Ecological effects of pesticides contamination on amphibian tadpoles (Ptychadena bibroni) of the Niger Delta of Nigeria

ECOLOGICAL EFFECTS OF PESTICIDES CONTAMINATION
ON AMPHIBIAN TADPOLES (Ptychadena bibroni) OF THE
NIGER DELTA OF NIGERIA

Efeitos ecologicos da contaminagdo por pesticidas em girinos
de anfibios (Ptychadena bibroni) no delta do Rio
Niger na Nigéria

Lawrence Ezemonye'
Isioma Ilechié?

Abstract

Ecological effects of pesticides contamination on amphibian larval stages were assessed using acute toxicity
in the laboratory. The study compared the toxicity of two widely used pesticides, Atrazine (herbicide) and
Basudin (insecticide) on the larval stages of dominant frogs Ptychadena bibroni of Niger Delta of Nigeria.
The American society of Testing and Material (ASTM) recommended semi-static renewal bioassay was
employed, and LC,  was measured at 96 hours. Mean estimated 96 hours LC_ values showed that Basudin
(Lc,-0.860 ug/D was more toxic than Atrazine (LC,  230.62 ug/D. Derived LC, values decreased with
increased in exposure duration. Substantial mortality and incidences of abnormal avoidance response
occurred more at higher concentrations. The high sensitivity of 14 days old test organism to both pesticides
provides a rational for regulatory surveillance and monitoring of the waters of the Niger Delta ecological
zone. The result obtained is an indication of early warning signs of possible depletion of the amphibian
population from pesticides contamination in the Niger Delta ecological Zones of Nigeria.
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Resumo

Os efeitos ecologicos da contaminacio por pesticidas em anfibios no estagio larval foram avaliados usando-
se toxicidade aguda em laboratério. O estudo comparou a toxicidade de dois pesticidas, Atrazine (herbicida)
e Basudin (inseticida) sobre o estdgio larval de sapos Ptychadena bibroni, comuns no delta do rio Niger, na
Nigéria. Para aplicacao de pesticidas, a sociedade Americana de Testes e Materiais (SATM) recomenda uma
aplicagao semi-estdtica para posterior verificagao de atividade biologica, sendo a CL, medida apds 96
horas. Valores médios estimados da CL, nas 96 horas mostraram que Basudin (CL,-0,860 ug/l) era mais
toxico que Atrazine (CL,, 230,62 ug/D). Valores da CL, diminuiram com o aumento da dura¢ao de exposicao.
A mortalidade e incidentes anormais ocorreram somente nas concentracdes maiores. A alta sensibilidade
das formas larvais de 14 dias dos anfibios, para ambos os pesticidas, demonstra a capacidade bioindicadora
desses organismos aquaticos, apontando assim para inspecoes regulares e monitoramento das dguas do
delta do Niger. O resultado obtido é um alerta sobre o risco de uma possivel diminuicao da populacao de
anfibios, por contaminacdo de pesticidas, nas zonas ecolégicas do delta do rio Niger, na Nigéria.
Palavras-chave: Toxicidade aguda; Ptychadena bibroni; Anfibios; Pesticidas; Delta do Niger.

Introduction

The effect of pesticides such as
organophosphates and various organochlorines on
amphibian populations are a growing concern (1,
2, 3). Amphibian populations are declining
worldwide, with 48% of rapidly declining species
being threatened by processes other than habitat
destruction (4, 5). These organisms get exposed to
pesticides by many routes but perhaps the most
likely route is agricultural runoff .Widespread
pesticide use makes it increasingly likely that non-
target species like amphibians get exposed to
pesticide contamination (6). While pesticides have
the potential to affect many aquatic taxa, the impact
on amphibians are of particular concern because
of the apparent global decline of many species (7,
8, 9).The list of possible causes of amphibian
declines are numerous and pesticides have been
implicated in at least some of these declines (10).

Although pesticides are used on a local
scale, they are ubiquitous and spread regionally
and globally. They have been found in bodies of
frogs from areas where pesticide use has not
occurred historically or in the past 25 years (11,
12, 13). Amphibians living with pesticides in their
habitats exhibit physiological defects from these
pesticides. Recent studies provide evidence that
pesticide reduce hatching success, decrease size
at metamorphosis, causes physiological stress, liver
and kidney degeneration, teratogenic effects,
paralysis, to mention a few (14, 15, 106).

Many amphibians species are vulnerable to
aquatic contamination because they experience
aquatic and terrestrial stressors, play vital roles in
comminutes, are sensitive to contaminants, complete
their life cycles near fields where pesticides are applied

and have vulnerable embryo and larval stage whose
development coincides with pesticides application
(6, 17). Most pesticides are applied to fields in the
beginning of the rainy season which correlates with
the time of the year that tadpoles of many amphibian
species are developing in surface water (18) which
can alter the timing of metamorphosis. If time-to-
metamorphose is delayed, tadpoles have greater
chance of predation in the aquatic environment when
terrestrial emergence is postponed (19).

Environmental contaminants that alter the
time of metamorphosis could cause potential
detrimental consequence in amphibian population
and can affect amphibians directly or indirectly
causing mortality (20). Examining responses of
organisms to lethal concentration of chemical is a
reliable measure of contaminant sensitivity (21).
Typically this is accomplished using standard mean
lethal concentration (LC,) tests, allowing
comparison of responses within and among species.
However, determining sub lethal effects (e.g.
Behavioral changes) of a chemical is equally
valuable in assessing sensitivity and is a often more
favorable endpoint than mortality (22).

The objective of this study is to compare
the toxicity of two widely used pesticide, Atrazine
a herbicide and Basudin an insecticide used mainly
for the control of weeds (Atrazine) and insect pests
(Basudin) in most rice, yam, and vegetable farms
in Nigeria. The study attempts to determine the
acute toxicity of these pesticides (Atrazine and
Basudin) on larval stages of the dominant frog
species Ptychadena bibroni of Niger Delta of
Nigeria. The study will also serve as early warning
signs of possible depletion of the amphibian
population by pesticide contamination in the Niger
Delta regional zones of Nigeria.
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Materials and method
Collection of test organisms and acclimatization

Eggs of the amphibian species -
Ptychadena bibroni were colleted from an inlet at
Ikpoba River, an inland River in southern Nigeria.
Hatching of eggs, rearing of tadpoles and testing
were done in the post-graduate ecotoxicological
research laboratory, at the department of Animal
and Environmental Biology, University of Benin,
Nigeria. After hatching, emerging larvae tadpoles
were distributed into six (22 x 22cm) plastic tanks
each containing 1 litre of dechlorinated tap water
and were allowed to acclimatize for seven days.
Tadpoles were fed ad-libitum daily with ground
maize powder. Larvae were reared on a 10: 14h
light: dark cycle to mimic natural condition and
room temperature were maintained at 30 = 2°
through out the duration of the experiment. Larvae
were subjected to concentrations of both pesticides.
0, 200, 400, 600 ug/l (Atrazine) and 0, 0.1, 1, 10, 25
ug/l (Basudin). Each treatment concentration
contained 20 tadpoles each per container. Acute
toxicity for both pesticides was done in replicate
tanks.

Pesticides

The pesticides used for the 96-hour acute
toxicity test were the Organochlorine, Atrazine
(Atraforce, 80% Top Atrazine) and the
Organophosphate, Basudin. Both of these pesticides
are commonly used on farms in Nigeria for the control
of weeds (Atrazine) and soil insects (Basudin).

Bioassay proc2edure

Stock solutions of the required
concentrations were prepared for both pesticides.
Serial dilutions of 200, 400 and 600 ug/1 for Atazine
(20). and 0.1, 1, 10, 25ug/I1 for Basudin (23) were
made. The semi-static renewal bioassay procedure
started with a range finding test (24). This was used
to determine the range of concentrations to be
tested and approximate the range that would
produce the desired LC, effect for the different
life stages. A new stock solution for Atrazine was
made up every 3 days immediately before each

water change because it has a minimum half-life
of 48hours in water (25).

Mortality rate

Mortality was recorded at an interval of
24 hours over a period of 4 days (96- hours).
Tadpoles were taken dead when they turned upside
down and sank to the bottom of the tank or when
their tail showed no form of movement even when
prodded with a glass rod (20).

Avoidance response

Larval avoidance response was monitored
in this study. Alternation in avoidance response
could increase susceptibility to predation (27, 28)
and proceed mortality (29). Avoidance response
was assessed in-situ by gently prodding all
individual larvae and gauging their response as
normal when larvae swims away immediately or
abnormal when there is a delayed, no response or
impaired swimming ability. The avoidance response
of larvae 3 hours after herbicide treatment was used
for statistical analysis (30).

Statistical analysis

The susceptibility of the tadpoles to both
pesticides was determined using the probit method
of analysis (31) for median lethal concentration
LC50 at 96 hours. Computations of confidence
interval of mortality rate were also obtained from
the probit analyses used to determine the LC50
(Probit software). The two-factor ANOVA (analysis
of variance) in Microsoft Excel was used to test the
variables at P < 0.05 level of significance. Multiple
bar graphs were also used in this study for the
pictorial representation of assessment endpoint.

Results

The results of the acute toxicity of tadpoles
exposed to varying concentrations of Atrazine and
Basudin pesticides are presented in Tables 1, 2
and 5 and further illustrated in Figures 1 and 2.
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FIGURE 1 - Mean mortality of tadpoles exposed to different concentrations of Atrazine

pesticide (p < 0.05)
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FIGURE 2 - Mean mortality of tadpoles exposed to different concentrations of Basudin

pesticide (p < 0.05)

Control

No mortality or morphological
changes were observed in the controls for the
96-hour acute toxicity test. Tadpoles in the control
experiment appeared active and healthy
throughout the test period. The proportion of
abnormal avoidance response in the control was
less than 10%.

Atrazine exposure

The test organisms exposed to varying Atrazine
concentrations at 96- hrs recorded mortality in all the
concentrations. The mean % mortality for the 2 weeks
old tadpoles of P bibroni exposed to Atrazine were
43%, 80% and 90% for 200, 400, 600 ug/l concentrations
respectively. This indicated that mortality increased with
increased concentrations (Table 1 and 3; Figure 3).

94

Estud. Biol., v. 28, n. 64, p. 91-100, jul./set. 2006



Ecological effects of pesticides contamination on amphibian tadpoles (Ptychadena bibroni) of the Niger Delta of Nigeria

TABIE 1 - Mean mortality of tadpoles exposed to different concentrations of Atrazine
pesticide (96-hours) (p < 0.05)

Conc. Number Number dead Mean Mean
(ng/1) Tested X1 X2 mortality Probit
(%) value
Control 20 0 0 0 0
200 20 9 8 431+0.71 4.76
400 20 16 16 80%0.00 5.93
600 20 19 17 90+1.23 6.63

TABIE 2 - Mean mortality of tadpoles exposed to different concentrations of Basudin
pesticide (96-hours)

Conc. Number Number dead Mean Mean
(ng/1) Tested X1 X2 mortality Probit
(%) value
Control 20 0 0 0 0
0.1 20 7 7 35+ 0 4.63
1.0 20 12 11 58+ 0.91 5.03
10.0 20 13 14 68+ 0.5 5.42
25 20 15 15 78+ 0 5.58

TABIE 3 - % Abnormal advoidance reponse for Atrazine

Conc. (ng/1) Number Abnormal avoidance Mean Abnormal avoidance
Tested response response (%o)
X1 X2
Control 20 0 0 0
200 20 7 8 38
400 20 15 16 78
600 20 19 17 90
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The concentrations also had varying
degrees of behavioral alternations in the surviving
tadpoles as observed in the avoidance response.
The avoidance response was also concentration
dependent. In the highest treatment concentration,
many tadpoles displaying abnormal avoidance
responses at approximately 3 hours post-treatment
perished in subsequent days.

Basudin exposure

Mean % mortality increased also with
increased concentrations for Basudin pesticide
exposure (Table 2 and 4; figure 4). The mean %
mortality were 35%, 58%, 68%, 75% for 0.1, 1.0,
10.0 and 25ug/l concentrations respectively.
Avoidance response was similar to Atrazine and
was also concentration dependent.

TABIE 4 - % Abnormal advoidance response for Basudin

Conc. (ng/1) Number Abnormal avoidance Mean Abnormal avoidance
Tested response response (%o)
X1 X2
Control 20 0 0 0
0.1 20 7 8 38
1.0 20 12 16 70
10.0 20 13 17 75
25.0 20 15 19 85
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FIGURE 4 - Mean Abnormal Aveidance response for Basudin (p < 0,05)

Relative acute toxicity of atrazine and
basudin pesticides

On the basis of the derived 96-hrs

LC., Basudin (0.860ug/l) was found to be

507

more toxic than Atrazine (230.621ug/l) to
tadpoles of P. bibroni. Derived LC, values for
24.48,72 hours followed a similar trend as
described for 96 - hrs values of the test
compounds (Table 5).

TABIE 5 - Mean LC50 Values of Atrazine and Basudin exposure at the end of 96-hours

Pesticide Time LC;,(95% Probit Line equation DF Slope
treatment (Hrs) CL) pg/1
Atrazine | 96 Hours 230.621 Y=-4.264+3.920(LOGX Conc.) 4 230.62
(148.7-
289.5)
Basudin | 96 Hours 0.860 Y=5.026+0.390(LOGX Conc.) 6 0.860
(0.010-
5.098)
Discussion bibroni are available for comparison with our

Until recently, the adverse effects of
pesticides on non-target organisms have not been
seriously considered in Nigeria, and toxicological
studies with amphibians are relatively limited in
number (32). Consequently, limited data on the
toxicity of pesticides to amphibian larvae of P.

results. The results of the experiment demonstrated
that pesticides can have adverse direct (mortality)
and indirect (physiological) effects on tadpoles.
Examination of our results indicates that
both pesticides — Atrazine and Basudin varied
greatly in their effects on survival and behaviour
of P. bibroni. The highest mortality was found at
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the highest concentrations, suggesting dose —
dependent survival and concentration graded response.
Basudin significantly induced mortality recording
complete mortality at the highest treatment
concentrations within 96 — hours while Atrazine had
the least adverse lethal effects. Mortality rates were
comparable to those reported for Rana pipiens and
Rana clamitans exposed to similar concentrations of
Basudin (23). Atrazine affected larval survival in this
study but mortality was not as significant as for Basudin.
Atrazine did not affect larval survival in gray tree frogs
(33) Northern leopard frogs (34) and American toads
(35). However, significant lower survival was reported
in streamside salamanda (Amoystoma barbouri) and
spring peepers (Pseudacris crucifer, Bufo americanus
Rana clamitans, Rana sylvatica) at low concentrations
of 3ppb and 4ppb respectively (36, 37). At higher
concentrations such as 200 — 600ug/l, Atrazine
produced mortality on Xenopus laevis as reported by
Freeman and Rayburn (20) and is consistent with our
study.

The less sensitivity of P. bibroni to
Atrazine may be due to species differences in
susceptibility. (38, 35). Larval death occurred most
rapidly in the highest concentration of Basudin
indicating that short — term exposure to this
concentration would be more detrimental to this
amphibian species. The mortality of larvae could
be explained by bioconcentration of these
agrochemicals. Each of the two focal compounds
in our study has been reported to bio concentrate
in amphibian tadpoles (34, 39, 40). This is an issue
of serious ecological consequence. Larval mortality
occurred more during exposure to high
concentrations of Atrazine and Basudin than the
controls, suggesting that death may have been
due to the presence of the pesticides. Pesticide
exposure induced abnormal avoidance response,
skittishness and possible nervous system
malfunction. Motor disorders in animals exposed
to Atrazine and most organophosphate
compounds like Basudin have been linked to their
toxic effects in the Central Nervous System (35,
41). Most organophosphates like Basudin have
been found to concentrate in tissues of frogs with
depressed cholinesterase activity (42) and induce
hyper activity in frogs followed by paralysis (35).

Conclusion

This study has unequivocally demons-
trated that exposure of amphibian tadpoles to
pesticides (Atrazine and Basudin) resulted in
concentration dependent mortality and abnormal
avoidance response. Atrazine (Herbicide) and
Basudin (Insecticide) usage in the Nigerian Niger
Delta is a common practice that often lead to the
contamination of water bodies with pesticides
through storm water runoffs. A sustainable
biomonitoring program for pesticide
contamination of the aquatic environment is
advocative for the Niger Delta ecological zone.
This program will enhance the protection of the
observed amphibian decline in this sensitive
ecological region of Nigeria.
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