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ABSTRACT: To wnderstand tke die£ary contribution of phytoplankton on the growth of

the rotifer Brachiontts calyeceorus feeding on four a}gal preys; Microcystis aeruginosa, two

strains of Chlorella vuigai'is and Stophanodsicus hantxschii, the growtk rates, egg holdings and

mortalities were measured. Two strains, M aeruginosa and C yuigarisTM induced a higk growth

of B. ealyeij7ortts, whlle S. hantzschii and C. vztigaris UTEX26 induced a low growth. Rotifers

strongly decreased the densities of C. vuigaris UTEX26 aitd S. hantzschii withiB 2-3 days,

coinpared to those ofM aerttginosa and C vuigarisTM iR the same time period. Cyanobacterium

M aeruginosa iBduced the longest lasting egg holdings and the lowest mortality ofB. calycij7o-

rus wiihin '7 Clays, while S. hantzschii produced the egg holdings for only a s}iort period iR the

beginning of the cuiture with a high mortality. This study shows tkat a toxic cyanebacterium, M

aen{ginosa, can be applied as a frui£fi}l diet fbr the developmeitt of zooplanktop population, like

rotifer.
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antroductien

  Rotifers are coRsidered to be phagotrophs, because of their considerab}e filtration activity, and are

widely used as live fbod fbr larval fish aRd crustacean culture due te their size, nutritional value and

bekavier (Hoff and Snell, 1989). They are srnall anirnals, ranging from 1OO to 2500 gem and are free-liviitg

herbivores andlor bacteriovores. Genus MZeroqystis is one ofthe mest common cyaRobacteria, which occur

in tropical freshwater ponds and lakes (Pearl, l988). It is generally kaown that tkeir colonial structure and

microtoxin productions are a defeRse function to the grazing pressure of predators, such as zooplankton

(Larripert, 1981; Fulton and Paerl, 1987; De Bernardi and Giussani, l990). Meanwkile, there were opposite

opinions that the growth of the zoop}ankton population on cyanobacteria depends on the kinds of zoo-

planktoR aRd phytoplankton (Nandini, 2000). Also, large brachionids rotifer, Brachinous calycij7orus and

Euchlanis dilatata lucksiana fed (Gulati et al., 1993) and reproduced (Rothhaupt, l991) on cyanobacterial

diets, even on daphnia--toxic strains (Starkweather and Kellar, l983).
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  In this studM we describe laboratory experiments with Brachinobls calycij7bnts and the cyanobacterium

M}crocystis aeruginosa. The results are compared with experiments iR wkich other tkree algal preys were

used. The aim was to investigate the reliable denslty and dietary contribution of four algal preys to tke

growth ofthe rotifer B. calycij7brus such as specific growth rate, egg holdings and daily mortality.

the corresponding

initial aigal preys

cell numbers N..

These data were

fit to a modified

Miehaelis -MeR-

seR (?vf-M) model,

Materials aRd Methods

Preparation of algal preys

  As prey, cyanobacterium Microaystis aeruginosa MAOOI was cukured aRd maintained in B6-ll media

at 28℃ , C7ilorella vuigaris UTEX26 ln P.R rRedia at 28℃ and Stephanodisctts haninchii CCAPI07914 in

D.M. media at l5℃ , respectively. Light conditioR was 12;l2 h light:dark cycle and 35 -v 40 pE mr2 s'i.

                         'I'M                            (Cthlorella Ind. Co. Ltd., Japan) was also used.CoRdensed fi;eshwater Chlorella

Predator culture

  Rotifer B. calycij7brus was obtained fYom the Faculty of Bioscience & Technology, KangAung Univer-

sity, Korea. Tb isolate the healthiest rotifer colony, 30 females were individually cultured iR a 20-ml test

                                 'rM                                    in the tap water.tube for 1O days with condensed Chloiella

Feeding experlrnents

  The prey requirerltents oftke rotifers were determined by usiRg a different density ofthe fbur prey; M

aerttginosa, C. ybligaris, S. kantzchii and coRdensed Chloi-ella'M (Table l). Each experiment was run in

sterilized lOml six-well plates. The initial density

  of rotifers was 2 ind.ml-i iR eack well (8 ml) after being starved at least 48h prior to the beginning of

the experirRents. The experiments were performed in triplicate under smooth shaking (40 rpnri) in l2;l2 h

light:dark cycle at 35 -- 40 pE m-2 s-]. The feeding experiments were carried out with prey of alga} expo-

nential phases. Tb understaRd the growth ofthe rotifers after prey introduction to the well, 1m} subsampies

were eRurnerated at 24-k intervals for 7days. Simultaneo"sly, the density ofthe prey was

  enumerated using a hemacytometer and a Sedgwick-Rafter chamber. The specific growth rate of the

rotifers was calculated by the fo11owing equation.

  rm (ln.ZVI,- inAJ6)IT...........(Eq. I)

  Where, T is culture days ofthe maximum number ofrotifers and AJ6 and ?V] are the initial and maximum

number ofrotifers after t days, respectively (Rico-Martinez and Dodson, 1992).

  The maxirRum growth rate of rotifers witk the deRsity of prey were analyzed by relating the resulting

growth rates (pt) to

                    "lable G. Initial concentration (cells ml"i) fbr fbur species of algal preys and growth data fbr

                    rotifer Brachionus calycij7orus fed three species of algal preys. Parameters are fbr numerical

                    response from Eqs. (1) aRd (2) as presented in Fig. 3. pt.,. <maximum growth rate day'i), K. (the

                    fbod concentration sustaining O.5 pt.,,), x' (threshold prey concentration).

Species Density (x iO`cells ml"i)
Ftmax Kt x

'

Micivqpytis aernginosa

Chlorella vuigaris

Stephanodiscus hantzschii

 20, 60, 80, IOO, 400, 500

80, 200, 400, 600, 800, 1000

    2, 4, 6, 8, 10, 50

O.54

O.62

O.52

027

e.31

O.26

5.15

3.49

2.l2
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which has been frequently used to describe numerical respoRses ofprotozoa (Montagnes l996).

  pt == [ptnm.x (A'b -- K6)] x [K ÷ (AJb- K6)]"i ............(Eq. 2)

  Where pt.,, is the maximgm growth rate, K6 is the x intereept or threskold concentration' (the food

concentration where pt == O) and K is the `halfsatsratiRg concentration' (tke food concentration at which pt

=" pt.,, f 2). Curves were fit to the data using SigmaPlot 5.0 software (SPSS Inc., Chicago, IL).

Re$ults and Di$cussion

  The highest growth of rotifer 20 -ll-No-prey
                                   # 21.] 3,fli2;''fi./i"･,os" T
B. calycij7orzts was induced by

                                   -e- C. vttigai`is                                                                  i
two algal diets; M aeruginosa .-. l5 --be- S. kantaschii -
                             t-
and coRdensed C7ilorellaTM (Fig. .g.

1)･ IR particular, M aeruginosa t'S' 10

                             di
continuously induced growth ' at'6

                                5
fbr 7 days, while other three

preys strongly inhibited growth

                                o
after the 4th day. Our study o l 2 3 4 s 6 7
indicates that reproduction of Time (day)
£he rotifer population is divided Fig･ t･ GrOwth pattern ofrotiferBrachionus calyc{f7brus fed several algal prey.

into 4 groups; non-repreductive,

laying 1 egg, laying 2 more

eggs and death, respectively

(Fig. 2). Animals fed M.

aerttginosa showed the rnost

varied stages and the lowest

morta}ity in the study, while

3 other preys induced low

growth and high mortal-

ity. Compared to the previous

studies (Smith aRd Gilbert,

1995; Nandini, 20eO), this

positive coRtribution of M

aeruginosa to the growth of

rotifers is beyond expecta-

tion. Although it is not

fu11y understood, we surely

suggest that cyanobacterium

M aeruginosa can be a fa-

vorable and effective food in
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Fig. 2. Re}ative composition (%) of rotifer Braehionus calycij7orus at various

reproductive stages; (A) Mictvaystis aeruginosa, (B) Chlorella vuigarisT", (C)

C7ilorella vztigaris and (D) Stephanodsicits hantzschii
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the deve}opment of rotifer populations. However, fkrther

study is needed fbr more generalizations on the feeding

habitats and food preferences of rotifer B. calycij7orzts in

aquatlc ecosystems.

  Growth rates of aRimals accordiRg to density of each

preys with M aerttginosa, C. vztigaris and S. hantsschii

showed mO.38 'v O.63 day"i , O.07 r- O.97 day'i and

-O.22--O.55 day'i, respectively (Table 1 and Fig. 3).

Figure 3 shows that the M--M inodels of anima}s plotted

using a grow£h rate (pt) of rotifer calcula£ed in each den-

sity of preys. Of three algal preys, C vuigaris induced

the highest maximum growth rate (pt.,,) of rotifers, as

O.6 day'], while M aerttginosa and S. hantzschii are

coreparatively low, and slmi}ar each other, as O.52 dayJi.

The pt.,. of rotifer, B. ca4)cij7orzts dtiring tke study is

similar to the previous studies with O.5 ---- 1.02 day+i (Er-

inan, l962; Halbach, 1972; Ric}iard, 1985). These results

slkowed that the pt,,,. of B. calycij7oi'us with C. vuigaris

is less than that of Cilyptomonas sp. (Richard, l985),

because of the nutritional value, such as polygnsa£urated

fatty acid (Petkov, i993), and food selectivity of zoo-

planktoR (Nandini, 2000). Richard (l985) yeported that

the threshold (x') food level, the y.,.12 food level, and

the valtte of pt.,, provide a simple theoretical frarnework

for interpreting species distributions in nature. In tkis

study, threshold (x') for rotifer B. calycij7ortts with M

aeruginosa is the lkighest va}ue, 5.15 day-], while tkose

with C vt{igaris aRd S. hantzsehii

rest}!t suggests that cyanobacterimn M

iRdttcing a higlri threshoid and high l.t.,,,
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Fig. 3. Specific growth rate of rotifer Brachionzts

ca(ycij7oi'its as a functien e'f mean prey concentra-

tion when feed on (A) M7eJioc.},stis aertaginosa,

(B) Chloi'ella vttigai'isi'M and (C) Stephanodsicus

hantzschii

                          relatively low, as 3.49 day'i and 2.l2 day"', respectively ('fable 2). This

                               aernginosa often occurs in a nutrjent-rich water environment,

                               the opposite oC C. yuigaris and S. hantaschii which are abundant

in low nutrients and can }ead to a low threskold and maxirfiurR growth rate ofzooplankton (Rickard, l985)
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