
NOTES AND COMMENTS

Effects of Spirogyra arcta on biomass and structure of
submerged macrophyte communities

BI-CHENG DONG,* RUI-HUA LIU*† and FEI-HAI YU*
*School of Nature Conservation, Beijing Forestry University and †Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, Beijing, China

Abstract

The presence of algae can greatly reduce the amount of light that reaches submerged
macrophytes, but few experimental studies have been conducted to examine the effects of
algae on biomass and structure of submerged macrophyte communities. We constructed
communities with four submerged macrophytes (Hydrilla verticillata, Egeria densa,
Ceratophyllum demersum, and Chara vulgaris) in three environments in which 0 (control),
50 and 100% of the water surface was covered by Spirogyra arcta. Compared to the control
treatment, the 100% spirogyra treatment decreased biomass of the submerged macrophyte
communities and of all the four macrophytes except C. demersum. Compared to the
control and 50% treatments, the 100% treatment significantly increased relative abun-
dance of C. demersum and decreased that of E. densa. Therefore, the presence of S. arcta
can greatly affect the productivity and alter the structure of submerged macrophyte
communities. To restore submerged macrophyte communities in conditions with abun-
dant algae, assembling communities consisting of C. demersum or similar species may be
a good practice.
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Introduction

Submerged macrophyte communities are an important
component of shallow lake and seashore ecosystems
(Scheffer et al. 1993; Jeppesen et al. 1997; Xu et al. 2011).
They contribute to the sustainability of such ecosystems
by, for example, purifying water (Brix & Schierup 1989;
Bunluesin et al. 2007), decreasing turbidity, absorb-
ing nutrients and heavy metals (Hasler & Jones 1949;
Scheffer 1999; Bakker et al. 2010), controlling the growth
of algae (Reddy 1983), and providing food and refuge
for some animals (Carpenter & Lodge 1986; Scheffer
1998).

Submerged macrophyte communities are sensitive
to changes in both abiotic factors, such as light (Scheffer
1998; Cronk & Fennessy 2001; Karus & Feldmann
2012), and biotic factors, such as the abundance of algae
(Sheldon 1987; van den Berg et al. 2002; Takamura et al.

2003). Currently, eutrophication of lakes and degradation
of submerged macrophyte communities are important
environmental problems worldwide, especially in devel-
oping countries (Harper 1992; Rast & Thornton 1996).
In eutrophic lakes, proliferation and colonization of algae
is a common phenomenon that can greatly affect the
structure and functioning of the lake ecosystems (Scheffer
1998; Mulderij et al. 2009). One direct consequence is
that proliferation of algae can sharply decrease light
availability for submerged macrophytes (Sand-Jensen &
Søndergaard 1981; Hill et al. 2009; Köhler et al. 2010; Liu
et al. 2012). Studies have shown that decreasing light
intensity can markedly decrease the growth of submerged
macrophytes (Boardman 1977; Søndergaard & Bonde
1988; Middelboe & Markager 1997). Furthermore, pro-
liferation of algae can reduce nutrients and oxygen in
water (Eminson & Phillips 1978; Sand-Jensen et al. 1985;
Sand-Jensen & Borum 1991) and decrease water tempe-
rature (Hansson 1990; Stevenson et al. 1996; Gupta &
Rastogi 2008; Sun et al. 2010).
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Previous studies have revealed that the presence of
algae such as Spirogyra arcta can greatly reduce the growth
of submerged macrophytes such as Littorella uniflora
(Sand-Jensen & Søndergaard 1981), Zostera marina (Sand-
Jensen & Borum 1991) and Ceratophyllum demersum (Liu
et al. 2012) when they grow alone. However, effects of
algae on the growth of submerged plants may differ greatly
among species. If different species respond to the presence
of algae differently, then the presence of algae may greatly
affect the interspecific interactions among submerged
macrophytes and thus alter the structure of submerged
macrophyte communities (Sand-Jensen & Borum 1991). To
our knowledge, however, there is still little experimental
evidence on how the presence of algae affects biomass and
structure of submerged macrophyte communities.

In a greenhouse experiment, we constructed sub-
merged macrophyte communities with four co-occurring
submerged macrophytes (i.e. Hydrilla verticillata, Egeria
densa, Ceratophyllum demersum and Chara vulgaris) in three
environments where 0, 50 or 100% of water surface was
covered by S. arcta. We hypothesized that the presence of
S. arcta would affect the growth of the four submerged
macrophytes differently, reduce the overall productivity
of the community, and change its structure. We specifi-
cally asked: (i) how the different covers of S. arcta affect
biomass and structure of submerged macrophyte com-
munities and (ii) how they affect biomass and number of
nodes of each of the four component species.

Materials and methods

Alga species

Spirogyra arcta K. (hereafter referred to as spirogyra)
is a filamentous green alga of the Zygnemataceae family
(John et al. 2002). It is widely distributed in pools, ditches,
slow-flowing streams, and paddy field, and forms dense
filamentous masses propagated by cell division and zygo-
spores (Hu et al. 1980; John et al. 2002). On July 24, 2010,
the spirogyra used in this experiment was collected in an
artificial pond in the Botanical Garden of the Institute of
Botany, the Chinese Academy of Sciences in Beijing.

Assembly of submerged macrophyte communities

The experimental aquatic communities were cons-
tructed with four co-occurring submerged macrophytes,
that is, Hydrilla verticillata R. (Hydrocharitaceae), Egeria
densa P. (Hydrocharitaceae), Ceratophyllum demersum L.
(Ceratophyllaceae) and Chara vulgaris L. (Characeae).
Hydrilla verticillata and C. demersum are native aquatic
plants in China, but highly invasive in other counties such
as America, South Africa, and Australia (Holm et al. 1977;
Langeland 1996; Parsons & Cuthbertson 2001; Coetzee

et al. 2009; Wu et al. 2011). Chara vulgaris is a native alga and
widely distributed in China (Hu et al. 1980). Egeria densa,
native to South America, is now naturalized in China (Yan
et al. 2013). All four species can reproduce vegetatively
from clonal fragments (e.g., stem fragments, tubers, or
turions) and spread mainly via clonal dispersals (Holm
et al. 1997; Parsons & Cuthbertson 2001; John et al. 2002).
They can coexist in relatively enclosed aquatic conditions
(e.g., ditches, ponds and lakes) where spirogyra may fre-
quently occur (DiTomaso & Healy 2003; Zhang 2009). In
mid-July 2010, stem fragments of the four species were
collected in the lakes of the Winter Palace in Beijing, China,
and subsequently cultivated for 20 days in a greenhouse at
Forestry Science Co., Ltd, of Beijing Forestry University in
Beijing. For each species 160 stem fragments were selected
and all side branches were removed. To keep the fragment
length similar (approximately 15 cm), each fragment of
C. demersum, H. verticillata, and E. densa had eight nodes
and each fragment of C. vulgaris contained five nodes.
Of the 160 fragments of each species, 20 were randomly
selected for initial measurements and 72 were used for the
experiment. The average dry mass of the stem fragments
of C. demersum, H. verticillata, E. densa, and C. vulgaris
were 45.7, 24.4, 21.7, and 33.7 mg, respectively. Although
C. demersum might have more initial mass than the other
three species, there was no difference in the competitive
hierarchy, that is, C. demersum could not be regarded as a
dominant species at the start of the experiment.

The communities were assembled in 24 opaque plastic
buckets (24 cm in diameter and 30 cm in height). Each
bucket was filled at the bottom with a 10-cm-deep layer
consisting of a mixture of yellow loam and sand at a
volume ratio of 1 : 1 and then 20-cm-deep tap water
(0.593 ± 0.161 mg total N/L and 0.011 ± 0.001 mg total
P/L; mean ± SE) above the soil surface. Jing et al. (2008)
investigated 21 lakes in Beijing where submerged macro-
phytes commonly inhabited, and found most of them
were classified as “eutrophic lakes.” The average values of
total N and P in these lakes were, at least, more than five
times higher than those in tap water (Jing et al. 2008; Yuan
et al. 2009). However, Kosten et al. (2009) suggested that
submerged macrophyte communities may be more stable
and highly productive in the environments with total N
concentrations below 1–2 mg/L, and thus the experimen-
tal condition may be also suitable for macrophyte growth.
On August 15, three stem fragments of each species were
planted in each bucket, making 12 fragments per bucket.
This was the initial status of the submerged communities
used in this experiment.

Experimental design

The experiment had three treatments: (i) control (the
water surface of the submerged community in the bucket
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was not covered by spirogyra), (ii) 50% (50% of the water
surface in the bucket was covered by spirogyra), and (iii)
100% (all the water surface in the bucket was covered by
spirogyra). Before the start of the experiment, the water
surface in each container was divided into two identical
parts by a plastic divider placed vertically across the
center of the container. For the control, the water surface
was not covered by spirogyra; for the 50% treatment,
one part of the container was completely covered by spi-
rogyra and the other was not; for the 100% treatment, the
container was completely covered. The divider was then
removed after treatments were established and spirogyra
randomly floated on the water surface during the experi-
ment. We also checked and modified the coverage of spi-
rogyra each week. Each treatment had eight replicates.

The experiment was conducted in the same green-
house for cultivation and lasted 60 days from August 15
to October 14, 2010. During the experiment tap water was
supplied to maintain the water depth at the same level.
The temperature and relative humidity in the greenhouse
were 21.8 ± 0.4°C and 77.0 ± 1.3% (mean ± SE), respec-
tively, measured hourly by two Hygrochron temperature
loggers (iButton DS1923, Maxim Integrated Products,
USA). Photosynthetic photon flux density at noon
(between 1100 h and 1400 h) was 273.1 ± 18.6 μmol/m2/s
(mean ± SE), measured by a Li-250A quantum sensor
(LI-COR Biosciences, USA).

Measurements

Chara vulgaris is a green alga species, which does not
produce real leaf, stolon, and root structures. However, to
simplify the terminology in the study, we referred to the
main axis and long branches of unlimited growth of
C. vulgaris as “stems.” At harvest, we measured the total
stem length and counted the total number of stem nodes
of each species in each bucket. Then all the plants were
oven dried at 70°C for 72 h and weighed.

Data analysis

For each species, we calculated average internode length
as stem length divided by number of stem nodes, and
specific stem length as stem length divided by shoot
biomass (leaf and stem biomass). Biomass and number of
stem nodes of communities were the sum of the corre-
sponding variables of all the four species. We also calcu-
lated the proportion of each species in the community as
measures of relative abundance based on both biomass
and number of nodes. We used non-parametric Kruskal–
Wallis tests followed by Steel–Dwass multiple compari-
sons to examine effects of spirogyra cover on biomass and
number of nodes at the community level. We conducted
two-way anovas to examine effects of spirogyra cover

and species on the biomass, number of nodes, proportion
of biomass, and node number of each species. Games–
Howell post-hoc tests were followed to test the difference
among spirogyra-cover treatments at the species level,
because data did not meet the assumption of homogeneity
of variances (SYSTAT 2009). We also performed two-way
anovas followed by Tukey’s post-hoc tests for the effects
of spirogyra cover and species on internode length and
specific stem length. All analyses were conducted with
SYSTAT 13.0 software (SYSTAT Software, Inc., Chicago,
Illinois, USA).

Results

Growth of the submerged macrophyte communities

The presence of spirogyra significantly affected both
total biomass and total number of stem nodes of the sub-
merged macrophyte communities (Fig. 1). Biomass was
largest in the control (no spirogyra), smallest in the 100%
spirogyra treatment, and intermediate in the 50% spiro-
gyra treatment (χ2

2 16 35= . , P < 0.001; Fig. 1A). Number of
nodes was significantly smaller in the 100% spirogyra
treatment than in the control and the 50% spirogyra treat-
ment, but did not differ significantly between the control
and the 50% spirogyra treatment (χ2

2 19 28= . , P < 0.001;
Fig. 1B).

Growth of the four submerged macrophytes

Biomass and number of nodes of C. vulgaris, E. densa, and
H. verticillata were smaller in the 100% spirogyra treat-
ment than in the control and the 50% spirogyra treatment,
but they did not differ significantly between the control
and the 50% treatment (Table 1; Fig. 2A–C,E–G). Neither
biomass nor number of nodes of C. demersum differed

Fig. 1 (A) Total biomass and (B) total number of nodes of sub-
merged macrophyte communities under three conditions where
0 (control), 50, and 100% of the water surface was covered by
spirogyra. Bars sharing the same letters are not significantly
different at P = 0.05. Means + 1 SE are given.
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significantly among the three spirogyra treatments
(Fig. 2D,H).

Proportion of the four submerged macrophytes

The proportion of biomass or number of nodes of C. vul-
garis or H. verticillata was not significantly affected by the
spirogyra treatments (Table 1; Fig. 3). The proportions of

biomass and number of nodes of E. densa were smaller
in the 100% spirogyra treatment than in the control
and the 50% spirogyra treatment, but they did not differ
between the control and the 50% treatment (Fig. 3). In
contrast, the proportions of biomass and number of nodes
of C. demersum were greater in the 100% spirogyra treat-
ment than in the control and the 50% spirogyra treatment
(Fig. 3).

Table 1 Two-way anova results for effects
of spirogyra cover and species on biomass,
number of nodes, proportion of biomass,
proportion of node number, internode
length, and specific stem length

Cover (C) Species (S) C × S
F2,84 P F3,84 P F6,84 P

Biomass 29.0 < 0.001 19.0 < 0.001 6.6 < 0.001
No. of nodes 14.4 < 0.001 10.6 < 0.001 4.7 < 0.001
Proportion of biomass < 0.001 0.999 43.8 < 0.001 9.1 < 0.001
Proportion of node number < 0.001 0.999 20.6 < 0.001 16.4 < 0.001
Internode length 6.9 0.002 99.2 < 0.001 7.7 < 0.001
Specific stem length 5.8 0.005 11.7 < 0.001 1.8 0.108

Fig. 2 (A–D) Biomass and (E–H) number of nodes of each of four submerged macrophytes under three conditions where 0 (control),
50, and 100% of the water surface was covered by spirogyra. Bars sharing the same letters are not significantly different at P = 0.05.
Means + 1 SE are given.
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Internode length and specific stem length of the four
submerged macrophytes

Both internode length and specific stem length of
C. demersum were greater in the 100% spirogyra treatment,
smallest in the control, and intermediate in the 50% spi-
rogyra treatment (Table 1; Fig. 4D,H). Internode length of
C. vulgaris was larger in the 100% spirogyra treatment
than in the control and 50% spirogyra treatment, but they
did not differ between the control and the 50% spirogyra
treatments (Fig. 4A). Specific internode length of C. vul-
garis was not affected by spirogyra treatments (Fig. 4E).
The presence of spirogyra significantly affected neither
internode length nor specific stem length of E. densa or
H. verticillata (Fig. 4B,C,F,G).

Discussion

The presence of spirogyra can cause complex changes
influencing growth and structure of submerged commu-
nities, including changes in physical (e.g., light density,
light quality, temperature) and chemical prosperities
(e.g. status of nutrients) of water body and release of
allelochemicals. Previous studies have indicated that
spirogyra produced tannin compounds (Nishizawa
et al. 1985), and changed the activity and growth of micro-
algae, such as Microcystis aeruginosa, Chlorella vulgaris
and Oscillatoria agardhii (Mohamed 2002; Ma & Lei 2008).
However, such an effect might be small on submerged
macrophytes due to either the low tannin concentration
or the strong tolerance of these plants to allelopathy
(Gross 2003). Although the presence of spirogyra may
alter physical and chemical characters in water, shading
from spirogyra is very likely the main factor regulating
responses of the individuals and communities (Irfanullah
& Moss 2004; Fan et al. 2011). For instance, Zhang et al.
(2012) found that the effects of spirogyra cover and
shading were similar.

The growth of submerged macrophytes is commonly
limited by light (Denny 1972; Cronk & Fennessy 2001).
If light availability for them is too low, then their photo-
synthetic capacity and growth will be greatly reduced
(Middelboe & Markager 2003; Mjelde et al. 2013). The
presence of spirogyra, especially when the whole water
surface is covered, can greatly decrease light that reaches
the submerged macrophytes (Sand-Jensen & Søndergaard
1981; Huisman & Weissing 1994; Bakker et al. 2010). Con-
sequently, we found that total biomass and number of
stem nodes of the submerged macrophyte communities
were markedly smaller in the 100% spirogyra treatment
than in the control treatment.

The reduced growth of the submerged macrophyte
communities was mainly due to the reduced growth of the
two abundant species E. densa and C. vulgaris. Compared
to the control, E. densa and C. vulgaris in the 100% spiro-
gyra treatment reduced biomass by 99 and 89% and
number of stem nodes by 97 and 89%. The less abundant
species H. verticillata also contributed significantly to the
reduced growth of the submerged macrophyte commu-
nities in the 100% spirogyra treatment. Therefore, these
three species are “shade victims,” showing highly conser-
vative utilization of resources and commonly accompa-
nied by very low growth rates and low respiratory losses
in the deep shade environment (Smith 1982) caused by,
for example, the presence of spirogyra (De Fillippis &
Pallaghy 1973; Spencer & Wetzel 1993; Hofstra et al. 1999).

In the present study, the presence of spirogyra had little
effect on the growth of C. demersum when it grew together
with the other three submerged macrophytes. In a previ-
ous study, 100% spirogyra cover significantly decreased
the growth of C. demersum when it grew alone, whereas
50% spirogyra cover did not (Liu et al. 2012). Therefore,
the effect of spirogyra on the growth of C. demersum is
likely to depend on the interactions with other submerged
macrophytes in the communities. The unresponsiveness
to both 50% and 100% spirogyra cover when it grew with

Fig. 3 The proportions of (A) biomass and
(B) number of nodes of four submerged
macrophytes in the communities under
three conditions where 0 (control), 50, and
100% of the water surface was covered by
spirogyra. For each species, different letters
show significant differences among treat-
ments; no letters suggest no significant
difference among all three treatments.
Means + 1 SE are given. , C. vulgaris; ,
E. densa; , H. verticillata; , C. demersum.
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the other species and to the 50% spirogyra cover when it
grew alone (Liu et al. 2012) is likely because C. demersum
has a low light compensation point and takes an avoid-
ance or escape strategy (Smith 1981, 1982; Spencer &
Wetzel 1993). When the whole water surface was covered
by spirogyra, stem internode length of C. demersum was
markedly increased and stem thickness decreased (i.e.,
increased specific stem length). These morphological
responses ensured that C. demersum could produce much
longer stems so that its leaves and other photosynthetic
tissues could be lifted to a much higher position in the
water column in order to increase light harvest (Alpert
& Stuefer 1997; Yu & Dong 2003; Svensson et al. 2005;
Going et al. 2008). This may have counteracted the
negative effects of shading by spirogyra and by other
submerged macrophytes so that the growth (absolute
abundance) of C. demersum was not significantly affected.

The presence of spirogyra, especially the 100%
spirogyra treatment, markedly decreased the growth of

E. densa, C. vulgaris, and H. verticillata, but did not affect
that of C. demersum. Also the 100% spirogyra treatment
greatly decreased the proportion of E. densa and increased
that of C. demersum, so that the dominant species were
shifted from C. vulgaris and E. densa in the control treat-
ment to C. demersum in the 100% spirogyra treatment.
These results confirm that the presence of spirogyra, espe-
cially when the cover of spirogyra is high, can greatly
alter species composition of submerged macrophyte
communities (Hansel-Welch et al. 2003). The results also
confirm that different submerged macrophytes may
show different patterns in both their absolute and rela-
tive abundances in response to the presence of spirogyra
(Sand-Jensen & Søndergaard 1981; Hough et al. 1989).
For E. densa, the 100% spirogyra treatment greatly
decreased not only its absolute abundance (biomass and
node number) but also its relative abundance (propor-
tions of biomass and node number). For C. vulgaris and
H. verticillata, the 100% spirogyra treatment decreased its

Fig. 4 (A–D) Internode length and (E–H) specific stem length of each of four submerged macrophytes under three conditions where
0 (control), 50, and 100% of the water surface was covered by spirogyra. Bars sharing the same letters are not different at P = 0.05.
Means + 1 SE are given.
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absolute abundance but did not affect its relative abun-
dance. In contrast, for C. demersum, the 100% spirogyra
treatment did not affect its absolute abundance but
sharply increased its relative abundance.

We conclude that, when the abundance/cover of spiro-
gyra is high, the presence of spirogyra can greatly reduce
the productivity and alter the structure of submerged
macrophyte communities because different macrophytes
differ greatly in their responses to the presence of spiro-
gyra. To restore submerged macrophyte communities in
conditions with low abundance of algae and better light
supply, it would be more efficient to construct communi-
ties with E. densa and C. vulgaris or species with similar
responses (Amoros et al. 2000; Burks et al. 2006; Wang
et al. 2008). In contrast, to restore submerged macrophyte
communities in conditions with abundant algae and low
light, assembling communities consisting of C. demersum
or similar species may be a better way (De Fillippis &
Pallaghy 1973; Spencer & Wetzel 1993; Hofstra et al. 1999).

Furthermore, the above conclusions may not always
hold in environments that differ from the experimental
condition, where levels of nutrients in the water are
higher. From meso-eutrophic to eutrophic lakes, the nega-
tive effects of algae on the community may become more
severe so that the diversity of submerged macrophytes
becomes less and the macrophyte community will be
dominated by only one or a few species that have strong
tolerance to the proliferation and blooming of algae (see,
e.g., Yuan et al. 2009). In further studies we need to pay
more attention to the influence of algae on submerged-
macrophyte dynamics in different aquatic ecosystems.
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