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ABSTRACT
In this study, we evaluated the effects of two dominant microfilamentous
algae (i.e. Melosira granulata and Oscillatoria sp.), collected from the West
Lake, on growth and metabolism of Daphnia magna. Our experiment
utilized 13C and 15N dual labeling to calculate the carbon and nitrogen
isotopic turnover rates and half-life times in D. magna. The two labeled
types of filaments were offered to D. magna as sole food sources or as
paired mixtures with the unlabeled Scenedesmus obliquus. Labeled S.
obliquus served as the control. Combined results showed that D. magna
had a higher grazing rate on Oscillatoria sp. than on M. granulate and a
small percentage of unlabeled S. obliquus addition could improve the
grazing rate in both filamentous algae, especially for Oscillatoria sp., which
had the highest carbon and nitrogen isotopic turnover rates and the
lowest half times, even superior to the sole S. obliquus treatment. Our
study revealed that D. magna could utilize the two dominant filamentous
algae as a food source for their growth and metabolism, and a small
percentage addition of S. obliquus could ameliorate the negative impact of
these two filamentous algae on D. magna.

KEYWORDS
Zooplankton–phytoplankton
interactions; filamentous
algae; herbivory; food
quality; Cladocera; isotopic
labeling

Introduction

Cladocerans, especially Daphnia, form a key link in energy and nutrient mobilization between pri-
mary producers and higher trophic levels in most aquatic ecosystems (Gliwicz & Lamper 1990;
Sterner & Hessen 1994; Jansson et al. 2007; Lampert 2011; Sanni et al. 2013; Bednarska et al. 2014).
Burns et al. (1989) provided evidence that Daphnia carinata was able to collect trichomes of Ana-
baena minutissima var. attenuate with average length 77–180 mm. Also, some studies demonstrated
that Daphnia would be unable to control cyanobacteria blooms once fully developed (Schoenberg &
Carlson 1984; Danielsdottir et al. 2007), but intense herbivory by Daphnia could prevent blooms
from initiating (Sarnelle 2007). Besides, Meijer (2000) summarized the results of 18 case studies in
the Netherlands and found that Daphnia was able to limit phytoplankton biomass in spring but not
in summer. And adult Daphnia magna were less sensitive to poor quality food than juveniles (Vanni
et al. 1992). Because of the significant role of cladocerans in the aquatic food webs, studies on cla-
doceran–filament interaction could provide important information for a better understanding of
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aquatic ecosystem function and could contribute to forecasting or potentially preventing algal imbal-
ance due to anthropogenic alterations of the environment. In this paper, the cladoceran we studied
was D. magna, the most common freshwater invertebrate model species (Smutn�a et al. 2014).

Filamentous algae blooms have become prevalent in numerous freshwaters as climate change
generally benefits the growth of many species of harmful algae (Paerl & Huisman 2009; Kosten et al.
2012). Reports about the reciprocal response of filamentous algae defending against zooplankton
grazing are very limited (Ger et al. 2014). It was reported that the coexistence of some larger-bodied
Daphnia spp. with filamentous cyanobacteria in some lakes may be facilitated by undeterred con-
sumption of some groups of in situ plankton (diatoms, flagellates and chlorococcales) and avoidance
of cyanobacterial filamentous (Epp 1996). Filaments like Oscillatoria andMelosiramay be important
for daphnids as a source of nutrition, but may interfere with the process of food collection, related to
the filamentous algae concentration, length and challenging ingestion (Fulton 1988; Gliwicz &
Lampert 1990; Gulati et al. 2001; Kâ et al. 2012). Other research showed that the weight-specific
ingestion rates of D. magna were higher on the shorter Oscillatoria filaments than on the longer
ones (Gulati et al. 2001). Furthermore, cyanobacteria can shape microevolutionary changes in Daph-
nia populations (Bednarska et al. 2014). It was also observed that the filaments of bothMelosira and
Oscillatoria were inadequate food source for Daphnia because they could not sustain growth and
reproduction of planktonic animals as well as unicellular algae could not sustain growth and repro-
duction of planktonic animals as well as unicellular algae, such as Scenedesmus (Porter & Orcutt
1980; Haney 1987; Lampert 1987; DeBernardi & Giussani 1990; Bednarska et al. 2014).

The main effect of algae proliferation is the imbalance in the base of the food web that depends
on various environmental factors such as nutrients, light, temperature and water movement (Xu
et al. 2007; Yang et al. 2012). In this study, 13C and 15N dual labeling was used for carbon and
nitrogen stable isotopic turnover modeling to estimate the grazing rate of labeled food in D.
magna. After a consumer is provided with an isotopically different diet, the tissues may come to
reach a new isotopic equilibrium with the diet after a time lag. Then the turnover process can be
mathematically predictable, reflecting rates of both growth and catabolic tissue replacement of ani-
mals (Carleton et al. 2008; Carleton & Rio 2010; Heady & Moore 2013). Meanwhile, stable isotopic
signatures can be effectively used to trace food sources, elucidate trophic interactions and presum-
ably reflect food web structure (Woodland et al. 2012; Xia et al. 2013). The objective of this study
was to evaluate the effects of two filamentous algae species, Melosira granulata and Oscillatoria
sp., on growth and metabolism of D. magna, after their coexistence in vivo for three months. The
two filaments were given as food to six clones of D. magna either alone or together with the unla-
beled green alga Scenedesmus obliquus. M. granulata and Oscillatoria sp., the two filaments
employed in these experiments, were dominant phytoplankton species in the West Lake, Hang-
zhou, China. The green algae, S. obliquus, contains sterols but is deficient in C-20 polyunsaturated
fatty acids; thus, it is an intermediate quality food source among the phytoplankton algal foods
(Freese & Martin-Creuzburg 2013) and was used as a reference food in these D. magna-feeding
experiments. The purpose of the present experiment was to test the hypothesis that the food mix-
ture that included S. obliquus would significantly increase D. magna grazing rates on the two dom-
inant filaments collected from the West Lake.

Methods

Sampling filamentous algal source

The West Lake is a typical shallow lake located in the central city of Hangzhou, on the southeastern
coastline of China (120�160E, 30�150N). It is about 6.5 km2 in surface area with an average depth of
2.27 m, and a high annual average nitrogen level of 2.34 mg/L (>1.5 mg/L) (Jin et al. 2015). The
experimental algae M. granulata and Oscillatoria sp. were collected from Xiaonanhu (one sub-lake
of the West Lake) in March 2014.
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Culture isolation and purification

The collected wild samples of M. granulata and Oscillatoria sp. were isolated by Pasteur pipet and
cultured in bacteria-free nutrient solutions at the Freshwater Algae Culture Collection of the Insti-
tute of Hydrobiology. M. granulata was cultured in Conway-silicate medium at 22.5 § 1 �C, while
Oscillatoria sp. was cultured in Blue-Green-11 medium at 25 �C. Both algae were cultivated in sterile
bottles with breathable sealing film under a 12L:12D photoperiod and inoculated once every two
weeks to maintain their exponential growth.

Trichomes of Oscillatoria sp. in liquid medium were smooth and tended to grow solitary cells
first. Cells were wider than they were long (2.65–3.2 mm long by 5.23–6.69 mm wide), contained
phycoerythrin and were usually without sheaths. Apical cells had calyptras. It was a novel taxon
(Figure 1).

Total genomic DNA was obtained using a cetyl-trimethyl ammonium bromide method adapted for
cyanobacteria (Vaz et al. 2015). The 16S-23S rRNA ITS sequences from the remaining Oscillatoria sp.
strains were amplified by polymerase chain reaction (PCR) using the primers pA (5΄-AGAGTTT-
GATCCTGGCTCAG-3΄) (Edwards et al. 1989) and B23s (5΄-CTTCGCCTCTGTGTGCCTAGGT-3΄)
(Lep�ere et al. 2000). PCR amplification, cloning and sequencing were performed as described by Liu
et al. (2014). The nucleotide sequences obtained in this study and related sequences retrieved from Gen
Bank were aligned (16S/ITS rRNAmatrix with length of 2022 bp).

Daphnia culture

The experiment was performed with a clone of D. magna, which was stored in the Institute of
Hydrobiology, Chinese Academy of Sciences. The experimental animals were maintained for
months at a temperature of 24 § 1 �C in laboratory batch cultures with a photoperiod of 12L:12D
(dim light). Fifty milliliters of tap water per individual and sufficient food mixtures of Oscillatoria
sp., M. granulata and S. obliquus were provided simultaneously. The tap water was first aerated for
24 h in a large container and pre-filtered through a 25-mm filter before use and it was changed once
every two days. Moreover, previous research (Strathman 1967) indicated that algal carbon content
of approximately 2.5 mg C/Lin a given volume of zooplankton medium would be sufficient for zoo-
plankton survival and population growth. Thus, the same food concentration was set for these
experimental animals.

Figure 1. Light photomicrographs of strains of Oscillatoria sp. nov.
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Additionally, after three months of observation, there were no symptoms of an acute toxicity
strain (Zhang et al. 2011) appearing in the M. granulata and Oscillatoria sp. cultures. However,
clones fed with the mixed filamentous algae showed a longer maturity time at the beginning, when
comparing with the sole feeding of S. obliquus (Repka 1998). Thus, a non-toxic strain allowed us to
exclude any toxic effect of the two filaments on D. magna.

Preparation of tracer algal foods

Filaments of Oscillatoria sp., M. granulata and S. obliquus in exponential growth phase were har-
vested and incubated under the original light, temperature and culture conditions in a shaking table
at constant temperature for 4 h (Walsh & O’Neil 2014). Additionally, uniformly dispersed suspen-
sions of Oscillatoria sp. were obtained before algae labeling by filtering them through a plankton net
(mesh size: 25 mm). Before the algae incubation, about 0.007 g NaH13CO3 (98 at %

13C) and 0.007 g
15NH4Cl (98 at % 15N) (Sigma) per liter of medium were added. After labeling, the algal cells were
collected and washed on a pre-combusted (450 �C for 5 h) 25-mm diameter glass fiber filter paper:
Whatman type GF/C. Meanwhile, the algae were washed repeatedly with deionized water to remove
unassimilated 13C and 15N isotopes. The labeled algae were then resuspended in a suitable volume
of distilled water for the feeding experiment. Fresh food suspensions were made every 24 h.

Dual labeling feeding experiment

As Table 1 shows, five feeding treatments were designed in this experiment and each treatment
included three replicate beakers each with 6 animals (18 animals per treatment). Samples were taken
19 times during each experimental period, so 57 beakers (500 mL) were prepared for every feeding
treatment as the experiment began. Three hundred milliliters of tap water that was aerated for 24 h
in a large barrel and pre-filtered using a net (mesh size of 25 mm) before use, was added to
each beaker. Similar-sized (9-days-old) and healthy individuals (n = 6) of D. magna were added to
each beaker next. The aforementioned conditions for D. magna were maintained throughout
the feeding experiment (24 § 1 �C; 12L:12D light–dark cycle). The experiment was then started
immediately by adding 1 mL of isotopically labeled algae to each beaker. Here, we also tested
whether the addition of good quality food (S. obliquus) could ameliorate the negative impact of these
two filamentous algae on Daphnia. Thus, in the experimental system, treatment groups with or
without unlabeled green algae were designed (Table 1).

Each D. magna-algae treatment group was incubated for 96 h. Algae, the animal’s food source,
were added to the system every 8:00 am during the experimental period and the aerated tap water
was changed once every two days before providing the food algae to maintain the supply of algae at
2.5 mg C/L.

Sample collection and growth rates

Three beakers of D. magna were randomly sampled for analysis of carbon and nitrogen stable iso-
topes at hours 0, 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 56, 64, 72, 80, 88 and 96. Time 0 values of
the isotopes were treated as background values. Each beaker of animals was transferred to a 100-mm

Table 1. Daphnia-algae feeding treatments. The ratio of unlabeled S. obliquus to labeled filaments was 1:10.

Treatments Zooplankton Labeled algae Unlabeled S. obliquus

S D. magna S. obliquus Not added
M1 D. magna M. granulata Not added
M2 D. magna M. granulata Added
O1 D. magna Oscillatoria sp. Not added
O2 D. magna Oscillatoria sp. Added
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sieve, washed and then rinsed with distilled water and left for 16 h for gut evacuation (Taipale et al.
2008). All adults were then individually transferred to pre-weighed tin cups and dried at 60 �C yield-
ing 0.2–1.2 mg dry mass for stable isotope analysis.

The growth rate of D. magna was calculated using the following exponential growth model:

Mf ¼ Mo � ekt (1)

where Mf is the mass at time t (mg), Mo is the mean initial mass (mg), k is the growth rate of each
beaker’s total D. magna (per hour, n = 6), t is time (h).

Stable isotope analysis

The stable C (d13C) and N (d15N) isotope ratio values were generated after analysis of samples on a
continuous-flow isotope ratio mass spectrometer (Delta Plus; Finnigan, Bremen, Germany) coupled
to a Carlo Erba NA 2500 elemental analyzer (Carlo Erba Reagenti, Milan, Italy). Stable isotope ratios
were expressed in d notation as parts per thousand (%) relative to the international standards
according to the equation: dX ¼ Rsample=Rstandard

� �� 1
� � � 1; 000, where X is 13C or 15N and R is

the corresponding ratio of 13C/12C or 15N/14N. d value is the measure of heavy to light isotope in the
sample, whereby higher d values denote a greater proportion of the heavy isotope. The standard for
N was atmospheric N and for C, Vienna Pee Dee belemnite. The reference material for d15N was
ammonium sulfate (IAEAUSGS25), and that for d13C was carbonate (IAEA–NBS18), supplied by
the US Geological Survey (Denver, CO, USA) and certified by the International Atomic Energy
Agency (Vienna, Austria). On a daily basis, an internal working standard, urea (d15N = ¡1.53%,
d13C = ¡49.44%), was employed. The average standard deviations of replicate measurements for
d13C and d15N were both < 0:3%.

The raw data from the stable isotope analysis were normalized between 0 and 1 by the equation:
x� ¼ ðx �minÞ=ðmax�minÞ, due to the different amount and absorption rates of isotopic com-
pound additions in these three algae: S. obliquus,M. granulata and Oscillatoria sp.

The software package Origin 8.0 was applied to estimating isotopic turnover rates in D.
magna tissue, using iterative least-squares fitting of the regression to the normalized data for
the following equation, which has two components (λ ¼ kþm): growth (tissue addition, k)
and metabolic tissue replacement (m) (Hesslein et al. 1993; Gamboa-Degado et al. 2011; Rojas-
Casas et al. 2013):

dt ¼ d1 þ ðd0 � d1 Þ � e�λt (2)

In this model, where dt is the d value of animal at any time after the labeling, d0 is the initial delta
value of the animal with unlabeled food (%), d1 is the final delta value in equilibrium after the
labeling (%) and λ is the coefficient determining the rate of change over time t (h). The value λ is
equivalent to the sum of the isotopic turnover due to growth (k) and non-growth metabolic pro-
cesses, i.e. the organism’s metabolism (m). In addition, k% and m% are defined by the following
equation (Hesslein et al. 1993; Xu et al. 2011):

k% ¼ 1�m% ¼ ln Mf =Mo
� �

=t � 100 (3)

In addition, coefficient λ provides an indicator of the time period necessary for half of the tissue
carbon or nitrogen isotope to be replaced by new carbon or nitrogen after animals consume a new
diet (half time, t50) (MacAvoy et al. 2006; Gamboa-Delgado et al. 2014).

t50 ¼ ln2=λ (4)
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Statistical analysis

For statistical evaluation of the treatment groups, we applied one-way analysis of variance
(ANOVA) to compare the growth rates and survival rates of D. magna, and least significant differ-
ence (LSD) was carried out using the SPSS package. LSD values were reported at the 5% level of sig-
nificance. As for the isotopic turnover rates (λ) estimated from Equation (2), if the 95% confidence
intervals for the two groups did not overlap, it can be inferred that the percentage difference between
groups was statistically significant at the 5% level (Sedgwick 2012).

Results

D. magna growth and survival rates

The ratio fluctuations of sampled weight/original weight of D. magna in the five feeding treatments
are shown in Figure 2. At the end of this experiment, D. magna reared under the five diet treatments
showed significantly different mean growth rates (p < 0.001, Table 2). D. magna in the sole S. obli-
quus treatment (S) had the fastest growth rate (0.0422 § 0.007 d¡1), which was much higher than
other treatments (p < 0.001, Table 3). There were similar growth rates between O1 and O2 (p >

0.05), and a significantly lower growth rate was observed in the D. magna which fed solely on M.
granulata (M1, 0.026 § 0.005 d¡1, p < 0.01).

Because the survival rates showed no variation in the treatment S (100% § 0%), the remaining
group’s data were analyzed by one-way ANOVA and LSD post hoc tests (Tables 4 and 5). Results
showed that there were significant differences in the remaining four treatments (p < 0.01) except
for between the treatment M1 and M2 (98% § 1.5% and 97% § 1.7%, p > 0.05). Otherwise, D.
magna that were fed with Oscillatoria sp. (O1 and O2) had much lower survival rates (50% § 7.6%
and 66.7% § 6.1%, p < 0.01).

Additionally, the estimated percent contributions of growth to isotopic tissue turnover (accord-
ing to Equation (3)) for each feeding treatment group were: S (42.3% d�1), M2 (23.9% d�1), O1

(19.3% d�1), O2 (17.9% d�1) and M1 (2.7% d�1) (Table 6). And there should be higher k% values of
O1 and O2, for 33.3%–50% mortality rate occurred during the last 48 h of the whole 96 h experimen-
tal animal feeding period.
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Figure 2. Growth of D. magna in each beaker, which fed by sole S. obliquus (S, as control), sole M. granulata (M1), M. granulata
mixed with S. obliquus (M2), sole Oscillatoria sp. (O1) and Oscillatoria sp. mixed with S. obliquus (O2) during the 96-h experiment.
Each symbol represents the mean value in the D. magna-algae feeding treatment, with the error bar representing the standard
deviation.
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Isotopic turnover modeling

Isotope turnover in each feeding treatment was well described by the exponential, one-pool model
(Equation (2)) (r2 � 0.914 or better, p < 0.005). The model estimation revealed that different algae
feeding treatments were characterized by different isotope turnover rates (Table 7). The expected

Table 2. One-way ANOVA for the mean of growth rate (k) of the five different D. magna-algae feeding treatments.

Dependent variable Factor df Mean square F P

K Between group 4 0.06 309.12 <0.01��

Within group 10 0.00
Total 1

Note: The significance levels are *p < 0.05 and **p< 0.01.

Table 3. The results of LSD post hoc for comparing the mean of growth rate (k) of the five different
D. magna-algae feeding treatments.

Treatments (i) Treatments (j) Mean difference (i ¡ j) P

S M1 0.396 <0.01��

M2 0.184 <0.01��

O1 0.230 <0.01��

O2 0.243 <0.01��

M1 M2 ¡0.212 <0.01��

O1 ¡0.166 <0.01��

O2 ¡0.152 <0.01��

M2 O1 0.046 <0.01��

O2 0.060 <0.01��

O1 O2 0.014 >0.05

Note: The significance levels are *p < 0.05 and **p< 0.01.

Table 4. One-way ANOVA for the mean of survival rate of the rest four different D. magna-algae feeding treatments.

Dependent variable Factor df Mean square F P

Survival rate Between group 3 0.157 62.155 <0.01��

Within group 8 0.003
Total 11

Note: The significance levels are *p< 0.05 and **p < 0.01.

Table 5. The results of LSD post hoc test for comparing the mean survival rate of the remaining
four different D. magna-algae feeding treatments.

Treatments (i) Treatments (j) Mean difference (i ¡ j) P

M1 M2 0.007 >0.05
O1 0.460 <0.01��

O2 0.310 <0.01��

M2 O1 0.453 <0.01��

O2 0.303 <0.01��

O1 O2 ¡0.150 <0.01��

Note: The significance levels are *p < 0.05 and **p< 0.01.

Table 6. Growth rate (k), final survival rate and catabolic tissue turnover rate (m) estimated for the five different D. magna-algae
feeding treatments.

Treatments Survival rate k (d�1) k% (d�1) m% (d�1)

S 100% § 0% 0.422 § 0.007 42.3% 57.7%
M1 98% § 1.5% 0.026 § 0.005 2.7% 97.3%
M2 97% § 1.7% 0.240 § 0.025 23.9% 76.1%
O1 50% § 7.6% 0.192 § 0.013 19.3% 80.7%
O2 66.7% § 6.1% 0.180 § 0.010 17.9% 82.1%
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changes in carbon and nitrogen stable isotope turnovers for D. magna of five diet treatments esti-
mated with the time-based models are illustrated in Figure 3. For all of the five diet treatments, the
carbon isotopic turnover rates, driven by both growth and metabolism (λ ¼ kþm), varied sub-
stantially among different diets, with the highest value for O2 (0.0903 § 0.0193 h¡1), followed by
M2, S, O1, and the lowest value for M1 (0.0072 § 0.0015 h¡1). On the other hand, for all five diet

Table 7. Isotopic turnover modeling parameters estimated of the five different D. magna-algae feeding treatments.

d1 do λ R2 P t50ðhÞ
d13C
S 1.048 0.0003 0.0243 § 0.0008 0.999 <0.001 28.53
M1 2.054 0.0005 0.0072 § 0.0015 0.995 <0.001 95.74
M2 0.989 0.0008 0.0338 § 0.0018 0.999 <0.001 20.54
O1 0.908 0.0103 0.0215 § 0.0046 0.969 <0.001 32.22
O2 0.630 0.0038 0.0903 § 0.0193 0.955 <0.001 7.679
d15N
S 1.157 0.0002 0.0190 § 0.0008 0.999 <0.001 36.40
M1 1.641 0.0005 0.0091 § 0.0011 0.996 <0.001 75.88
M2 1.540 0.0004 0.0111 § 0.0008 0.999 <0.001 62.30
O1 1.042 0.0003 0.0182 § 0.0040 0.979 <0.001 38.02
O2 0.637 0.0007 0.0516 § 0.0159 0.914 <0.005 13.44
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Figure 3. Changes in d13C and d15N values of D. magna fed by sole S. obliquus (S, as control), sole M. granulata (M1), M. granulata
mixed with S. obliquus (M2), sole Oscillatoria sp. (O1) and Oscillatoria sp. mixed with S. obliquus (O2) during the 96-h experiment.
Each symbol represents the mean value in the D. magna-algae feeding treatment, with the error bar representing the standard
deviation.
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treatments, the nitrogen isotopic turnover rates (λ ¼ kþm) displayed the highest and lowest val-
ues for O2 (0.0516 § 0.0159 h¡1) and M1 (0.0091 § 0.0008 h¡1), respectively. But the value of the
remaining three feeding treatments in sequence from high to low was S, O1 and M2. Thus, d

15N
showed a different pattern from d13C in the three treatments: S, O1 and M2.

During the 96 h experimental feeding treatments, most D. magna completed their isotopic turn-
over. According to Equation (4), estimated half times of carbon and nitrogen in D. magna ranged
from 7.679 to 95.74 h (Table 7) and the differences were attributed to diet type. The diet ofM. granu-
lata alone (M1) yielded the longest carbon and nitrogen half times in tissue (95.74 and 75.88 h, respec-
tively), while diets consisting of higher nutrient levels, such as treatment S (S. obliquus alone) elicited
shorter half times (28.53 and 36.40 h, respectively). In addition, mixed diet treatments containing
unlabeled S. obliquus had relatively fast carbon and nitrogen half times: M2, 20.54 and 62.30 h, respec-
tively; O2, 7.679 and 13.44 h, respectively.

Discussion

Although some previous studies have mentioned several kinds of filamentous algae species being
grazed by Daphnia (King & Shiel 1993; Farzaneh et al. 2013; Sikora & Dawidowicz 2014), few stud-
ies have examined M. granulata and Oscillatoria sp. as food sources for D. magna.

The main objective of this study was to evaluate the different growth and metabolic rates of D.
magna, when they were fed by filamentous algae. A laboratory D. magna-algae feeding experiment
with a period of 96 h was performed to illuminate the different carbon and nitrogen isotopic turn-
over rates in D. magna which fed on filamentous algae alone or in mixtures. This research demon-
strated that D. magna does indeed have a certain feeding rate on filamentous algae such as M.
granulata and Oscillatoria sp., supporting the view that daphnids can grow and reproduce on a diet
dominated by filamentous cyanobacteria (Repka 1998). Furthermore, the treatment groups which
contained a small quantity of good quality food (S. obliquus) showed higher carbon and nitrogen
isotopic turnover rates driven by both growth and metabolism (kþm) relatively, demonstrating
that the poor nutritional value of filamentous algae could be completely overcome by supplementa-
tion (Bednarska et al. 2014).

Filamentous cyanobacteria have been reported to have many negative effects on Daphnia
spp., including their lower nutritional value or poor manageability (Bednarska et al. 2014; Brze-
zi�nski 2015). Brzezi�nski (2015) demonstrated that Daphnia hyaline £ galeata hybrids were, on
average, superior to parental species in the absence of filaments, but in the presence of filaments,
one of the parental species (D. hyalina) was superior. Additionally, It was also reported that
most herbivorous zooplankton (such as Bosmina longirostris) were capable of consuming some
filamentous algae (e.g. the diatom Melosira granulata angustissima) at rates similar to or higher
than those of unicellular algae (Fulton 1988). Only the feeding of Diaphanosoma brachyurum
and Moina micrura seemed to be primarily limited by the filamentous morphology (Fulton
1988). Furthermore, some observations by King and Shiel (1993) showed that D. carinata would
feed on M. granulata too. Nevertheless, the combination of siliceous covering and long filamen-
tous form (up to »200 mm long) suggested that M. granulata might be a difficult food item for
D. carinata to handle and that interference with feeding might occur when the diatom was pres-
ent in high concentrations.

The performance of D. magna in the different experimental treatment groups varied from best to
poorest in the following order: Oscillatoria sp. mixed with S. obliquus (O2), S. obliquus (S) alone, Oscilla-
toria sp. (O1) alone,M. granulatamixed with S. obliquus (M2) andM. granulata (M1) alone. The results
from O1 and M2 were very similar. Thus, the performance of D.magna was most negatively affected by
M. granulata alone (M1), perhaps because the alga is harder to handle and ingest due to its physiological
characters (Schwartz & Ballinger 1980). In theM. granulate alone treatment, half time (t50) increased to
95.74 h, which was three times the control treatment, S (around 28 h). In addition, the nutritive value of
Oscillatoria sp. often appeared to be higher than M. granulata. Therefore, in the Oscillatoria sp. plus S.
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obliquus (O2) treatment group, the highest isotopic turnover rates and the lowest half time (t50) was
observed. Thus, the negative effects caused by the poor manageability of Oscillatoria sp. could be
completely overcome by supplementation with the common good quality food (S. obliquus). Neverthe-
less, theM. gralulatamixed with S. obliquus (M2) treatment had turnover rates and half time (t50) simi-
lar to the Oscillatoria sp. alone (O1) treatment. Here for M. granulata, addition of the common good
quality food only partially diminished the effects of their poor nutritional quality.

In spite of the lower nutritional value ofMelosira and Oscillatoria as food source leading to a neg-
ative influence on Daphnia fitness when compared with Scenedesmus, the effect is not general for all
clones or life history parameters (Bednarska et al. 2014). There always exist better adapted individu-
als (Bernatowicz & Pijanowska 2011), and this phenomenon had been also observed during the daily
culture of D. magna. Thus, a higher isotopic turnover rate coupled to growth and metabolic rates
could be still achieved after the coexistence of Daphnia and filaments for a period of time, which
allowed for some adaptation to occur.

According to our investigations, abundance of short filaments of Oscillatoria sp. (average length:
36 mm or less) were suspended and mixed with a small amount of Melosira spp. in the south small
lake (one sub-lake of the West Lake, Hangzhou) in late March 2014. And it has been shown that
Daphnia consume food particles not exceeding 50–60 mm in size (Gliwicz 1969; Bloem & Vijverberg
1984). Moreover, the two species of filamentous algae are often appeared with an abundance of zoo-
plankton such as Daphnia galeata, Bosmina, Bosminopsis deitersi, Sinocalanus and D. magna also
appeared with a lower biomass.

This study did not measure Daphnia feeding on algal detritus and the mixture of different fila-
mentous algae together labeled by different stable isotopes, respectively, or set up an in situ experi-
ment. Thus, the long-term effects of growth and metabolic turnover rates in filamentous algae or
the combination of some in situ dominant planktonic animal species (D. galeata, B. longirostris,
Sinocalanus dorrii, etc.) remained to be evaluated in the future.

Conclusion

This study has affirmed that D. magna can utilize filamentous algae M. granulata and Oscilla-
toria sp. as food sources for their growth and metabolism. Furthermore, a significantly higher
isotopic turnover rate appeared when a small percentage of S. obliquus was added, and the
mixture of a few S. obliquus added could even increase the fitness of animals. Thus, a certain
concentration of cladoceran such as Daphnia may have the potential ability to decrease popu-
lations of Oscillatoria mixed with Melosira, when combining with some other in situ dominant
planktonic animal species.
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