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Influence of food-type on the population growth rate of the rotifer
Brachionus calyciflorus in short-chronic assays ™

M. LURLING™, W. BEEKMAN

Department of Environmental Sciences, Aquatic Ecology and Water Quality Management Group, Wageningen Universi-
ty, P. O. Box 8080, 6700 DD Wageningen> The Netherlands

Abstract The type of food given during short chronic assays with the rotifer Brachionus calyci florus might be one of the
sources of variation in the reproductive rate of the rotifers. Ten green algal species were supplied as monospecific diets to
examine variability in rotifer growth rate. In addition, rotifers were fed cyanobacteria as monospecific food and in mix-
tures with the green alga Scenedesmus obliquus to test the hypothesis that cyanobacteria are a valuable supplement in com-
bination with food items such as Scenedesmus. The population growth rate of B. calyciflorus was influenced significantly
by the different green algal food species. S.obliquus promoted the highest growth in B. calyciflorus (1.6 per day),
while growth on Desmodesmus abundans was the lowest (0.3 per day). As percentage of maximal growth on
S.obliquus,> the sequence of green algal food species is: Desmodesmus subspicatus (88% ), Chlorella wvulgaris
(83%), Monoraphidium minutum C77%), D.quadricauda CT74%), S. falcatus C71%), S.acuminatus
(69%), S. pectinatus (64% ), Chlamydomonas reinhardtii (57%) and D.abundans (19%). The growth differ-
ences were not explained from size differences of the algae. The cyanobacteria Microcystis aeruginosa and Synechococcus
elongatus depressed growth of B. calyciflorus not only as monospecific food but also in mixed diets with the good food
source S. obliquus. The detrimental effect appeared not related to microcystins. The results do not support the hypothe-
sis that nontoxic cyanobacteria are a valuable supplement in combination with other green algal food species. The variation
in growth rates observed in current study underlines the influence food species might have on the growth of B. calyciflorus
and potentially on the outcome of toxicity tests [ Acta Zoologica Sinica 52 (1): 70—78, 2006].
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Planktonic rotifers are known to play an impor-
tant role in the energy flow in lakes and ponds, and
numerous studies have indicated the importance of ro-
tifers as primary consumers (e.g., Dumont, 1977;
Pilarska, 1977; Pourriot, 1977; Walz, 1995 ).
Because of their importance in zooplankton communi-
ties and aquatic food chains rotifers have been used as
model organisms in feeding and food chain studies, in
aquaculture research and ecotoxicological research
(e.g.» Bogdan et al., 1980; Schliiter et al.
1987; Walz, 1995: Chial and Persoone, 2003).

In ecotoxicological research, two-day life cycle
tests with the rotifer Brachionus calyciflorus in
which multiple broods are produced and the F; gener-
ation also reproduces are used extensively (e.g.,
Snell et al.» 1991: Snell and Moffat, 1992; Radix
et al.» 1999; Chial and Persoone, 2003; Marsalek
and Bldha, 2004). In contrast to acute assays with
mortality as endpoint, the two-day life cycle test has
growth or reproduction as endpoint, which requires
feeding of the test organisms. However, consider-
able variability in test results between studies might
occur due to use of different food species and growth
conditions (Chial and Persoone, 2003). In general,
green algal species such as members of the common
genera Chlamydomonas, Chlorellas Desmodesmus
and Scenedesmus are fed to B.calyciflorus, but
there is still no consensus on the nutritional adequacy
of the food species. The results of some studies; for
example, suggest Chlorella sp. to be a better food
than Scenedesmus species (e.g.» Xi et al., 2001;
2002; Flores-Burgos et al.» 2003), whereas in oth-
ers B. calyciflorus grew better on Scenedesmus than
on Chlorella (e.g.> Rothhaupt, 1990a). Compar-
ison of the results from these studies, however, is
difficult as different methods for long-term assays
were used.

In several studies; B.calyciflorus in the 2-d
growth assays were offered a monospecific diet of only
live green algae (e.g., Cecchine and Snell, 1999;
Radix et al.,» 2000, 2002). Howevers in other
studiess the rotifers were fed a combined food of live
green algae and dried cyanobacteria; Spirulina
(Chial and Persoones 2003, 2005). Cyanobacterial
species might be a valuable supplement in combination
with other green algal food species as; for example,
a stimulatory effect has been reported for
B.calyciflorus fed a 3:1 mixture of the green alga
Monoraphidium and the cyanobacterium Plank-
tothriz ( Weithof and Walz, 1995). In contrast,
mixed feeds of the cyanobacterium Anabaena and the

cryptophyte Cryptomonas hampered growth of
B.calyciflorus C Gilberts 1994, 1996 ). These
studies were performed with filamentous cyanobacte-
rias but to our knowledge effects of mixed diets of
green algae with non-filamentous cyanobacteria are
virtually absent in literature.

The aim of the current study was to examine the
effect of type of food given during short chronic as-
says with the rotifer Brachionus calyciflorus on the
reproductive rate of the rotifers. According to Snell
and Moffat (1992) growth rates should not be less
than the 0.65 acceptability threshold for short chron-
ic tests in order not to influence the outcome of the
toxicity Consequently, feed organisms
should be of good nutritional value to avoid unsatisfac-
tory reproduction. Inasmuch as the type of green al-
gal food might seriously affect the growth of
B. calyciflorus, in the current study, 10 green algal
species as a variable in the growth rate of the rotifers
were compared simultaneously in a 2-d growth assay.
In addition to the effect of the type of green algal food
also the effect of the non-filamentous cyanobacteria
Microcystis aeruginosa and Symechococcus elongatus
as monospecific food and in mixtures with the green
alga Scenedesmus obliquus is studied. This was done
to test the hypothesis that cyanobacteria are a valu-
able supplement in combination with food items such
as Scenedesmus .

assays.

1 Materials and methods

1.1 Organisms

The green algae and cyanobacteria used in the
current study are listed in Table 1. Semi-continuous
stock cultures were maintained in 300 ml cellulose
plug closed Erlenmeyer flasks containing 150 ml of
modified WC (Woods Hole Chu) -medium (Liirling
and Beekman, 1999) with vitamins added (Biotin
B, and Bj, at 50 ng/L, Thiamnine HCL at
100 ng/L). Flasks with green algae were kept in cli-
mate controlled room at 20C in continuous light of
60-pmol quanta/m?/s and every three weeks for at
least three months prior to the experiments, aliquots
were transferred separately into fresh sterile medium.
Flasks with cyanobacteria were kept at 20C and in
45 pmol quanta m/m?/s light in a 16:8 h light : dark
rhythm.

The rotifer Brachionus calyciflorus Pallas was
obtained from Microbiotests Inc. ( Nazareth, Bel-
gium) and was supplied as cysts. Cysts were kept
refrigerated until use.
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Table 1 Green algae (Exp. [ ) and cyanobacteria (Exp. I ) used as food for the rotifer Brachionus calyciflorus in short-chronic

assays
) Exp. | : Green algae
Species - - -

Strain Culture collection

Chlamydomonas reinhardtii NIVA-CHL13 NIVA!, Oslo, Norway

Chlorella vulgaris NIVA-CHL 19 NIVA, Oslo; Norway

Desmodesmus abundans UTEX 1358 University of Texas, Austin, USA

Desmodesmus quadricauda UTEX 614 University of Texas, Austin, USA

Desmodesmus subspicatus NIVA-CHL 55 NIVA, Oslo; Norway

Monoraphidium minutum SAG 243/1 University of Géttingen, Germany

Scenedesmus acuminatus V411 University of Plovdiv, Bulgaria

Scenedesmus falcatus SAG 2.81 University of Goéttingen, Germany

Scenedesmus obliquus SAG 276/3a University of Goéttingens Germany

Scenedesmus pectinatus

University of Plovdiv, Bulgaria

Species

Strain

Exp. Il : Cyanobacteria

Culture collection

Microcystis aeruginosa
Microcystis aeruginosa

Synechococcus elongatus

SAG 17.85
SAG 18.85
SAG 89.79

University of Gottingen, Germany
University of Goéttingen, Germany

University of Géttingens Germany

Food types used in Exp I :
100% cyanobacterium—0% S.obliquus; 75% —25%; 50% —50%; 25% —75%:
100%; 75%; 50%; 25%; 0% S.obliquus

1: Norwegian Institute for Water Research

1.2 Exp. | : effect of green algae

The first experiment evaluated the effect of 10
different green algal species ( Table 1) on rotifer
growth rate. To obtain exponentially growing algae
with good nutritional values aliquots of green algae
from the semi-continuous stock cultures were trans-
ferred prior to the experiment into 100-ml Erlenmey-
er flasks; containing 50 ml WC medium with vita-
mins added and that were closed with a cellulose
plug. Algal densities and particle size distributions
were determined in the size range 2.5 — 35 pm equiv-
alent spherical diameter using a Coulter” Multisizer
Il Ccapillary 100 pm orifice width, Coulter Elec-
tronics Limited, Luton, England). FEach flask re-
ceived identical initial concentration of algae, i. e. 5
X 10° pm?/ml. These flasks were placed on a rotat-
ing shaking table (60 r/m) at 24C in continuous
light of 100-pmol quanta/m?/s. After three days the
algae were transferred again at identical concentra-
tions of 5% 10°um®/ml into 100 ml Erlenmeyer’s that
contained 50-ml WC-medium. After three days the
algae were used in the experiment. Meanwhile B.
calyciflorus cysts were hatched in 100-ml suspensions
of each of the corresponding green algae in the above
mentioned WC-medium. The hatching flasks were
placed on a rotating shaking device at 24°C in contin-
uous light of 100-pmol quanta/m?/s. The cysts were

hatched in the desired food inasmuch as a short-
prefeeding period (2 h after hatching) has been
found to have a pronounced positive effect on growth
rates (Chial and Persoone, 2005).

The experiment was run in 6-welled covered cul-
ture plates positioned for two days on a rotating shak-
ing table (60 r/m) in darkness in a climate-con-
trolled room at 24°C. Each well was filled with 10-
ml green algal food suspensions at identical concentra-
tions of 107 pm*/ml (&5 mg C/L). For each food
type (Table 1) six wells were used of which three
received six freshly hatched (2 — 3 h old) Bra-
chionus» while three other replicates received no ro-
tifers. The newborn rotifers were collected in a dish
with 15 ml fresh WC-medium and were counted and
transferred from the dish to the culture plates under a
dissecting microscope at 20 X magnification using a
prepared glass fine tip pipette. The experiment was
run for 48 hours after which chlorophyll-a concentra-
tions were determined in 1.5-ml samples from each
well using a PHYTO-PAM phytoplankton analyzer
(Heinz Walz GmbH, Effeltrich, Germany). This is
a non-destructive method in which chlorophyll con-
centrations are used to estimate algal disappearance
rates and to estimate rotifer clearance rates (Liirling
and Verschoor, 2003). Clearance rates ( CR, ml/
ind./h) were calculated using the equation:
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ln(Acomrol) — ln(Aroli[er) >>< X
At N

where A o is the algal concentration Cas chloro-

phyll-a (Chl}«“) in pg/L~ 1) after 2 days in controls,

cr = (

A ifer 15 the algal concentration in the rotifer treat-
mentss Az is the time (h), V is the culture volume
(mD) and N is the number of animals. For N mean
values were estimated using the population growth
rate and the exponential growth model. Algal disap-
pearance rates (Dr, per day) were estimated from:
~ [In (Chla i) —In CChla ) ]

2 b
Dr is the algal disappearance rate (per day)s Chla_
control 1 the chlorophyll-a concentration (in pg/L) af-

r where

ter 2 days in controls and Chla .., is the chlorophyll-
a concentration (in pg/L) after 2 days in presence
of rotifers.

Then adding 0.5 ml of Lugol’s fixative to each
well terminated the experiment. The numbers of ro-
tifers were counted under a dissecting microscope and
population growth rates were calculated from:

_ [ll’l (Nz) _11'1 (Nl)]

r > » where r is the

population growth rate (per day)s N, is the number
of animals after 2 days and N, the initial number of
rotifers (=6).
1.3 Exp. I : effect of cyanobacteria

A second experiment was run to study the effect
on rotifer growth rate of mixtures of cyanobacteria
with S. obliquus that included 0%, 25%, 50%
75% and 100% cyanobacteria ( Table 1). The
cyanobacteria were harvested from one-week old cul-
tures maintained at identical conditions as the
cyanobacterial stock cultures (20C and in 45 pmol
quanta/m/s light in a 16:8 h light: dark rhythm),
S.obliquus from a culture as outlined above. Each
food-type was run in triplicate at 107 pm?*/ml. The
experiment was run in six-welled culture plates in
darkness in a climate-controlled room at 20 + 1C.
After 2 days, the numbers of rotifers were counted
under a dissecting microscope. Growth rates were
calculated as outlined above (Exp. [ ).
1.4 Statistics

Population growth rates and algal disappearance
rates in Exp. | were analyzed by one-way ANOVA
in the statistical toolpack SPSS 10.1.0 (SPSS,
20000. In Exp. [l » mean population growth rates
were compared running two-way ANOVA with
cyanobacterial species and food composition as the
fixed factors. For comparisons among treatments and
species also one-way ANOVA were run. Differences
between means were distinguished by Tukey’s post
hoc comparison test (P<0.05). In Exp. 1, rela-
tionships between green algal particle volume, algal
disappearance rates, rotifer clearance rates and popu-

lation growth were estimated by non-linear regression
using a sigmoid model (four-parameter Gompert func-

tion) in the tool-pack SigmaPlot 2000, version 6.00.

2 Results

2.1 Exp. 1 : effect of green algae

The 10 different green algal food species exerted
distinct effects on the population growth rate of B.
calyciflorus (Fig.1). The one-way ANOVA indi-
cated that growth rates were significantly different
between food types ( Fy,,0 = 155.3, P <0.001).
Tukey’s post-hoc comparison revealed 8 homogenous
groups that were significantly different (Fig.1).
With the exception of D.abundans all green algal
species supported good to excellent growth in
B. calyciflorus. The highest growth rates were ob-
served when S.obliquus was offered as food.
Growth as a percentage of the maximum ( = on
S. obliquus) growth rate for other green algae varied
between 19% (D.abundans as food) and 88%
(D. subspicatus as food). For most species the vari-
ance coefficients were low (< 7%), howevers for
D . abundans it was 47% (Fig.1). Green algal dis-
appearance rates were also significantly different
(Fg,5 = 41.6, P < 0.001) between food-types
(Fig.2). Tukey’s post-hoc comparison revealed 6
homogenous groups with the highest disappearance
rate for S. obliquus and the lowest for D . abundans
C.reinhardtii and S. pectinatus ( Fig.2). FEsti-
mated clearance rates differed significantly ( Fg 50 =
3.05, P=0.018), but Tukey’s test revealed that
only the clearance rates of rotifers fed C. reinhardtii
were significantly lower than those feeding on
S.acuminatus ( Fig.3 ). Mean rotifer clearance
rates varied between 1.5 and 7 pl microliter/rotifer/h
(Fig.3). The mean particle volumes of the green al-
gac showed considerable variation (Table 2). Be-
cause the data did not satisfy assumptions for ANO-
VA, separate t-tests were run. These tests showed
that particle of D.quadricauda and
S. pectinatus were significantly larger than of all the
other green algae, while those of M. minutum and
Chlorella vulgaris were the smallest ( Table 2).
Non-linear regression analyses yielded no significant
relationship between the particle volume and the algal
disappearance rate ( ridj =0.00, F=0.82, P =
0.528), clearance rates (ri;=0.00, F=0.02, P
=0.994) or rotifer growth rates (r25;=0.00, F=
0.93, P =0.481). Algal disappearance rates and
rotifer growth rates ( rgdj =0.597, F=5.45, P=
0.038) as well as algal disappearance rates and clear-
ance rates (25 =0.578, F =5.12, P =0.043)

were significantly correlated, but clearance rates and

volumes

population growth rates showed no correlation (rﬁdj

=0.190, F=1.70, P=0.265).
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Fig.1 Population growth rate (per day) of the rotifer Brachionus calyciflorus in short-chronic assays (2-d) fed

with ten different green algal species

Error bars indicate one standard deviation (2 =3). Similar symbols above bars indicate homogeneous groups that are not significantly

different (Tukey’s post hoc comparison, P<0.05).
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Fig.2 Disappearance rate (per day) of ten different green algal species used as food for the rotifer Brachionus ca-

Iyciflorus in short-chronic assays (2-d)

Error bars indicate one standard deviation (7 =3). Similar symbols below bars indicate homogeneous groups that are not significantly

different (Tukey’s post hoc comparison, P<0.05).

2.2 Exp. [ : effect of cyanobacteria

Unicells and bicells dominated the cyanobacteria
used in this experiment. Synechococcus was com-
prised of 83% unicells and 17% two-celled colonies,
making on average 1.17 cells per colony with a cell
diameter of 2.7 ( £ 0.4) pm. Strain SAG 17.85
was comprised of 88% unicells (diameter of 3.9 *
0.4 pm) and 12% bicells (1.11 cells per colony?,
while SAG 18.85 consisted of 57% unicells (diame-
ter of 3.2+ 0.4 pm) and 17% bicells (2.18 cells
per colony).

A two-way ANOVA indicated a significant
cyanobacteria species effect on growth rates of B.

calyciflorus (F34=21.5, P<0.001), a signifi-
cant mixture effect ( Fy4 = 81.4, P < 0.001),
and a significant species X mixture interaction (Fy,, 4
=4.60, P<0.001). The latter is visualized in the
different effects on growth rates of comparable mix-
tures ( Fig.4). For example, population growth
rates on monospecific cyanobacterial diets were slight-
ly positive on Microcystis SAG17.85, slightly nega-
tive on Synechococcus> but a strong decline was
found for animals fed Microcystis SAG18.85, which
was comparable to unfed animals (0% Scenedesmus:
Fig.4). The three replicate control series in which
the rotifers were fed 100% S. obliquus were similar
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Fig.4 Population growth rate (per day) of the rotifer Brachionus calyciflorus in short-chronic assays (2-d) fed
solely Scenedesmus or the cyanobacteria Microcystis aeruginosa or Synechococcus elongatus and each strain in differ-
ent mixtures with Scenedesmus (bars) as well as proportional quantities of only Scenedesmus (filled symbols)

Error bars indicate one standard deviation (n=3).

(F5,6=0.37, P=0.707), whereas for rotifers fed
different proportion Scenedesmus only the unfed
treatment was significantly different from the other
treatments (Tukey’s test P <0.05, Fy, 0= 34.6;
P < 0.001). This means that the amount of
Scenedesmus in the mixtures was sufficient to support
good growth of the rotifers. Comparison of the dif-
ferent revealed that the 75%
Scenedesmus + 25% cyanobacterium mixtures the
mixtures with strain SAG 18.85 were significantly
(F55=6.18, P =0.017) different from the pure
Scenedesmus treatment ( Fig.4 ). In the 50%
Scenedesmus + 50% cyanobacterium mixtures only
the treatment with Synechococcus differed from the
Scenedesmus treatment (F3¢=6.48, P=0.016).
In the 25%

mixtures in

Scenedesmus + 75% cyanobacterium

mixtures rotifer growth rates in the mixtures with
strain SAG 18.85 or Synechococcus were significantly
(F35=24.8, P<0.001) lower than those of ani-
mals fed with only 25% Scenedesmus (Fig.4).

3 Discussion

One of the major variables that might influence
growth of rotifers is the size of the food algae; which
acts through changes in feeding efficiencies over the
range of ingestible food sizes ( Rothhaupt. 1990b,
¢). Ingestion in B. calyciflorus follows an approxi-
mately bell shaped feeding efficiency curve (Roth-
haupt, 1990b, ¢). Decreasing feeding efficiencies of
Brachionus on algae smaller or larger than the opti-
mal size of around 10 pum is reflected directly in lower

rotifer population growth rates ( Rothhaupts
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1990a). Howevers in the current study rotifer
growth rates did not follow the predictions that might
be derived from the bell-shaped feeding efficiency
curve for B.calyciflorus. For examples when
B.calyciflorus was fed the similarly sized
S.obliquus and C.wulgaris significantly different
growth rates resulted. Also growth rates on
D .abundans as food were significantly lower than
those of animals fed with S. falcatus despite the par-
ticle volumes were similar (see Table 2) and the es-
timated clearance rates were similar (z-test: ¢ =
1.08, P=0.343) for Brachionus feeding on either
D .abundans or S. falcatus. The latter observation
suggests that also potential digestion resistance of
D . abundans can be excluded as an important factor.
Green algae; such as Scenedesmaceae, have been
found to pass through the gut of rotifers (Pourriot,
19770, but it should be noted that Brachionus is
able to crush algae with a mastax that is specialised
for grinding food items. It can therefore be expected
that if viable gut passage of D.abundans had oc-
curred, it would have been expressed in lower clear-
ance rates. Disappearance rate for D.abundans is
significantly lower than that of S. falcatus, which
can be explained from fewer rotifers grazing down
D.abundans. Hences D.abundans is a poor food
for B. calyciflorus, which can not be explained from
morphology, i.e.ingestion or digestion resistance.

Table 2 Particle volumes ( * one standard deviation, n =3,

in pum®) of ten different green algal species used as food for
the rotifer Brachionus calyciflorus in short-chronic assays (2-

i)
Species Particle volume (pm®)
Chlamydomonas reinhardtii 79.0 (1.1)"8
Chlorella vulgaris 31.8 (4.6)P

236.3 (16.3)°¢
454.1 (25.DF
113.7 (27.4)"8

Desmodesmus abundans
Desmodesmus quadricauda

Desmodesmus subspicatus

Monoraphidium minutum 28.0 (1.00P
Scenedesmus acuminatus 71.4 (12.2)°
Scenedesmus falcatus 204.9 (63.0)4¢
Scenedesmus obliquus 46.0 (4.6)F

514.9 (82.3)F

Different superscripts indicate significant differences ( ¢-tests:

P<0.05

Scenedesmus pectinatus

The results of the current study clearly show
that although green algae may be closely related and
cultured under similar conditions their suitability as
feed to B. calyciflorus might differ considerably. A-
part from food size-effects, B. calyciflorus feeds un-
selectively on algae that differ in nutritional quality
(Rothhaupt, 1995). Inasmuch as the growth differ-
ences in the current study can not be explained from
size differences, a difference in biochemical make-up

of the algae seems the most plausible explanation. In
that view, the poor growth of B.calyciflorus on
D . abundans might be the result of an essential com-
pound lacking in this alga.

Lack of essential compounds is considered one of
the factors that determines the quality of cyanobacte-
ria as food to zooplankton (e.g., DeMott and
Miiller-Navarra, 1997; Miiller-Navarra et al.
2000; Von Elert and Wolffrom, 2001). Those
studies do not support the finding that certain
cyanobacteria might be a valuable supplement in com-
bination with other green algal food species (Weithof
and Walz, 1995). The results of the current study
confirm that the cyanobacteria tested as monospecific
food or as mixed diets might depress growth of gener-
alist  filter  feeding  zooplankton, such as
B. calyciflorus. Although cyanobacteria such as Mi-
crocystis in the food might depress food intake, the
reduction would probably not have been such that the
rotifers became starved ( Liirling and Verschoor,
2003). In all mixed diets growth rates in treatments
with Synechococcus or Microcystis SAG18.85 were
significantly lower than on the corresponding amounts
of solely Scenedesmus and not different in the three
mixtures. Because in nature suspension-feeding zoo-
plankton generally consume a mixed diet of cyanobac-
teria and good food items, such as green algaes it
has been proposed that the most suited measure of de-
termining the effect of cyanobacteria on zooplankton
is by using mixed diets (Ferrao-Filho et al., 2000).
Using mixtures could overcome nutritional insuffi-
ciency (DeMott and Miiller-Navarra, 1997; Ferrao-
Filho et al.» 2000). The results of the current study
are; however, not in favour of the nutritional insuf-
ficiency hypothesis, because then no decrease in
growth would have occurred in comparison to
Scenedesmus-fed treatments as the amount of
Scenedesmus alone appeared already sufficient to pro-
mote excellent growth.

In addition to nutritional inadequacy due to lack
of essential compoundss determinants of cyanobacte-
rial food quality are potential toxicity, digestive resis-
tance and ingestion resistance. The size and shape of
the cells or colonies mainly determine ingestion resis-
tance> while digestion resistance is determined most-
ly by the presence of a thick mucous sheath. Inas-
much as all strains were almost completely comprised
of unicell and bicells and not imbedded in a thick mu-
cous envelope; and the cyanobacteria are eaten by
B. calyciflorus (Fulton and Paerl, 1987), morpho-
logical characteristics seem not to have played a major
causal role. This leaves potentially bioactive com-
pounds the most probably candidates for the reduced
growth of B. calyciflorus.

Many freshwater cyanobacteria are toxigenic and
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the most frequently encountered cyanobacterial toxins
are microcystins (Sivonen and Jones, 1999). How-
ever, microcystins have not been detected in Syne-
chococcus and strain SAG 18. 85 Cunpubl. data)
and thus these endotoxins did not contribute to the
inadequacy of cyanobacteria as food. In addition to
microcystins, cyanobacteria may contain a diverse
group of other bioactive compounds, such as (cyclic)
depsipeptidess which might be very potent inhibitors
of proteases (Martin et al., 1993; Jakobi et al.,
1996; Weckesser et al., 1996; Rohrlack et al.,
2003; Bister et al.» 2004).

Different cyanobacteria species or strains might
exert detrimental (e.g., current study) or stimu-
lating effects (e.g.,» Weithof and Walz, 1995).
One plausible explanation for the contrasting impact
of cyanobacteria on B. calyciflorus is the presence or
absence of various bioactive compounds. In that
view, as alternative to the potential lack of an essen-
tial compound in the green alga D.abundans, the
possible production of a bioactive compound by this
organism needs to be tested. Despite the vast majori-
ty of studies have reported green algae to be a suitable
food source for zooplankton, occasionally green algal
toxicity has been suggested (e.g., Halbach, 1971;
Boersma and Vijverberg, 1995).

In summary, the results of the current study
show that most of the green algae tested promoted
good growth in B.calyciflorus, but that variation
between the food species was considerable. The low-
est growth rate on D . abudans as food was only 19 %
of the growth rate found for animals feeding on
S.obliquus, which is an excellent food source for
B. calyciflorus in 2-d assays. The rotifers grew bet-
ter on this alga than on Chlorella vulgaris although
some studies found Chlorella sp. to be a better food
than Scenedesmus (e.g.,» Xi et al.» 2002; Flores-
Burgos et al.» 2003). These studies of Xi et al.
(2002) and Flores-Burgos et al.  (2003) included
the entire life span of B.calyciflorus, but over a
two-day period the outcome could have been differ-
ent. When in the study of Flores-Burgos et al.
(2003) growth analysis is restricted to two days the
numerical response of B.calyciflorus feeding on
Scenedesmus was higher than of animals feeding on
Chlorella (see Fig.1 in Flores-Burgos et al.,
2003). Hence, based on the current study and liter-
ature data ( Rothhaupt, 1990a; Wang et al.»
1998; Xi et al., 2001: Flores-Burgos et al.,
2003) S.obliquus can be considered a suitable live
food. Because growth rates on mixed diets of S.
obliquus and Synechococcus or Microcystis were be-
low the 0.65 acceptability threshold for short chronic
assays such diets should be avoided in order not to in-
fluence the outcome of the toxicity assays (Snell and

Moffat, 1992). We did not observe mixis in any of
our treatments, which means that our results apply
only to asexual reproduction.

The variation in growth rates observed in current
study underlines the influence food species might have
on the growth of B.calyciflorus and potentially on
the outcome of toxicity tests. More research with
different algal strains might elucidate within-species
sources of variation in B.calyciflorus growth and
might contribute to further understanding of the im-
pact of algal food items on the reliability and perfor-
mance of short-chronic assays.
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