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Abstract 
 
Mineral particles in rivers have been shown to cover adnate algal 
species, promoting motile and filamentous species. Such effects and the 
role of detrital particles have not been studied in stagnant waters. In 
degraded peat lands detrital particles are very prominent and therefore 
we studied the interaction of organic particles and attached algae. Field 
grown communities were translocated to microcosms and exposed to 
organic particles in the laboratory. Colonization of substrate was also 
studied in field enclosures that allowed settlement of particles. We 
compared algal settlement under low particle regime (enclosures) with 
settlement at high particle concentration (outside). Suspended particles 
were found to be trapped by attached algae in proportion to the 
concentration of particles. The presence of particles in the incubations 
and field enclosures modified species composition, reducing the share 
of low-profile forms. These experimental results were verified in a field 
survey with a wide range of turbidity. The share of low profile species 
was lowest in turbid ditches while motile and planktonic algae 
dominated, in agreement with the results from experiments. It is argued 
that the strong interactions of attached algae and suspended organic 
matter found in peat land ditches is a characteristic feature of detritus 
rich waters. 
 
Introduction 
 
The concentration of suspended particles has increased with time in 
lowland peat lakes and wetlands, mainly due to degradation of the peat 
layers stimulated by alkalinization and nutrient enrichment. 
Alkalinization has increased due to the practice of letting in alkaline 
river water, and is responsible for an increased mineralization of the 
peaty substrates (Roelofs, 1991). In addition, in agricultural lands, large 
amounts of phosphate and nitrate may be leached from the top layer to 
the deeper soil layers increasing the decomposition of the peat, and 
resulting in large amount of fine organic material deposited in the 
bottom of the ditches (Smolders et al., 2006). These eutrophic and peaty 
waters contain now large stocks of organic debris subjected to 
suspension-deposition cycles. Although larger peat fragments can settle 
again, fine detritus remains in the water column for several weeks after 
resuspension (Otten et al., 1992). 
Water turbidity has been identified as an important factor for aquatic 
ecosystems especially for plants and algae (Wood & Armitage, 1997). 
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Suspended sediment particles reduce the penetration of light into the 
water, thereby reducing photosynthesis (Van Nieuwenhuyse & 
LaPerriere, 1986; Hill, 1996), and leading to smothering of attached 
communities (Izagirre et al., 2009). Suspended particles are known to 
be trapped and immobilized by biofilms (Jowett & Biggs, 1997) causing 
a change in the structural composition of the biofilms and a subsequent 
reduction of stable attachment surfaces resulting in reduced 
colonization and growth of algae (Wood & Armitage, 1997; Yamada & 
Nakamura, 2002). Although these effects on phototrophic biofilms have 
been demonstrated for inorganic particles (e.g. Shaffer, 1984; Graham, 
1990; Van Nieuwenhuyse & LaPerriere, 1996; Wulff et al., 1997; 
Francour et al., 2006; Izagirre et al., 2009; Jones et al., 2014), effects of 
trapping of particulate organic matter largely remained unknown. Yet 
studies confirmed that the mineral content and characteristics of 
suspended particles may differ for example in their ability to interact 
with algae (Cuker et al 1990). It is hypothesized that organic particles, 
as the ones resulting from peat degradation may be trapped by benthic 
algae, and thereby change the development of algal communities. 
Algae with different growth forms are differently influenced by effects 
of particle trapping by biofilms. Motile species can actively migrate 
from covered areas, while algae adhering flat to substrates will be 
covered. Vulnerability of filamentous forms extending into the water 
could be dependent on adhesion of particles to their thalli, a process 
enhanced by mucus sheaths (Burkholder, 1991; Avnimelech et al., 
1982). Based on these observations, Passy (2002, 2007) presented the 
concept that growth forms of attached algae can be presented as 
ecological guilds that respond differently to disturbance caused by flow 
regime, nutrient regime and particle deposition. Indeed, in stream 
habitats subjected to increasing sedimentation of fine particles the 
fraction of ‘motile diatoms’ has been observed to increase (Dickman et 
al., 2005; Izagirre et al., 2009; Jones et al., 2014). Moreover, the 
dominance of motile diatoms on the surface of unstable sand flats or 
intertidal mudflats (Consalvey et al., 2004; Licursi et al., 2006) provides 
additional confirmation of the response of algal guilds to increased 
deposition of particles. 
We hypothesize that in eutrophic peat ditches increased loads of 
suspended organic particles result in enhanced trapping of particles in 
phototrophic biofilms and alterations of algal community composition 
within these biofilms. For this purpose, we investigated the impact of 
increased concentrations of organic particles in degrading peat lands on 
the attached algal community composition and guild structure in three 
settings. First, an indoor microcosm experiment was carried out to 
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analyse the effects of suspended organic particles on the development, 
density and species composition of phototrophic biofilms. 
Subsequently the findings were verified in an in situ experiment with 
enclosures artificially reducing turbidity under field conditions. Finally, 
we compared the diatom community composition, based on growth 
forms, of attached algae on reed stems in a survey of peat ditches in 
three wetlands covering a wide range of turbidity.  
 

Material and methods 
 
Locations 
 
To determine the effects of suspended organic particles on attached 
algal communities, three experiments were performed using algal 
communities from three wetland areas that differ in their degree of 
eutrophication fulfilling criteria for mesotrophic (Naardermeer), 
eutrophic (Oostzanerveld) and hypertrophic (Wormer en Jisperveld) 
conditions (henceforth we called the areas using their trophic status). 
Each wetland (ca. 10‒20 km2 and less than 30 km apart) is dominated 
by a system of shallow, interconnected ditches in which the water tables 
are kept within strict limits and with banks bordered by reed belts 
dominated by Phragmites australis (Cav.) (Steudel). The three areas 
differ in their concentration of suspended solids reflecting strong 
differences in turbidity. A microcosm experiment was carried out using 
material (algal communities, water and suspended particles) from the 
hypertrophic area. The in situ enclosure experiment was carried out in 
the same area, while the field survey also included the eutrophic and the 
mesotrophic area. We tested the effect of peat particles using biofilms 
from the most degraded area (hypertrophic) to test if a change in peat 
particle concentration has an effect in benthic algae independently of 
the high nutrient concentrations. Yet, hypertrophic conditions are the 
predominant nutrient status in North Holland province.  
 
Microcosm experiment 
 
The effect of suspended particles on freshwater biofilm composition 
was tested using glass discs colonized by biofilms from nutrient rich 
peat lands. Biofilms were exposed to degraded peat particles collected 
from the peat land ditches. Sand blasted glass discs (1.3 cm2 surface) 
were placed vertically in polyethylene racks at 25 cm under the water 
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surface during 4 weeks in the hypertrophic area. After this colonization 
period, racks were collected and intact racks with holders were placed 
vertically in plastic flasks filled with water from the corresponding 
location and transferred to the laboratory within ca. 1 hour. In addition, 
peat sediment was scooped from the top sediment layer with a hand-
held sampling net. After centrifugation (5000 rpm., 20 min.) to separate 
the sediment particles from the pore water, the particles were freeze-
dried (Freeze Dryer Scanvac CoolSafe 55-4 Pro) at – 53 °C (Malcolm, 
1968). Prior to use, the particles were sieved (mesh size 150 μm) to 
remove larger plants fragments.  
The attached algal communities on the glass discs were exposed in four 
conical vessels to different concentrations of peat particles (0, 200, 300 
and 500 mg L-1) over a period of 4 weeks in the laboratory. These 
concentrations encompass particle concentrations observed in the field. 
To this purpose, twenty colonized discs were vertically suspended in 
the water column of each vessel filled with 1.5 L of filtered (150 μm) 
water collected from the field and refreshed twice per week. The conical 
design of the vessels (Fig A2.1) coupled to a peristaltic water pump 
(Cole Parmer Masterflex) provide a vertical water flow (from the top to 
the bottom) with a discharge of 2.7 mL s-1, sustaining a continuous 
recirculation of the suspensions but avoiding disruption of the attached 
communities. Biofilms were exposed to 10/14 hour light/dark cycle 
with a light intensity of 110 μmol photons m-2 s-1 at the biofilm surface 
and a temperature of 18 °C. In order to test the effect of particle trapping 
on freshwater biofilms separated from effects of light attenuation 
resulting from an increased turbidity, light intensity levels at the 
biofilms discs were kept similar. To this purpose, light intensities above 
the treatments were adjusted to compensate for differences in light 
attenuation in the water column.  
During the four weeks of the exposure experiment, pH (WTW pH/Oxi 
340i/set meter), conductivity (WTW LF 92 meter) and turbidity (WTW 
TURB 350 IR meter) were measured daily. Total nitrogen and total 
phosphorus were measured in the water column (according to NEN 
6646 and 6645 respectively) before and after refreshing the water. 
After 4 weeks of exposure, using an Olympus BH2 Fluorescence 
microscope (400x), 27 pictures of the biofilms were taken randomly per 
treatment in which particles show up in light green because of their 
organic content (protein, fulvic and humic fluorescence; Senesi et al., 
1991). The light green particles were extracted from the pictures by 
colour thresholding (Fig A2.2), after which the trapping of particles was 
quantified by calculating the percentage cover of the total surface disc 
area using ImageJ 1.44p software. Because the biofilms grown in the 
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glass disc were relatively thin, we estimated the percentage cover of 
algae and particles assuming a flat (2-dimensional) biofilm surface. In 
addition, the species composition of biofilms was determined by the 
identification of 600 algal cells or filaments of two replicate glass discs, 
after scraping and suspending the biofilm in 10 ml of water. 
Identification of cells to genus level was determined according to John 
et al. (2002) and Hofmann et al. (2011). Finally, the absolute number of 
cells was counted using a Bürker-Türk counting chamber at 400x 
magnification (Olympus BH2 light microscope), taking three 
measurements per glass disc. Benthic algae were classified into growth 
forms following Izagirre et al. (2009) and Rimet & Bouchez (2012). 
 
In situ enclosures 
 
To determine the effects of turbidity on biofilm development in the 
field, we placed a transparent acrylic tube of 30 cm diameter in two 
different ditches in the hypertrophic area (locations A and B), creating 
two areas where no resuspension of peat particles could occur. The 
length of the acrylic tube was adjusted to the depth of the ditch (30 and 
70 cm for location A and B respectively) with 20 cm of the tube pressed 
in the peat sediment to stabilize it against wind and other physical 
disturbances and 10 cm of the tube extending above the water level. Ten 
uncolonized reed stems (dead, clean and never placed in the water 
before) were placed inside and outside the enclosures for colonization 
of biofilms on the natural substrate. Water quality in- and outside the 
tubes was monitored after 8 weeks. Turbidity was measured in situ 
using a Hach 2100Q portable turbidity meter using NTU 
(Nephelometric Turbidity Units). Water pH and oxygen concentrations 
were measured with a portable field meter (Hach HQd Field Case). 
Chloride and sulphate concentrations were determined with photometry 
and continuous flow analysis using standardized national protocols 
accredited by the Dutch Standards Institute (NEN-EN-ISO-15682 and 
NEN-EN-ISO-22743, respectively). Total nitrogen and total 
phosphorus concentrations were determined as described for the 
microcosm experiment. 
After 8 weeks, the colonized reed stems were collected and diatom 
samples were obtained from 10 cm long sections, 5-15 cm below the 
water surface. Reed sections were cut into pieces, cleaned with HCl to 
release all attached diatoms from the stems and the algal suspensions 
were then subjected to H2O2 digestion. Diatom samples were mounted 
on microscope slides with Permount Mounting Medium (Fischer 
Scientific, Pittsburgh) and from each sample 400 to 500 diatom valves 
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were identified (using a light microscope at 1000x magnification). 
Taxonomic identification was based on Krammer & Lange Bertalot 
(1986-1991) and Hofmann et al. (2011). In addition, visual observations 
on green algae and cyanobacteria were made following John et al. 
(2002).  
Diatom species collected from the field enclosure experiment, and also 
from the field survey, were classified in ecological guilds according to 
Rimet & Bouchez (2012). The relative abundance of the four ecological 
guilds (low profile, high profile, motile and planktonic) was based on 
the cell numbers identified up to species level. 
 
Field survey 
 
Composition of attached algal communities was determined in three 
wetlands covering a range in turbidity. In the hypertrophic area (most 
degraded and turbid), eutrophic (intermediate), and mesotrophic 
(natural reserve, low turbidity), ten diatom samples were collected in 
April and May (2011). Each sample consisted of 30 pooled reed stems 
from which the algal community of the upper 10 cm was collected and 
analysed using the same approach as described for the field enclosure 
experiment above. In addition, abiotic variables were recorded each 
time a diatom sample was collected. Surface water pH, oxygen 
concentration, turbidity, total nitrogen, total phosphorus, sulphate and 
chloride were determined using the methods described for the 
microcosm and field enclosure experiments 
 
Statistical analyses 
 
When necessary to fulfil normality or equal variances assumptions, data 
were logarithmic transformed. To compare algal densities and particle 
coverage between the treatments of the microcosm experiment, One-
way analysis of variance (ANOVA), followed by a Tukey HSD post-
hoc analysis were performed. Differences in abiotic conditions were 
determined using ANOVA for the microcosm treatments, for the inside 
and outside of the field enclosure, and for the survey of the three studied 
wetlands. Changes in relative abundance of diatom guilds with turbidity 
over the three wetlands were analysed using linear regression. An 
ordination (RDA analysis) of communities according to the four 
ecological guilds of diatoms was constructed. The measured 
environmental parameters were explored as explanatory drivers of guild 
composition. Statistical analyses were performed with IBM PASW 



S e e  a t t a c h e d  -  c h a p t e r  2  

30 
 

Statistics 17.0 and Canoco 4.5. Statistical significance was defined as P 
≤ 0.05. 
 
Results 
 
Microcosm experiment 
 
Increasing concentrations of suspended peat particles in the different 
treatments indeed resulted in a significant increase in turbidity, with 
average (± SD) values of 14 ± 4, 68 ± 9, 119 ± 18 and 197 ± 16 NTU 
measured in the 0, 200, 300 and 500 mg peat L-1 treatments, 
respectively, during the four weeks period (ANOVA, F3,40 = 392.2, P < 
0.001). With increasing peat particle concentrations, also total nitrogen 
and total phosphorus concentrations increased. Total nitrogen and total 
phosphorus were significantly lower in the treatment without particles 
compared to the treatment with the highest particle concentration (total 
N: 3.3 ± 0.5 and 10.9 ± 2.2 mg N L-1, ANOVA F3,12 = 10.10, P = 0.001; 
total P: 0.25 ± 0.21 and 0.77 ± 0.28 mg P L-1, ANOVA F3,12 = 19.53, P 
< 0.001, respectively). 
The amount of particles trapped by the biofilm, expressed as percentage 
cover of the surface area was significantly different between the 
treatments (ANOVA, F = 5.148, P = 0.002) with intermediate values at 
particle concentrations of 200 to 300 mg L-1 and the highest particle 
trapping values at 500 mg L-1 (Fig. 2.1).  

 
Figure 2.1. Amount of particles trapped in phototrophic biofilms (expressed 
as % coverage of the total surface area) exposed to increasing suspended 
particle concentrations. The letters denote statistically homogeneous groups 
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(One-way ANOVA F = 5.148, P = 0.002; Tukey HSD 5% error probability). 
Error bars indicate 95% confidence intervals (n = 27). 
 
The algal density at the end of the incubation period (number of algal 
cells μL-1) decreased with increasing peat particle concentrations 
(ANOVA, F3,7 = 14.08, P = 0.014; Fig. 2.2a). Elevated concentrations 
of peat particles influenced species richness of the biofilms. At the 
highest particle concentration (500 mg L-1), we observed 8 taxa less 
compared to the treatment without particle addition (from 31 species in 
the control treatment to 23 species in the treatment with the highest 
particle concentration) and filamentous green algae (orders 
Ulotrichales, and Klebsormidiales) completely disappeared (maximum 
abundance of these species in the treatments with lower concentration 
of particles were 4 and 6 filaments). The branched filaments of green 
algae (genera Chaetophora and Cladophora) already disappeared at the 
lowest concentration of added particle exposure (200 mg L-1). Densities 
of other algal groups, like unicellular green algae (Chlorococcum and 
Keratococcus) and unicellular diatoms (Nitzschia), were not negatively 
affected by increasing particle concentrations. In contrast to colonial 
Chlorophytes, the relative importance of colonial Cyanobacteria 
(Microcystis or Merismopedia) strongly declined with increasing 
particle concentrations (Fig. 2.2b,c). Overall, unicellular diatoms were 
the main morphological group under all treatments, and even accounted 
for around half of the attached algal community at the highest particle 
concentration (Fig. 2.2d). 
 
In situ enclosures 
 
The water turbidity inside the tube was strongly reduced when 
compared to outside the tubes (on average 5 and 39 NTU respectively). 
Also total P and total N concentrations were lower inside the tubes than 
outside (0.31 and 0.24 mg P L-1 and 4.3 and 3.2 mg N L-1, respectively). 
No differences in chloride and sulphate concentrations were observed 
between in- and outside the tubes. Clear differences in appearance 
between reed stems colonized after 8 weeks inside and outside of the 
tubes were observed (Fig. 2.3). 
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Figure 2.2. Algal density (a) and community composition (b-d) of the biofilms 
after four weeks of exposure to particles in a microcosm. Total cell numbers 
were divided into morphological groups derived from 600 identified algal cells 
or filaments per treatment. The algal community consisted of three Phyla: 
Chlorophytes (b), Cyanobacteria (c) and diatoms (d) and three different 
morphological groups: unicellular (checker), colonial (solid) and filamentous 
(vertical). Only Chlorophytes contained all morphological groups. 
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The ‘outside’ communities (Fig. 2.3a) were dominated by mats of green 
algae and diatoms with tufts extending in the water and with an 
accumulation of dark particles, most likely peat fragments or other 
detritus. The ‘inside’ communities (Fig. 2.3b) were characterized by a 
conspicuous expansion of green colonial algae and much lower 
quantities of visible brown material, diatoms and peat. The attached 
green algae species Chaetophora pisiformis (Roth) C.Agardh, 
Characium sp. and Coleochaete orbicularis Pringsheim were observed 
on reed stems inside the tubes, whereas only very low numbers of C. 
orbicularis were seen outside the tubes. 
 

 
 
Figure 2.3. Examples of the different appearance of reed stems colonized after 
8 weeks outside (a) and inside (b) of the field enclosures (tubes). The outside 
communities are dominated by mats of green and brown algae, peat fragments 
and detritus. The inside communities were characterized by green colonial 
algae and lower quantities of visible brown material, diatoms and peat, 
showing benthic green algae species such Coleochaete orbicularis and 
Chaetophora pisiformis. 
 
In addition, large differences were observed in the species composition 
and relative abundance of the diatom species growing on the reed stems 
in- and outside the enclosures (Fig. 2.4). This difference in species 
composition was also strongly reflected in the distribution of the 
ecological guilds. Communities in the clear water inside the enclosures 
were dominated by motile taxa with a large fraction of high profile taxa, 
while in the turbid water outside the enclosures planktonic and motile 
taxa comprised the dominant ecological guilds (Fig. 2.5). 

a) b)
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Figure 2.4. Diatom community composition after colonisation of reed stems 
placed inside and outside field enclosures for 8 weeks at two locations in the 
hypertrophic area (A and B). The reduced turbidity inside the enclosures (5 
NTU) versus outside (39 NTU) strongly influenced community composition at 
genus level. Although the species composition was different between the 
locations, for most genera similar patterns were observed. (Only genera with 
more than two counted individuals were included, i.e. 15 out of 27 genera 
observed). 
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Figure 2.5. Distribution of diatom ecological guilds present on reed stems 
colonized inside and outside field enclosures at both locations (A and B). 
Communities in the low turbidity waters inside enclosures (5 NTU) are 
dominated by motile taxa (> 60% of all individuals identified inside), followed 
by high profile taxa. In the turbid waters outside the enclosures (39 NTU), 
planktonic and motile species share 80% of the identified species in the 
biofilms. 
 
Field survey 
 
The three studied areas represent a wide range of turbidity (0.93‒63.2 
NTU), total P (0.02‒0.59 mg P L-1) and total N (0.07‒5.60 mg N L-1), 
while the eutrophic area had higher chloride (average 417 mg L-1) and 
sulphate (104 mg L-1) concentrations compared to the other two areas 
(on average 102 mg L-1 and 59 mg L-1, respectively). The representation 
of morphological guilds of diatoms sampled from the different areas 
was first evaluated in relation to turbidity only. The fraction of high 
profile diatoms was positively related to water turbidity, while the 
fraction of motile diatoms showed no relationship with turbidity. The 
percentage of low profile and planktonic diatoms showed a strong and 
significant relationship, negative and positive respectively, with water 
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turbidity (NTU values) in the three wetlands (Fig. 2.6). The diatom 
guild composition in the three wetlands was clearly different, as shown 
by the separation of the locations in an ordination diagram of the diatom 
guilds together with the environmental factors (Fig. 2.7). Diatom guild 
composition in the mesotrophic area was separated from the other sites 
in close correspondence with the higher chloride and sulphate 
concentration. Diatom guild composition was also strongly ordinated 
according to the turbidity, total N and total P concentrations, pH and 
oxygen concentrations. These latter variables together represented a 
strong eutrophication gradient.  
 
 
Discussion 
 
In this study we showed that suspended particles accumulating in the 
degraded peat lands interfered strongly with the development of 
attached algal communities. Using controlled laboratory experiments 
and observations in field enclosures manipulating water turbidity, we 
demonstrated that organic particles were trapped by the biofilms 
resulting in direct effects on the composition of phototrophic biofilms. 
A key factor in the interaction between detritus particles and biofilm 
communities is the formation of algae-particle aggregates (Jackson, 
1990). Detrital particles contain organisms such bacteria, rest of dead 
cells and can provide nutrients to the benthic algae as well. These 
characteristics of detrital particles make them more likely to form 
aggregates with algae and increase trapping efficiency (Biddanda, 
1985). In addition, the probability of encounters between particles and 
algae in the biofilm matrix is firstly determined by particle 
concentration and the spatial structure of the biofilm (Jackson, 1990; 
Guenter & Bozelli, 2004). Moreover, algae can provide a sticky surface 
by secreting polysaccharides or mucilage in which particles can be 
trapped (Graham, 1990; Kiørboe et al., 1990). In general, larger celled 
species, characteristic of later successional stages, and colonial forms 
with extensive outer mucus sheaths that do not fragment easily, such as 
in filamentous, branched green algae and desmids, get rapidly covered 
with particles (Avnimelech et al., 1982; Burkholder, 1991). These 
species and forms are the first ones affected by particle trapping, even 
at the lowest concentration of particles as observed in the present study. 
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Figure 2.6. Relative abundance of diatom ecological guilds correlated to 
water turbidity in three wetland areas mesotrophic (squares), eutrophic 
(triangles), and hypertrophic (diamonds). The relationship between the high 
profile guild (a), planktonic guild (b) and low profile guild (c) with turbidity 
were fitted with linear regressions (F1,26 = 8.3, P = 0.008, R2 = 0.24, F1,26 = 
62.0, P <0.001, R2 = 0.70, F1,26 = 78.1, P < 0.001, R2 = 0.75, respectively), no 
significant correlation was observed for the motile guild (F1,26 = 0.1, P = 0.55; 
not shown). Two observations with an outlying NTU value of 64 were omitted. 
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Figure 2.7. RDA showing the relationship between diatom ecological guilds 
and environmental variables. The diatom community composition according 
to ecological guilds was different for attached algal communities in the three 
wetland areas: mesotrophic (squares), eutrophic (triangles), and hypertrophic 
(diamonds). The cumulative percentage of variance of the guilds – 
environment relation in the RDA analysis (permutation pseudo-F = 19.1, P = 
0.002) was 78.0% for axis 1 and 85.3% for axis 2. The eigenvalues for the axes 
were 0.7798 and 0.0735, respectively. 
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Unicellular species (whether true planktonic or species with a mixed 
benthic-planktonic life cycle) do not experience these negative effects 
by particle trapping to the same extent as larger algal colonies and 
filaments and therefore have an advantage in turbid environments (Gray 
& Ward, 1978). Other ecological aspects such as gliding motility of 
diatoms and cyanobacteria (Hoiczyk, 2000) or the fact that some 
diatoms are able of survive under low irradiance and darkness 
(Admiraal, 1984) increase the efficiency of these groups of algae to 
inhabit substrates which are rich in deposits formed by suspended 
particles. 
In the present study, four morphological guilds of benthic diatoms were 
effective to classify communities from the three peat land areas 
differing in their degree of eutrophication and subsequent water 
turbidity. Planktonic diatoms (true plankton trapped in the biofilms or 
species with mixed benthic-planktonic life cycle) made up a large 
fraction of the diatom community in the most hypertrophic wetland, 
with the genera Cyclotella, Cyclostephanos, Stephanodiscus and the 
species Staurosirella berolinensis (Lemmermann) Bukhtiyarova 
capable of occupying both benthic and planktonic habitats. The 
prominence is evidently caused by the dense phytoplankton in this area, 
indicated by the high chlorophyll-a concentration exceeding 100 μgL-1. 
Since planktonic algae are themselves causing part of the particles in 
turbid water, trapping of both degraded peat particles and 
phytoplankton cells may co-occur, especially during the spring bloom 
(around April) when planktonic diatoms abound. At the other end of the 
spectrum, in the clear waters of the mesotrophic area the attached 
diatom communities are characterized by a 65 to 95% predominance of 
adnate species, a percentage characteristic for low nutrient water 
(Passy, 2007).  
Despite the rapid generation times, algal communities in natural 
systems can carry a significant legacy of past disturbance with the 
persistent algae withstanding the disturbance contributing to recovery 
and influencing the new community composition (Peterson, 1996). 
Inside our enclosures with artificially low turbidity and probably low 
numbers of phytoplankton we did not observe an establishment of low 
profile, adnate diatom species such as observed in the clear water 
ditches. Besides creating an area with low turbidity, the enclosures also 
minimized water movement and which could affect the species and 
formation of biofilm structures. Instead of adnate diatoms, benthic 
branched green algae (e.g. Chaetophora sp., Coleochaete sp.) expanded 
on the reed stems introduced in the enclosures. Although not a part of 
the ecological guilds of the diatoms, green algal colonies form a 
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morphological analogue of the low profile diatoms and may compete 
effectively under the transient conditions of high nutrient levels, low 
degree of colonization and low concentrations of suspended particles. 
Such branched colonial forms like species of the genus Chaetophora or 
Coleochaete grow under high light conditions (Andersen & Walker, 
1920; Jorgensen, 1994). On the other hand, the dominant green algae of 
the genus Ankistrodesmus or Monoraphidium present outside the 
enclosures reacted to sedimentation by colony fragmentation 
(Burkholder, 1991). Based on these observations we conclude that 
ecological guilds of attached algal species are sensitive indicators of 
turbidity and nutrient conditions in peatland waters. Jones et al. (2014) 
proposed to couple diatom indices to sediment stress models as a 
weight-of-evidence methodology for sediment management for 
freshwater ecological status in running waters. Likewise, the combined 
analysis of diatom indicator species together with data on suspended 
particles as done in this study could help in defining targets to improve 
the ecological status of degrading peatlands. 
The field survey showed a strong influence of environmental variables 
(total N, total P, and oxygen) in addition to turbidity on attached algae 
and that these two drivers (particles and nutrient concentration) are 
tightly linked. The transport of nutrients to the benthic environment 
caused by the trapping of particles can further enhance the shift in the 
diatom communities towards species characteristic of nutrient-rich 
conditions (Jones et al., 2014). However, evidence from the microcosm 
and field enclosures revealed that changing solely particle 
concentrations, profound effects on algal diversity and composition 
occur. Thus, both drivers (particles and nutrient concentrations in the 
water column) have a distinct but a synergistic effect in aquatic systems. 
The enhanced nutrient concentrations in turbid systems resulted from 
high particle concentration but also from the practice of letting in river 
mineral water in Dutch wetlands. 
Human-induced eutrophication in peatland areas in The Netherlands is 
a serious environmental problem with negative effects on aquatic biota. 
The low-lying peat lands may be particularly sensitive to eutrophication 
since the peat deposits are subject to high rates of microbial degradation 
(Smolders et al., 2006) and as a result large volumes of fine organic 
particles fill up the ditches. In the hypertrophic area this accumulation 
of unstable deposits urged for intensive dredging schemes (Van der 
Does et al., 1992). It may be argued that the enrichment with nitrogen 
and phosphorus compounds from local agriculture drives the factor 
turbidity via the rate of peat degradation rather more so than via direct 
effects on phytoplankton development. The present study demonstrates 
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that biofilms may trap the suspended organic particles resulting in a 
distinct effect on periphyton communities. Jointly with the negative 
effects of light attenuation and nutrient enrichment, particle load on 
surface waters is likely to form an important driver for the observed 
changes of benthic algal communities. Floccules of detritus may arise 
from different main sources such as aquatic plants, phytoplankton and, 
especially in peat lands, from degradation of organic soils. All the 
organic material is subject to microbial colonisation and coagulation 
processes in water. Therefore it is likely that the interaction between 
suspended organic particles and attached algal communities shown in 
the present study is a common feature of shallow aquatic systems. 
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Appendix 2  
 

Figure A2.1 Racks with colonized glass discs were suspended in conical 
plastic vessels. A water tube pump was connected to the vessel for the 
recirculation of suspended particles in counter-clock wise direction. 
 

 

Figure A2.2 Fluorescent images of biofilms (red) with incorporated particles 
(bright green) on glass discs (dark green background) after an incubation 
period of 4 weeks with 500 mg/ peat 
 


