 

Experiment 

The experiment was carried out in the southernmost part of Kappelshamnsviken. Twelve 

cages were randomly placed in an area without algae, i.e. on bare muddy sand (Fig. 6). A 

layer of filamentous algae was placed in six of these cages (see below). The remaining six 

cages did not contain any algae. The cages were left standing for three weeks. All cages were 

placed in Kappelshamnsviken on May 24, 2014. A few days after the experiment started, a 

period with strong northerly wind came across Gotland and some of the cages were destroyed. 

Therefore, three cages were replaced on May 30, 2014.   

The cages were made of a steel-wire net with mesh size 1 cm. The net made it possible for 

water to flow through the cage at the same time as it kept the algae from being flushed away. 

To each cage four wooden sticks were used. The sticks in the cage were placed with 0.5 m 

range from each other. Net and sticks were joined together with a staple gun. The sticks were 

hammered down into the sediment, about 20 cm. All cages were circularly shaped with a 

diameter of 60 cm. All cages were marked with a letter; A for cages with algae and S for 

cages with bare muddy sand.  
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Figure 6. The cages in Kappelshamnsviken at the beginning of the experiment. The cages have not yet been 

modified to withstand oncoming storms. Photo: J. Ljungberg.  

 

Algae were collected and placed into six of the cages. The algae in each cage weighted 

approximately 3 kg and created a 6 cm thick layer. Oxygen and temperature was measured in 

the beginning of the experiment and then twice a week for three weeks until the end of the 

experiment. Observations of the weather was made. 

After 19 days the algae had decomposed in the cages, and started to dissolve into smaller 

pieces. Since all the cages should be standing for three weeks, i.e. 21 days, to simulate a 

drifting algal mat remaining for a longer period of time, the cages were refilled with the same 

amount of algae as when the experiment started, i.e. a layer of 6 cm. 

 

In Kappelshamnsviken, on May 24, 2014, i.e. the same day as the experiment started, six 

sediment cores, i.e. initial data, were taken randomly on the bottom with bare muddy sand in 

the whole study area. These sediment cores were sampled to represent the benthic community 

structure in the beginning of the experiment. This represented the initial data to the entire 

investigation compiled in Kappelshamnsviken. All sediment cores were treated in the same 

way as the sediment cores from Hideviken.  

The cages were modified after the period with strong wind, mentioned above. Some of the 

cages did not last through the storm and the ones that did were damaged. To make the cages 

stronger and more stable, iron sticks with a length of 2.5 m were placed among the wooden 

sticks. The iron sticks could be hammered further down into the sediment. The sticks were 

attached to the net with plastic strips. The storm also had changed the structure of the 

sediment. On the bottom openings between the sediment and the net were discovered. 

Because of the openings on the bottom, bricks were placed around the cages to prevent algae 

from floating out. The water could, however, still circulate though the net. 

On June 16, 2014, i.e. three weeks after the start of the experiment, final data were collected. 

One sediment core was taken in the middle of each cage and prepared in the same way as the 

initial sediment cores. Measurements of oxygen and temperature were made in the cages. The 

samples were analyzed in a laboratory.  
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Algal mat 

Because of the period with strong wind mentioned above, algae from the surrounding area 

drifted into the bay on May 27, 2014. A large algal mat was created in the innermost part of 

Kappelshamnsviken and this opportunity was used to study the decomposition process in the 

field. Observations were made on: 1) the composition of algae in the algal mat, 2) a rough 

evaluation of the volume of the mat, 3) the area where the algal mat was placed, 4) movement 

of fish and other animals, 5) the degree of decaying, 6) measurements of the oxygen content 

in the bottom water beneath the mat and finally, 7) the weather. 

Measurements of oxygen in the bottom water beneath the mat were made on May, 27, June 13 

and June 16, 2014. 

On June 16, 2014, i.e. three weeks after its formation, final data on the algal mat were 

collected. Six sediment cores were taken and prepared in the same way as the other sediment 

cores. The samples were analyzed in a laboratory.  

Capture of fish  

It was of interest to find out if fish would approach the algal cages. In order to find out if areas 

with algae attract them, the cages with algae and with bare muddy sand were used as sampling 

areas. The capturing of fish was performed in Kappelshamnsviken on June 6, June 11 and 

June 18, 2014. A push-net with mesh size 5 mm was used. Six hauls around the cages with 

algae and six hauls around the cages with bare muddy sand were made. The fish were counted 

and determined to species in the field.  The fish was placed in a bucket during the trawling 

and released after all of the hauls were made. 

The action around and within the cages was also observed in situ, during the same time as 

when data on temperature and oxygen was measured, i.e. twice a week. If a fish visited a 

cage, either on the outside or inside a cage, the cage number and the habitat in the cage was 

noted and the amount of fishes counted.  

It was possible for the fish to visit the cages since the structure of the sediment changed under 

the stormy period. Even though bricks were placed around the cages fish seemed to find a 

way in. Thus they could feed on the fauna in the cage which could be considered as a source 

of error in this survey, but as the aim was to keep the experiment as close to reality as 

possible, fish visiting the cages was no problem. 

Analyses of data 

The mean ± (SE), i.e. standard error of the total abundance and species richness in both study 

areas was calculated. Mean numbers of individuals per m
2
 ± SE was calculated in the 

Appendix 1 and 2.  

In the experiment, Mann-Whitney, U-test (Fowler et al. 1998) was used to analyze the data, 

i.e. the abundance, species richness and dominating taxa in different habitats in areas with 

algae and areas with bare sand.   
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Temperature and oxygen levels in the cages were displayed in graphs with values from mean 

± SE. The drop in oxygen level was tested with a Mann-Whitney, U-test (Fowler et al. 1998). 

The number of fish visits in cages with algae and cages without algae were compared with a 

Mann-Whitney, U-test (Fowler et al. 1998).  

RESULTS 

Kappelshamsnviken 

In Kappelshamnsviken, 15 species or higher taxa were found in the samples. These were; 

Nemertine Prostomatella obscura, the annelids Oligochaeta and two species of Polychaeta 

(Nereis diversicolor and Pygospio elegans), the gastropods Hydrobia spp., and Lymnea 

peregra, the balthic mussel, M. balthica, the amphipods Monoporeia affinis and Gammarus 

spp., Tanaidacea, the isopods Idothea viridis and Idothea balthica, the larvae of the dipteran 

families Chironomidae (nonbiting midges), and Ceratopogonidae (biting midges), and the 

sand goby Pomatoschistus minutus, (Appendix 1).  

Among the 15 taxa recorded in Kappelshamnsviken, P. obscura, P. elegans, L. peregra, 

Tanaidacea, I. viridis, I. balthica, Chironomidae, Ceratopogonidae and P. minutus were found 

only in Kappelshamsnviken. The remaining seven taxa were common in both 

Kappelshamnsviken and Hideviken (Appendix 1 and 2).  

Total number of taxa and individuals 

The mean total abundance of benthic fauna in Kappelshamnsviken was at the start of the 

experiment on May 24, 2014, 1422 ± 287 individuals per m
2
 with 4.0 ± 0.7 taxa/sample. At 

the end of the experiment, cages without algae showed a mean total abundance of 4819 ± 

1458 individuals per m
2
 and species richness of 7.1 ± 0.6 taxa/sample. Cages with algae 

showed a mean total abundance of 2972 ± 291 individuals per m
2
 and species richness of 5.1 

± 0.4 taxa/sample (Fig. 7 and Fig. 8).    

The number of taxa increased significantly in cages without algae in comparison to the initial 

data (Fig. 7) (Mann-Whitney U-test; U = 3.5, p < 0.05). The total abundance increased 

significantly in comparison to the initial data, both in cages without algae (U = 0, p < 0.05) 

and in cages with algae (U = 2.5, p < 0.05) (Fig. 8) but no statistically significant differences 

in the number of taxa between cages with algae and the initial data were discovered ( U = 

10.5, p > 0.05) (Fig. 7). A significantly higher number of Oligochaeta (2738.8 ± 471.7) (U = 

0, p < 0.05), Chironomids (1125.2 ± 201.1) (U = 2.5, p < 0.05) and I. viridis (106.1 ± 21.2) (U 

= 3, p < 0.05) than in the initial data was recorded in cages without algae (Appendix 1). There 

was no significant difference in the abundance of specific taxa between cages with algae and 

the initial data (Appendix 1).  

At the end of the experiment the number of taxa was significantly higher in cages without 

algae than in cages with algae (Fig. 7) (Mann-Whitney U-test; U = 3, p < 0.05). Also the total 
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abundance of the benthic fauna was significantly higher in cages without algae in comparison 

with cages with algae (Fig. 8) (U = 0, p < 0.05). Cages without algae obtained a significantly 

higher abundance of Oligochaeta (2738.8 ± 471.7) (U = 3, p < 0.05) and Chironomids (1125.2 

± 201.1) (U = 0, p < 0.05) in comparison to cages with algae (Appendix 1).   

There were no significant differences among the remaining taxa in any of the habitats. 

 

Figure 7. Number of taxa (mean ± SE) in Kappelshamnsviken.  

 

Figure 8. Total abundance of benthic fauna in Kappelshamnsviken (mean ± SE).  
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In all areas investigated, i.e. initial data, in cages with algae and cages without algae, 

observations indicated that Oligochaeta dominated the abundance (Appendix 1). Most 

oligochaete worms were found in cages without algae (2738.8 ± 471.7). The smallest number 

of Oligochaeta were located in the initial data (467.0 ± 156.5). The sand goby, Pomatostichtus 

minutus, was found only in habitats with bare sand, i.e. the initial data and cages without 

algae (21.2 ± 21.2). The mud snails, Hydrobia spp. dominated as second taxa next after 

Oligochaeta in cages with algae (743.0 ± 216.7) and the polychaete Nereis diversicolor was 

the third most abundant taxa in this habitat (573.2 ± 149.8). The second and third taxa 

dominating in cages without algae and in the initial data was the polychaete N. diversicolor 

and the larvae of Chironomidae. Most of the polychaetes were recorded in cages without 

algae (1167.7 ± 455). The smallest number of N. diversicolor was found in the initial data 

(21.3 ± 125.9), indicating an increase of polychaetes since the experiment started (Appendix 

1).  

The abundance of adult N. diversicolor, however, was significantly higher in cages with algae 

in comparison to cages without algae (Mann-Whitney U-test; U = 4.5, p < 0.05) (Fig. 9). This 

result displays a specific habitat preference among the adult N. diversicolor. The Mann-

Whitney U-test did not show any difference of significance in the abundance of newly settled 

larvae between any of the habitats investigated (Fig. 10). However, when looking at the 

graphs (Fig. 9 and 10) adult N. diversicolor were more abundant in cages with algae while 

newly settled larvae of N. diversicolor showed a tendency to be more abundant in cages 

without algae. No larvae were found in the samples collected on May, 24, i.e. in the initial 

data. On June 13 and June 19, larvae were discovered both inside and outside the cages, and 

were located also under the drifting algal mat. This implies that settling of larvae occurred 

during the three weeks of the experiment and seemed to have been most successful in cages 

without algae. 

Most chironomids were discovered in cages without algae (1125.2 ± 201.1) and the smallest 

number was found in cages with algae (42.4 ± 26.8), indicating a habitat preference towards 

bare muddy sand (Appendix 1).  
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Figure 9. The abundance of adult N. diversicolor in different types of habitat (mean ± SE). 

 

Figure10. The abundance of newly settled N. diversicolor in different types of habitat (mean ± SE). 
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In all cages the water temperature (Fig. 11) decreased dramatically after a few days in the 

beginning of the experiment, probably as an effect of infusion of cold water from the sea 

during the storm. After that, the temperature slowly increased over time. In general the 

weather was quite sunny and sometimes a bit windy. The oxygen level (Fig. 12) remained 

stable during the entire experimental period in cages without algae, whereas a significant 

decline in oxygen was observed in cages with algae after 17 days (Mann-Whitney U-test; U = 

1, p < 0.05).  

 

Figure 11.  Water temperature (°C) in cages without algae and cages with algae.  

 

 

Figure 12. Oxygen (mg/l) in cages without algae and cages with algae.  
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The algal mat 

The storm created an algal mat that followed the coast line for approximately 200 m and 

stretched from the littoral zone out in the bay for approximately 30 m. The thickness of the 

mat was about 2-3 dm. In the algal mat, the filamentous green alga Cladophora glomerata, 

bladder wrack, Fucus vesiculosus, sea lace, Chorda filum, eelgrass, Zostera marina, and red 

algae, Rhodophyta, were found. 

At the beginning, the algal mat in Kappelshamnsviken was quite thick and remained stagnant 

for a longer period of time (Fig. 13). The algal mat became more fragmented over time. On 

June 9, 2014, i.e. 14 days after the drifting algal mat came to existence, the first signs of sandy 

corridors within the mat were observed. However, the corridors were small and few. The 

color of the mat was mostly brown. For more than one week, June 1 to June 9, the weather 

had been sunny but windy. 

On June 11, 2014, i.e. 16 days after the formation of the mat, the algae had decomposed quite 

a lot. Larger corridors of sand, approximately 1-2 m, had emerged, dividing the former mat 

into larger pieces. A lot of the algae had subsided to the bottom. The color of the algae was 

fully brown. In the edges of the algal mat, the algae were quite dissolved. A pink color had 

emerged on algae closer to the littoral, most likely as a result of bacterial activity in the 

sediment.  

On June 13, 2014, i.e. 18 days after the algal mat appeared in the bay, the mass of algae had 

declined quite perceptibly and larger areas of pink color had emerged. The majority of the 

algae had subsided to the bottom. In some areas, algae were still floating (Fig. 14 - 15).  

On June 16, 2014, i.e. 21 days after the algal mat was created, the pink color had disappeared 

completely. The algal mat was almost gone and a lot of dead blue mussels, M. edulis, were 

found on the bottom. The algae left were grayish and divided into small patches. For a while 

the weather had been quite windy and cold. 

On June 18, 2014, i.e. 23 days after the algal mat appeared for the first time, the mat was 

almost completely dissolved.  

Under the drifting algal mat the oxygen content in the bottom water was 10.85 mg/l when the 

mat first came to existence on May 27 and the water temperature was then 10.8 ºC. On June 

13 the oxygen level under the algal mat had declined to 0.08 mg/l. After the storm had passed, 

the temperature increased.  On June 13 and June 18 it was 20.2 ºC. On June 18, at the end, 

when the algal mat had dissolved into small pieces and the bottom was visible, the amount of 

oxygen had increased again to 9.41 mg/l (Fig. 13). 
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Figure 13. Oxygen, measured in mg/l, in the bottom water under the center of the drifting algal mat in 

Kappelshamnsviken. 

Three-spined sticklebacks (Gasterosteus aculeatus) were spotted on several occasions in and 

around the algal mat. They seemed to be most active during sunny weather. Also amphipods 

and polychaetes were observed in the algal mat.  

 

Figure 14. To the left: a fresh algal mat from Kappelshamnsviken, June, 16, 2014. This is not the same algal mat 

that was formed in Kappelshamnsviken on May 27, 2014, although they look quite similar. To the right: 

Kappelshamnsviken, June 13, 2014. Corridors of sand, dividing the algal mat into pieces. Most of the algae had 

subsided to the bottom. Photos: J. Ljungberg. 

 

Figure 15. To the left: Kappelshamnsviken, June 13, 2014. Some of the algae were still floating. To the right: 

Kappelshamnsviken, June 13, 2014, a pink color had emerged in parts of the algal mat in the littoral zone. 

Photos: J. Ljungberg.   
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On June 18, 2014, the mean total abundance of the benthic fauna under the drifting algal mat 

was 6348 ± 973 individuals per m
2
 and species richness 3.1 ± 0.3 taxa/sample (Fig. 7 and Fig. 

8).   

A Mann-Whitney U-test did not show any significant difference in the number of species and 

total abundance between the initial data and under the algal mat. However, under the algal 

mat, a significant increase of N. diversicolor (976.6 ± 321.7) and Oligochaeta (3312.1 ± 

964.5) was recorded in comparison with the initial data (Mann-Whitney, U-test; U = 2.5, p < 

0.05).  

A significant increase in the number of species in cages without algae was discovered, when 

compared to the number of species under the algal mat (Mann-Whitney U-test; U = 0, p < 

0.05). However, there was no significant difference when it comes to total abundance between 

both habitats.  

In all habitats investigated, i.e. initial data, cages with algae, cages without algae and under 

the algal mat, Oligochaeta dominated the abundance and most worms were found under the 

algal mat (3312.1 ± 964.5). The second dominating taxa under the algal mat was N. 

diversicolor (976.6 ± 43.5) (Appendix 1). 

Capture of fish 

Three-spined sticklebacks, Gastrosteus aculeatus, were spotted around the cages and 

sometimes even inside the cages. There was, however, no significant difference of visits 

between cages with algae and without algae (Mann-Whitney U-test; U = 5, p > 0.05). 

When trawling for fishes, three-spined sticklebacks were captured in areas with algae. Sand 

gobys, P. minutus, were captured in areas with bare sand. There were, however, no significant 

difference between fish captured in habitats with algae and habitats with bare sand (Mann-

Whitney U-test; U = 5, p > 0.05). 

Hideviken 

In Hideviken 12 species or higher taxa were found. The species found in the area were; the 

annelids Oligochaeta and the polychaete N. diversicolor, the gastropods Theodoxus fluviatilis 

and Hydrobia spp., the mussels Macoma balthica, Mytilus edulis and Cardium spp., 

Halacaridae (Arachnida), the amphipods M. affinis and Gammarus spp., trichopteran larvae 

(Insecta), and the fish nine spined stickle-back, Pungitius pungitius (Appendix 2).  

Among the twelve species recorded in Hideviken, six were recorded only there; T. fluviatilis, 

M. edulis, Cardium spp., trichopteran larvae, Halacaridae and P. pungitius. However, M. 

edulis were observed in the field under the algal mat and on the bricks placed around the 

cages in Kappelshamnsviken.  
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Total number of taxa and individuals 

There was no significant difference between the habitats in the number of taxa between 

habitats with drifting algal mats and habitats with bare sand, nor in the total abundance (Fig. 

16). However, there was a significantly higher abundance of Oligochaeta (976. 6 ± 264.4) in 

habitats with drifting algae in comparison to habitats with bare sand (Mann-Whitney U-test; U 

= 3, p < 0.05) (Appendix 2). There were no significant differences among the remaining taxa 

in any of the habitats.  

The mean total abundance under the drifting algal mats in Hideviken was 7346 ± 1422  

individuals per m
2
, with 5.0 ± 0.4 taxa per sample. Areas with bare sand showed an 

abundance of 13885 ± 8095 m
2
 and species richness of 3.3 ± 0.8. Under the trapped algal 

mass the abundance was 6921 ± 2152 individuals per m
2
, with 3.6 ± 0.8 taxa per sample (Fig 

17).  

 

Figure 16. Total number of taxa (mean ± SE) in the three areas investigated in Hideviken. 

 

Figure 17. Total abundance of benthic fauna in the three areas investigated in Hideviken (mean ± SE)
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In all habitats mud snails, Hydrobia spp., highly dominated the abundance (Appendix 2). The 

majority of the mud snails were located in habitats with bare sand (12590.2 ± 7522.9) while 

the lowest number of mud snails was found under the trapped algae (4670.9 ± 2648.0). 

Oligochaeta constituted the majority of the individuals found under the drifting algae (976.6 ± 

264.4) as well as under the trapped algae (636.9 ± 337.0) next after Hydrobia spp. Most of the 

worms were located under the drifting algae and the smallest number of Oligochaeta was 

found in areas with bare sand (148.6 ± 100.9). In areas with bare sand, the blue mussel M. 

edulis dominated as second taxon (318.4 ± 202.0) and Cardium spp., as third taxon (297.2 ± 

166.6) (Appendix 2). 

The oxygen content in the bottom water in habitats with drifting algal mats and bare sand 

was,10.0 mg/l and in the water body with almost completely dissolved algae 9.8 mg/l. 

DISCUSSION 

The benthic fauna 

The sampling area in Kappelshamnsviken and Hideviken differ from each other in the degree 

of exposure to wind and waves, with Hideviken being more open, and Kappelshamnsviken 

being more sheltered and narrow. The sediment in Hideviken consists of plain sand and the 

degree of sedimentation there is low. The sediment in the southernmost part of 

Kappelshamnsviken is partly muddy and the degree of sedimentation is rather high. 

Hideviken is more influenced by freshwater infusion from terrestrial areas. 

Kappelshamnsviken is not influenced by infusion of freshwater but strong northerly winds at 

times transports water from the sea into the bay. The differences between the bays could be 

the explanation to some of the differences found in the present fauna.  

For example, chironomid larvae in general prefer fully or partly muddy bottoms with high 

organic content (e.g. Olsen & Svedberg 1999, Armitage et al. 1995). This is probably the 

reason why they were not found in Hideviken. The larvae of Chironomidae also have the 

ability to exist in hypoxic habitats (e.g. Olsen & Svedberg 1999, Armitage et al. 1995). This 

could explain why they were found beneath the algal mat, where they had plenty of food.  

According to Olsen & Svedberg (1999), trichopteran larvae are usually found in freshwater. 

This taxon was found only in Hideviken, which was the only bay influenced by a larger 

outflow of freshwater. However, the salinity in Hideviken was the same (6.5 ‰ S) as in 

Kappelshamnsviken which means that the degree of exposure to wind and waves from the 

outer sea probably is larger than the outflow of freshwater, meaning that the freshwater does 

not affect the salinity of the bay. However, it is possible that the freshwater outflow makes it 

possible for freshwater animals with the ability to also survive in brackish water to migrate to 

other habitats. This might be the explanation why the trichopteran larvae was located in 

Hideviken. Urbanic et al. 2005 noticed that most caddisfly species preferred habitat with 

coarse substrate on the bottom. It is therefore possible that the sediment in 
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Kappelshamnsviken was too muddy and made it difficult for the trichopteran larvae to build a 

house there, i.e. depending on which particular species of caddisfly it was.  

The biology of the crustaceans in the order Tanaidacea is poorly known (Drumm et al. 2013), 

mainly because of difficulties in identification of the species (Larsen 2002). Most of the 

tanaidaceans are very small, only a few millimeters, but some can reach larger sizes, with 

several centimeters in length (Larsen 2002). Tanaidaceaus are known to occur in high 

densities (Larsen 2002) and can be found on soft shallow bottoms as well as at larger depths 

(Gärdenfors et al. 2010). In Kappelshamnsviken the tanaidaceans were found both in cages 

without algae and in cages with algae and under the algal mat, indicating that tanaidaceans 

have a higher tolerance to reduced oxygen levels.  

The isopod crustaceans Idothea viridis and Idothea balthica are mainly feeding on algae 

(Moen & Svensen 2009). I. balthica is known to live in the algal belt (Köie & Svedberg 

2004). Both isopod species were found only in association with drifting algae in 

Kappelshamnsviken. One explanation for that could be that the algae in Hideviken seemed to 

dissolve rather quickly. The exposure of the bay corresponding to a higher degree of 

fragmented algal mats might not have been a suitable habitat for these isopods. 

In the study area in Kappelshamnsviken, blue mussels (Mytilus edulis) were observed in the 

field. Quite a lot of them had attached themselves to the cages and the bricks. Blue mussels 

are living on hard rocky bottoms (Bernes 2005). Therefore they should not have been 

recorded in Kappelshamnsviken and Hideviken. However, the weather had been quite windy 

and stormy. It is possible that the blue mussels discovered were flushed into the bays as a 

result of the storm on May, 27. After three weeks, when most of the algal mat in 

Kappelshamnsviken had dissolved, dead blue mussels were located on the bottom. The blue 

mussels were small, with a shell length of < 10 mm. According to Newell (1989), juvenile 

blue musses attach to a substrate and grow to approximately 1- 1.5 mm shell length. After 

reaching this length the mussel detaches from the substrate. The mussel is then passively 

carried away by currents in the bottom water to new suitable places to settle on. It is possible 

that the blue mussels found in Kappelshamnsviken were juveniles that had not yet anchored to 

a substrate. 

However, some questions emerged during the study. According to Köie & Svedberg (2004) 

the mud snails, Hydrobia spp., are very common on soft shallow bottoms, especially in 

sheltered bays, and often found in high numbers. Still they were found in higher numbers in 

Hideviken in comparison to Kappelshamnsviken. In fact, the mud snails dominated the 

present fauna during this period of time in Hideviken, but were found only in very small 

amounts in Kappelshamnsviken.  

The main dominating taxa in Kappelshamnsviken were Oligochaeta and the polychaete Nereis 

diversicolor. Aquatic oligochaetes are small worms, usually only a few millimeters (Köie & 

Svedberg 2004). Most of the worms live buried in the sand or hidden in algae. The worms are 

both limnic and marine, although most of the marine species maintain in brackish water. 
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Many of the oligochaetes have the ability to survive in habitats with lower oxygen levels 

(SWCSMH 2013).  

The polychaete N. diversicolor lives in fully or partly muddy bottoms (Köie & Svedberg 

2004). It is known to have a high tolerance to lower oxygen levels and has the ability to 

survive for shorter periods in oxygen free sediment (Moen & Svensen 2009). Studies have 

shown that N. diversicolor may partly reduce full-grown algal mats through grazing, although 

it is primarily a predator (Engelsen & Pihl 2008) thus corroborating my results. The 

polychaete N. diversicolor was found in high numbers in Kappelshamnsviken but the 

abundance in Hideviken was very low. In the study, both Oligochaeta and N. diversicolor 

were discovered under the algal mat. 

Another polychaete species found under the algal mat was Pygospio elegans. According to 

Kube & Powilleit (1997) this spionid species has the ability to survive moderate hypoxic 

conditions in the sediment. The polychaete is very common in sheltered shallow areas (Köie 

& Svedberg 2004) and was found only in Kappelshamnsviken. 

Experiments  

The total abundance both in cages without algae and in cages with algae was significantly 

higher in comparison to the initial data and also the abundance under the drifting algal mat 

was much higher (Fig. 8). Thus the results display an overall increase in benthic faunal 

abundance since the start of the study. The number of taxa increased significantly since the 

start, but only in the cages without algae. These results clearly show that the number of 

species as well as the total abundance increased significantly in the whole area from May to 

June.  

According to Ankar (1979), the benthic community builds up during spring, whereas the 

growth of benthic faunal populations stop during autumn. At that period of time most of the 

fauna hide down in the sediment, waiting for higher temperature to return. When spring 

comes, growth and reproduction start again. This fact is in accordance with my results. The 

faunal abundance in this study increased successively over time as well as the temperature.   

No larvae of N. diversicolor were found in the samples collected in the beginning of the 

experiment, i.e. in the initial data. At the end of the experiment, larvae of N. diversicolor were 

discovered both inside and outside the cages. This means that settling of larvae occurred 

during the three weeks experiment, increasing the abundance in the sediment. 

Most polychaetes start their development as pelagic larvae, called trochophora larvae (Moen 

& Svensen 2009). The abundance of adult N. diversicolor was significantly higher in cages 

with algae in comparison to cages without algae, whereas the Mann-Whitney U-test did not 

show any difference in the abundance of newly settled larvae between any of the habitats 

investigated. However, newly settled larvae seemed to prefer habitats without algae (Fig. 10), 

which is the opposite of the adults. It is possible that the presence of algae makes it harder for 

the pelagic larvae to settle on the sediment surface. The polychaete N. diversicolor is known 
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to feed on algal mats (Engelsen & Pihl 2008). This is most likely the explanation for the 

higher abundance of adult N. diversicolor in cages with algae. 

The result from the experimental cages showed that the number of taxa as well as the total 

abundance was significantly higher in cages without algae in comparison to cages with algae. 

Reduced oxygen levels were at times recorded in the algal cages. It can be concluded that the 

number of taxa and total abundance was negatively influenced by present algae, presumably 

because of the reduced oxygen content in the water beneath the algae.  

The cages both with and without algae as well as the algal mat were visited by fish. It is 

therefore concluded that the loss of benthic fauna may not only correspond to death or 

migration but also to predation, but that this effect presumably was the same in all habitats. 

However, it is possible that the predation pressure differed among the treatments, meaning 

that prey in cages with algae was more sheltered and thus partly explaining the differences 

found between cages with or without algae.  

Dense algal mats have been recorded to have a negative effect on the benthic fauna (Jones & 

Pinn 2006). Species richness and abundance have been shown to decline with increasing algal 

biomass (Bonsdorff 1992, Jones & Pinn 2006). However, there are differences among the 

benthic taxa when it comes to the tolerance to algal growth (Bonsdorff 1992) and lower 

oxygen levels (Arroyo et al. 2012).  

There was no significant difference in dominating taxa in habitats with and without algae. 

Oligochaeta dominated all habitats investigated in Kappelshamnsviken, but most of them 

were located under the algal mat. Oligochaetes are known to have a higher tolerance to lower 

oxygen levels (SWCSMH 2013) and feed on organic material on the bottom (Köie & 

Svedberg 2004) which there is a lot of beneath an algal mat. According to Salovius et.al 

(2005) the results from their study showed that oligochaetes were quite common in algal 

habitats close to the shore. Berezina & Golubkov (2008) discovered that oligochaetes and 

chironomids were two of the dominating taxa in the littoral community under an algal mat 

consisting of Cladophora glomerata in the Northern coast of Neva Estuary, Russia.  In 

Kappelshamnsviken, chironomid larvae were found in cages without algae, cages with algae 

and under the algal mat.  

The algal mat 

It has been stated that drifting algae accumulated in sheltered bays are mainly of local origin 

while most of the algae found in exposed bays have been drifting from surrounding areas 

(Berglund et al. 2002). Drifting algae, Cladophora glomerata, have been shown to 

decompose faster in shallow areas (8 m) than in deeper areas (18 m) (Salovius & Bonsdorff 

2004). Salovius & Bonsdorff (2004) also noticed that drifting algae on the sediment dissolved 

faster than drifting algae floating in the water column. The faster decomposition of algae on 

top of the sediment corresponds to a higher microbial activity.  

The algal mat investigated in Kappelshamnsviken was almost completely dissolved after three 

weeks. Parts of the algal mat, closer to the shoreline, showed signs of high microbial activity. 
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The algae in this part of the mat also remained closer to the sediment. The algae further out in 

the bay remained fresh for a longer time in comparison with the algae closer to the shore.  The 

weather was quite sunny during the investigation period.  The water level was lower in 

comparison to what it had been in the beginning of the experiment when water was driven 

into the bay during the storm on May 21, 2014. The decomposition rate of the algal mat might 

correspond to the low water level, which means that they in a higher degree are exposed to the 

sun.  

Norkko et al. (2000) suggested that the degree of fragmentation of drifting algal mats differs 

between sheltered and exposed sites, with more fragmented algal mats on exposed sites. Algal 

decomposition seemed to correspond to the degree of exposure from wind and waves.  

In Hideviken the number of taxa and abundance of individuals showed no significant 

difference between the algal mats investigated and adjacent bare sand areas. However, the 

algal mats investigated in Hideviken drifted and the degree of fragmentation was high. The 

algal mats were also recorded to be much thinner than the algal mat investigated in 

Kappelshamnsviken, which was thick and remained at the same place during the entire 

experimental period. However, it became more fragmented over time.   

The Mann-Whitney U-test did not show any statistically significant difference in total 

abundance between the initial data and final data under the algal mat, probably due to too low 

numbers of samples. However, according to the graph in Fig. 8, the abundance differs with a 

higher abundance beneath the algal mat, indicating that species with the ability to utilize algal 

mats as habitats may increase in numbers under the mat. The Mann-Whitney U-test did show 

a significant increase in the abundance of Oligochaeta and N. diversicolor under the algal mat. 

Beneath the algal mat there is a lot of dead organic material as well as bacteria which are 

important food sources for many of the taxa found under the algal mat. This might thus 

explain the increase observed in the abundance of the benthic fauna beneath the algal mat.  

A significant increase in the number of taxa in cages without algae was discovered, when 

compared to the number of species under the algal mat. This means that stagnant algal mats 

have a negative impact on the number of taxa. Since the oxygen level under the drifting algal 

mat declined quite rapidly to 0.08 mg/l, it is concluded that the loss of taxa and individuals 

corresponds to reduced oxygen levels.  

The species composition thus changed successively over time under the algal mat. At the end 

of the experimental period, only animals with a high tolerance to lower oxygen levels were 

discovered under the algal mat, indicating that other fauna either died or moved. The tolerant 

taxa were Oligochaeta, N. diversicolor, Chironomidae, P. elegans and Tanaidacea. These taxa 

were recorded in high numbers, showing that the abundance can remain high under the algal 

mats, especially during a period as short as three weeks.  

The abundance of N. diversicolor beneath an algal mat in southern England declined and 

remained low through the entire investigation of six months (Jones & Pinn 2006). In 

Kappelshamnsviken the abundance of N. diversicolor was high beneath the algal mat. It is 
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possible that even if species with a higher tolerance to low oxygen levels may increase in 

numbers under an algal mat, they might only do so for a specific period of time. Since this 

study was carried out in a period of just three weeks, and the fact that the algal mat 

investigated only lasted for the same amount of time, this study is not able to tell what the 

consequences of the more tolerant taxa would be if the algal mat remained longer. 

The ability to move from the sediment into the algae as well as the ability to survive in or 

beneath the algae differs among species (Norkko et al. 2000). For example, the survival of the 

amphipod Bathyporeia pilosa was low when algae were added into aquaria in comparison to 

the survival of N. diversicolor that moved around quite freely (Norkko et al. 2000). Migration 

of the benthic fauna has been shown to be a response to hypoxic conditions (Franz & 

Friedman 2002) as well as to predation from present macrofauna (Norkko et al. 2000). Arroyo 

et al. (2012) located surviving mussels of the species Macoma balthica on the sediment 

surface, indicating an upward migration as a response to reduced oxygen levels. These results 

are in accordance with the results from my study, and the effects on the remaining benthic 

fauna under the algal mat in Kappelshamsnviken might have been something similar to this. 

Berezina & Golubkov (2008) studied the species composition and abundance of the benthic 

invertebrate macrofauna from May to October, during three years, at the northern coast of 

Neva Estuary, in the easternmost Gulf of Finland. The water had a high phosphate 

concentration, benefiting the growth of the alga C. glomerata. During the study, temporal 

reductions in oxygen concentration in the bottom water (0.62-2.8 mg/l), caused by detached 

and decomposing C. glomerata, were recorded every year in the middle of July to August. 

The abundance of the benthic fauna declined significantly during this period each year. Still 

the results from their investigation is similar to mine. Thus I assume that the occurrence of 

algal mats in Kappelshamnsviken is a recurrent phenomenon during stormy periods with 

northerly winds, and not only a result of eutrophication with enhanced growth of algae.  

Capture of fish 

There was no significant difference between the number of captured fish in habitats with sand 

or habitats with algae when trawling for fish in the area.  

However, in my study it was noticed that three-spined sticklebacks maintained close to the 

algal mat. They also seemed to be interested in the cages and were sometimes seen both inside 

and outside the cages. According to Köie & Svedberg (2004) nine-spined stickleback and 

three-spined stickleback usually stay close to vegetated areas during summer when visiting 

shallow bays. The algae provide the fish with food, since they feed on small animals that live 

in the algal belt, as well as shelter.  

The sand goby, Pomatostichtus minutus, was spotted only in habitats without algae, usually a 

bit further out in the bay at a depth of > 0.5 m. During summer the sand goby stays in shallow 

waters (Muus et al. 1999) in areas with sandy bottoms (Moen & Svensen 2009). This fact is in 

accordance with my results.  
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In this study, the Mann-Whitney U-test did not show any significant difference in the amount 

of fish visiting the cages. It is possible that the fish observed in the cages were attracted to the 

construction, i.e. the cages, thus explaining the result.  

Hypothesis evaluation 

My aim was to test the following statements 1) the species richness and abundance in the 

benthic fauna are lower in areas with drifting algal mats than in areas with bare sand, 2) there 

are differences in dominating taxa between the different habitats 3) species richness and 

abundance decrease gradually over time in cages with drifting filaments of algae and 4) areas 

with drifting filamentous algae do not attract fish. 

In Kappelshamnsviken, the total abundance and the number of taxa was significantly lower in 

cages with algae in comparison to cages without algae at the end of the experiment. The 

number of taxa was higher in cages without algae in comparison to the number of taxa 

beneath the algal mat. These results indicate that stagnant algal mats influence the number of 

taxa and abundance of the marine benthic fauna negatively and that species richness and 

abundance decreases gradually over time. This implies that both hypothesis 1) and hypothesis 

3) are correct.  

 

In Kappelshamnsviken, Oligochaeta dominated in all investigated areas. Also Nereis 

diversicolor and the larvae of Chironomidae were found in high numbers in all habitats. 

Dominating in all areas investigated in Hideviken was Hydrobia spp. Oligochaeta dominated 

under the drifting algae and under the trapped algae but were also found in areas with bare 

sand. In bare sand areas, the blue mussel, M. edulis, dominated as second taxa with the mussel 

Cardium spp as the third dominating taxa. Blue mussels were found only in bare sand 

habitats, while Cardium spp was found in all three investigated habitats. However, the 

existence of blue mussels in Hideviken is most likely a result of the storm. The results from 

this study imply that there was no statistically significant difference in dominating taxa 

between habitats with algae and habitats with bare sand. However, a difference in habitat 

preference was discovered among adult and juvenile N. diversicolor. This means that 

hypothesis 2) is partly correct.  

 

When trawling for fish, no significant difference between captured fish in areas with algae 

and areas with sand was discovered. The study also showed no difference between the amount 

of fish visiting the inside of cages with algae and without algae. This means that hypothesis 4) 

could not be evaluated.  

 

What is then the consequence of drifting and accumulating algal mats for the benthic fauna, 

earlier in the season, in soft shallow bays on Gotland? 

This study shows that dense algal mats that become stagnant for a longer period of time (at 

least three weeks) influence the benthic fauna negatively because of reduced oxygen levels. 

However, this study also tells us that the abundance at times can be high beneath algal mats. 

Animals with a higher tolerance to reduced oxygen levels can increase in numbers.  
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Results from this study also showed that in the large algal mat in Kappelshamnsviken, as well 

as in the smaller algal mats in cages with algae, similar patterns arose under the algal mats. 

The oxygen level dropped quite quickly, no matter the size of the algal mats. As mentioned 

above, the benthic fauna under the algal mats was influenced negatively when it comes to 

abundance and the number of taxa. The similar patterns in the larger algal mat and in the 

smaller algal mats in the cages, most probably is a result of the fact that the algal mats are 

stagnant, thus affecting the oxygen saturation in the bottom water. This means that also 

smaller algal mats, if they do not drift, affect the benthic fauna in similar ways as a large algal 

mat.  

This study also tells us that in open, windy areas, patchy occurrence of drifting algal mats that 

dissolve quite quickly is more common. These algal mats do not influence the benthic fauna 

at all. In bays that are more sheltered from waves and wind, the decomposition of the algae 

depends on the size of the algal mat and the weather. In this study it was noticed that the algae 

in the cages dissolved faster than the algae in the large algal mat. The decomposition seemed 

to be faster during sunny weather and in areas where the water level was lower and the algae 

closer to the sediment, as for example close to the shoreline. 
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APPENDIX 1 

Kappelshamnsviken  

Habitat Species Number of individuals 

per 6 samples 

Mean numbers of 

individuals per m
2
 ± SE 

Initial data  

 
 
 

 

 Oligochaeta 22 467.0 ± 156.5 

 Nereis diversicolor  14 212.3 ± 125.9 

 Pygospio elegans 1 21.2 ± 21.2 

 Hydrobia spp. 10 212.3 ± 138.2 

 Lymnea peregra  1 21.2 ± 21.2 

 Monoporeia affinis 4 84.9 ± 62.9 

 Gammarus spp. 1 21.2 ± 21.2 

 Ceratopogonidae 1 21.2 ± 21.2 

 Chironomidae 12 254.7 ± 131.5 

 Pomatoschistus minutus 1 21.2 ± 21.2 

Cages without algae 

 
   

 Prostomatella obscura  1 21.2 ± 21.2 

 Oligochaeta  129 2738.8 ± 471.7 

 Nereis diversicolor  55 1167.7 ± 455.0 

 Hydrobia spp. 17 360.9 ± 39.1 

 Lymnea peregra 2 42.4 ± 26.8 

 Macoma balthica 1 21.2 ± 21.2 

 Monoporeia affinis 22 467.0 ± 249.7 

 Gammarus spp. 4 84.9 ± 84.9 

 Tanaidacea 6 127.3 ± 65.7 

 Idothea viridis 5 106.1 ± 21.2 

 Chironomidae 53 1125.2 ± 201.1 

  Pomatoschistus minutus 1 21.2 ± 21.2 

Cages with algae 

 
   

 Oligochaeta  55 1167.7 ± 277  

 Nereis diversicolor  27 573.2 ± 149.8 

 Hydrobia spp.  35 743.0 ± 216.7 

 Lymnea peregra  4 84.9 ± 62.9 

 Macoma  balthica  1 21.2 ± 21.2 

 Monoporeia affinis  2 42.4 ± 42.4 

 Tanaidacea 2 42.4 ± 42.4 
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Habitat Species Number of individuals  

per 6 samples 

Mean numbers of 

individuals per m
2
 ± SE 

 Idothea viridis 2 42.4 ± 42.4  

 Idothea balthica 4 84.9 ± 84.9 

 Chironomidae 2 42.4 ± 26.8 

The algal mat 

 
   

 Oligochaeta 156 3312.1 ± 964.5 

 Nereis diversicolor 46 976.6 ± 321.7 

 Pygospio elegans 2 21.2 ± 21.2  

 Tanaidacea 3 63.6 ± 43.5 

 Chironomidae  20 424.6 ± 219.8 

APPENDIX 2 

Hideviken 

 

Habitat Species Number of individuals 

per 6 samples 
Mean numbers of 

individuals per m
2
 ± SE 

Drifting algae 

 
   

 Oligochaeta 46 976.6 ± 264.4 

 Nereis diversicolor  5 106.1 ± 39.1  

 Theodoxus fluviatilis  3 63.6 ± 43.511  

 Hydrobia spp.  275 5838.6 ± 1539.7  

 Macoma balthica 1 42.4 ± 42.4 

 Cardium spp.  3 63.6 ± 43.5  

 Halacaridae  1 21.2 ± 21.2  

 Monoporeia affinis  4 84.9 ± 42.4  

 Gammarus spp. 1 21.2 ± 21.2 

 Trichoptera 5 106 ± 43.5 

 Pungitius pungitius 1 21.2 ± 21.2 

Bare sand 

 
   

 Oligochaeta 7 148.6 ± 100.9 

 Nereis diversicolor  5 106.1 ± 106.1  

 Theodoxus fluviatilis  7 148.6 ± 124.8  

 Hydrobia spp.  593 12590.2 ± 7522.9  

 Macoma  balthica 3 63.6 ± 43.5 

 Mytilus edulis  15 318.4 ± 202.0  

 Cardium spp. 14 297.2 ± 166.6 
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Habitat Species Number of individuals 

per 6 samples 
Mean numbers of 

individuals per m
2
 ± SE 

Trapped algae    

 Oligochaeta   15 636.9  ±  337.0 

 Nereis diversicolor   4 169.8 ± 169.8 

 Theodoxus fluviatilis  2 84.9 ± 42.4   

 Hydrobia spp. 140 4670.9 ±  2648.0  

 Cardium spp. 1 42.4 ± 42.4 

 Monoporeia affinis 1 42.4 ± 42.4 

 


