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Our imagination is struck only by what is great; 
but the lover of natural philosophy 
should reflect equally on little things. 

- Alexander von Humboldt (1814)  
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Chapter 5 

Dispersal does not mitigate negative impacts of 

disturbance in a microalgae metacommunity 

Friederike G. Engel, Rosyta Andriana, Britas Klemens Eriksson, Birte 

Matthiessen 

Abstract 

Disturbance events such as extreme heat waves, storms, or floods have increased 

in magnitude and frequency in recent years due to anthropogenic climate change 

and the destruction of habitats and they constitute a major threat to many 

ecological communities. Resistance and resilience in the face of disturbances 

should be higher for local communities with access to a larger species pool, due 

to the availability of more different traits, which should ensure a higher response 

diversity to cope with and recover from the disturbance. One possibility of 

increasing access to more species for local communities is sufficient dispersal 

between different local habitat patches with dissimilar species compositions in 

metacommunities. In a laboratory experiment, we exposed benthic microalgae 

communities that initially differed in their species composition to a mechanical 

disturbance, simulated dispersal, and measured their chlorophyll a concentration 

over time. The local microalgae communities originated from an intertidal flat and 

had differing initial species composition due to different hydrodynamic exposure 

history and other habitat properties. Disturbance negatively affected microalgae 

biomass, irrespective of the level of disturbance. Local communities responded 

differently to the disturbance. Interestingly, dispersal did not mitigate the negative 

impacts of disturbance in any of these microalgae communities. Our results 

highlight the importance of initial community composition for ecosystem 

functioning in metacommunities and show that dispersal does not always alleviate 

the impacts of disturbance events. 
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Introduction 

Global climate change and the destruction of habitats by humans have altered 

many ecosystems which poses an urgent threat to many ecological communities 

and thus to global biodiversity (IPCC 2014). In addition to increased average 

global temperatures, the severity and frequency of extreme weather events such 

as storms and floods are expected to increase in the future (Harley et al. 2006, 

IPCC 2014). These extreme events will severely affect coastal areas of the North 

Sea (Beniston et al. 2007), where they disturb and redistribute surface sediments 

on intertidal flats (Bartholomä et al. 2009). Increased sediment dynamics caused 

by storms and floods will most likely affect intertidal production negatively, 

because sediment erosion is the main abiotic constraint for the autotrophic 

organisms living in and on the surface sediments (de Jonge and van Beusekom 

1995, Donadi et al. 2013b).  

The metacommunity concept states that communities in local patches of habitats 

are connected by dispersal and altogether form regional communities (Wilson 

1992, Leibold et al. 2004, Holyoak et al. 2005). Species from these local patches 

are free to move between the patches and therefore the regional metacommunity 

species pool is usually larger than that of local isolated patches that are not part 

of a metacommunity. Communities with access to a larger species pool should be 

better able to maintain ecosystem functioning when exposed to disturbances than 

communities with a smaller species pool. This is because a larger species pool 

likely increases response diversity (Elmqvist et al. 2003) and as such the 

probability of having resilient species present in the community. In addition, 

dispersal between local patches can also mitigate negative impacts of disturbance 

on ecosystem functioning via mass effects that constantly replenish biomass from 

the regional species pool (Altermatt et al. 2011). 

Coastal areas are among the most productive ecosystems on the planet and have 

great ecological and economic value (Heip et al. 1995, Harley et al. 2006). 

Intertidal mudflats harbor a multitude of different species from all domains of life. 

Microalgae are the main primary producers fueling these diverse benthic food 

webs (Markert et al. 2013, Rigolet et al. 2014). Benthic microalgae contribute up 

to 50% of total primary production in some intertidal areas where they can form 

extensive biofilms on surface sediments (Underwood and Kromkamp 1999, 

Decho 2000, Stal 2003, Kromkamp et al. 2006). Benthic microalgae biomass and 

diversity is regulated by many different factors, among them resource availability 

and grazing (Underwood and Kromkamp 1999, Weerman et al. 2011a, 2011b). In 
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addition, the presence of ecosystem engineers such as mussels or oysters greatly 

influences benthic microalgae (Donadi et al. 2013b, Engel et al. 2017). These 

ecosystem engineers create three-dimensional structures on the intertidal flats and 

thereby provide novel habitats for many organisms (van der Zee et al. 2012, 2016, 

Nieuwhof et al. 2015). By creating solid structures on intertidal flats, mussel and 

oyster reefs also create clear gradients in hydrodynamic conditions and sediment 

properties (e.g. sediment grain size and organic matter content). The three-

dimensional structure of these reefs creates protection from hydrodynamic stress 

(Widdows and Brinsley 2002), which leads to finer grain size and higher organic 

matter content in the sediment (Donadi et al. 2013a, van der Zee et al. 2012). As 

a consequence, benthic microalgae biomass and productivity is increased in the 

vicinity of intertidal mussel beds (Donadi et al. 2013b, Engel et al. 2017). 

We conducted a laboratory experiment with intertidal benthic microalgae 

communities from different locations on a transect with a hydrodynamic stress 

gradient and thus with differing initial community compositions. We exposed 

these communities to a mechanical disturbance (physical destruction of biofilm) 

and dispersal and measured their chlorophyll a concentration (i.e. biomass) over 

time. We hypothesized that (i) biomass in the local communities depends on initial 

community composition, disturbance, and dispersal and the interaction between 

initial community composition and disturbance; and that (ii) dispersal mitigates 

the negative impact of disturbance on microalgae biomass in metacommunities. 
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Fig. 5.1 Local conditions in the different plots. Chla=Chlorophyll a concentration of 

the sediment, OM=organic matter content in the sediment.  
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Material and Methods 

Sediment Sampling, Extraction of Microalgae, Establishment of Algae Cultures 

We collected benthic microalgae communities from three locations on the mudflat 

off the coast of Schiermonnikoog island, the Wadden Sea, in October of 2015, 

immediately before the start of the experiment. 

The three chosen locations were on a transect spanning from the coast seaward 

and crossing an intertidal mussel bed. The locations differed in hydrological 

conditions and consequently sediment characteristics and had differing 

community compositions (Fig. 5.1). Location A (North 53.471°, East 6.224°) was 

unprotected from hydrodynamic stress and in a sandy area with low organic 

matter content in the sediment. This location was closest to the coast. Location H 

(North 53.467°, East 6.224°) was on a mussel bed, where hydrodynamic stress 

was reduced and the sediment in the bare patches between mussels was muddy 

and fine grained. The organic matter content of the sediment was highest in this 

location. Location J (North 53. 466°, East 6.224°) was seaward of the mussel bed 

with intermediate protection but still muddy and fine-grained sediment with a 

relatively high organic matter content. Previous studies confirm that locations 

with high hydrodynamic forcing have larger sediment grain size and lower clay 

content and therefore are less muddy (de Jong and de Jonge 1995, Thornton et al. 

2002, Méléder et al 2007). 

At each location, we collected the surface sediment (top 0.5 cm) of an area of 0.5 

m2 to extract the benthic microalgae communities to use in the experiment. 

Additionally, at each location we took sediment cores (diameter: 26 mm) to 

measure chlorophyll a (three cores 0.2 cm depth pooled onto a piece of aluminum 

foil and stored in a sealed plastic bag on ice), organic matter content at two 

different depths (2 cm and 0.2 cm depth (i.e. shallow OM); placed into sealed 

plastic bags and stored on ice), and benthic microalgae species composition (core 

with 2 cm depth; placed in sealed plastic bag and stored on ice). We also measured 

the erosion in each location by placing dissolution plasters out for two tidal cycles 

and measuring the dry weight of the plasters before and after exposure to the tides. 

We transported all samples in cool boxes back to the laboratory (<24h).  

In the laboratory, we extracted the motile benthic microalgae from the large area 

and from the cores separately by spreading out the sediment and placing two 

layers of lens cleaning tissue onto the sediment. After 5 h of exposure to light, we 

collected the top tissue and rinsed the microalgae off into culture bottles with 
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sterile filtered North Sea water. We stored the samples from the large area in the 

dark at 19°C until the start of the experiment (<4h). We fixed the core samples in 

Lugol’s iodine and determined species composition with the Utermöhl counting 

technique (Utermöhl 1958) under an inverted microscope. We freeze-dried the 

sediment chlorophyll a samples, and subsequently measured chlorophyll a 

concentration using a fluorometer (Trilogy) after acetone extraction (90%, dark, -

20°C, 48 h) and methods described by Jeffrey and Humphrey 1975. The organic 

matter content was determined through Loss on Ignition by burning oven dried 

organic matter samples (48h, 60°C) in a muffle kin (4h, 550°C). 

Experimental Set-up and Chlorophyll a Sampling 

We set up the experiment in a climate room with controlled temperature (19°C) 

and light levels (10.8 µmol m-2 s-1 and 14:10 light-dark cycle). We used 60-mL-

culture flasks (TPP, filter screw cap) as microcosms for this experiment and 40 

mL sterile filtered North Sea water (N:P:Si added for final concentrations of 

40:40:2.7 µM) as the medium. To avoid nutrient limitation, we replenished 20 mL 

of the medium every third day over the course of the experiment.  

For our fully factorial experiment, we constructed 54 metacommunities out of 162 

local communities. We constructed the metacommunities by connecting three 

local communities with differing initial microalgae species composition so that 

each metacommunity contained one local community of A, H, and J. We adjusted 

the inoculum so that all local communities had similar initial biomass. We applied 

three different disturbance levels to the communities: no (N), medium (M), and 

high (H). We administered disturbance by scraping the bottom of the culture flask 

with a cell scraper every fourth day for medium and every other day for high 

disturbance levels. The no-disturbance treatment was not subject to scraping. 

Each local community within a metacommunity was subject to the same 

disturbance treatment. Half of the local communities were assigned to a dispersal 

treatment, with artificially simulated dispersal every other day. The other half was 

not subject to dispersal, but we treated the bottles similarly to the dispersal 

treatment without actually removing any culture. The experiment ran for 29 days 

and we sampled destructively three times (after two, three, and four weeks of 

growth). Each treatment combination (including the three sampling times) was 

replicated three times. 

Before each sampling, we scraped the biofilm off the bottom of the culture flasks 

and homogenized it in the medium by shaking the flask. We filtered the suspended 
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cultures over GF/F filters to determine chlorophyll a concentration of the samples. 

We measured chlorophyll a concentration with a fluorimeter (Trilogy) after 

extraction with 90% acetone. We calculated regional chlorophyll a concentration 

by summing the separate values from each local community within a 

metacommunity. 

Statistical Analysis 

Our fully crossed design included the fixed factors sampling day (“day”, three 

levels: 2, 3, 4), local initial community composition (“local”, three levels: A, H, 

J), disturbance treatment (“disturbance”, three levels: no (N), medium (M), high 

(H)), and dispersal treatment (“dispersal”, two levels: no-dispersal (NO.DISP) 

and dispersal (DISP)). After testing the effect of the factors 

day*local*disturbance*dispersal on local chlorophyll a concentration, we also 

constructed separate models for each local community A, H, and J 

(day*disturbance*dispersal). On the regional scale, we tested the effect of the 

factors day*disturbance*dispersal on regional chlorophyll a concentration. Since 

the assumptions for linear models were met, we ran ANOVAs. For significant 

main effects and interactions, we subsequently compared treatment levels of 

initial composition and disturbance with Tukey HSD post-hoc tests. We 

performed all statistical analyses in R v. 3.3.2 (R Core Team 2017). 

Results 

Local Results 

Local community composition (F2,105=103.03, p<0.01) and disturbance 

(F2,105=45.63, p<0.01) significantly affected chlorophyll a concentration, while 

sampling day and dispersal showed no main effects (Fig. 5.2; Table A5.1.1). 

Chlorophyll a concentration was highest in community A (106.08±6.55; 

mean±SE), intermediate in community J (67.65± 4.93), and lowest in community 

H (42.27±6.70; Tukey HSD: A-J, A-H, and H-J p<0.01; Fig. 5.2). Chlorophyll a 

concentration in the disturbed communities was lower than in the undisturbed 

communities (N: 104.56±8.04; M: 62.18±6.44; H: 51.07±4.26), with both 

disturbance treatments (i.e. M, H) being significantly different from the no-

disturbance treatment (Tukey HSD: N-M and N-H p<0.01; Fig. 5.2). Also, the 

chlorophyll a concentration depended on interactive effects between local 

community composition and disturbance (F4,105=8.54, p<0.01) as well as local 

community composition and dispersal (F2,105=5.3, p=0.01), however there was no 
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significant interactive effect between dispersal and disturbance (Table A5.1.1; 

Fig. 5.2).  

Community A 

In community A, disturbance (F2,35 = 8.99, p<0.01), dispersal (F1,35 = 8.692, 

p=0.01), and sampling time (F2,35 = 3.60, p=0.04) significantly affected 

chlorophyll a concentration (Fig. 5.2; Table A5.1.2). Like in the overall model, 

disturbance caused a decrease in chlorophyll a concentration compared to the 

undisturbed treatment (N: 132.49±12.13; M: 105.34±12.66; H: 81.88±4.73; 

Tukey HSD: N-M p<0.05, N-H p<0.01; Fig. 5.2). Also, the interaction between 

sampling day and dispersal significantly affected chlorophyll a concentration 

(F2,35 = 6.08, p=0.01; Fig. 5.2). Dispersal did not significantly affect chlorophyll 

a concentration in community A after two or three weeks, but it significantly 

decreased chlorophyll a concentration after four weeks (DISP: 64.33±6.02; 

NO.DISP: 120.54±19.33; Tukey HSD: p=0.01; Fig. 5.2). 

Community H 

In community H, only disturbance level had a significant effect on chlorophyll a 

concentration (F2,35 = 28.77, p<0.01; Fig. 5.2; Table A5.1.3). Disturbance again 

decreased chlorophyll a compared to the undisturbed treatment (N: 84.39±15.89; 

M: 28.79±5.22; H: 15.97±1.49; Tukey HSD: N-M and N-H p<0.01; Fig. 5.2).  

Community J 

In community J, disturbance (F2,35 = 10.02, p<0.01) and sampling day (F2,35 = 6.69, 

p<0.01) significantly affected chlorophyll a concentration (Fig. 5.2; Table 

A5.1.4). Disturbance decreased chlorophyll a compared to the no-disturbance 

treatment (N: 96.81±11.32; M: 52.41±4.41; H: 53.36±3.98; Tukey HSD: N-M and 

N-H p<0.01; Fig. 5.2). Chlorophyll a concentration in week 2 (83.55±7.56) was 

significantly higher than in week 3 (60.56±7.71) and 4 (58.44±9.29, Tukey HSD: 

Week2-Week3 p=0.03, Week2-Week4 p<0.01; Fig. 5.2). 

Regional Results 

Disturbance significantly decreased regional chlorophyll a concentration (F2,35 = 

21.08, p<0.01; N: 313.67±28.29; M: 186.52±13.60; H: 153.20±7.51; Tukey HSD: 

N-M and N-H p<0.01; Fig. 5.3). Dispersal and sampling day did not have a 

significant effect on regional chlorophyll a concentration (Fig. 5.3; Table A5.1.5). 
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Fig. 5.2 Chlorophyll a concentration in the different treatments on the different 

sampling days for each local community. Solid circles represent no-dispersal treatments 

and open circles represent dispersal treatments. No, medium, and high correspond to 

the levels of the disturbance treatment. Local A, Local H, and Local J represent local 

communities with different initial community composition. 
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Fig. 5.3 Regional chlorophyll a concentration in the different treatments on the different 

sampling days for each local community. Solid circles represent no-dispersal treatments 

and open circles represent dispersal treatments. No, medium, and high correspond to 

the levels of the disturbance treatment.  
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Discussion 

Disturbance affected all communities negatively by reducing the chlorophyll a 

concentration, which is a sign of decreased biomass production. Surprisingly, 

there was no significant difference between the effect of medium and high 

disturbance levels. This is interesting, because it shows that even with less 

frequent destruction events, the recovery potential of the biofilm was not higher 

than with more frequent scraping.  

On the local scale, there was a significant difference between the responses of the 

different communities. Communities A (close to the coast, previously high 

hydrodynamic stress, low organic matter content, large sediment grain size) and 

J (seaward of mussel bed, previously intermediate hydrodynamic stress and 

organic matter content, fine sediment grain size) had higher biomass than 

community H (on the mussel bed, previously low hydrodynamic stress, high 

organic matter content, fine sediment grain size), even with disturbance. The 

initial species composition varied greatly between the three locations, which was 

caused by the differences in local conditions on the intertidal flat including 

hydrodynamic stress, sediment organic matter content, and sediment grain size. 

The species present in community A and J were generally larger than those in 

community H, which mostly was inhabited by very small Navicula sp. Previous 

studies have shown that microalgae species composition and biomass production 

are dependent on many abiotic and biotic variables and that they are tightly linked 

to sediment grain size (Cahoon et al. 1999, Thornton et al. 2002, Du et al. 2009), 

however to the best of our knowledge, no studies have related grain size with 

microalgae cell size yet. In our transect, finer grained sediments were dominated 

by smaller epipelic diatoms. Since the finer grained sediments were in the location 

of the mussel bed, it is unclear if the sediment actually determined cell size, or if 

other factors played into the selection of species. The mussel bed habitat is in 

general much different from bare areas on intertidal flats and so, for example, 

selective grazing by organisms inhabiting the mussel bed could have greatly 

influenced benthic microalgae species composition and thus lead to size 

discrimination and the presence of predominantly small species.  

In theory, smaller species should be able to recover faster after disturbances, 

because they have higher growth and division rates (Finkel et al. 2010). Therefore, 

it would be logical to find that communities with smaller species can withstand 

disturbances better. However, diatoms in general are characterized by high growth 

and maximum nutrient uptake rates as they are adapted to rapidly responding to 
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nutrient pulses in coastal areas (Litchman et al. 2007). Therefore, the metabolic 

size scaling might not express in this group of diatoms in general. Alternatively, 

this scaling might be masked by local adaptation to hydrodynamic stress in the 

communities investigated here. Previously exposed communities can probably 

handle disturbances better, because they are inhabited by species that compensate 

the disturbance by individual resilience or by rapid growth due to previous need 

for this. Therefore, these communities might respond less negative to the acute 

disturbance of the experiment compared to the communities with smaller species 

from the sheltered location. 

Contrary to expectations, dispersal did not lead to increased chlorophyll a 

concentration on the local nor regional scale, independent of the disturbance level. 

In community A, dispersal even decreased chlorophyll a compared to the no-

dispersal treatment. Interestingly, the variability of replicates within the dispersal 

treatment of the no-disturbance communities was very high, meaning that the 

response of these replicates was not uniform. Other studies have shown that 

dispersal indeed “rescues” disturbed communities (Altermatt et al. 2011, Symons 

and Arnott 2013). Through dispersal, communities gain access to a larger species 

pool on the regional scale so that there should be more species present that have 

the ideal traits for the novel situation after a disturbance. However, in our 

experiment, even the medium disturbance level seemed too severe, or the 

dispersal frequency too low, to initiate a rescue effect. Also, the fact that all local 

communities in a disturbed metacommunity were exposed to the same disturbance 

level (i.e. the disturbance was a regional event), could have led to this result. In 

nature and in other experiments, the regional species pool oftentimes includes 

disturbed and undisturbed patches so that within the metacommunity the 

undisturbed patches can lead to a rescue of the metacommunity (Altermatt et al. 

2011). In future experiments, including undisturbed “rescue” patches would be a 

useful addition to the experimental set-up. 

Our experiment shows that initial community composition largely drives 

ecosystem functions, despite the presence of other well-known structuring 

mechanisms. This exemplifies the important role of species identities for 

ecosystem functioning in (meta)communities and highlights the crucial need for 

protecting biodiversity in natural systems.  
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Appendix 5.1 Statistical Results 

Table A5.1.1 ANOVA effects of sampling day, disturbance, dispersal, and local initial 

community composition (local) on local chlorophyll a concentration (Chl a; log-

transformed). 

 Chl a (µg/L) Local 
 df Sum Sq Mean Sq F p 

Sampling day (S) 2 0.24 0.12 3.05 0.05 

Disturbance (D) 2 3.50 1.75 45.63 0.00 

Dispersal (DISP) 1 0.04 0.04 1.01 0.32 

Local (L) 2 7.91 3.96 103.03 0.00 

S x D 4 0.23 0.06 1.50 0.21 

S x DISP 2 0.16 0.08 2.03 0.14 

D x DISP 2 0.05 0.03 0.64 0.53 

S x L 4 0.29 0.07 1.90 0.12 

D x L 4 1.31 0.33 8.54 0.00 

DISP x L 2 0.41 0.20 5.31 0.01 

S x D x DISP 4 0.10 0.03 0.66 0.62 

S x D x L 8 0.37 0.05 1.21 0.30 

S x DISP x L 4 0.12 0.03 0.78 0.54 

D x DISP x L 4 0.06 0.02 0.40 0.81 

S x D x DISP x L 8 0.17 0.02 0.55 0.82 

Residuals 105 4.03 0.04   

 

Table A5.1.2 ANOVA effects of sampling day, disturbance, and dispersal on local 

chlorophyll a concentration (Chl a; log-transformed) in community A. 

 Chl a (µg/L) Community A 
 df Sum Sq Mean Sq F p 

Sampling day (S) 2 0.13 0.07 3.60 0.04 

Disturbance (D) 2 0.33 0.16 8.99 0.00 

Dispersal (DISP) 1 0.16 0.16 8.69 0.01 

S x D 4 0.11 0.03 1.45 0.24 

S x DISP 2 0.22 0.11 6.08 0.01 

D x DISP 2 0.01 0.01 0.38 0.68 

S x D x DISP 4 0.04 0.01 0.58 0.68 

Residuals 35 0.64 0.02   
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Appendix 5.1 (cont’d) 

Table A5.1.3 ANOVA effects of sampling day, disturbance, and dispersal on local 

chlorophyll a concentration (Chl a; log-transformed) in community H. 

 Chl a (µg/L) Community H 
 df Sum Sq Mean Sq F p 

Sampling day (S) 2 0.01 0.00 0.04 0.96 

Disturbance (D) 2 3.90 1.95 28.77 0.00 

Dispersal (DISP) 1 0.21 0.21 3.06 0.09 

S x D 4 0.49 0.12 1.80 0.15 

S x DISP 2 0.05 0.02 0.36 0.70 

D x DISP 2 0.10 0.05 0.71 0.50 

S x D x DISP 4 0.06 0.01 0.20 0.94 

Residuals 35 2.38 0.07   

 

Table A5.1.4 ANOVA effects of sampling day, disturbance, and dispersal on local 

chlorophyll a concentration (Chl a; log-transformed) in community J. 

 Chl a (µg/L) Community J 
 df Sum Sq Mean Sq F p 

Sampling day (S) 2 0.39 0.19 6.69 0.00 

Disturbance (D) 2 0.58 0.29 10.02 0.00 

Dispersal (DISP) 1 0.08 0.08 2.76 0.11 

S x D 4 0.01 0.00 0.06 0.99 

S x DISP 2 0.01 0.00 0.09 0.91 

D x DISP 2 0.00 0.00 0.02 0.98 

S x D x DISP 4 0.17 0.04 1.48 0.23 

Residuals 35 1.02 0.03   

 

Table A5.1.5 ANOVA effects of sampling day, disturbance, and dispersal on regional 

chlorophyll a concentration (Chl a; log-transformed). 

 Chl a (µg/L) Regional 
 df Sum Sq Mean Sq F p 

Sampling day (S) 2 0.06 0.03 1.72 0.19 

Disturbance (D) 2 0.79 0.39 21.08 0.00 

Dispersal (DISP) 1 0.01 0.01 0.35 0.56 

S x D 4 0.09 0.02 1.20 0.33 

S x DISP 2 0.08 0.04 2.24 0.12 

D x DISP 2 0.00 0.00 0.03 0.97 

S x D x DISP 4 0.03 0.01 0.45 0.77 

Residuals 35 0.65 0.02   
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