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Temporal changes in periphytic meiofauna in lakes of different trophic states

Fabian SCHROEDER,* Walter TRAUNSPURGER, Kurt PETTERSSON,1 and Lars PETERS

Animal Ecology, Bielefeld University, Morgenbreede 45, 33615 Bielefeld, Germany; 1Department of Ecology and Genetics, Erken
Laboratory, Uppsala University, Norr Malma 4200, 76173 Norrtälje, Sweden
*Corresponding author: fabian.schroeder@uni-bielefeld.de

ABSTRACT

Meiofaunal organisms in the periphyton of stony hard-substrates (epilithon) were studied in three Swedish lakes with different

trophic states (oligo-, meso- and eutrophic) with respect to seasonal successions in abundance, biomass, and production. Over a period

of 2 years, the meiofaunal population of all three lakes fluctuated greatly, with densities varying up to nine-fold within a season. In the

oligotrophic lake, a significant decrease in meiofauna in winter was striking, whereas in the other two lakes, richer in nutrients, there

was a pronounced peak in early summer. Although the lakes, on average, did not differ in epilithic organic and inorganic material, the

differences in meiofaunal abundance, biomass, and production were significant. Correlation analysis revealed that altogether the meio-

faunal biomass was positively related to the lakes’ trophic state (total phosphorus), while the meiofaunal abundance and production

along the trophic spectrum displayed a humped-shape distribution, with maximum values measured in the mesotrophic Lake Erken

(1324 ind cm-2 and 2249 mg DW cm-2 y-1). Nematodes were the dominant meiofaunal group in the epilithon of all three lakes, accounting

for up to 58% in abundance, 33% in biomass and 55% in production of the whole meiofaunal community. However, their relative im-

portance tended to decrease with increasing trophic state. Beside nematodes, rotifers, oligochaetes, copepods and tardigrades were

also found in large numbers in the epilithon. Overall, the results demonstrated that, due to their high abundance, biomass, and produc-

tion, meiofaunal organisms play an important role in epilithic communities. 
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INTRODUCTION

In freshwater ecosystems nearly every surface is cov-
ered by periphyton, which consists mainly of algae but
also of heterotrophic components including bacteria,
fungi, protozoans, and small metazoans, as well as dead
organic material (Wetzel 2001). In recent decades, it has
become increasingly apparent that periphyton is of great
importance for lake ecosystems. Especially in shallow
lakes, periphyton can account for a large proportion of
whole-lake primary production, by the fixation of carbon
and essential nutrients such as nitrogen and phosphorus
(Vadeboncoeur, and Steinman 2002), in addition to pro-
viding a habitat and major food source for many macro-
zoobenthic organisms and fish (Hecky, and Hesslein
1995; Hillebrand 2009). The temporal development of pe-
riphytic communities with regard to autotrophic and het-
erotrophic microorganisms has been well studied
(Cattaneo 1987; Harrison, and Hildrew 2001; Kahlert et
al. 2002). However, one important group of organisms has
been largely neglected, namely, the meiofauna.

In lentic habitats, meiofaunal organisms (benthic in-
vertebrates between 50 and 1000 mm), mainly nematodes,
rotifers, and microcrustaceans, are known to account for
approximately 25% of the total biomass of all benthic or-
ganisms (Hakenkamp et al. 2002), and due to their high

turnover rates and short generation times, they can be re-
sponsible for up to 50% of the total benthic secondary
production (Strayer, and Likens 1986). As primary con-
sumers, meiofauna influence lake ecosystem processes by
reducing microfauna (Perlmutter, and Meyer 1991; Bor-
chardt, and Bott 1995) and by stimulating microbial ac-
tivity through moderate grazing, bioturbation, and
excretion (Traunspurger et al. 1997; Hakenkamp et al.
2002; Mathieu et al. 2007). Meiofaunal organisms are not
only closely linked to the lowermost trophic level, but also
constitute an important food source for larger vertebrates
and invertebrates (Schmid, and Schmid-Araya 2002; Di-
neen, and Robertson 2010; Spieth et al. 2011). However,
nearly all studies of freshwater meiofauna published so
far have dealt with sediment-associated meiofauna
whereas general information on meiofauna in the periphy-
ton of lakes is scarce, with only a few studies reported to
date (e.g., Meschkat 1934). Peters and Traunspurger
(2005) documented that meiofaunal organisms are a nu-
merically abundant component of lake periphyton. They
are able to quickly colonize new, growing periphyton
habitats (Peters et al. 2007) and to increase in abundance
with increasing periphytic biomass (Hillebrand et al.
2002; Peters, and Traunspurger 2005). A detailed descrip-
tion of the seasonal variations in population density and
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community composition, however, is still lacking despite
the fact that precisely such investigations are needed to
improve our understanding of freshwater periphytic com-
munities.

Also, in soft sediments, little is known about the sea-
sonal succession of meiofauna (Bergtold, and Traun-
spurger 2004; Michiels, and Traunspurger 2004;
Witthöft-Mühlmann et al. 2005). In contrast to the ben-
thos, the seasonal succession of zooplankton in the pelagic
zone has been extensively described in the literature (Wet-
zel 2001; Scheffer 2004). Those studies have shown that,
beside the lake’s morphometry and fish stock, the trophic
state is an important factor influencing seasonal patterns
of zooplankton populations (Sommer et al. 1986). Over-
all, empirical models predict that with increasing trophic
state primary production and hence also the abundance
and biomass of zooplankton will increase (Hanson, and
Peters 1984; Rasmussen, and Kalff 1987). The rare data
on littoral meiofaunal communities so far did not confirm
this result gained for zooplankton (Ristau, and Traun-
spurger 2011). In profundal sediments, the trophic state
actually negatively affected meiofaunal densities through
the related changes in oxygen concentration (Prejs 1977).
How the trophic state, one of the most important factors
influencing lentic communities, shapes the periphytic
meiofauna is still unknown.

As even the most basic knowledge about the meio-
fauna in periphytic biofilms is lacking, we carried out a
2-year (2008-2010) pilot study of the periphyton of stony
hard-substrates (epilithon) in three dimictic lakes with dif-
ferent trophic state, focusing particularly on meiofaunal
abundance, biomass, and secondary production. Specifi-
cally, the following questions were addressed: 1) What
are the patterns in seasonally changing meiofauna com-
munities? 2) How does the trophic state of a lake shape
the meiofaunal community and its seasonal succession?

MATERIALS AND METHODS

Study sites 

Epilithic communities in the littoral zone of three differ-
ently productive lakes were analyzed over a 2-year period.
The lakes are located close to each other, approximately 70
km northeast of Stockholm, Sweden
(Fig. 1). The sampled lakes differ in trophic state and in mor-
phometric parameters (see Peters, and Traunspurger 2005).
The oligotrophic Lake Largen is the smallest of the three
lakes (location: N59°35.631’ E18°32.158’, surface area: 1.5
km2, mean depth: 8.3 m, max. depth: 21 m) followed by the
eutrophic Lake Limmaren (location: N59°42.843’ E18°
42.960’, surface area: 5.4 km2, mean depth: 4.6 m, max.
depth: 7.8 m); the largest lake is the mesotrophic Lake Erken
(location: N59°51.584’ E18°38.194’, surface area: 24 km2,
mean depth: 9 m, max. depth: 21 m). 

Sampling procedure and analyses

From April 2008 to April 2010, samples were col-
lected bimonthly, except between August 2009 and Feb-
ruary 2010, during which the epilithon was sampled every
third month. In each lake and at each sampling date, four
epilithon samples were obtained at a water depth of 50
cm by using a brush sampler, as described in Peters et al.
(2005). This syringe-like sampler scrapes off a defined
area (3.14 cm2) on hard-substrates and collects all sam-
pled epilithic material, including biofilm-dwelling meio-
fauna, without loss and without contamination by
zooplankton. Each epilithon sample was transferred into
a 100 mL polyethylene bottle and stored in the dark at 4°C
until all processing was completed, within 12 h. To ana-
lyze total phosphorus (TP) and nitrogen (TN) of the water
column water samples from each sampling location were
taken by using a 10 mL syringe close to the hard-sub-
strates. TP and TN of the taken water samples were ana-
lyzed following the Swedish Standard guidelines
(Swedish Standards Institution 1995). In the lab, the
epilithic material of each brush sample was transferred
into beakers, which were then filled with tap water to a
defined volume (100-150 mL). To ensure a homogeneous
distribution of the material for further analyses, algal con-
glomerates were carefully separated with scissors and for-
ceps (Peters et al. 2005). 

For the determination of algal biomass, organic and in-
organic material (OM, IOM), measured as chlorophyll-a
(Chl-a), ash-free dry mass (AFDM) and ash, two aliquots
(5-10 mL) from each sample were filtered onto glass-fiber

Fig. 1. Location of the three analyzed lakes in Sweden. Map
modified from Peters, and Traunspurger (2005).
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filters (Schleicher, and Schuell GF6, ø 25 mm). Using the
method of Marker et al. (1980), Chl-a was extracted with
90% ethanol and Chl-a concentrations were measured
spectrophotometrically without correcting for phaeophytin
(Stich, and Brinker 2005). For OM analyses, pre-com-
busted (5 h at 550°C) glass-fiber filters were used and the
filtered material was dried at 105°C for 24 h, followed by
combustion at 550°C for 5 h. Meiofauna OM was removed
from the epilithic OM by subtracting the specific meiofau-
nal dry weight (see below). Epilithic meiofauna were iden-
tified by sieving the remainder of each sample through a
10 mm mesh and then fixing the content of the mesh with
formaldehyde (4% final concentration) followed by stain-
ing with rose Bengal.

Meiofaunal organisms were counted and classified
into taxonomic groups based on stereomicroscopic (40×
magnification) observations. To calculate the biomass of
the meiofaunal groups, excluding nematodes, the organ-
isms were grouped into taxon-specific size classes and
the body volume of 20 randomly chosen individuals of
each taxon and size class was measured. Body volumes
of oligochaetes, mites, tardigrades, ostracods and cope-
pods were calculated by using the formula of Feller, and
Warwick (1988). For rotifers, the formula of
ellipsoid/oval individuals from Herzig (1984) was ap-
plied. Body volume was converted to dry weight using
the specific gravity (1.13 g cm-3) and a dry/wet weight
ratio of 0.25 (Feller, and Warwick 1988). The body
lengths of benthic cladocerans and nauplii were con-
verted directly to dry weight using published regression
equations from Dumont et al. (1975) and Stead et al.
(2003). For nematode biomass calculation, 50 individual
nematodes per replicated sample were identified to
species level (data not presented here), and the species-
specific bio-mass was calculated using length and width
specifications from the literature (Andrássy 1984;
Bongers 1987), the formula of Andrássy (1956), and a
dry/wet weight ratio of 0.25 (Feller, and Warwick 1988).
Males, females, and juveniles were treated separately. If
length and width data for nematode juveniles were not
specified in the literature, biomass was assumed to be a
quarter of the adult biomass (Ristau, and Traunspurger
2011). 

Estimates of the secondary production of each meio-
faunal group were based on the allometric relationships
between annual production and body mass (P/B), using
equation 3 of Banse and Mosher (1980). Hence, for each
meiofaunal taxon the maximum body mass was used, con-
verting dry biomass from kJ to kcal according to Cum-
mins, and Wuycheck (1971). Multiplying P/B by the
mean biomass yields the secondary production value. As
suggested by Banse and Mosher (1980), the product was
divided by four since meiofaunal organisms tend to have
a lower P/B than predicted by equation 3. 

Statistical analyses

To test for differences among sampling dates, a re-
peated measurement analysis of variance (rmANOVA)
was applied to epilithic biomass parameters (Chl-a, OM)
and to meiofaunal abundance, biomass, and production.
First, the data were log-transformed (x + 1) and then
tested for normality. Repeated measurement analysis was
followed by pairwise post-hoc comparisons using Tukey’s
honestly significant difference (HSD) test. Spearman’s
rank correlation test was used to determine whether
epilithic biomass (algal biomass and OM) correlated with
seasonal fluctuations in the nutrient content (TP, TN) and
temperature of the water column. Furthermore it was
tested whether the seasonal variations in meiofaunal abun-
dance were linked to the amount of algal biomass, OM
and IOM in the epilithon (Spearman’s rank correlation
test).

To test for overall differences between the lakes, the
data were analyzed by a univariate test of significance
(one-way-ANOVA) followed by post-hoc comparisons
(Tukey’s HSD test). The assumption of homogeneous
variance was confirmed with Bartlett’s test. If variances
were not equal, the Kruskal-Wallis ANOVA and the
Mann-Whitney U-test were used. Spearman’s rank corre-
lation test was used to find out if the amount of epilithic
algal biomass, OM and IOM as well as meiofaunal abun-
dance, biomass and production, and the relative abun-
dance of each meiofaunal group correlated with lake
trophy (TP concentrations). All tests were performed
using the STATISTICA software package (version 9.1,
StatSoft Inc., Tulsa, OK, USA).

RESULTS

Seasonal fluctuations 

Between April 2008 and April 2010, both algal biomass
and OM showed significant temporal variations in the
epilithon of all analyzed lakes (rmANOVA, Tab. 1).
Whereas only slight seasonal changes in algal biomass
were detected in the oligotrophic lake with the lowest val-
ues recorded in the winter, larger fluctuations were recorded
in the meso- and eutrophic lakes, where the lowest values
were measured in the summer (Fig. 2). Particularly notice-
able was the significant decline of algal biomass in
mesotrophic Lake Erken in August 2009 in contrast to the
two large peaks in June and November (Tukey’s HSD,
p<0.001). In all three lakes, OM fluctuations in the
epilithon were of the same order of magnitude, with max-
imum values in oligotrophic Lake Largen in autumn, in
mesotrophic Lake Erken in summer, and in eutrophic Lake
Limmaren during or directly after the ice-cover period in
winter or spring. Spearman rank correlations revealed that
in the oligotrophic lake the increases in epilithic algal bio-
mass and OM were positively related to temperature
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(R=0.6, p<0.05; R=0.67, p<0.05 respectively), while the
algal biomass in the mesotrophic lake correlated positively
with fluctuations in the TP content of the water column
(R=0.65, p<0.05). In contrast, in the eutrophic lake epilithic
biomass did not correlate with any of the environmental pa-
rameters, i.e., temperature and nutrient content (TP, TN). 

The abundance of the whole meiofaunal community in
the epilithon also exhibited strong seasonal variations
(rmANOVA, Tab. 1). In all three lakes, meiofaunal abun-
dance increased in spring or early summer (Fig. 3), with
maximum densities of 476 ind cm-2 (Lake Largen, June

2008), 1324 ind cm-2 (Lake Erken, June 2009), and 717
ind cm-2 (Lake Limmaren, June 2008). In oligotrophic
Lake Largen, meiofaunal abundance remained more or
less constant during summer and autumn until the start of
the ice cover, after which, in winter, the density declined
to a very low level. 

The seasonal patterns of the meso- and eutrophic lakes
included a pronounced peak in meiofaunal abundance in
spring or summer but, in contrast to the oligotrophic lake,
there was no significant decrease in winter. The seasonal
variations in meiofaunal abundance were positively re-

Tab. 1. Annual means (±SD) of different water parameters (temperature, total-P, total-N) of epilithic
biomass (algal biomass, organic material, inorganic material) and of meiofaunal abundance, biomass,
and production in the three study lakes, together with the minimum and maximum ranges of the means
measured at each sampling date. rmANOVA was applied to test for significant differences between sam-
pling dates. n.s.=not significant, *=p<0.05, **=p<0.01, ***=p<0.001.

Mean±SD Min Max rmANOVA

df MS F p

Oligotrophic
Water parameters

Temperature (°C) 9.5±7.0 0.5 21.5
Total-P (mg L-1) 8.9±5.1 5 24
Total-N (mg L-1) 497±94 370 760

Epilithic biomass
Algal biomass (mg cm-2) 41.0±20.3 18.7 67.9 11 0.1 2.4 *
Organic material (mg cm-2) 9.8±6.4 2.9 19.7 11 0.2 7.9 ***
Inorganic material (mg cm-2) 32.5±31.5 4.5 175.8 11 0.2 3.9 **

Meiofauna values
Abundance (ind cm-2) 254±179 41 476 11 0.5 10.8 ***
Biomass (mg DW cm-2) 31±22 5 96 11 0.4 7.6 ***
Production (mg DW cm-2 y-1) 500±335 125 1016 11 0.4 7.7 ***

Mesotrophic
Water parameters
Temperature (°C) 9.0±6.7 0.5 20.4
Total-P (mg L-1) 33.1±10.8 16 50
Total-N (mg L-1) 787±117 590 991

Epilithic biomass
Algal biomass (mg cm-2) 100.7±59.0 21 277 11 0.3 10.2 ***
Organic material (mg cm-2) 12.1±7.4 2.8 41.7 11 0.1 3.1 **
Inorganic material (mg cm-2) 21.5±18.0 0.6 110.8 11 0.2 2.9 **

Meiofauna values
Abundance (ind cm-2) 448±381 231 1324 11 0.1 4.1 ***
Biomass (mg DW cm-2) 102±61 31 364 11 0.1 4.3 ***
Production (mg DW cm-2 y-1) 1092±646 621 2249 11 0.1 5.3 ***

Eutrophic
Water parameters

Temperature (°C) 9.2±6.8 0.5 19.5
Total-P (mg L-1) 66.3±25.7 33 120
Total-N (mg L-1) 1255±187 960 1600
Epilithic biomass
Algal biomass (mg cm-2) 95.2±52.3 28.8 261.1 11 0.2 6.7 ***
Organic material (mg cm-2) 10.9±5.5 5.5 31.5 11 0.1 3.8 **
Inorganic material (mg cm-2) 23.3±13.6 5.7 58.0 11 0.1 2.0 n.s.

Meiofauna values
Abundance (ind cm-2) 336±257 84 717 11 0.5 4.8 ***
Biomass (mg DW cm-2) 98±77 15 262 11 0.4 3.5 **
Production (mg DW cm-2 y-1) 875±661 237 2092 11 0.4 7.8 ***
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lated to the amount of epilithic OM and IOM in the olig-
otrophic (OM: R=0.87, p<0.001; IOM: R=0.80, p<0.01)
and mesotrophic lakes (OM: R=0.82, p<0.01; IOM:
R=0.63, p<0.05), but not in the eutrophic lake (OM:
R=0.15, p=0.63; IOM: R=0.06, p=0.85). No correlations,
however, were found between meiofaunal abundance and
algal biomass. 

Nearly all meiofaunal groups followed the above-de-
scribed seasonal fluctuations, forming one general peak
in summer (Fig. 4, Tab. 2). Only the tardigrades of the eu-
trophic lake were more frequent in the winter than in the
summer months. In addition, in the first year the tardi-
grade population peaked twice within a season. In the
mesotrophic lake, copepods, also peaked twice within a
year, with a maximum in summer and a smaller increase
in autumn. 

Nematodes were by far the most abundant meiofaunal
group in the epilithon, ranging from 47% of the meiofau-
nal abundance in eutrophic Lake Limmaren to 58% in
oligotrophic Lake Largen, and were therefore mainly re-
sponsible for the temporal variations of the meiofaunal
community (Tab. 2). For example, in mesotrophic Lake
Erken the remarkable maximum abundance of 1324 meio-
faunal individuals per cm² in June 2009 can be primarily
attributed to the rapid increase in nematode abundance

(1014 ind cm-2; Fig. 4). Second to the nematodes were ro-
tifers, accounting on average for 26% of the total meio-
faunal community of the epilithon. In addition to these
two most abundant groups, abundances over 10% were
determined only for copepods and tardigrades in Lake
Limmaren.

As with abundance, seasonal fluctuations were ob-
served for the biomass and production of meiofaunal or-
ganisms (rmANOVA, Tab. 1), reaching maximum values
of 96 mg DW cm-2 and 1016 mg DW cm-2 y-1 in the olig-
otrophic lake, 364 mg DW cm-2 and 2249 mg DW cm-2 y-1

in the mesotrophic lake, and 262 mg DW cm-2 and 2092
mg DW cm-2 y-1 in the eutrophic lake. However, in the latter
two lakes, both biomass and production peaked twice, in

Fig. 2. Seasonal fluctuations in algal biomass (Chl-a) and or-
ganic matter (AFDM) in epilithic biofilms of an oligotro-phic,
a mesotrophic, and a eutrophic lake over a period of 2 years
(2008–2010). Mean±SE.

Fig. 3. Seasonal fluctuations in abundance (ind cm-2) biomass
(mg cm-2) and secondary production (mg cm-2 y-1) of epilithic
meiofauna in an oligotrophic, a mesotrophic, and a eutrophic
lake over a period of 2 years (2008-2010). Mean±SE.
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the summer and autumn of 2009 (Fig. 3), but without sig-
nificant differences between the months (Tukey’s HSD).
With respect to abundance, the relative proportion of bio-
mass decreased for meiofaunal groups with a low body
weight (nematodes, rotifers and tardigrades) but increased
for groups with a higher body weight (copepods,
oligochaetes, ostracods and mites; Tab. 3). Despite their
low individual body weight, nematodes still accounted for
22-33% of total meiofaunal biomass and therefore, to-
gether with copepods and oligochaetes, remained the most
important group. Also, in terms of meiofaunal production,
a large proportion was contributed by nematodes. This was
especially the case in oligotrophic Lake Largen, where ne-
matodes accounted for more than half of the total meio-
faunal production (55%), while in Lake Limmaren and

Lake Erken rotifers were approximately as productive as
nematodes (Tab. 3). 

Comparisons between lakes

The differences in nutrient supply among the lakes
mirrored the significant differences in epilithic algal bio-
mass (one-way ANOVA: F2, 141=35.1, p<0.001), with val-
ues significantly higher in the mesotrophic and eutrophic
lakes (Tukey’s HSD both: p<0.001) than in the olig-
otrophic lake. Spearman’s rank correlation among all
lakes revealed that the higher the TP content, the higher
the algal biomass in the epilithon (R=0.62, p<0.001). In
contrast, the lakes did not differ in the amount of epilithic
IOM and OM, and no correlations with nutrient content
(TP) were observed. 

Fig. 4. Seasonal fluctuations in abundance (ind cm-2) of the five most frequent meiofaunal groups in the epilithon of an oligotrophic, a
mesotrophic, and a eutrophic lake over a period of 2 years (2008-2010). Note the different dominance structures within the meiofauna
in the lakes and of the differently scaled axes. Mean±SE.
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A comparison of meiofaunal abundance (a), biomass
(b), and production (pd) among the lakes also showed sig-
nificant overall differences between the lakes (Kruskal-
Wallis, a: χ2=12.2, p<0.01; b: χ2=38, p<0.001; pd:
χ2=20.2, p<0.001). Meiofaunal abundance and production
were significantly higher in the mesotrophic lake than in
the oligo- and eutrophic lakes (Tab. 4). In the absence of
a linear correlation between abundance or production and
lake trophic state (TP) (a: R=0.09, p=0.58; pd: R=0.28,
p=0.1), distribution was rather unimodal. Copepods and
tardigrades, however, diverged from this unimodal distri-
bution since their abundance (copepods: R=0.45, p<0.01;
tardigrades: R=0.69, p<0.001) and production (copepods:
R=0.53, p<0.001; tardigrades: R=0.73, p<0.001) corre-
lated positively with lake trophy. In contrast to abundance
and production, a significant positive relationship between
meiofaunal biomass and lake trophy was determined
(R=0.56, p<0.001), as meiofaunal biomass was signifi-
cantly higher in the meso- and eutrophic lakes compared
to the oligotrophic lake (Tab. 4). 

The individual body weights of meiofaunal organisms

also varied between lakes (Kruskal-Wallis: χ2=24.5,
p<0.001). Organisms in the eutrophic lake were signifi-
cantly heavier than those in the less productive lakes (Tab.
4). However, a significant positive relation-ship with lake
trophy could not be demonstrated (R=0.19, p=0.28). The
individual body weights of nematodes and oligochaetes
diverged from this overall pattern because they correlated
significantly with lake trophy (nematodes: R=0.50,
p<0.01; oligochaetes: R=0.55, p<0.001).

The structures of the meiofaunal communities in the
three lakes can be compared by using the relative abun-
dances of the meiofaunal organisms. Except for rotifers,
whose percentage of the whole meiofaunal community
was the same in all three lakes, meiofaunal groups were
differently distributed within the lakes. For example, the
proportion of nematodes and cladocerans decreased ten-
dentially (R=0.32, p=0.06) and significantly (R=0.46,
p<0.01) with increasing lake trophy, respectively, whereas
the proportion of tardigrades (R=0.68, p<0.001) and mites
(R=0.49, p<0.01) increased. The percentage of
oligochaetes was highest in the mesotrophic lake.

DISCUSSION

Seasonal fluctuations

Ours is the first comparative study addressing the sea-
sonal succession of meiofaunal organisms in the periphy-
ton of stony hard-substrates in three lakes differing in
trophic state. 

Over a 2-year period, the epilithic meiofauna of all
three lakes were characterized by strong fluctuations, with
densities varying up to nine-fold within a season. Meio-
faunal abundance in oligotrophic Lake Largen was con-
stant from spring to autumn, but exhibited a pronounced
minimum in winter. For the two nutrient-richer lakes, a
large peak in meiofaunal abundance in early summer was
characteristic and, in contrast to the oligotrophic lake,
meiofaunal populations did not decrease significantly in
winter. This is consistent with the findings of Sommer et
al. (1986), who reported that the seasonal succession of
zooplankton in the pelagic zone differs in lakes of differ-
ent trophic state. For example in oligotrophic lakes, zoo-
plankton populations were shown to fluctuate more
slowly than in eutrophic lakes (Sommer et al. 1986). Fur-
thermore, in oligotrophic lakes they typically peak only
once a year, whereas in eutrophic lakes two maxima are
often observed, namely, a large one in spring and a smaller
one in autumn (Sommer et al. 1986). In our study, the
most common seasonal pattern in the epilithon seemed to
be a single maximum but the temporal variations in meio-
faunal biomass and production in the meso- and eutrophic
lakes in the second year (2009) revealed that populations
can also peak twice yearly.

In the oligotrophic and mesotrophic lakes, but not in

Tab. 2. Mean (±SD) abundance (ind cm-2) of each meiofauna
taxon and its relative proportion (%) in the epilithon of an olig-
otrophic, mesot-rophic and eutrophic lake. To test for time ef-
fects, the rmANOVA was applied. n.s.=not significant,
*=p<0.05, **=p <0.01, ***=p<0.001.

Meiofauna Abundance rmANOVA

(ind cm-2) (%) df MS F p

Oligotrophic
Nematodes 154±121 58±14 11 0.6 8.7 ***
Rotifers 65±50 26±10 11 0.6 11.4 ***
Copepods 19±22 9±8 11 0.6 11.7 ***
Tardigrades 2±3 1±1 analysis not possible
Oligochaetes 3±4 1±1 analysis not possible
Cladocerans 7±9 2±2 11 0.7 10.2 ***
Ostracods 3±4 1±2 analysis not possible
Mites 2±3 1±1 11 0.2 2.3 *

Mesotrophic
Nematodes 271±292 52±15 11 0.2 4.2 ***
Rotifers 115±84 26±11 11 0.2 4.3 ***
Copepods 26±19 6±4 11 0.1 1.6 n.s.
Tardigrades 23±25 5±5 11 0.9 4.6 ***
Oligochaetes 24±30 5±4 11 1.5 9.6 ***
Cladocerans 11±4 2±3 11 0.7 7.7 ***
Ostracods 5±4 1±1 11 0.2 1.8 n.s.
Mites 12±9 3±2 11 0.3 2.4 *

Eutrophic
Nematodes 174±181 47±16 11 0.2 5.5 ***
Rotifers 73±55 23±12 11 0.3 3.2 **
Copepods 35±25 11±6 11 0.2 2.2 *
Tardigrades 28±29 10±10 10 0.4 3.4 **
Oligochaetes 7±11 2±3 11 0.8 5.9 ***
Cladocerans 8±28 2±7 analysis not possible
Ostracods 5±5 2±2 11 0.2 2.3 *
Mites 6±4 2±3 11 0.1 2.0 n.s.
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the eutrophic lake, meiofaunal abundance was closely
linked to fluctuations in the IOM and OM of the epilithon.
With the amount of IOM and OM serving as an estimate
of habitat size and food availability, the positive correla-
tion with meiofaunal abundance in the oligotrophic and
mesotrophic lakes might be indicative of the bottom-up
regulation of the meiofaunal community. In contrast, this
cannot be claimed for the eutrophic lake, as there was no
correlation between meiofaunal abundance and epilithic
IOM and OM. In this case, a greater role for predation in
regulating meiofaunal communities might be expected.

As reported by Magnusson, and Williams (2009) and Pe-
ters, and Traunspurger (2011), predatory insect larvae as
well as grazing macroinvertebrates can negatively affect
meiofaunal communities. Whereas several authors estab-
lished a positive relationship between the meiofaunal
abundance and algal biomass of the epilithon (Hillebrand
et al. 2002; Peters, and Traunspurger 2005), this was not
confirmed in the present study. This might have been be-
cause changes in the biomass of highly edible algae were
masked by concurrent changes in biomass of larger non-
edible algae. Therefore the resolution of chlorophyll a

Tab. 3. Mean (±SD) individual body weight (mg) of each meiofauna taxon together with the
total and relative biomass (mg DW cm-2) and secondary production (mg DW cm-2 y-1) in the
epilithon of three lakes of different trophic states (oligotrophic, mesotrophic, and eutrophic).

Meiofauna Indiv. body weight Biomass Production

(mg) (mg cm-2) (%) (mg cm-2 y-1) (%)

Oligotrophic
Nematodes 0.08±0.04 10±7 33±15 271±189 55±14
Rotifers 0.05±0.01 3±2 12±7 98±75 20±10
Copepods 0.63±0.45 9±9 31±21 46±55 11±9
Tardigrades 0.04±0.02 < 1 < 1 2±4 < 1
Oligochaetes 0.75±0.67 2±5 5±9 25±50 3±5
Cladocerans 0.41±0.55 3±4 7±9 30±48 5±6
Ostracods 1.31±2.31 3±5 7±9 15±28 3±5
Mites 0.88±0.79 2±2 6±6 13±18 3±4
Total 0.15±0.09 31±22 500±335

Mesotrophic
Nematodes 0.09±0.03 23±24 22±13 273±222 24±19
Rotifers 0.09±0.02 10±7 10±6 286±105 27±10
Copepods 0.77±0.57 18±14 18±11 76±64 8±9
Tardigrades 0.06±0.01 1±2 2±2 28±48 3±2
Oligochaetes 1.11±0.84 23±24 20±16 224±347 18±18
Cladocerans 0.36±0.36 5±8 4±7 49±38 4±6
Ostracods 3.28±0.43 14±19 11±12 80±66 7±6
Mites 0.84±1.41 9±11 10±13 75±34 8±4
Total 0.23±0.09 102±61 1092±646

Eutrophic
Nematodes 0.14±0.08 20±17 24±12 200±193 24±11
Rotifers 0.08±0.03 5±3 7±6 145±105 20±12
Copepods 0.86±0.59 29±31 28±12 118±106 14±7
Tardigrades 0.11±0.09 3±3 4±4 54±54 8±8
Oligochaetes 2.30±1.38 20±37 12±18 203±369 14±20
Cladocerans 0.42±0.39 3±12 2±6 36±129 3±7
Ostracods 2.09±1.67 10±14 11±12 58±78 8±9
Mites 1.13±0.66 7±7 10±8 61±57 9±8
Total 0.31±0.20 98±78 875±661

Tab. 4. Statistical differences between lakes in abundance, biomass, and production of the meio-
faunal community (Mann-Whitney U-test). *=p<0.05, **=p<0.01, ***=p<0.001.

Abundance Biomass Indiv. body weight Production

Oligotrophic - Mesotrophic *** *** *** ***
Oligotrophic - Eutrophic 0.122 *** *** **
Mesotrophic - Eutrophic ** 0.16 * *



224 F. Schroeder et al.

measurements was too low to establish a link between
meiofauna and their autotrophic food resource, because
meiofaunal organisms are highly specialized with respect
to their food resources. Nematodes, for example, can
pierce filamentous algae or fungi, ingest small diatoms,
or feed on everything that passes through their buccal cav-
ity (Traunspurger 2002). Gaudes et al. (2006) and Majidi
et al. (2011) found a positive correlation between the most
common periphytic nematode species and the availability
of diatoms and cyanobacteria. Bacteria are another im-
portant food resource for meiofaunal organisms (Schmid,
and Schmid-Araya 2002), and thus the increase in bacte-
rial production, as observed in the epilithon of Lake Erken
by Haglund, and Hillebrand (2005) during summer, might
also have been responsible for the observed changes in
meiofaunal densities. 

Altogether, meiofaunal densities were on average con-
siderably higher in the epilithon compared to those meas-
ured in soft sediments (Bergtold, and Traunspurger 2004;
Michiels, and Traunspurger 2004; Witthöft-Mühlmann et
al. 2005). Moreover, average densities exceeded the val-
ues reported in the epilithon study of Peters, and Traun-
spurger (2005), who analyzed 17 lakes, including the
same lakes studied here, but only in autumn. This high-
lights the necessity to include temporal variations when
describing meiofaunal communities. Especially remark-
able was that as many as 1324 meiofaunal individuals, as
found in the epilithon of mesotrophic Lake Erken in June
2009, can coexist in an area of only one square centimeter.
Those high abundances show that the epilithon is clearly
an important habitat for meiofaunal organisms, providing
them with shelter and an ample food supply. 

Consistent with the findings reported for almost every
freshwater habitat, including the epilithon (Traunspurger
2002; Peters, and Traunspurger 2005), nematodes were
the most abundant meiofaunal group in the present study.
Some of the most common periphytic nematode species
in the epilithon are perfectly adapted to this habitat as
they are attached to the substrate by a sticky structure and
are therefore independent of the surrounding hydrody-
namics (Meschkat 1934; Majdi et al. 2011). Mathieu et
al. (2007) documented that only 50 nematodes per cm2

are sufficient to have a positive effect on the oxygen
turnover of diatom biofilms. Since in our study the num-
ber of meiofaunal organisms was higher than 50 individ-
uals per cm2 at every time point in all three lakes, it is
likely that meiofauna play an important role in these en-
vironments by enhancing matrix permeability and recy-
cling of essential nutrients. Nevertheless, at densities of
1324 ind cm-2, such as those recorded in our study, meio-
fauna could negatively alter epilithic biofilms through its
grazing pressure. Evidence for such an effect comes from
mesotrophic Lake Erken, where algal biomass rapidly de-
creased following the large meiofaunal peak in June

2009. Likewise, Borchardt, and Bott (1995) showed that,
especially during periods of high densities, periphytic
meiofauna is able to remove a significant amount of mi-
crofaunal biomass.

Although meiofaunal biomass accounted for only 1
2% of the total OM in the epilithon, the high secondary
production values measured for the lakes indicate the im-
portance of meiofauna in the energy-flow within the
epilithon and probably also at the level of the whole lake.
In contrast to numerous macrozoobenthic studies (re-
viewed in Benke, and Huryn 2010), there have been very
few estimates of meiofaunal production rates. The present
study determined average production values of 5 g DW
m 2 y-1, 10.9 g DW m 2 y-1, and 8.8 g DW m 2 y-1 in the
epilithon of the sampled lakes. These values are in the
same range as those reported for sediment-dwelling meio-
fauna in lakes (Strayer, and Likens 1986; Bergtold, and
Traunspurger 2005) and even higher than those obtained
in lotic studies (Stead et al. 2005; Reiss, and Schmid-
Araya 2010; Tod, and Schmid-Araya 2009). Further evi-
dence for the importance of meiofaunal organisms in
freshwater ecosystems comes from the studies of
Bergtold, and Traunspurger (2005) and Strayer, and
Likens (1986), in which sediment-dwelling meiofauna
were shown to account for up to 50% of the total benthic
secondary production. However, the proportion of meio-
fauna and macrofauna on the whole benthic secondary
production in the epilithon of lakes remains to be deter-
mined in further investigations. 

Comparisons between lakes

Lake-specific differences in the average amount of
algal biomass but not in the average amount of OM pro-
vide evidence of differences in the composition of the
epilithic biomass. While the amount of algal biomass
and thus its relative proportion of the total epilithic or-
ganic material increased with increasing trophic state,
the proportion of other organic components like
epilithon-associated bacteria decreased. These results are
in good agreement with observations from the pelagic
zone, where phytoplankton biomass and production are
much greater relative to heterotrophic bacteria in nutri-
ent-richer mesotrophic and eutrophic lakes than they are
in oligotrophic lakes (Biddanda et al. 2001). Also, the
relative importance of benthic algae in periphytic com-
munities of running waters was found to increase with
increasing phosphorus concentrations (Hill et al. 2011). 

While among the lakes the same average amount of
OM and IOM and hence the same habitat size was de-
termined for the epilithon, the abundance, biomass, and
production of the associated meiofauna were highly dif-
ferent. With increasing trophic state meiofaunal abun-
dance and production showed a unimodally shaped
curve, since the average values were highest in the
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mesotrophic lake. Whereas several studies of macroin-
vertebrates and zooplankton reported that these popula-
tions were positively related to lake trophy (McCauley,
and Kalff 1981; Hanson, and Peters 1984; Rasmussen,
and Kalff 1987), this cannot be claimed for sediment-
dwelling meiofauna based on the rare data describing
these organisms (Särkkä 1996; Ristau, and Traunspurger
2011). Especially in the profundal zone, the trophic state
can even negatively affect meiofaunal densities due to
the lower oxygen concentrations (Prejs 1977). In a mi-
crocosm study of Ristau et al. (submitted), meiofaunal
abundance also had a humped-shaped distribution along
a nutrient enrichment gradient, with a peak at a TP con-
centration of 30 mg L-1. On average, almost the same TP
concentration (33.1 mg L-1) was measured in the present
study in Lake Erken, in which the highest meiofaunal
abundance was determined. Ristau et al. (submitted)
suggested a coupling between the nutrientrelated pattern
of meiofaunal abundance and the characteristic devel-
opment of primary producers, which in their study
showed an obvious shift along the nutrient enrichment
gradient, from low densities of edible diatoms and uni-
cellular green-algae to large standing stocks of inedible
forms. In the periphyton, the proportion of taxa compris-
ing larger-sized algae also increases with increasing nu-
trient concentrations (Cattaneo 1987; De Nicola et al.
2006); similarly, it might well be the case that primary
producers differing in composition alter meiofaunal
abundance in the epilithon of the present study. Unlike
the nutrient-related pattern of meiofaunal abundance and
production, the relationship between meiofaunal bio-
mass and trophic state was linear. The difference can be
explained by the fact that the higher abundance in
mesotrophic Lake Erken was compensated by a higher
individual body weight of organisms in eutrophic Lake
Limmaren.

The differences in the individual body weight, i.e., a
meiofaunal individual in the oligotrophic lake weighed,
on average, half as much as one in the eutrophic lake,
probably mirrors the different compositions of the meio-
faunal groups among the three lakes. While in olig-
otrophic Lake Largen the relative proportion of
nematodes was higher than in Lake Erken or Lake Lim-
maren, the proportion of heavier meiofaunal groups,
such as oligochaetes, ostracods, and mites, was lower. A
higher percentage of nematodes at nutrient-poor than at
nutrient-rich locations was also observed by Traun-
spurger (2002) and Wu et al. (2004). Due to their small
body size nematodes may be better adapted than larger
meiofaunal species to environments in which nutrients
are scarce, as smaller species require less food to attain
positive growth rates. Conversely, under eutrophic con-
ditions larger species dominate and are able to outcom-
pete smaller ones (Romanovsky, and Feniova 1985).

However, this explanation is not applicable to epilithic
rotifers and tardigrades. Indeed, for rotifers the same rel-
ative abundance among lakes was determined while for
tardigrades the trend was reversed. Even within some
meiofaunal groups the individual body weight differed
between lakes. For example for nematodes and
oligochaetes the individual body weight increased with
increasing trophic state, indicating that the species com-
munity composition of these groups changed with
changing trophic state. 

The observed differences in meiofaunal abundance,
biomass, production, and community composition lends
support for the trophic state as an important factor in
shaping epilithic communities. But it should be noted
that beside the different lake trophy, also other factors
might be just as responsible for differences in meiofau-
nal values. For example the different size of the analyzed
lakes might affect wind and wave exposure, and there-
fore also the meiofauna abundance and community com-
position.

CONCLUSIONS

The present study showed that meiofaunal populations
vary greatly between seasons as well as between lakes of
different trophic states. Not only the remarkable abun-
dances but also the high production rates underline the
importance of small meiofaunal organisms in the littoral
food web. This long-term study provides a solid basis for
further investigations of epilithic meiofaunal communities
and their function in ecosystem processes.
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