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Abstract ; Effects of sublethal levels (0.01,0.1,1.0,10.0,100.0,1000. 0 and 10000. 0 wg/L) of organophosphorus insec-
ticides including methamidophos (O ,S-Dimethyl phosphoramidothioate, CAS No. 10265-92-6) and acephate ( O,S-Dimeth-
yl acetylphosphoramidothioate , CAS No. 30560-19-1) on population dynamics of rotifer Brachionus calyciflorus were studied
by 3-day population growth test at 25 +1°C ,in dark,and with 3. 0 x 10°cells/mL of S. obliquus as the rotifers’ food. The re-
sults showed that both methamidophos and acephate influenced significantly the population growth rate, the ratio mictic fe-
males/amictic females and the mictic rate of the rotifers. Methamidophos influenced markedly the carrying-egg females/non-
carrying-egg females of the rotifers, but acephate did not. Compared to the controls,100. 0 wg/L methamidophos and 1. 0—
10000. 0 wg/L acephate increased significantly the population growth rate, but the reverse was true for 1,000.0 and
10,000. 0 pg/L methamidophos. 1,000. 0 wg/L. methamidophos increased significantly the ratio carrying-egg females/non-
carrying-egg females. 0. 1 pg/L methamidophos and 10. 0—10000. 0 pg/L acephate increased significantly the ratio mictic
females/amictic females, and both 0.1 wg/L methamidophos and 10 pg/L acephate increased significantly the mictic
rate. 10. 0—10000. 0 pg/L acephate significantly increased the resting egg production. The above-stated results indicated

that sublethal levels of methamidophos and acephate influenced significantly the population dynamics of B. calyciflorus.

Key words: Organophosphorous pesticide ; Methamidophos ; Acephate ; Brachionus calyciflorus ; Population dynamics

CLC number:Q178. 1 Document code: A

Rotifers, especially Brachionus calyciflorus and
B. plicatilis ,are frequently used species for aquatic toxi-
cology due to their feasibility of cultures, availability of
cysts ,cosmopolitan distribution , well-established taxonom-
ic characters, planktonic mode of life ,and professional en-
dorsement of toxicological evaluations '''. Most planktonic
rotifers have a cyclically parthenogenetic life cycle where
asexual reproduction predominates, but there are periods
where both asexual and sexual reproductions occur simul-
taneously. Since rotifers have been used as bioassay or-
ganisms for ecotoxicological studies,toxicity tests utilizing

rotifers incorporate mainly the asexual phase of the life
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) compared the toxi-

cycle. In 1995 ,Snell and Carmona
cant sensitivity of asexual and sexual reproductions in
freshwater rotifer B. calyciflorus. Preston, et al. "’ in-
vestigated the effects of potential endocrine disruptors
on the sexual reproduction of B. calyciflorus. Radix, et
al. """ and Xi and Feng"”' studied the effects of some
environmental pollutants on asexual and sexual repro-
ductions of B. calyciflorus. Because the studies on only a
portion of the rotifer life cycles often underestimate the

[6]

i)

true vulnerability of rotifer life cycles to toxicants
more complete life-cycle tests should be made to investi-

gate the ecological impact of pollutants on rotifers now.
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Organophosphorous pesticides are agriculturally im-
portant pesticides and usually used in China. During the
last two decades,their production and consumption have
greatly increased '’'. Large quantities of these organo-
phosphorous pesticides enter increasingly the water
bodies ", and affect aquatic organisms. Some research-
ers investigated the effects of organophosphorous pesti-
cides on aquatic organism’', and Sarma,et al. """ and

" studied the acute and chronic toxicity

Gama-Flores
of the pesticide methyl parathion to the rotifer B. patulus
and B. angularis ,but the effects of methamidophos and
acephate on the population dynamics of rotifer remains
unknown. Methamidophos and acephate are important
organophophorous pesticides widely used in China. Up to
now, studies on methamidophos and acephate in water
environment have mainly concentrated on its residues
determination'"? | but their influence on the population
dynamics of rotifers has not been reported.

The main objective of the present study was to as-
sess the effects of sublethal concentrations of methami-
dophos and acephate on the population parameters in-
cluding the population growth rate, the ratio of oviger-
ous females to non-ovigerous females, the ratio mictic
females to amictic females,and the resting egg produc-

tion of rotifer B. calyciflorus.
1 Materials and methods

The rotifer B. calyciflorus used as the test animal in
the present study was obtained by hatching resting eggs
collected from sediments of Lake Jinghu and thereafter
clonal culturing. Stock rotifer cultures were kept at 25 +
1°C on natural light and daily fed on 3.0 x 10° cells/mL
of Scenedesmus obliquus. For mass cultures as well as for
experiments , moderately hard synthetic freshwater ( EPA
medium) '™ was used as the medium. Algae were grown
in a semi-continuous culture using HB-4 medium M re-
newed daily at 20% . Algae in exponential growth were
centrifuged , counted and resuspended in EPA medium
with the cell density of 3.0 x 107 cells/mL, then stored in
a refrigerator (3—4°C ) and used for 3 days.

Methamidophos and acephate ( technical grade,
99.9% ,Sigma Co. ) were used as toxicants. Stock so-
lutions of 100 mg/L. were prepared using distilled wa-

ter. At seven concentrations (0.1, 1.0, 2.0, 5.0,

10.0,20.0 and 50.0 mg/L) of methamidophos and
acephate , preliminary tests were conducted in 6 mL
glass cups and started by placing 10 neonates ( < 2h
old) into each cup which contained 5 mL of test solu-
tion with 3.0 x 10°cells/mL of S. obliquus,and the re-
sults showed that the LC,, values of B. calyciflorus for
both methamidophos and acephate were higher than
50mg/L. Considering the nominal concentrations of
methamidophos and acephate in natural water bodies
and the special significance of low-dose study "' sev-
en concentrations (0.01, 0.1, 1.0, 10.0, 100.0,
1000.0 and 10000.0 wg/L) of methamidophos and
acephate, and a control were chosen and prepared
through serial dilution with EPA medium from the 100
mg/ L stock solution. 3-day population growth tests were
conducted in 10 mL test tubes and started by introdu-
cing 5 females which began to produce an amictic egg
into each test tubes which contained 5 mL of test solu-
tion with 3.0 x 10°cells/mL of S. obliquus. Four repli-
cates were set for each concentration of methamidophos
and acephate,and the control. The test tubes were cov-
ered and maintained in a thermostat-controlled water
bath at 25 £ 1°C ,in dark. During the experimental peri-
od,all the test tubes were manually rocked gently at
4—6h intervals to minimize the algal sedimenta-
tion. After 72h of culture ,the number of mictic females,
amictic females, non-carrying-egg females and resting
eggs in each test tube were counted. Mictic and amictic
females were identified by the size and morphology of
their eggs. Thereafter,the population growth rate for the
rotifers at each concentration was calculated using the
equation r = (InN, — InN, )/t, where N, = density of fe-
males at time t,N;, =1 female/mL,and t =3 days. The
ratio carrying-egg females/non-carrying-egg females
(OF/NOF ) and the ratio mictic females/amictic fe-
males (MF/AF) were calculated according to Radix, et
al. " the mictic rate was calculated for each test tube
as the proportion of mictic females in all the females.
One-way analysis of variance ( ANOVA ), with
concentration as the independent variable ,and r, mictic
rate , fertilization rate, ratio OF/NOF or the ratio MF/
AF as the dependent variable, followed by Dunnett’ s
test was conducted for pairwise comparisons of each

pesticide concentration relative to the control.
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2  Results Methamidophos significantly influenced the ratio

Methamidophos and acephate both significantly in-
fluenced the population growth rate of the rotifers (p <
0.01). Compared to the controls, 100.0 pg/L methami-
dophos and 1.0—10,000. Opg/L acephate increased the
population growth rate, but the reverse was true for

1,000. 0 and 10,000.0 pg/L methamidophos (Fig. 1).
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Fig. 1  The effects of methamidophos and acephate on the population

growth rate (r) ,the ratio ovigerous amictic female/non-ovigerous fe-
males ( OF/NOF ) , the ratio mictic females/amictic females ( MF/
AF) ,the mictic rate (% ) and the number of resting eggs (RE) of
Brachionus calyciflorus ( The columns represent the mean calues of 4
replicates and the bars are the stardard deviation derived from these
replicates ,and these data reflect the results obtained at the end of the

test period. #* significantly different from the controls,p <0.05)

ovigerous females/non-ovigerous females of the rotifers
(p <0.01),but the reverse was also true for acephate
(p >0.05). Compared to the controls, 1,000. Opg/L
methamidophos increased significantly the ratio oviger-
ous females/non-ovigerous females (Fig. 1).

Both methamidophos and acephate significantly
influenced the ratio mictic females/amictic females and
the mictic rate of the rotifers (p <0.01). Compared to
the controls, 0. 1pg/L methamidophos and 10.0—
10,000. Og/L acephate increased significantly the ra-
tio mictic females/amictic females, and both 0. 1 ug/L
methamidophos and 10wg/L acephate increased signifi-
cantly the mictic rate (Fig. 1).

Methamidophos did not significantly influence the
resting egg production of the rotifers (p >0.05) , but
the reverse was also true for acephate (p < 0.05).
Compared to the controls, 10.0—10, 000.Opg/L
acephate significantly increased the resting egg produc-

tion (Fig. 1).
3 Discussion

Up to now, and in all the chronic toxicity tests
with rotifers as test animals, the concentrations near to
the LC50s were chosen to be the highest concentrations
for all the chemical pollutants "'*'. Organophorus pesti-
cides were thought having low toxicity °’, but whether
methamidophos and acephate entering natural water
bodies after they had been used in agriculture affect the
rotifers  remains  un-

population  dynamics  of

known. Considering the nominal concentrations of
methamidophos and acephate in natural water bodies,
we chosen sublethal concentrations of them for test in
this study,and the results indicated that sublethal lev-
els of methamidophos and acephate influenced signifi-
cantly the population dynamics of B. calyciflorus.

The population growth rate is a measure on the
rate of parthnogenetic reproduction in rotifers, and is
usually used to assess the effect of toxicants on asexual

100.0 pg/L
methamidophos, and 1. 0—10,000. Og/ acephate in-

reproduction. In  the present study,
creased significantly the population growth rate, which
were similar to the effects of 50mg/L gamma-aminobu-

tyric acid,0. 0025 and 0. 025 TU/mL growth hormone,
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0.25 and 2.5 IU/mL human chorionic gonadotropin,
5.0 mg/L 5-hydroxyl-tryptamine, and 4.0—8.0 mg/L
glyphosate on the population growth rates of B. plicatilis
and B. calyciﬂorusm'ﬂ . However,1,000.0 and 10,000. 0
g/ L methamidophos decreased significantly the popu-
lation growth rate of rotifers, which was identical to the
effects of all the other tested chemical pollutants on the
population growth rates of B. plicatilis and B. calyciflorus
72 The reason for 100.0 pg/L methamidophos,
and 1.0—10, 000. Opg/ acephate increased signifi-
cantly the population growth rate might be that they
stimulate the asexual reproduction of the rotifers which
is worthy of further researching, or they enhance the
growth of the algae,because sublethal levels of organo-
phosphorus insecticides such as monocrotophos at con-
centrations lower than 0. 5 and 1. 0 mg/L increased the
relative growth of marine microalgae Phaeodactylum tri-

(22] , and

cornutum and Dunaliella sp. , respectively
subinglin, profenofos and phoxin all at concentrations
lower than 1.0 mg/L increased the Chl-a content in
Platymonas >’

As usual , the increase in the ratio carrying-egg fe-
males/non-carrying-egg females in a rotifer population
indicates a positive growth of the population in the fu-
ture. In the present study, 1, 000.0 pg/L methami-
dophos increased significantly the ratio carrying-egg fe-
males/non-carrying-egg females, but decreased signifi-
cantly the population growth rate. Considering the high-
er ratio carrying-egg females/non-carrying-egg females
in the rotifer population exposed to 1, 000.0 pg/L
methamidophos, a positive growth of the population
might be expected in the future. Radix, et al. '*' found
that the ratio carrying-egg females/non-carrying-egg fe-
males in B. calyciflorus population was a suitable end-
point for assessing the effects of ethinylestradiol and
nonylphenol. However, in the present study, the ratio
carrying-egg females/non-carrying-egg females was not
significantly correlated with the concentration of
methamidophos, indicating that it was not a suitable
endpoint for quantitatively monitoring the effects of
sublethal concentrations of methamidophos on popula-
tion dynamics of rotifers, so was the ratio mictic fe-

males/amictic females.

The mictic rate was commonly used in toxicity tests

to assess the effects of toxicants on sexual reproduction

" found that the population

of rotifers. Xi and Feng'’
growth rate of B. calyciflorus increased significantly
when the concentration of herbicide glyphosate was 4.0
mg/L,but the mictic rate increased markedly when the
concentration of glyphosate was 2. 0 mg/L. Similarly , the
population growth rate of B. calyciflorus decreased sig-
nificantly when the concentration of pesticide thio-
phanate-methyl was 0.4 mg/L,but the mictic rate de-
creased markedly when the concentration of thiophanate-
methyl was 0. 1 mg/L. Similar results were obtained by
Preston and Snell '*' Marcial et al. "**', and Snell and
Carmona'® in their studies. The results stated above
showed that sexual reproduction was more sensitive than
asexual reproduction to all the tested chemicals,but not
to sublethal concentrations of methamidophos and
acephate (in the present study).

Resting egg is the product of sexual reproduction
of rotifers,and can be used as another endpoint to as-
sess the effects of toxicants on sexual reproduction of
rotifers >*’ . In the present study, methamidophos did
not significantly influence the resting egg production of
the rotifers, which was similar to the effect of thio-
phanate-methyl °’. However, acephate influenced sig-
nificantly the resting egg production of the rotifers,
which was identical to the effects of pentachlorophenol
and glyphosate.

Rotifers are extremely important in freshwater eco-
system. They can convert primary (algal and bacterial )
production into a form usable for second consumer
(eg. ,insect larvae,fish fry) and achieve this transfor-
mation with remarkable efficiency, producing up to
30% of the total plankton biomass "**'. In the present
study, although each of the population parameters was
not correlated with the concentrations of methami-
dophos and acephate, and each of them could not be
used as endpoints to quantitatively assess the effects of

sublethal

acephate on the population parameters of rotifers, the
p pop p ,

concentrations of methamidophos and
present results indicated that sublethal levels near to
nominal concentrations in natural water bodies of
methamidophos and acephate influenced significantly
the population dynamics of B. calyciflorus ,and changed

the structures and functions of freshwater ecosys-
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tems. For large-scale agriculture use, the final concen-
tration of less than 0.1wg/L for methamidophos or
1. Opg/L acephate after they entered into freshwater
bodies should be required.
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