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Water moss as a food item 
of the zoobenthos in the Yenisei River

1. Introduction
Bryophytes often form dense beds in streams and are 
regarded as an important habitat for aquatic animals, 
but their importance as a food resource for benthic 
invertebrates is still unclear [1-5]. Phenolic compounds 
are widely thought to reduce the palatability of aquatic 
bryophytes, thus preventing their consumption [1]. 
However, a microscopic gut content analysis recently 
found that some zoobenthic taxa eat more bryophytes 
than previously expected [6,7]. Nevertheless, this 
method is known to have some shortcomings; for 
example, many ingested particles are not digested and 
assimilated (e.g., [8-10]).

In recent decades, biochemical markers and 
tracers – such as fatty acids (FA) and stable isotopes, 
which can indicate assimilated food – have been used 
to study the food spectra of aquatic invertebrates 
(e.g., [2,11-15]). The utility of FA as markers 
of particular groups of organisms results from 
taxonomic peculiarities of FA composition [11,12,15]. 

For instance, diatoms synthesize polyunsaturated 
eicosapentaenoic acid (20:5ω3), while green algae 
and cyanobacteria produce high amounts α-linolenic 
acid (18:3ω3), and odd-number and branched FAs 
are synthesized only by bacteria. If such biomarkers 
are found in the lipids of aquatic animals, the source 
of their diet can be definitively traced [11,12,15]. 
Bryophytes have highly specific biomarkers, 
acetylenic FAs, which are not synthesized by other 
aquatic plants [16-18]. 

Stable isotope analysis (SIA) is based on measuring 
the ratios of heavy and light isotopes of carbon, 13C/12C, 
and nitrogen, 15N/14N [e.g., 2,14]. SIA of carbon allows 
the source of consumers’ diet to be determined, because 
there is comparatively negligible fractionation of heavy 
and light isotopes of this element in processes of animal 
metabolism. In turn, SIA of nitrogen allows the trophic 
position of consumers to be calculated, because there 
is considerable fractionation (enrichment) of 15N/14N 
by an approximately constant value at each step of 
consumption [14]. 
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However, the isolated use of either SIA or fatty acid 
trophic markers often gives ambiguous results. For 
instance, in some rivers bryophytes and other potential 
food items have similar isotope signatures, and therefore 
cannot be distinguished by the stable isotope analyses 
[2]. In some studies the contribution of bryophytes to 
the diet of zoobenthos was estimated using fatty acids 
which could also be synthesized by other organisms, 
rather than on a basis of highly specific biomarkers [13]. 
Bryophytes have a very high biomass and production in 
stream ecosystems, and it is very important to trace by 
their contribution in aquatic trophic webs by the relevant 
modern methods or their combinations. 

Thus, the main aim of our study was to trace 
bryophyte-derived material as assimilated food of river 
zoobenthos using a combination of stable isotope 
analysis (SIA) and fatty acid analyses, like some 
other studies [14]. In our fatty acid analyses we used 
biomarkers that were highly specific to bryophytes – 
acetylenic fatty acids [16-18], which are not synthesized 
by any other aquatic organisms, including microalgae 
and bacteria in the studied ecosystem. The main 
finding of our work is that the zoobenthos assimilated 
bryophyte-derived material. We hypothesize that 
bryophyte-derived materials are assimilated at least by 
some groups of zoobenthos at some times of year. 

2. Experimental Procedures
2.1 Study site 
The Yenisei River is the largest river in Russia, and 
the eighth largest in the world with respect to its flow 
rate, averaged over a year of 19 800 m3 s−1. The main 
hydroecological features of the river are given elsewhere 

[19]. Briefly, the main hydrochemical peculiarities of 
the Yenisei are a low turbidity, 100% saturation level 
of dissolved oxygen, and an organic carbon content of 
about 10 mg l−1. 

The sampling site was situated in the middle 
section of the river, downstream of the Krasnoyarsk 
Hydroelectric dam and upstream Krasnoyarsk city, 
55o58′ N and 92o43′ E, as depicted in Figure 1. The 
width of river at the sampling site is about 1 km. The 
river has a mountainous character;  its banks are rocky 
and covered with taiga, i.e., evergreen coniferous 
trees. Thus, there is no leaf litter in the river.  With a 
high flow velocity at the site (about 2 m s−1) there are no 
sediments (detritus) on the pebbly bottom. The surface 
of the river is ice-free throughout the winter because of 
the discharge of deep warm waters from the upstream 
reservoir. Water temperature ranged from 5–10°C in 
spring and summer and 0–5°C in autumn and winter. 

Bottom pebbles are covered with epilithic biofilms, 
primarily composed of microalgae. The epilithic 
microalgae at the site are described in details elsewhere 
[20,21]; to summarize, the microalgal biomass was 
very high in spring and early summer, reaching ca. 
1 000 g m−2 wet weight, at the expense of green algae. 
In summer, the phytobenthos consisted mostly of 
diatoms, whose biomass varied from about 5–50 g m−2. 
In the late autumn and winter, the phytoperiphyton 
biomass varied from about 0.1 to 1 g m−2, and 
cyanobacteria became the dominant species. Besides 
the microalgal phytobenthos, clumps of water moss, 
Fontinalis antipyretica L. ex Hedw., were characteristic 
of the sampling site. The study site is not shaded 
by riparian vegetation and the epilithic microalgae 
had a very high gross primary production, up to 
95.1 g C m−2 day−1 [22]. 

Figure 1. Map of the Yenisei River. The sample site is indicated by arrow. 
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The zoobenthos of the study site and their fatty acid 
composition is described in detail elsewhere [12,23,24]. 
Their biomass reaches up to ca. 40 g m−2 wet weight, 
and Eulimnogammarus viridis Dybowsky was by far 
the dominant species. The subdominant species were 
larvae of Trichoptera (Apatania crymophila McLachlan), 
Chironomidae (Prodiamesa olivacea Meiden, 
Pseudodiamesa branickii Nowicki, Cricotopus algarum 
Kieffer, Orthocladius rhyacobius Kieffer and others), 
and occasionally Ephemeroptera (Ephemerella setigera 
Bajkova, Ephemerella ignita Poda and Ephemerella 
aurivillii Bgtss); and sometimes Oligochaetes (Lumbriculus 
variegatus O.F. Muller, Pristinella bilobata Bretscher 
and Stylaria lacustris L.). The fatty acid composition of 
triacylglycerols indicate that the main part of diets of all 
the groups of zoobenthos originated from the epilithic 
diatoms, either directly or through a food chain [12]. 

2.2 Field sampling and sample pretreatment 
2.2.1 Zoobenthos 
Zoobenthos was collected monthly, from July 2006 to 
December 2009, (with a few exceptions; April 2007, 
Dec. 2007, Sept. 2009, Oct. 2009), using a Surber-
type stream bottom sampler (mesh size 0.25 mm). 
Specimens of all groups were extracted from samples 
with forceps, within an hour of sampling; they were 
sorted by taxa and placed into beakers with filtered 
river water at a natural temperature. They were left for 
15–20 h to allow them to empty their guts. Biochemical 
and elemental analyses were performed on gammarids 
(E. viridis), trichopterans (A. crymophila), chironomids 
(P. olivacea and P. branickii) and ephemeropterans 
(E. setigera and E. ignita). The animals were temporarily 
placed on filter paper to remove any surface moisture, 
then weighed (wet weight). Each sample included 
6–20 specimens (the latter for chironomids), and was 
subdivided in two sub-samples for FA and SIA analyses. 
For fatty acid (FA) analyses animals were placed into 
a chloroform–methanol mixture (2:1, v/v). The samples 
were kept at −20oC and analyzed within one month. For 
SIA, animals were dried at 75°C for 24 h and were kept 
in a desiccator until the analysis. 

2.2.2 Epilithic biofilms and water moss
For epilithic biofilms (phytoperiphyton) sampling, a 
1 dm2 frame was placed on the river bed; the pebbles 
inside the frame were withdrawn; and a toothbrush was 
used to brush the biofilms from the surface of stones, 
which were collected in a small volume of river water. 
Aliquots for subsequent analysis were centrifuged at 
2,500 × g for 15 min, after which pellets were collected 
and pre-treated for FA analyses and SIA, performed as 
for the zoobenthos (see above). 

Fresh upper shoots of the water moss F. antipyretica 
were collected from clumps and washed extensively 
under tap water to remove epiphytes. For fatty acid 
analyses, the pieces were briefly placed on filter 
paper to wipe of the surface moisture and moved to 
a chloroform–methanol mixture (2:1, v/v). For SIA the 
shoots of moss were dried at 75°C for 24 h and were 
kept in a desiccator until the analysis.

2.3 Fatty acid analyses
Detailed descriptions of the analyses of fatty acids (FA) 
of all the samples (animals, epilithic biofilms and moss) 
are given elsewhere [9,12,18]. In brief, lipids were 
extracted with three 5 ml portions of chloroform-methanol 
(2:1, v/v). To analyze the fatty acid composition of the 
total lipids, part of the lipid extract was methylated (see 
description below). Another part of the lipid extract was 
fractionated by thin layer chromatography on silica gel 
G with a solvent system for neutral lipids, as described 
in [12]. The lipid fractions containing triacylglycerols 
(TAG) and the polar lipids (PL) were scraped from the 
silica gel plate, and the solvent was evaporated prior to 
methylation. The methyl esters of fatty acids (FAMEs) 
of total lipids and of the two lipid classes were prepared 
in a mixture of methanol–sulphuric acid (20:1, v/v) at 
85°C for two hours. Subsequently, the methanolysis 
was stopped by adding 2 ml of distilled water, and 
FAMEs were extracted with two 3 ml portions of 
hexane. The hexane lipid fraction was roto-evaporated 
until dry, and resuspended in 15–20 ml of hexane into 
which 1–2 ml of a sample was injected. FAMEs were 
analysed and identified using a gas chromatograph–
mass spectrometer (GC/MS, model GCD Plus, 
Hewlett Packard, USA, or model 6890/5975C, “Agilent 
Technologies”, USA), on a HP-FFAP capillary column 
(30 m length, 0.25 mm internal diameter). The conditions 
of chromatography were as follows: helium as a carrier 
gas with the flow rate of 1 ml min−1; injector temperature 
of 220°C; initial temperature of 100°C; elevation of 
temperature to 190°C at a rate of 3°C min−1 with 5 min 
of isothermal regime and subsequent elevation of 
temperature to 230°C at a rate of 10°C min−1 with 20 min 
of isothermal regime; interface temperature of 260°C; 
ion source temperature of 165°C; electron impact at 
70 eV; scanning of the fragments with atomic masses 
from 45 to 450 amu at 0.5 s scan−1. Peaks of FAMEs 
were identified by their mass spectra, comparing to 
those in the database (Hewlett-Packard, USA; “Agilent 
Technologies”, USA) and to those of available authentic 
standards (Sigma, USA). The location of double and 
triple bonds in unsaturated acids was confirmed after 
production of FA dimethyloxazoline derivatives (DMOX) 
[25] and their subsequent chromatography under 
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the same conditions as were used for the FAME. In 
order to produce DMOX, 0.2 ml of 2-amino-2-methyl-
1-propanol (Sigma, USA) was added to the fraction of 
saponified lipids; then the solution was bubbled through 
with helium, tightly closed up, and heated to 180°C for 
1.5 h. After cooling, the reaction mixture was diluted with 
distilled water, acidified, and derivatives (DMOX) were 
extracted with a hexane–acetone mixture (96:4). 

The FAMES were quantified according to the peak 
of an internal standard, nonadecanoic acid, of which a 
0.5 mg ml−1 solution was added in fixed volumes prior to 
the extraction. 

2.4 Stable isotope analyses
Samples of zoobenthos, phytoperiphyton and moss for 
stable carbon and nitrogen isotope ratios were analyzed 
with a continuous flow isotope ratio mass spectrometer 
(CF-IRMS), model Delta V Plus (Thermo Scientific 
Corporation, USA) interfaced with a elemental analyzer 
(Flash EA 1112 Series, Thermo Electron Corporation, 
USA). Dry helium of 5.5 grade was used as carrier gas 
for sample introduction. Reference tanks for N and C 
isotopes were made of pure N2 (5.5 grade, 99.9995%) 
and CO2 (4.5 grade; 99.995%).

The stable isotope ratios were given in the 
conventional differential δ-notation: 

 δR(‰) = [Rsample/Rstandard – 1] × 103  (Eq. 1)

where R=13C/12C or 15N/14N; δR=δ13C or 15N is the per 
mil (‰) deviation of that sample from the international 
isotope standard, Vienna PeeDee Belemnite (PDB) 
limestone for δ13C and atmospheric N2 for δ15N (e.g., 
[2]). The accuracy and precision of the measurement 
was verified daily with the secondary reference material 

USGS40 from International Atomic Energy Agency 
(L-glutamic acid, δ15N=−4.5‰ and δ13C=−26.39‰). 
Analytical reproducibility was ±0.2‰ for C and ±0.3‰ 
for N. The laboratory standard (Urea, Thermo) was 
analyzed every 12 samples. Samples were analyzed 
in duplicate or triplicate when sufficient material was 
available. 

Trophic position (TP) was calculated conventionally: 

TPx = (δ15Nx – δ15Nbase) / ∆δ15N + TPbase (Eq. 2)

where δ15Nx is the isotope ratio of the taxon in 
question, ∆δ15N is the trophic enrichment (fractionation) 
constant, δ15Nbase and TPbase are the average δ15N and 
trophic position of the baseline, respectively [26]. The 
constant ∆δ15N=3.4‰ and TPbase=2 [14,26-28]. The 
taxonomic group of zoobenthos with the lowest δ15N 
was selected as the baseline for estimating the TPs of 
other taxa [14].

2.5 Statistics
Standard errors, Student’s t-test, Wilcoxon matched pairs 
test, Pearson product-moment correlation coefficients, 
Kolmogorov-Smirnov one-sample test for normality, 
one-way ANOVA and Fisher’s LSD (least significant 
difference) post-hoc test were carried out conventionally 
[29], using STATISTICA software, version 9 (StatSoft 
Inc., Tulsa, OK, USA). 

3. Results
Two acetylenic acids were found in most part of samples 
of the zoobenthos, except oligochaetes, and in epilithic 
biofilms. These acids were octadeca-9,12-dien-6-ynoic 
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Figure 2.  An example of chromatogram of methyl esters of fatty acids (FAMEs) including two acetylenic acids, octadeca-9,12-dien-6-ynoic 
(6a,9,12–18:3) designated as A18, and eicosa-11,14-dien-8-ynoic (8a,11,14–20:3), designated as A20. A sample of bodies of 
Eulimnogammarus viridis from the littoral site in the Yenisei River, March 20, 2008.
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(6a,9,12–18:3) and eicosa-11,14-dien-8-ynoic 
(8a,11,14–20:3), designated in the following text as A18 
and A20, respectively (Figure 2 and Figure 3). 

For the most abundant taxa of zoobenthos, the 
gammarids E. viridis, a comparison of the acetylenic 
acids levels in TAG and PL was done. A18 and 
A20 were constituents of TAG (0.58±0.14%), rather 
than polar lipids (0.07±0.03%), the difference was 
statistically significant (Wilcoxon matched pairs test 
T=0.0, P=0.00098, number of pairs N=17). There were 
no significant differences between the acetylenic acids 

level in TAG and that in total lipids (0.63±0.17%, T=61.0, 
P=0.36196). Thus, in the following analysis, the levels in 
total lipids were used. 

On average, the ephemeropterans (E. setigera + 
E. ignita) had the highest value of level of A18+A20, while 
the lowest values of levels of these acids were in the 
chironomids (P. olivacea + P. branickii), the trichopterans 
(A. crymophila) and in the biofilms (Table 1). According 
to Kolmogorov-Smirnov one-sample test for normality, 
D-statistics for all the groups of zoobenthos and biofilms 
were lower than the critical values at P=0.05 (Table 1). 
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Taxon (group) n minimum M ± SE maximum DK-S

Gammarids 31 0.00 0.62a ± 0.11 2.45 0.175

Trichopterans 17 0.00 0.15b ± 0.05 0.77 0.273

Chironomids 22 0.00 0.05c ± 0.01 0.24 0.253

Ephemeropterans 9 0.00 1.65d ± 0.35 3.21 0.143

Biofilms 34 0.00 0.26b ± 0.05 1.13 0.189

Table 1.  Levels of sum of acetylenic fatty acids, octadeca-9,12-dien-6-ynoic (6a,9,12–18:3) and eicosa-11,14-dien-8-ynoic (8a,11,14–20:3) (% of 
the total sum of fatty acids, minimum, mean ± standard error, maximum) in zoobenthos and epilithic biofilms, number of samples, n, and 
results of Kolmogorov-Smirnov one-sample test for normality, DK-S. Means, labeled with the same letter are not significantly different at 
P<0.05 after Student’s t-test. The littoral site of the Yenisei River upstream Krasnoyarsk city, July, 2006 – December, 2009.

Figure 3.  Mass spectra of two acetylenic acids, A18 (octadeca-9,12-dien-6-ynoic (6a,9,12–18:3)) and A20 (eicosa-11,14-dien-8-ynoic (8a,11,14–
20:3)), from the chromatogram, depicted in Figure 1. 
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Thus, the null hypothesis for normal distributions was 
accepted and parametric methods, Student’s t-test and 
Pearson’s correlation coefficient were used to compare 
the data. There were no significant pair correlations 
between the sum of A18 and A20 levels in the animals 
and biofilms. 

Seasonal dynamics of the sum of acetylenic acids of 
the zoobenthos and the biofilms are depicted in Figure 4. 
To reveal possible differences among the levels of the 
acids in the four seasons one-way ANOVAR for each 
group was carried out (Table 2). According to ANOVA, 
levels of the acids in the gammarids significantly differed 
in the four seasons (Table 2). The highest levels of these 
acids occurred in winter, 0.95±0.28%, and the lowest  
in summer, 0.18±0.06% (Figure 4), with intermediate 
levels of A18+A20 in spring and in autumn (Figure 4). 
There were no significant seasonal differences in the 
levels of acetylenic acids in other zoobenthic taxa and 

biofilms (Table 2, Figure 4). Nevertheless, Fisher’s LSD 
post-hoc test revealed significant differences between 
the levels of the acetylenic acids in the chironomids in 
winter (0.18±0.04%) and that in summer (0.02±0.01%): 
P=0.033, d.f.=19. 

Results of SIA of the zoobenthos, the biofilms and 
the water moss, F. antipyretica, are given in Figure 3. 
The water moss was significantly more depleted in 
13C relative to biofilms and zoobenthos (Figure 5): 
Student’s test t=6.66, P<0.001 and t=17.60, P<0.001, 
respectively. The chironomids, the gammarids and the 
ephemeropterans had significantly higher δ15N ratios, 
than the trichopterans (Figure 5): t=2.78, P<0.05, t=5.30, 
P<0.001 and t=3.76, P<0.01, respectively. Thus, the 
trichopterans was selected as the baseline consumer 
with TPbase=2 (Equation 2). TP values for the gammarids, 
the chironomids and the ephemeropterans, calculated 
using Equation 2, were 2.9, 2.9 and 3.0, respectively. 
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Figure 4.  Seasonal dynamics of levels (% of total fatty acids) of 
two acetylenic acids, A18+A20, in epilithic biofilms 
and biomass of zoobenthos taxa (gamm – gammarids, 
trich – trichopterans, chir – chironomids, ephem – 
ephemeropterans) from the littoral site in the Yenisei 
River, July, 2006 – December, 2009. Significances of 
differences between seasons for each group are based 
on ANOVA and are given in Table 2.

Figure 5.  Average values of the isotope ratios (‰) in epilithic 
biofilms (biof), water moss Fontinalis antipyretica and 
zoobenthos taxa (Tri – trichopterans, Gm – gammarids, 
Chi – chironomids, Eph – ephemeropterans) from the 
littoral site in the Yenisei River, July, 2006 – December, 
2009. 

Table 2.  Results of one-way ANOVA comparing levels (% of the total sum of fatty acids) of sum of acetylenic fatty acids, octadeca-9,12-dien-6-ynoic 
(6a,9,12–18:3) and eicosa-11,14-dien-8-ynoic (8a,11,14–20:3) in four seasons (winter, spring, summer and autumn) in zoobenthos and 
biofilms in littoral of the Yenisei River in vicinity of Krasnoyarsk city (Siberia, Russia), July, 2006 – December, 2009: MSEf – mean square 
effect, MSEr – mean square error at degrees of freedom (d.f.) and the significance of differences according to Fisher’s F-test. 

Taxon (group) MSEf d.f.MSEf MSEr d.f.MSEr F P

Gammarids 1.0114 3 0.3245 27 3.12 0.043

Trichopterans 0.0100 2 0.0468 13 0.21 0.810

Chironomids 0.0098 3 0.0040 19 0.44 0.096

Ephemeropterans 1.2633 2 0.6133 5 2.06 0.223

Periphyton 0.0670 3 0.0904 30 0.75 0.520
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4. Discussion 
The acetylenic fatty acids, which are highly-specific 
biomarkers of the water moss, F. antipyretica [18], were 
found in FA profiles of all the dominant zoobenthic taxa 
in the studied site of the Yenisei River. Thus, bryophyte-
derived organic matter was definitely transferred through 
the trophic chain. Previous studies have found that 
bryophytes are likely to contribute substantially to the 
energetic balance of stream trophic chains [6,30]. In the 
studied site of the Yenisei River, the contribution of the 
water moss to energetic balance of the higher trophic 
levels seems to be comparatively small. Firstly, the 
levels of the acetylenic fatty acids in zoobenthos were on 
average about 0.1–1.7% (Table 1), while levels of sum of 
these acids in F. antipyretica varied from 14.8% to 31.8% 
and was on average 26.3% [18]. For comparison, levels 
of the FA markers of diatoms in zoobenthos and in epilithic 
biofilms at the studied site had practically the same value, 
around 30–50% [12,21,23,24]. Secondly, δ13C signatures 
of the biofilms (comprised mostly by diatoms) and the 
zoobenthos were practically equal, while the moss had 
significantly lower values (Figure 5). These findings mean 
that biofilms are the principal mass and energy source 
for the zoobenthos. Our considerations on the minor 
part of the moss in the diets, confirmed indirectly by the 
isotope analyses, are based on the assumption that the 
acetylenic acids are retained in consumer lipids, like all 
other fatty acids. This assumption is used conventionally 
in all relevant FA-marker analyses [9,11-13,15]. 

Nevertheless, the presence of the acetylenic acids 
in FAs of zoobenthos indicated a consumption and 
assimilation of bryophyte-derived materials. Moreover, 
there was a tendency for zoobenthos to have a more 
depleted 13C content than the biofilms (Figure 5). This 
shift of δ13C values of zoobenthos seems to be due to a 
consumption of bryophyte-derived material, which had 
significantly lower δ13C values than biofilms (Figure 5). 
Some other authors also reported similar differences in 
isotopic signatures of bryophytes and epilithic biofilms: 
δ13C values of the liverwort Porella pinnata were about 
−38‰, while epilithon had δ13C values about −34‰ 
[2]. McWilliam-Hughes et al. [30] found in Canadian 
rivers δ13C signatures of Fontinalis sp. ranged from 
−38 to −33%, and the signatures also were lower, 
than that of biofilms. Moreover, scrapers, including 
ephemeropterans, in Canadian rivers were more 
depleted in 13C than were the biofilm samples [30], 
just like zoobenthos in the studied site of the Yenisei 
River (Figure 5). Trophic fractionation is primarily an 
enrichment process, thus, the depletion of zoobenthos 
compared to biofilms indicates a contribution of water 
moss to the diet of the invertebrates [30]. 

The zoobenthic taxa with the highest acetylenic 
acid levels in their biomass, ephemeropterans and 
gammarids (Table 1), are predators. According to Eq. 2 
with the constant ∆δ15N=3.4‰, their trophic position TP=3 
(Figure 5). However, although this value is conventionally 
modeled as a constant, the fractionation value between 
trophic levels can vary considerably [26]. A more 
precise designation for the studied ephemeropterans, 
gammarids, and chironomids is ‘omnivorous’. The 
question arises: did the omnivorous zoobenthos taxa 
consume the water moss directly, or obtain the bryophyte-
derived organic matter through a food chain? Many 
studies have reported the direct consumption of aquatic 
bryophytes, including F. antipyretica, by some taxa of 
benthic invertebrates [1,6,13]. Among the zoobenthos, 
gammarids are known to be highly opportunistic 
feeders capable of predation, and can also collect 
detritus, scrape periphytic microalgae and leaf litter, 
and graze on aquatic macrophytes [7,31-33]. Although 
gammarids, E. viridis, at the studied site evidently had 
a high degree of predation (Figure 5) and thereby might 
get the acetylenic acids through their prey, we suggest 
that they consumed bryophyte particles directly. First of 
all, organisms of the lower trophic level, trichopterans, 
the probable prey of gammarids [31], had significantly 
lower levels of the acetylenic acids than the gammarids 
(Table 1). Secondly, there were no correlations between 
A18+A20 levels in the zoobenthic taxa. We suppose 
that E. viridis, as well as the ephemeropterans and the 
chironomids, consumed the water moss as a minor 
supplemental food, albeit to a different extent. 

The dominant zoobenthic taxon, the gammarid 
E. viridis, might also consume moss particles from the 
biofilms. The biofilms evidently contained bryophyte 
particles (Table 1). These particles might be bryophyte 
litter. Nevertheless, it is not at all clear, how bryophyte 
tissues die, and stream bryophytes may not produce 
litter in the traditional sense of this word [1]. Bryophyte 
decomposition is generally quite slow and is retarded 
by low temperature [1]. Fragments of the bryophytes, 
indicated in the biofilms by the marker acetylenic 
acids (Table 1), were likely reproductive material. 
Fragmentation is probably the primary mechanism 
of reproduction and dispersal and it is well known 
that fragments of some bryophyte species remain 
viable after long periods of desiccation or freezing [1]. 
Nevertheless, there were no correlations between the 
acetylenic acids levels in the biofilms and in bodies 
of the zoobenthic taxa, including gammarids. Using 
the conventional assumption, mentioned above, that 
all consumed fatty acids are retained in consumer 
storage lipids roughly equally, one should suppose that 
there is correlation between levels of biomarker FAs 
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in consumed food and in consumers’ bodies. Thus, 
we suppose that the zoobenthos consumed a small 
amount of the water moss as a supplemental food 
directly, grazing on the moss clumps, rather than moss 
particles in biofilms. 

Amphipods generally switch to a low-calorie food 
when availability of more valuable food items becomes 
low [32]. Indeed, levels of the bryophyte markers, 
acetylenic FAs, peaked in E. viridis during winter 
(Figure 3, Table 2). Diatoms are high-quality food for 
invertebrate primary consumers (e.g., [13]), and in the 
studied site, the biomass of these microalgae peaked in 
summer and decreased in winter [21]. As evident from 
FA marker analysis [12] and SIA (Figure 5), gammarids 
derive most of their biomass and energy from biofilms, 
which are dominated by diatoms [21,23,24]. The 
gammarids likely increased consumption of the water 
moss, F. antipyretica, in the period when biomass 
of diatoms became insufficient to meet their food 
requirements. Thus, our data support the conclusion 
of Felten et al. [7] that bryophytes can be a food item 
of amphipods, but specify that the importance of 
bryophytes increases in periods of shortcoming of 
the main foodstuff, i.e., diatoms. McWilliam-Hughes 
et al. [30] also concluded that bryophytes might be an 
important alternate (marginal) food source for aquatic 
macroinvertebrates when a preferred food (e.g., diatoms) 
is scarce. Torres-Ruiz et al. [13] found using nonmetric 
multidimensional scaling analyses of FA composition of 
a river zoobenthos (trichopterans, ephemeropterans and 
isopods) and their food sources (periphytic microalgae 
and water moss Hygrohypnum luridum), that in spring 
(March) the zoobenthos loaded in the analysis graph 
near the moss and the periphyton, while in summer 
(July) moss, H. luridum, separated from the groups of 
periphytic microalgae and zoobenthos. The separation 
likely indicated comparatively lower consumption of the 
water moss by the zoobenthos in summer. This finding 
[13] about the lower summer consumption of water moss 
agrees with our data. Indeed, in summer there were 
significantly lower levels of acetylenic FAs in E. viridis 
bodies, indicating comparatively lower consumption of 
the moss (Figure 4). 

F. antipyretica can produce unpalatable phenolic 
compounds responding to grazer pressure [1]. An 

extract from the moss Fontinalis novae-angliae, which 
included C18 AcA, octadeca-9,12-dien-6-ynoic acid, 
deterred crayfish feeding, but the amphipod Crangonyx 
gracilis [34]. Probably this defense from herbivory 
by the secondary metabolites reduces the summer 
consumption of the moss by E. viridis, but in winter, 
under food limitation and likely lower metabolic activity 
of F. antipyretica, the gammarids seemed to consume 
more of the moss. 

When we considered the gammarids and the 
trichopterans, we investigated only one species of each 
group: E. viridis and A. crymophila. In contrast, the 
chironominds and the ephemeropterans samples were 
mixtures of two species, P. olivacea and P. branickii, and 
E. setigera and E. ignita, respectively. Nevertheless, we 
suppose that such mixing did not affect the conclusions 
of our study, because the two species in each group 
have similar feeding behavior. P. olivacea feed on 
deposited detritus or small prey [35-37], and P. branickii 
is also omnivorous [38]. E. setigera consume detritus 
and periphyton [39], and food of E. ignita also consist 
of some unicellular and filamentous algae, detritus and 
occasionally invertebrates, as well as moss [40-44]. 
However, our data indicate that the chironomids and the 
ephemeropterans omnivorous species in the studied site 
of the Yenisei River had a comparatively high degree of 
predation (Figure 5). 

Thus, the zoobenthos in the studied littoral site of the 
Yenisei River, especially ephemeropterans (E. setigera 
and E. ignita) and gammarids (E. viridis), regularly 
consumed and assimilate bryophyte-derived organic 
matter as a minor supplemental food. The consumption 
of bryophyte-derived material by the gammarids 
significantly increased in winter. 

Acknowledgments
The work was supported by award No. 08-04-00286 
from Russian Foundation for Basic Research (RFBR) 
and by “Thematic plans program” from the Ministry 
of Education and Sciences of Russian Federation 
(Theme B-4 of Siberian Federal University). We are 
grateful to two anonymous Reviewers for their helpful 
comments.

[1] Bowden W. B., Arscott D., Pappathanasi D., Finlay 
J., Glime J.M., Lacroix J., et al., Roles of bryophytes 
in stream ecosystems, J. N. Am. Benthol. Soc., 
1999, 18, 151-184

[2] Mulholland P.J., Tank J.L., Sanzone D.M., 
Wollheim W.M., Peterson B.J., Webster J.R., et al., 
Food resources of stream macroinvertebrates 
determined by natural-abundance stable C and 

References

243



Water moss as a food item of the zoobenthos in the Yenisei River

N isotopes and a 15N tracer addition, J. N. Am. 
Benthol. Soc., 2000, 19, 145-157

[3] Elliott J.M., Day-night changes in the spatial 
distribution and habitat preferences of freshwater 
shrimps, Gammarus pulex, in a stony stream, 
Freshwat. Biol., 2005, 50, 552-566

[4] Zganec K., Gottstein S., The river before damming: 
distribution and ecological notes on the endemic 
species Echinogammarus cari (Amphipoda: 
Gammaridae) in the Dobra River and its tributaries, 
Croatia, Aquat. Ecol., 2009, 43, 105-115

[5] Leberfinger K., Bohman I., Grass, mosses, algae, 
or leaves? Food preference among shredders from 
open-canopy streams, Aquat. Ecol., 2010, 44, 195-
203

[6] Dangles O., Functional plasticity of benthic 
macroinvertebrates: implications for trophic 
dynamics in acid streams, Can. J. Fish. Aquat. Sci., 
2002, 59, 1563-1573

[7] Felten V., Tixier G., Guerold F., De Crespin De Billy 
V., Dangles O., Quantification of diet variability in 
a stream amphipod: implications for ecosystem 
functioning, Fund. Appl. Limnol., 2008, 170, 303-
313

[8] Porter K.G., Enhancement of algal growth and 
productivity by grazing zooplankton, Science, 
1976, 192, 1332-1336

[9] Gladyshev M.I., Emelianova A.Y., Kalachova G.S., 
Zotina T.A., Gaevsky N.A., Zhilenkov M.D., Gut 
content analysis of Gammarus lacustris from a 
Siberian lake using biochemical and biophysical 
methods, Hydrobiologia, 2000, 431, 155-163

[10] Kolmakov V.I., Gladyshev M.I., Growth and 
potential photosynthesis of cyanobacteria are 
stimulated by viable gut passage in crucian carp, 
Aquatic Ecol., 2003, 37, 237-242

[11] Desvilettes C., Bourdier G., Amblard C., Barth 
B., Use of fatty acids for the assessment of 
zooplankton grazing on bacteria, protozoans and 
microalgae, Freshwat. Biol., 1997, 38, 629-637

[12] Sushchik N.N., Gladyshev M.I., Moskvichova A.V., 
Makhutova O.N., Kalachova G.S., Comparison of 
fatty acid composition in major lipid classes of the 
dominant benthic invertebrates of the Yenisei river, 
Comp. Biochem. Physiol. B, 2003, 134, 111-122

[13] Torres-Ruiz M., Wehr J.D., Perrone A.A., Trophic 
relations in a stream food web: importance of fatty 
acids for macroinvertebrate consumers, J. N. Am. 
Benthol. Soc., 2007, 26, 509-522

[14] Lau D.C.P., Leung K.M.Y., Dudgeon D., What 
does stable isotope analysis reveal about trophic 
relationships and the relative importance of 
allochthonous and autochthonous resources in 

tropical streams? A synthetic study from Hong 
Kong, Freshwat. Biol., 2009, 54, 127-141

[15] Makhutova O.N., Khromechek E.B., Fatty acids of 
sestonic lipid classes as a tool to study nutrition 
spectra of rotifers and ciliates in a Siberian 
eutrophic reservoir, J. Siberian Federal Univ. Biol., 
2008, 1, 40-59

[16] Anderson W.H., Gellermann J.L., Acetylenic acids 
from mosses, Lipids, 1975, 10, 501-502

[17] Dembitsky V.M., Rezanka T., Distribution of 
acetylenic acids and polar lipids in some aquatic 
bryophytes, Phytochemistry, 1995, 40, 93-97

[18] Kalacheva G.S., Sushchik N.N., Gladyshev M.I., 
Makhutova O.N., Seasonal dynamics of fatty acids 
in the lipids of water moss Fontinalis antipyretica 
from the Yenisei River, Russ. J. Plant Physiol., 
2009, 56, 794-806

[19] Telang S.A., Pocklington R., Naidu A.S., 
Romankevich E.A., Gitelson I.I., Gladyshev M.I., 
Carbon and mineral transport in major North 
American, Russian Arctic, and Siberian Rivers: the 
St Lawrence, the Mackenze, the Yukon, the Arctic 
Alaskan Rivers, the Arctic Basin rivers in the Soviet 
Union, and the Yenisei, In: Degens E.T., Kempe 
S., Richey J.E., (Eds.), Biogeochemistry of major 
world rivers, Wiley & Sons, Chichester e.a., 1991, 
75-104

[20] Anishchenko O.V., Gladyshev M.I., Kravchuk E.S., 
Ivanova E.A., Gribovskaya I.V., Sushchik N.N., 
Seasonal variations of metal concentrations in 
periphyton and taxonomic composition of the algal 
community at a Yenisei River littoral site, Cent. Eur. 
J. Biol., 2010, 5, 125-134

[21] Sushchik N.N., Gladyshev M.I., Ivanova E.A., 
Kravchuk E.S., Seasonal distribution and fatty acid 
composition of littoral microalgae in the Yenisei 
River, J. Appl. Phycol., 2010, 22, 11-24

[22] Kolmakov V.I., Anishchenko O.V., Ivanova E.A., 
Gladyshev M.I., Sushchik N.N., Estimation of 
periphytic microalgae gross primary production 
with DCMU-fluorescence method in Yenisei River 
(Siberia, Russia), J. Appl. Phycol., 2008, 20, 289-297

[23] Sushchik N.N., Gladyshev M.I., Kalachova G.S., 
Makhutova O.N., Ageev A.V., Comparison of 
seasonal dynamics of the essential PUFA contents 
in benthic invertebrates and grayling Thymallus 
arcticus in the Yenisei river, Comp. Biochem. 
Physiol. B, 2006, 145, 278-287

[24] Sushchik N.N., Gladyshev M.I., Kravchuk E.S., 
Ivanova E.A., Ageev A.V., Kalachova G.S., 
Seasonal dynamics of long-chain polyunsaturated 
fatty acids in littoral benthos in the upper Yenisei 
River, Aquat. Ecol., 2007, 41, 349-365

244



G.S. Kalachova et al.

chemically-defended refugia for freshwater 
macroinvertebrates, Oikos, 2007, 116, 302-312

[35] Mackey A.P., Trophic dependencies of some larval 
Chironomidae (Diptera) and fish species in the 
River Thames, Hydrobiologia, 1979, 62, 241-247

[36] Pardo I., Armitage P.D., Species assemblages as 
descriptors of mesohabitats, Hydrobiologia, 1997, 
344, 111-128

[37] Woodward G., Hildrew A.G., Body-size 
determinants of niche overlap and intraguild 
predation within a complex food web, J. Anim. 
Ecol., 2002, 71, 1063-1074

[38] Nolte U., Hoffmann T., Life cycle of Pseudodiamesa 
branickii (Chironomidae) in a small upland stream, 
Netherlands J. Aquat. Ecol., 1992, 26, 309-314

[39] Nakano D., Yamamoto M., Okino T., Ecosystem 
engineering by larvae of net-spinning stream 
caddisflies creates a habitat on the upper surface 
of stones for mayfly nymphs with a low resistance 
to flows, Freshwat. Biol., 2005, 50, 1492-1498

[40] Percival E.,Whitehead, H., A quantitative study of 
the fauna of some types of stream-bed, J. Ecol., 
1929, 17, 282-314

[41] Maitland P.S., The distribution, life cycle, and 
predators of Ephemerella ignita (Poda) in the River 
Endrick, Scotland, Oikos, 1955, 16, 48-57

[42] Rosillon D., Food preference and relative influence 
of temperature and food quality on life history 
characteristics of a grazing mayfly, Ephemerella 
ignita (Poda), Can. J . Zool., 1988, 66, 1474-1481

[43] Willoughby L.G., Mappin R.G., The distribution of 
Ephemerella ignita (Ephemeroptera) in streams: 
the role of pH and food resources, Freshwat. Biol., 
1988, 19, 145-155

[44] Riano P., Basaguren A., Pozo J., Diet variation 
of Ephemerella ignita (Poda) (Ephemeroptera: 
Ephemerellidae) in relation to developmental stage, 
In: Landolt E., Sartori M., (Eds.), Ephemeroptera 
and Plecoptera: Biology – Ecology – Systematics, 
MTL, Fribourg, 1997, 60-64

[25] Spitzer V., Structure analysis of fatty acids by gas 
chromatography – low resolution electron impact 
mass spectrometry of their 4,4-dimethyloxazoline 
derivatives – a review, Prog. Lipid Res., 1997, 35, 
387-408

[26] Vander Zanden M.J., Rasmussen J.B., Variation in 
δ15N and δ13C trophic fractionation: Implications 
for aquatic food web studies, Limnol. Oceanogr., 
2001, 46, 2061-2066

[27] Barnard C., Martineau C., Frenette J.-J., Dodson 
J.J., Vincent W.F., Trophic position of zebra mussel 
veligers and their use of dissolved organic carbon, 
Limnol. Oceanogr., 2006, 51, 1473-1484

[28] Nilsen M., Pedersen T., Nilssen E.M., Fredriksen S., 
Trophic studies in a high-latitude fjord ecosystem - 
a comparison of stable isotope analyses (δ13C and 
δ15N) and trophic-level estimates from a mass-
balance model, Can. J. Fish. Aquat. Sci., 2008, 65, 
2791-2806

[29] Campbell R.C., Statistics for biologists, Cambridge 
University Press, Cambridge, 1967

[30] McWilliam-Hughes S.M., Jardine T.D., Cunjak R.A., 
Instream C sources for primary consumers in two 
temperate, oligotrophic rivers: possible evidence of 
bryophytes as a food source, J. N. Am. Benthol. 
Soc., 2009, 28, 733-743

[31] MacNeil C., Dick J.T.A., Elwood R.W., The trophic 
ecology of freshwater Gammarus spp. (Crustacea: 
Amphipoda): problems and perspectives 
concerning the functional feeding group concept, 
Biol. Rev., 1997, 72, 349-364

[32] Berezina N., Food spectra and consumption rates 
of four amphipod species from the North-West of 
Russia, Fund. Appl. Limnol., 2007, 168, 317-326

[33] Mayer G., Maier G., Maas A, Waloszek D., Mouthparts 
of the ponto-caspian invader Dikerogammarus 
villosus (Amphipoda: Pontogammaridae), J. 
Crustacean Biol., 2008, 28, 1-15

[34] Parker J.D., Burkepile D.E., Collins D.O., 
Kubanek J., Hay M.E., Stream mosses as 

245




