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Polymorphism and Morphotype Transformations in
the Rotifer ( Brachionus calyciflorus )
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Abstract: The relationship of three Brachionus calyciflorus morphotypes (two short-spined, single-spined and spine-
less ones) was studied in the laboratory. Newly hatched females of each morphotype were cultured individually in an inor-
ganic or Asplanchna-conditioned mediums, and the morphotype of their offspring were checked at 200 x magnification .
Females of each morphotype, cultured in the inorganic medium, could produce offspring of these three morphotypes in a
single generation. Females of all three morphotyes could respond to specific Asplanchna-substances when they were cul-
tured in Asplanchna-conditioned medium. Moreover, we observed that these three morphotype females could coexist in the
medium and had three types of egg-bearing females. Based on the above observations we suggest that B. calyciflorus was

a morphotype complex and has three basic morphotypes.
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Morphological polymorphism and cyclomorphosis velopment of long posterolateral spines in B. calyci-
of planktonic rotifer ( Brachionus calyciflorus ) are  florus are induced and are very effective in reducing the
mainly induced by fluctuation of environmental factors  capture and ingestion by the predator Asplanchna
and chemical signals (kairomones) released by preda- (Gilbert, 1966, 1980; Gilbert & Waage, 1967).
tors (Nayar, 1965; Gilbert, 1999). Both field studies According to Gilbert and Waage (1967), the pro-
and laboratory experiments verify findings that the de- duction of the posterolateral spine in B. calyciflorus is
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associated with a chemical substance secreted by the
predatory rotifer Asplanchna , and the continuous dilut-
ing and abrupt disappearance of Asplanchna-substances
in field water bodies is often accompanied by a reduc-
tion or absence of posterolateral spines. Contrary to this
conclusion, Stemberger (1990) reported that even
without the Asplanchna factor, B. calyciflorus could
still evolve two short posterolateral spines, and the
length of the posterolateral spines was mediated by food
concentration. With respect to potential hydrodynamic
benefits, whereas development of posterolateral spines
may increase drag and reduce sinking rates, they also
reduce motility, and therefore increase relative vulnera-
bility of individuals to predators. This paradox makes
the evolutionary mechanism of short posterolateral
spines in this rotifer species unclear and questionable.

In natural water bodies several morphotypes of B.
calyciflorus have been reported (Koste, 1978; Pontin,
1978 ; Kutikova & Fernando, 1995). Among them un-
spined (UNS), single short-spined (SSS), two short-
spined (TSS) and Asplanchna induced two long-spined
(TLS) morphotypes are common. The present work in-
vestigates the relationship among the TSS, SSS and
UNS morphotypes.

1 Materials and Methods

A clone of Brachionus calyciflorus was collected
from an artificial pond (39°57'N; 116°21'E) and
reared successively in an inorganic medium (IOM)
(see Gilbert, 1963) . The culture medium was renewed
every three days and rotifers were fed daily with green
algae, Chlorella pyrenoidosa , at a density of 4 x 10°
cells/mL. The C. pyrenoidosa were cultured in modi-
fied SE medium. All rotifer and algae cultures and
experimental incubations were kept at 20+ 1.0°C at
a 14:10 (L:D) photoperiod [illuminance =~ 50 Ein/
(m?+s)] in a diurnal growth chamber.

After culturing the rotifer for a month in the labo-
ratory, three rotifer morphotypes (UNS, SSS and TSS)
were found in the medium. Subsequently all newly
hatched individuals (old <24 h) were picked randomly
from the culture medium under a dissecting microscope
and checked for morphotype under a 200 x micro-
scope . Several individuals of the three morphotypes
were piped individually into 96 well tissue culturing
plates, containing 0.3 mL culture medium with 4 x 10°
cells/ml. C. pyrenoidosa . Everyday, surviving females
together with their attached eggs were transferred to
fresh medium, and the morphotypes of their offspring
(F1 generation) of each morphotype were checked at

200 X magnifications. The experimental design consist-
ed of three replicates varying in mother numbers with
24 to 25 of UNS, 6 of SSS and 20 to 24 of TSS. Exper-
iments were terminated after three days.

Morphotypes of the F1 generation was recorded
when the culture medium was replaced by Asplanchna-
conditioned medium (ACM). ACM was prepared by
collecting filtrate from A. brightwelli culture medium
(Gilbert, 1966). Asplanchna brightwelli was isolated
from an intermittent pond (39°56'N; 116°22'E), cul-
tured in the IOM, and fed with B. calyciflorus . Every-
day, ACM was refreshed and the offspring were exam-
ined as previously described. Furthermore, if the F1
generation were two long-spined (TLS), several virgin
individuals (old < 24 h) of TLS morphotype were se-
lected and cultured in the IOM, and the morphotype of
their F'1 generation offspring were checked as previously
described. The experimental designs were run in tripli-
cate varying in mother numbers with 3 in UNS, 2 to 3
in SSS, 5to 6 in TSS and 6 to 8 in TLS. The experi-

ments were continued for three days.
2  Results

Despite our culture of Brachionus calyciflorus be-
ing devoid of predators, spineless individuals, derived
from an intermittent freshwater pond, were capable of
developing two short posterolateral spines, and some-
times a single posterolateral spine (Fig. 1, Al, BI1,
C1).

In the IOM, offspring of UNS, SSS and TSS fe-
males expressed morphotype polymorphism. Maternal
females of each morphotype could produce individuals
of all three morphs. The morphotype of mother females
had no significant influence on the proportions of differ-
ent morphological offspring in the F1 generation (One-
way ANOVA, n =3, P>0.05). The majority of indi-
viduals in the F1 generation showed the same morph as
their mothers, except for the SSS females, of which the
SSS offspring in the F1 generation were less than the
UNS and TSS morphologies (Tab. 1).

When cultured in the ACM, almost all daughters
of females of each morphotype were of the TLS morpho-
type (posterolateral spine length to body length ratios:
0.55+0.07, n=20) (Tab. 2), which were not af-
fected by the morphotype of the mother females (One-
way ANOVA, n=3, P >0.05). After being returned
to IOM, most offspring of TLS females were TSS mor-
photype with few individuals remaining within the TLS
morphotype .



Fig. 1 Three types of egg-bearing females of three morphotypes of B. calyciflorus
Al, A2, A3: amictic, male and resting egg-bearing female of UNS; B1, B2, B3: amictic, male and resting eggs

bearing female of SSS; C1, C2, C3: amictic, male and resting eggs bearing female of TSS.

Tab. 1 Percentage of different morphological offspring in F1 generation of UNS, SSS, and TSS mothers

UNS (%) SSS(% ) TSS(% )

12.7+4.5 28.9+17.2

Total observed number
UNS(74) 378 58.5+20.3
SSS(18) 51.0£17.3 13.8+9.7 32.1%8.0
TSS(64) 295 27.5+14.2 11.6+1.5 54.2+15.3

Total numbers of maternal females in experiments are shown in parenthesis.

The mean + standard error values based on three replicate recordings.

Maternal morphotypes
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Tab. 2 Percentage of different morphological offspring in F1 generation of four morphotypes mothers in the

ACM and IOM
Maternal morphotypes Type of medium Total observed number ~ UNS(%) SSS(%) TSS(%) TLS(% )
UNS(9) ACM 37 - - 2.1+£2.19 7.9+£2.1
SSS(8) 24 - - - 100.0+0.0
TSS(16) 27 - - 3.1+£3.1 96.9+3.1
TLS(20) 10M 40 - - 91.2+7.7 8.8+7.7

Total numbers of maternal females in experiments are shown in parenthesis .

The mean * standard error values based on three replicate recordings.

3 Discussion
Our study shows that UNS, SSS and TSS Bra-

chionus calyciflorus can coexist in laboratory culture.
This simultaneous coexistence of polymorphic morpho-
types was also found in the rotifer Keratella , in both
field and laboratory studies ( Gilbert & Stemberger,
1984; Stemberger & Gilbert, 1987; Green, 2005).
The magnitude of morphological variation was ascribed
to developmental instability (Bradshaw, 1965), and
Bradshaw explained phenotypic plasticity with the hy-
pothesis that a genotype would produce variable pheno-
types when allowed to develop in different environ-
ments. In our experiments, culture environments were
suitable for survival and proliferation and were devoid of
any predators. Phenotype transformations were achieved
within a single generation, not successive generations.
Moreover, B. calyciflorus were prone to morphotypes
transformation in a stable environment, such shifts in
morphology explainable through ¢developmental conver-
sions’ (Smith-Gill, 1983).

Gilbert (1966) reported that newborn long-spined
females, induced by culturing in ACM, immediately
placed into IOM would hatch spineless individuals from
their amictic eggs. Differing with these observations,
TLS females produced TSS daughters in our experiments
(Tab. 2). Two possible reasons may account for this.
Firstly, in this study we used A. brightwelli to prepare
conditioned medium, which differed with the A. siebol-
di used by Gilbert (1966). The response of prey to
predator can show specificity and may vary with the na-
ture of the stimulus secreted by the predator within the
Although

there is a close species relationship among different

environment (reviewed by Harvell, 1990).

predators, obvious response differences in prey may still
be found (Stemberger & Gilbert, 1987) . Secondly, be-
cause of the long-term allopatric evolution of geographi-
cal rotifer strains used in the two experiments, the two
species might have evolved discriminating or specific
predator-response systems.

Brachionus calyciflorus females of each morpho-
type can produce offspring of these three morphotypes

within a single generation, and individuals of these
three morphotypes coexist both in the culture medium
(this study) and in natural freshwater ponds (personal
observations ) . Moreover, all three morphotyes have
three types of egg-bearing females (Fig. 1) and can re-
spond to specific Asplanchna-substances (Tab. 2). Fi-
nally, B.
eggs had these three morphotyes (Unpublished data) .

calyciflorus females hatching from resting

Therefore, we suggest that B. calyciflorus is a morpho-
type complex that is composed of three basic morpho-
types. The relationship of the three morphotypes is
shown in Fig. 2. Aside from Kutikova & Fernando
(1995), there is no other field and laboratory data of
B. calyciflorus to support our suggestion .

In the rotifer B. quadridentatus , females hatching
from dried sediment had two morphotypes: no posterior
spine and short posterior spines; and some clones of fe-
males with no posterior spine can produce offspring with
short posterior spines in culture medium ( Gilbert,
2001 ). Furthermore, spined individuals have been
found in the culture of unspined B. calyciflorus after
several generations (Stemberger, 1990; see Gilbert,
2001), and spineless, single posterior spine and two
asymmetric posterior spine K. slacki females emerged
in common culture vessels (Gilbert & Stemberger,
1984) . Therefore, we predict that in predator-induced
polymorphic rotifer species, multi-morphotypes coexist
and polymorphic morphology transformations are com-
mon phenomena. Further experiments should be de-
signed to verify the phenomena.

Due to the lower proportion in populations operat-
ing successive parthenogenetic reproduction (Tab. 1),
SSS B. calyciflorus was not often observed. We can not
explain the evolutionary mechanism of the SSS individu-
als. Firstly, compared with the UNS females, SSS fe-
males cannot reduce their vulnerability to predators.
Secondly, the development of single posterolateral spine
is costly, because SSS individuals will consume more
energy to balance in water than UNS or TSS individu-
als. The only contribution of SSS individuals in our
studies is that they could produce more UNS females.
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Fig. 2 Relationship of morphotype transformations of B. calyciflorus in IOM and ACM
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