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The daphnia test, based on an assessment of sur
vival, fecundity, and quality of progeny in the investi
gated aqueous samples is one of the main tests used for
setting the quality of natural and waste waters in many
countries around the world (US. EPA, 1994). This is
due to fact that daphnia, an important part of freshwa
ter zooplankton, have a short life cycle, are easily cul
tivated under laboratory conditions, and have a high
sensitivity to toxicants of a different nature (Filenko,
1988; Filenko et al., 2004). In our country the daphnia
test is a major standard method for the determination
of the occupational exposure limit (OEL) in fish
industry water bodies (Rukovodstvo, 2002). In several
works (Matorin et al., 1990; Tsvylev, Sokolova, 1986)
it was shown that one of the primary daphnia reactions
towards the toxicants is a change in their nutrition
activity taking place long before the possible death of
the testobject.
Like the majority of planktonic crustaceans,
according to its feeding mechanism, daphnia belong
to filtrators. The process of feeding is related to con
tinuous oscillatory movements of the thoracic legs; the
inner side of these legs is densely covered with thin
bristles that serve for the holding of the particles sus
pended in water. A significant portion of the food con
sumed by daphnia—in addition to the simplest, bac
teria, and detritus—constitutes planktonic microal
gae (Sushchenya, 1975).
One of the highly sensitive methods for tracking the
concentration of algae is the method of rapid chloro
phyll fluorescence (Matorin, Venediktov, 1990). The
intensity of a constant fluorescence F0 with a high cor
relation coefficient corresponds to the total content of
pigments at a low level of excitation of the photosyn
thetic apparatus of phytoplankton and correlates with
the abundance of algal cells (Matorin et al., 2004).
Thus, upon the calibration of the yield of the constant
fluorescence (F0) it is possible to do a quick and low
laborintensive (1–2 min) determination of the algae

concentration in the sample within the range of 1 ×
103 cells/ml to 10 × 106 cells/ml. At present, these
measurements can be carried out on the different flu
orometers developed at the Department of Biophys
ics, Moscow State University, and on the instruments
of some other firms.
This paper reports the results of the studies of the
main features of daphnia feeding under normal condi
tions and in the presence of toxic substances obtained
with the abovementioned fluorescence techniques.
Some practical recommendations for the use of the
rates of filtration of daphnia as a sensitive indicator of
the toxic effect of pollutants were proved.
MATERIAL AND METHODS
The test objects were Daphnia magna grown
according to the conventional hydrobiologic proce
dure (Filenko et al., 2004). Daphnia were fed with the
culture of green algae Chlorella vilgaris grown in culti
vators at 24°C on 18% Uspenskii’s medium with the
illumination of 30 µE m–2 c–1 of the FAR day light
luminiscent lamps. Before the experiments, the algae
were growing throughout the day. The density of the
culture corresponded to 3 × 105 cells/ml. Prior to the
experiments chlorella in the exponential phase of
growth was centrifuged to separate it from the cultural
medium.
The consumption of chlorella by daphnia was esti
mated according to the decrease of the yield of the
constant fluorescence (F0) directly proportional to the
concentration of the algae cells in solution. The mea
surements of chlorophyll fluorescence in algae sus
pension was carried out on the impulse fluorophotom
eter developed at the Department of Biophysics, Bio
logical Faculty of Moscow State University, and
intended for the measurement of highly diluted sus
pensions of microalgae. Some experiments were car

115

116

MATORIN et al.

Fluorescence intensity, rel. units
1.2

F, ml daf./h
4.5
4.0

1.0

3.5
2

0.8

3.0
0.6

2.5

0.4
1

2.0
1.5

0.2

1.0
0

0.25

0.50

0.75

1.00
Time, h

Fig. 1. The influence of methyl mercury salts (10–7 M) on
the rate of daphnia feeding (prior to the measurements
daphnia were incubated with methyl mercury salts for 1 h);
1 is blank and 2 is in the presence of the toxicant.

ried out on a ToksiRam laboratory fluorometer
(Heinz Walz GmbH, Germany).
The following toxicants were used in the toxicolog
ical experiments: methylmercury (MeHg), copper
sulfate (CuSO4 ⋅ 5H2O), tripropyl–tin chloride
((C3H7)3SnCl, TPTC), zinc sulfate (ZnSO4), lead
chloride (PbCl2), potassium dichromate (K2Cr2O7),
and Diuron® (N'–(3,4Dichlorophenyl)1,1dimeth
ylurea). In each case the experiments were repeated
three times.
RESULTS AND DISCUSSION
The addition of chlorella in solution containing
daphnia resulted in a decrease of the fluorescence sig
nal accompanying algae consumption (Fig. 1). At
chlorella concentrations below 3 × 105 cells/ml fluo
rescence signal decreased exponentially.
The concentration of chlorella cells (Ct) at any
given moment t could be calculated as: Ct =
C0 exp(⎯kt), (1), where C0 is the initial concentration
of chlorella and k is the constant of the chlorella con
centration decrease in the sample. An instantaneous
rate of the algae concentration decrease (at t
approaching 0) is dC/dt = –C0k. Given that k =
ln(Ct/C0)t–1 (2) and dC/dtC0 = dV/dtV (3), where V is
the total volume of the sample containing daphnia and
dV/dt is an instantaneous rate of filtration of daphnia
(denoted as F). At constant F, the average rate of
daphnia filtration is F = ln(Ct/C0)V/nt, where n is the
number of daphnia in the sample. The value of F, or
the rate of filtration, is expressed as milliliter per daph
nia per hour (ml/daf. h) and refers to the volume of
water filtered by daphnia in the sample within an hour.
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Fig. 2. Dependence of the filtering rate F (ml/h) of daph
nia on the fasting time prior to the experiment.

In the further experiments, we used the Eq. (3) to
assess the activity of daphnia feeding.
Increase of linear dimensions of the daphnia’s body
(L, mm) results in an increase of the daphnia filtration
rate. The dependence of F on L is described as: F =
0.32L1.83, r = 0.94, and P < 0.05. The rate of filtration
in adult animals (5–6 mm) reaches 8–10 ml/h for daph
nia with a mean F of 6–7 ml/h or 150–200 ml/day.
A high level of variability in F (CV = 57%), typical for
adult daphnia, reduces their importance for toxicolog
ical experiments, since it requires a large number of
repetitions in order to obtain reliable results. Already
oneday old (L = 1 mm) juvenile daphnia is able to eat
the algae. The rate of filtration in oneday juveniles did
not exceed 0.3 ml/h and was also characterized by a
great variation (CV = 42%). The most stable F (CV =
21%) was found for young daphnia of a medium size
(L = 3.5–4 mm, 6–8 day specimens). Their average F
was 3.5–4 ml/h. The decline of F of such daphnia
down to 2–2.5 ml/h and below indicated the adverse
conditions of cultivation; with this in mind, all the fol
lowing experiments were carried with the medium size
daphnia (3.5–4 mm).
The optimum planting density of daphnia (V/n)—
4–5 ml per hour per daphnia for a feeding period of
one hour (20–25 ml per 5 daphnia)—could be calcu
lated from Eq. (3), providing that the daphnia, with
F = 4 ml/daf. h, will consume 60–70% of algae
present in the sample within an hour.
Dependence of F on the duration of daphnia fast
ing is shown in Fig. 2. In the first day of fasting F
reached a maximum level and stabilized (CV = 21%).
Further fasting (up to 3 days) did not affect F. By the
end of the fifth day F dropped to 0 and daphnia died.
Thus, to maximize F and its stabilization before the
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Fig. 3. Influence of TPTC on the (a) filtering rates (ml/h) and (b) survival of daphnia (all parameters as % of blank).

experiments daphnia should be kept in the examined
aqueous solution for one day (24 h) without the addi
tion of feeding.
The rate of filtration in daphnia depended on the
concentration of food. At concentrations of algae in
the sample below 3–5 × 103 cells/ml daphnia hardly
ate. The frequency of the filter apparatus movements
was not different from normal and was approximately
200 cycles per minute. If the average speed of filtering
on daphnia remains 4 ml/h (0.3 µl per 1 cycle), then,
at an algae concentration of 3–5 × 103 cells/ml, in one
cycle, daphnia filters out 1–2 cells of chlorella, that it
may lose, not to form the food lumps. The inability of
daphnia to meet their food needs at algae concentra
tions below 5 × 103 cells/ml was noted in the works of
other authors (Filenko et al., 2004). At an algae con
centration range of 30–300 × 103 cells/ml filtration
rate remains constant. In this density range the num
ber of cells consumed by daphnia by the time t
(denoted as K) increases linearly with the increase of
the concentration of the algae cell. The maximum K
for each algae concentration could be calculated as:
K = Φv C (4), where Φ is the number of the filtering
apparatus cycles, v is the volume of water filtered by
daphnia per cycle, C is the concentration of algae cells
in the sample. Since daphnia extracts algae from the
solution of a constant volume with a constant rate, i.e.
Φv C = const, from formula (4) it is evident that the
concentration of the filtered food in the range of 30–
300 × 103 cells/ml increases linearly.
Increase of the algae density above 300 × 103 cells/ml
is accompanied by a decrease of F; at least for the first
1–2 h no changes of the filtering apparatus work were
observed. The decrease of F was proportional to the
increase of the algae concentration. The quantity of
the consumed algae reached its maxima of approxi

mately 800 × 103 cells/h and then remained constant
regardless of the increase in the density of the algae
cells. From these data it is possible to conclude that at
algae cell concentrations higher than a certain Cmax in
a given time t daphnia are unable to filter more food
than Kmax cells and, therefore, loose the “excessive”
filtered cells back to the solution. For the algae con
centrations above Cmax, K = Φv C – P (5), where P is
the number of the algae cells lost by daphnia during
the time t and P = K v (C Cmax/Cmax).
Since at high concentrations of food daphnia con
sume a constant number of cells at regular time inter
vals, the fluorescence signal over time decreases
almost linearly. At food concentrations above 2 ×
106 cells/ml the filtering apparatus of algae gets
clogged leading to daphnia death. Based on the pre
sented data, for feeding daphnia in the further experi
ments we selected an optimal concentration of chlo
rella of 100 × 103 cells/ml, corresponding to a constant
value of F.
In the course of daphnia incubation, the environ
mental factors (temperature, pH, oxygen content,
etc.) were the same as for the cultivation of other crus
taceans. When feeding daphnia one should avoid the
illumination of samples with intense light. Daphnia
are very sensitive towards mechanical damage and the
planting of them in the examined aqueous samples
should be done carefully. If these two conditions are
met, the rate of filtration of daphnia calculated
according to the Eq. (3) could be used as one of the
most sensitive indicators of daphnia activity in toxico
logical experiments.
One of the primary reactions of daphnia towards
toxins was the decrease of their filtering rate (F) and,
thus, the decrease of the quantity of the consumed
algae cells (K) (Figs. 1 and 3). The visual observation

MOSCOW UNIVERSITY BIOLOGICAL SCIENCES BULLETIN

Vol. 64

No. 3

2009

118

MATORIN et al.

(decrease of Φ and/or v) but also to the efficiency of
its digestion, i.e., with the decrease of the maximum
number of algae eaten by intoxicated daphnia at a
given amount of time and a corresponding number of
the “lost” algae cells (filtered but not eaten). Thus,
intoxication reduces the food requirements of daphnia
in a given amount of time and F could be used to char
acterize the food activity of the crustaceans.

F, % vs. blank
100

50

The dynamics of toxicant action (for example
TPTC) on the survival and F of daphnia in the experi
ments lasted for up to 20 days and is presented in
Fig. 3. It is evident that a reliable inhibition of F at tox
icants concentrations corresponding to the death of
daphnia was observed already in the first 24 h of the
5
10
15
0
20 experiments. Further dynamics of F had a complex
Time, days fluctuating character. However, a general tendency of
decrease of the daphnia filtering rates with time was
Fig. 4. Dependence of LT50 of daphnia in the presence of
clearly observed. An 80–100% suppression of F typi
the toxicants on filtering ration F (ml/h) after 24 h after the
cally
was observed 1–4 days before the death of daph
toxicant addition.
nia (depending on the toxicant and its concentration).
of poisoned daphnia showed that the decrease in F is
generally consistent with the decrease of the frequency
of motion of their filtering apparatus; however, no
strict correlation between these parameters was found.
At high concentrations of the toxicant, corresponding
to the complete suppression of F (daphnia stopped
eating), the rate of their thoracic legs movements
decreased approximately 3–4 times. Some toxicants,
such as TPTC, on the other hand, stimulated the
movements of the thoracic legs regardless the decrease
of F. On the other hand, ZnCl2 and PbCl2 slightly
decreased the amplitude of the thoracic legs move
ments (the span of the grip) without any changes in the
movement frequency; nevertheless, these toxicants
caused a significant decrease of F.
The discrepancy between the work of the filtering
apparatus and the value of F increased with the
increase of the algae cell concentration in the sample
for all the examined toxicants. Thus, it was concluded
that the effects of the toxicants on F and K were related
not only to inhibition of the algae cells filtering
Maximum concentrations of the examined substances that
did not affect the filtering rate of daphnia in the oneday
experiments
Toxicant
Mercury
Copper
Led
Potassium bichromate
Zinc
TPTC

Concentration, OEL for fish
µg/l
industry waters
0.3
5
10
40
10
2–3

0.1
1
100
–
10
1

Based on the experiments with various toxicants,
we tried to establish a relationship between the degree
of inhibition of F in daphnia in the daily experiments
and the time of death of half of the daphnia (LT50) in
the longlasting experiments (Fig. 4). No correlation
was found between the inhibition of F in the initial
stages of intoxication and LT50, defined as a combined
result of experiments with the toxicants of a different
nature. Dependence of F on LT50 provided a basis for
a preliminary estimation of the sample toxicity. At
suppression of F above 70% vs. blank in the first day of
experiment, LT50 did not exceed 5 days and corre
sponded to the sample of an acute toxic effect on crus
taceans (Filenko et al., 2004). If in the first day of the
experiment F of daphnia was suppressed by no more
than 5060%, the sample had no acute toxic effect but
had a chronic effect on daphnia, while its LT50 was in
the range of 5–6 to 20 or more days. It should be noted
that the lack of effect in the daphnia experiments, or
an increase (stimulation) of F in the first day of the
experiment did not unambiguously indicate the com
plete safety of the sample. More specific results require
experiments of extended duration.
The experiments with the various toxicants dem
onstrated that the maximum concentrations the toxi
cants that did not cause a reliable inhibition of F in the
daily experiments were close to the strictest OEL
established for these substances (table). The table and
Fig. 5, presenting the results of the probit–analysis
(Zhmur, 1997) of the toxic effects of the certain sub
stances on the considered parameter F, show that
daphnia are highly sensitivity towards most of the
examined toxicants. The data indicate a high effi
ciency of the proposed test and a possibility of its
application for operational control of toxicity of natu
ral and anthropogenic waters.
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Fig. 5. Results of probytanalysis of the toxical effects of the substances on the activity of daphnia feeding in the oneday experi
ments.

CONCLUSIONS
The above described protocol for the estimation of
water toxicity from the rate of algae consumption by
daphnia registered fluorometrically provides a high
reliability of biotesting (Matorin, 2007). Maximum
concentrations of toxicants detected by this method in
daily experiments were close to the corresponding
OEL values for fish industry bodies. It is important to
note that the same fluorometric instrumentation
enables the estimation of toxicity influence on the
photosynthetic activity of microalgae. Using both
methods, we conducted a study of detoxifying proper
ties of humic substances of different genesis towards
heavy metals, herbicides, and polycyclic aromatic
hydrocarbons (Perminova et al., 2001a, 2001b; Yudov
et al., 2005). Thus, it is now possible to use the same
instrument for the detection of water toxicity towards
the two major components of the ecosystems:
microalgae, which are the primary producers of
organic material in this media, and planktonic crusta
ceans, their major consumers, which are, in turn, a
food for fish and other organisms of higher trophic lev
els.
An integrated biotest using algae and daphnia
could be implemented in a network of environmental
monitoring to control the toxicity of industrial water
sewers and the incoming quality of the wastewaters
going into biological treatment, to monitor the quality
of the water treatment, and for periodic surveys of pol
lution of selected environmentally important waters.
The ultimate goal of the introduction of biotesting is
the creation of automatic water quality biomonitoring.
The Department of Biophysics, Moscow State Uni
versity, is developing a portable testfluorometer for

biotesting and the assessment of microalgae under
pollution conditions.
The equipment used in the present work was also
tested in the monitoring of the Moscow river and Lake
IssykKul, and to indicate the contamination with res
idues of dioxins in the Bay of Nachang (South Viet
nam).
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