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ABSTRACT

Eutrophication is a current problem on coastal lines worldwide. Cirripedia 

like the northern acorn barnacle Semibalanus balanoides actively help to 

prevent high amounts of plankton in the coastal zones by filtering 

plankton out of the surrounding water. This investigation focuses on the 

movements of Semibalanus balanoides in comparison to increasing 

concentrations of plankton in the water (between 33mg and 110 mg 

particles per litre) which simulate eutrophication. The four factors feeding 

activity, pumping activity, isolation time and clogging of the feeding 

apparatus in relation to the plankton concentration of the water were 

examined. 

The results show significant interaction between pumping movement and 

the plankton concentration. The feeding activity, the isolation time and the 

clogging compared to the plankton concentration get no statistical results. 

Less feeding activity and an increase in pumping behaviour will not 

decrease the amount of plankton in the coastal waters which will increase 

the problems of eutrophication. The paper shows that more investigation 

on suspension feeders and their surroundings needs to be done to be able 

to understand the dangers fully.  

Key words: Eutrophication, Semibalanus balanoides, cirripedia, pumping 

activity, suspension feeder

1.) Introduction

Since the last decades plankton growth on marine costal lines has 

tremendously increased worldwide (Levinton 1995, De Jong 2006). The 

main reasons are anthropogenic activities through nitrogen and 

phosphorus input into the water system. Industrial wastes, agricultural 

development, high sewage production, acid rains, de-icing salt and 

changes of forests are the main causes for eutrophication (Johnston 1976, 

Forsberg 1991, Goudie 2000). These point and non-point sources initiate 

more nutrient input through ground waters, rivers and precipitation to the 

open sea. Especially in the coastal areas the enrichment in nutrients is 

high due to eutrophic positive conditions (Mann 2000).

Especially in low-runnig waters (fjords, encloses seas, lakes) and the 

shallow coastline are the natural bacterial processes (de-nitrification) 

often not able to diminish this steadily enrichment of nutrients (Goudie 

2000). Effects of eutrophication like hypotoxic and anoxic condition and 

algal blooms lead to drastic changes in the biota, has a negative effect on 

the ecosystem and may poison animals like e.g. shellfish and thereby 

reach the human food web (Mason 2002).  Not all secondary damages are 

fully studied (Nybakken 1997) and can only be imagined. 

To prevent eutrophic conditions the nutrients need to be limited. 

Balanidae, the highest developed family of the cirripedia class are 

morphologically well adapted to their intertidal environment. 
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The observed species, the suspension feeder Semibalanus balanoides is an 

example of an organism actively involved in reducing the amount of 

particles in the water. 

The adult Semibalanus balanoides is conically shaped by six calcareous 

overlapping plates covered with an apical, symmetrical operculum which 

can be completely closed to isolate the animal. Isolation prevents the soft 

tissue of the animal from harmful situations and desiccation during low 

tides.  

By relaxation of muscles the operculum can be moved laterally (Anderson 

1994) to allow the six pairs of cirri to be unfurled. The long and thin pairs 

4 to 6 are covered with rami, can be muscularly extended fan-like and 

rolled up again inside the cone. The smaller, specialized maxilipeds can be 

accommodated inside the mantle cavity without being rolled up (Crisp & 

Southward 1961). 

The food-collecting appendage filters suspended particles from the 

surrounding water which range from phytoplankton to zooplankton 

(Anderson 1994). Depending on the external conditions the extension 

times of the fan can be longer to capture plankton passively by facing the 

current or shorter to feed actively in still water (Anderson 1994, Gee 

1991). 

Being drawn back inside the mantel the maxilipeds rub off particles from 

the cirri and transfer them towards the mouthparts of the animal. The 

opercular valves close partly and a slight pause occurs (Anderson 1994) 

before the next extension starts. The extension and folding to collect 

suspended plankton is referred to as beating. 

These rhythmic movements of the beating action lead, as fully studied by 

Crisp and Southward (1961), to a strong drift of water inside the barnacle. 

They need to be proceeded to nourish the animal and to run the fluids of 

the non-contractile, valvular circulatory system through the body to be 

able to expand the cirri (Anderson 1994) but also to renew the fresh water 

for respiration (Knor 2005) which occurs in the gills situated in the mantle 

cavity (Anderson 1994). 

Respiration and micro-feeding of the maxilipedes can also take place by 

pumping movements (Crisp and Southward 1961) where the opercular 

valves lift and sink without extended cirri.  

In this study it will be examined how Semibalanus balanoides is coping 

with the nutrient enrichment of its surrounding. Sanford et. al. (1994) 

discovered that the northern acorn barnacle is strongly dependent on 

environmental conditions and highly affected by large scale processes like 

eutrophication. I will have a look at the movements of the animal 

correlated with the concentration of plankton in the water. I expect a 

significant relationship between the activity of the animal and the rise of 

the plankton concentration. The results will potentially show how the 

activity of filter-feeding organisms like Semibalanus balanoides on rocky 

shores is correlated with the pollution of its surrounding.  
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2.) Material and methods

2.1 Study site

The practical setup proceeded in Fiskebäckskil at Klubban Biological 

Research Station of Uppsala University between 19
th 

and 22
nd 

of 

November 2007. Fiskebäckskil is located on the Swedish west coast about 

120km north of Gothenburg. The station is situated on the shore of 

Gullmar Fjord, which is connected to the Skagerack. Barnacles are 

naturally found in this area. 

2.2 Experimental setup

Rocks with small colonies of Semibalanus balanoides were collected from 

the shores adjacent to the research station. The colonies consisted of 4 to 

7 individuals. The rocks were rinsed off to wash away sand and other 

particles and put into aquaria for at least 22 hours to acclimatize. The 

aquaria were filled up with upper layer sea water pumped in from the 

Gullmar Fjord. The water circulated constantly.

To simulate eutrophic conditions with fresh material naturally occurring in 

the surroundings of the animal, plankton from the coastal waters adjacent 

to Klubban was collected twice a day.

The content was concentrated with the same net at the station within 3 

hours. 

Plant pieces, jelly fish and other larger water animals were excluded. The 

concentrated plankton was weighted on a scale, kept in sea water and 

used within 6 hours. 

2.3 Experiment

The experiment consisted of 9 treatments i.e. 9 different plankton 

concentrations which all proceeded as follows: 

An experiment aquarium (26x43x24cm) was filled with upper-layer sea 

water directly pumped from the Gullmar Fjord. 

The average temperature of the incoming water was 8°C. Three rocks with 

colonies of Semibalanus balanoides were put into the experiment 

aquarium. 

The water flow was stopped to be able to heat the water and to keep the 

plankton amount constant. The water was heated before each treatment 

with an immersion heater (300W) to 12°C. The rise of temperature is 

necessary to stimulate the activity of the animal. A Hydor
® 

filter 

circulation pump (Pico) was attached inside the aquarium to prevent 

sedimentation of the plankton. The filter inside was removed to keep the 

plankton amount throughout each treatment constant. 
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A microprocessor (Hanna instrument HI 991301) was used to monitor the 

environmental conditions in the aquarium like temperature and salinity of 

the water. When the water reached 12°C, the plankton was added. When 

the plankton was dispersed in the water a water sample of 1l was taken to 

analyze the amount of plankton in the water later. The three barnacle 

colonies were filmed with three digital cameras (JVC GR-DV 500E) for 

about 15 minutes. 

After each treatment the water was removed from the aquarium and the 

equipment rinsed. The used rocks were sorted out. 

The first setup acted as the control and no plankton was added. In the 

second treatment 2.2g of plankton was added. 

Picture 1: The experimental setup at Klubban.                                 ©Theresa Künzel 2007

2.4 Analysis of water samples

The water sample bottles were kept at ambient temperature and analyzed 

within two weeks. Micro-fibre filters with a pore size of 0.45µm were dried 

in 105°C for one hour and weighted afterwards. 100-300ml of the water 

sample was rinsed through the filter and the soaked filter dried once more 

in 105°C for two hours. The filters were weighted and the weight 

difference divided by the volume of water filtered at that sample. The 

result was the value of mg of suspended particles per litre of water. The 

analysis was repeated three times to calculate the average concentrations 

of the treatments. 
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2.5 Analysis of the video recordings

The videos were analysed in two minute sequences three times in every 

video. Four reactions were analysed within that time.

 

• Isolation: The closure of the opercular valves which isolates the 

animal was counted in seconds if the closure lasted more than 15 

seconds. The first 15 seconds were included. 

• Beating: The extension and folding of the cirri for catching 

suspended particles was counted as a beat regardless of the time a 

beat lasted. The time a beat lasted was not noted hence there was 

no distinction made between active and passive feeding behaviour. 

• Pumping: The pumping movement of the barnacles was counted 

when the opercular valves were neither closed nor were the cirri 

extended for feeding. One movement was the lifting and subside of 

the opercular valves. 

• Clogging: If the cirri got clogged it was noted.

2.6 Statistical treatment

To determine whether the beating, isolation or pumping was dependent on 

the concentration of particles in the water, a linear regression analysis 

was performed. 

The program used for the statistical treatments was SPSS 16.0 EV for 

Windows. All graphs were made in Microsoft Excel XP. 
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3.) Results

The number of individuals in each treatment ranged from 14 to 19 and the 

temperature varied at the beginning of each treatment between 11.8°C 

and 12.7°C. The salinity varied from 21.5psu to 23.1psu.

In the first setup no plankton was added but the incoming water contained 

33mg/l suspended plankton. In the last treatment the concentration had 

been raised to 110mg/l. Table 1 shows the environmental conditions of 

the experiment and the results of the water samples. 

Three colonies were analyzed in each treatment with all in all 160 

individuals. Two individuals got clogged cirri.

Table 1: Temperature and salinity at the beginning of each treatment and the concentration of plankton 

throughout the experiments. In treatment 1 no plankton was added. The values of suspended plankton 

are averaged of three measurements ± SD. 

Treatment

Temperature

(°C)

Salinity

 (psu)

Amount of 

added 

plankton (g)

Suspended 

particles

(mg/l) ±SD

n

1 12 22 -- 33 19

2 12,1 22,3 2.2 42 ±4.9 19

3 12 23,1 2.6 47 ±3.8 19

4 11,8 22,8 2.9 42 ±7.5 19

5 12,1 21,9 3.2 49 ±1.6 18

6 12,2 22,1 4.7 51 ±7.5 18

7 12,1 22,3 6.3 64 ±15.0 17

8 12,7 21,5 9.9 68 ±16.2 17

9 12,4 22,8 11.0 110 ±25.5 14

The results of the linear analysis regression showed that there is a 

significant relation of the pumping movement and the treatments (P= 

0.019). The results show no evidence of the isolation or the feeding 

behaviour being dependent on the concentration of plankton in the water. 

The isolation showed the result of P= 0.698 and the beats compared to 

the treatments showed the result of P= 0.277. 

Results from the statistical linear analysis regression are listed in Table 2. 

Table 2: Statistical linear regression with the particle concentration as dependent variable and the total 

n=160. The results show no significant interaction between particle concentration and the predictors 

feeding activity and isolation. A relation between particle concentration and pumping movement is 

indicated.  

df F P

Beating 159 1.188 0.277

Isolation 159 0.151 0.698

Pumping 159 5.576 0.019
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Figure 1, 2 and 3 below show a general view of the beating, the isolation 

and the pumping compared to the treatments. The total number of 

individuals in all treatments is n=160 whereas the number within the 

treatments varied between 14 and 19 individuals.  
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Figure 1: The average feeding activity of Semibalanus balanoides in escalating concentrations of 

suspended plankton. The number of beats per minute of all individuals in the same treatment were 

summed up and divided by the number of individuals analyzed in this treatment (between 14 and 

19). Trend line equation: y= -0.0388x + 4.8852; R
2 

= 0.2111.
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Figure 2: The average time period Semibalanus balanoides spend isolated in escalating 

concentrations of suspended particles. The seconds of the isolation in the same treatment were 

summed up and divided by the number of individuals analyzed in this treatment (between 14 and 

19). Trend line equation: y= 0.0078x+29.839; R
2 

= 0.0003.
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Figure 3: The average pumping movements of Semibalanus balanoides in escalating concentrations 

of suspended particles. The number movements of the individuals in the same treatment were 

summed up and divided by the number of individuals analyzed in this treatment (between 14 and 

19). Trend line equation: y=0.0467+3.5783; R
2 

= 0.2551.
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4.) Discussion

My results show no significant correlation between the variables 

concentration of plankton with beating and isolation time. There was a 

correlation between the concentration of plankton and the pumping 

movement. Many animals remained closed during the experiment. In 

general there was less feeding behaviour than pumping movement. 

Even though the statistical results of particle concentration and feeding 

behaviour were not significant related, the diminution of cirral activity with 

increasing particle concentration should be considered because the 

barnacles should have accumulated their feeding behaviour in higher food 

concentrations (Sanford et. al 1994, Mann and Lazier 2006). In the 

present study the barnacles consumed plentiful particles in the first 

treatments but that decreased with higher plankton concentrations (see 

figure 1). Consuming lots of food leads generally to a growth of the animal 

(Sanford et. al. 1994). According to Gee (1991) is the ingestion of 

barnacles limited. They are able to filter a high amount of plankton out of 

the water to be provided with food but are at a certain point not able to 

ingest the amount of plankton which will decrease their feeding behaviour. 

That explains the high feeding behaviour during the first treatments and 

the decrease within the study. Crisp and Southward (1961) go even 

further to say that in very high concentrations the food might get fully 

rejected. That would lead to even higher polluted coastal zones and 

consequently changes in the marine environment. 

To investigate whether or not the barnacles will totally stop filtering the 

water for plankton further research needs to be done. The spectrum 

should vary from very low to extremely high plankton concentrations to 

include even excessive environmental cases. It would be interesting to see 

that statistical outcome to compare it with this study.   

The ability of barnacles to respire by beating the cirri (Crisp and 

Southward 1961) clarifies the low numbers of pumping during the first 

treatments. If feeding decreases, the body fluids and the respiration have 

to be taken over by the pumping activity. According to this study the 

feeding behaviour was lower than the pumping. Whether micro filtration 

has taken place or not cannot be proven in this experiment. 

In addition to that Crisp and Southward (1961) mention that pumping of 

barnacles often occurs under unfavourable conditions which might explain 

the decrease of the feeding behaviour and the increase of the pumping 

within the treatments. The pumping for cirripedia is also necessary to 

analyse the surrounding water (Crisp and Southward 1961). 

It might be speculated that in even higher concentrations the pumping 

discontinues which would lead to isolation and drawing back inside the 

protective cone. 

The mechanism of isolation protects the soft body of the internal animal 

from dangerous situations (Anderson 1994). 
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The isolation time increased slightly during the last three treatments (see 

figure 2) but there was no statistical relation. 

The pollution of the water could have been a danger factor for the 

barnacles which could have led to an increase of isolation time. According 

to this study the animal will even in higher concentrations still open the 

opercular valves to maintain the body mechanisms active. Eutrophication 

surroundings like pretended in the study will consequently not harm the 

animals. It might be expected if the water is higher polluted, as it is the 

case for some barnacles in their natural environment. The cessation of 

filtering will not reduce the amount of particles in the water and therefore 

encourage eutrophication. 

Clogging may occur when particles suspended in the surrounding water 

get stuck in the fan of the animal. In this study the added particles were 

sorted out to be appropriate for Semibalanus balanoides. Therefore 

clogging was less conceivable to occur during the experiment. In nature 

clogging might arise more often. In eutrophicated waters the occurrence 

might be higher. It can be assumed that the vigorous beating of the cirri 

to clean them would abate the feeding process and consequently intensify 

eutrophication. 

In eutrophic surroundings like presented in the nine treatments of this 

study barnacles slow down feeding at a specific concentration level and 

pumping gets more active. The lack of a correlation could have been 

caused by the low plankton amount in the water of the Fjord and 

consequently the concentrations of plankton in the treatments. 

Additionally the late season when the study was run might have lowered 

the activity of the animals. 

To sum up the reaction of the Semibalanus balanoides of even higher 

polluted waters needs to be further investigated due to the worldwide 

increase of eutrophication. 
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