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During desert locust plagues large amounts of insecticides are
used for control operations. Drift from these treatments and
accidental overspraying may contaminate small surface waters
such as temporary ponds. The present study describes methods
for static acute toxicity tests with two abundant organisms that
occur in temporary ponds in the African Sahel region: the fairy
shrimp Streptocephalus sudanicus Daday (Branchiopoda, Anos-
traca, Streptocephalidae) and the backswimmer Anisops sardeus
Herrich-Schas 4er (Hemiptera, Notonectidae). The organisms
were captured in the 5eld and 48-h static toxicity tests were
conducted in the laboratory. The assays were used to screen the
toxicity of 11 formulated synthetic insecticides used in desert
locust control and of spores of the mycopesticide Metarhizium
anisopliae var. acridum. Most of the synthetic insecticides tested
were highly toxic to both organisms (LC50 or EC50 < 1 mg/L).
Exceptions were the toxicity of di6ubenzuron to A. sardeus
(moderately toxic: 1 < LC50 < 10 mg/L), and that of fenitrothion
(moderately toxic) and malathion (slightly toxic: 10 < EC50

< 100 mg/L) to S. sudanicus. M. anisopliae var. acridum was
moderately toxic to S. sudanicus and only slightly toxic to
A. sardeus. EC50 values of the insecticides for S. sudanicus were
not signi5cantly correlated with L(E)C50 values for Daphnia
magna collected from the literature. For A. sardeus a signi5cant
correlation with D. magna was found, but even in this data set the
two species had widely di4ering sensitivities to some insecticides.
( 2001 Academic Press
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INTRODUCTION

Plagues of desert locust, Schistocerca gregaria (Forskas l),
occur at irregular intervals in northern Africa and in parts of
1To whom correspondence may be addressed at Vrije Universiteit, Fac-
lty of Biology, Department of Ecology and Ecotoxicology, De Boelelaan
087, 1081 HV Amsterdam, The Netherlands. E-mail: joost.lahr@wxs.nl.
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the Middle East and Asia. During such plagues the amounts
of insecticides used against swarms and hopper bands are
considerable (Everts, 1990). These operations, in particular
when aircraft is used, may also contaminate small surface
waters by accidental overspraying or by downwind drift.
One example of such small aquatic habitats is temporary
ponds, which occur seasonally in hot arid areas where
rainfall is often low or concentrated in short periods. Several
authors have addressed the importance of temporary ponds
and the special hydrological and ecological features they
possess (e.g., Cole, 1968; Belk and Cole, 1975; Williams,
1985).

Current aquatic risk assessment procedures for pesticides
are based almost entirely on the toxicity of compounds to
several European and North American standard species of
algae, invertebrates, and "sh. These may not necessarily be
representative species for aquatic environments in other
parts of the world. The need for the incorporation of data on
indigenous species in risk assessment for tropical and hot
arid and semiarid regions has been emphasized by Everts
(1997), SETAC (1996), and Widianarko and Van Straalen
(1997). Moreover, Lahr (1997) argued that the special ad-
aptations that are found among organisms living in tempo-
rary ponds in these areas may a!ect the impact of toxicants
on the individual, population, and community levels.

Results from comparative "eld experiments by Lahr et al.
(2000) indicated that at the recommended dose rates, several
locust insecticides may have a detrimental impact on the
aquatic invertebrate fauna of temporary ponds in the Sahel.
These studies also revealed groups of indicator species for
the assessment of side e!ects on these ecosystems in the
Sahel. These were fairy shrimp (Branchiopoda, Anostraca),
backswimmers (Hemiptera, Notonectidae), and water #eas
(Cladocera).

Depending on the availability of trial data on the e$cacy
against desert locust, the Pesticide Referee Group, which
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advises FAO, identi"es suitable insecticides and e$cient
dose rates. The latest update (FAO, 1998) lists 11 com-
pounds. Organophosphates, carbamates, and synthetic
pyrethroids are the most commonly used against swarms of
adult locust. Benzoyl urea compounds, which inhibit chitin
synthesis, are e!ective against hopper bands. The mycopes-
ticide Metarhizium anisopliae var. acridum (Deuceromycetes,
Moniliales) is a recently developed biological control alter-
native to chemical locust insecticides.

The present study describes static acute toxicity tests for
two characteristic pelagic macroinvertebrate species from
temporary ponds in the Sahel: Streptocephalus sudanicus
Daday (Branchiopoda, Anostraca, Streptocephalidae) and
Anisops sardeus Herrich-Schas !er (Hemiptera, Notonec-
tidae). Each constitutes a major part of the invertebrate
biomass found in temporary ponds in the region. The aim of
the experiments was to evaluate the feasibility of toxicity
tests with each species, to establish the need for bioassays
with these indigenous species through the comparison of
results to those for the standard invertebrate test species,
Daphnia magna Straus, and to screen formulated insecticides
used for desert locust control for their hazard to invert-
ebrate life in temporary ponds.

METHODS AND MATERIALS

Insecticides

The synthetic insecticides used in the study were all
solvent-based liquid ultralow-volume (ULV) formulations.
These are commonly used at application rates of 0.5 to 2.0
L/ha (FAO, 1998). Table 1 gives an overview of the tested
TABL
Characteristics and Formula

Active ingredient Chemical group Commercial

Fenitrothion Organophosphate Sumithion
Chlorpyrifos Organophosphate Dursban
Malathion Organophosphate Fyfanon
Bendiocarb Carbamate Ficam
Propoxur#phoxima Carbamate#organophosphate Volaton#U
Deltamethrin Pyrethroid Decis
Lambdacyhalothrin Pyrethroid Karate
Betacy#uthrina Pyrethroid Bulldock
Di#ubenzuron Benzoyl urea Dimilin

Te#ubenzuron Benzoyl urea Nomolt
Tri#umuron Benzoyl urea Alsystin
Fipronil Phenyl pyrazole Regent
Metarhizium Mycopesticide Green Muscl
anisopliae var. acridum

a Candidate agents, not on the list of FAO (1998) for desert locust contro
b For A. sardeus.
c For S. sudanicus.
compounds. In addition to the 11 compounds on the FAO
list, including M. anisopliae var. acridum, tests were conduc-
ted with two candidate insecticides: a propoxur/phoxim
mixture and the pyrethroid betacy#uthrin. M. anisopliae
var. acridum spores are a green powder that contains ap-
proximately 5]1010 spores/g. For application in the "eld,
the spores are dispersed in a mixture of 70% light para$n
oil (kerosene for example) and 30% vegetable oil. The fun-
gus is produced from Strain No. IMI 330189, originally
isolated from the grasshopper Ornithacris turbida cavroisi in
Niger (LUBILOSA, 1994).

Test Procedures

Toxicity tests were conducted in the laboratory of the
Senegalese Crop Protection Directorate (DPV) in Nioro du
Rip in central Senegal (13345 N, 15346 W). The laboratory
was supplied with groundwater from a depth of 40 m, which
contained no added chlorine. The pH was neutral; conduct-
ivity was approximately 300 lS/cm. Because A. sardeus sur-
vived well in this water, it was used as the test medium for
this species. S. sudanicus, on the contrary, su!ered consider-
able mortality when transferred to it, most likely due to
osmotic shock. For tests with Streptocephalus, therefore,
water from the well was "rst demineralized by passing it
through an ORC active carbon "lter and two R

3
ion ex-

changers (Bioblock, France). Following demineralization,
conductivity was adjusted to approximately 100 lS/cm by
adding 0.47 g Gri$n Instant Pond Powder (Fisons Ltd.,
UK) per liter. Survival of S. sudanicus in this reconstituted
water was good. The pH varied slightly around 6. The
E 1
tions of Tested Insecticides

Manufacturer
name Conc. (g a.i./L) Formulation (current name)

500 ULV Sumitomo, Japan
225 ULV Dow Elanco, UK
1230 ULV Cheminova, Denmark
200 ULV AgrEvo, UK

nden 42#258"300 ULV Bayer, Germany
75 ULV AgrEvo, France
40 ULV Zeneca, Co( te d'Ivoire
12 ULV Bayer, Germany
450 ODCb Uniroyal Chemical,
60 OFc The Netherlands
50 ULV Cyanamid, Germany
50 ULV Bayer, Germany
20 ULV Rho( ne-Poulenc, France

e 5]1010 None IITA, Benin
(spores/g)

l.
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mineral composition of the test water for both species is
provided in Table 2. The water was aerated at least 2 h
before the tests were started.

Animals were collected from temporary ponds in the area
around Nioro du Rip. Depending on the progress of the
rainy season and the availability of the appropriate life
stage, di!erent ponds were used as a source. At arrival in the
laboratory the animals were transferred to an aquarium and
acclimated to test water for at least 2 h before the start of the
tests. Because they were easily recognized, for both test
species, only adult females were used.

The tests were conducted in 3-L glass beakers containing
2 L of test water each. Ten individuals were selected and
transferred from the aquarium into each test vessel. For
each test, two beakers, which only received a dose of the
solvent used to dilute the insecticides, were used as controls.
Between 5 and 10 beakers received logarithmically increas-
ing concentrations of the compounds. Each test was repeat-
ed at least three times with slightly di!erent concentrations.

Dilution series of synthetic insecticides were prepared in
analytical-grade acetone (min. 99.5% pure). The desired
concentrations in the test vessels were obtained by adding
between 100 and 1000 lL of the appropriate insecticide
solution to the beakers using adjustable micropipets. Prior
to this addition, each test vessel received a quantity of pure
acetone equal to 1000 lL minus the volume of the insecti-
cide solution to be added. Controls each received 1000 lL
acetone. Following dosing, the water in the test vessels was
TABLE 2
Mineral Composition and Chemical Oxygen Demand (COD)

of Water Used for Tests with Streptocephalus sudanicus and
Anisops sardeusa

Concentration (mg/L)

Reconstituted water Groundwater
Parameter (S. sudanicus) (A. sardeus)

Cl~ 23.7 6.5
SO2~

4
(0.05 30.9

NO~
3

(0.05 1.5
F~ (0.02 0.2
HPO2~

4
(0.05 0.9

HCO~
3

2.4 105
NH`

4
(0.05 (0.05

K` 5.2 0.7
Ca2` 0.3 32.5
Na` (0.05 4.5
Mg2` 7 9.1
Hardness 29.6 118.6
COD 98 45

a Variables were measured using ionic capillary electrophoresis by the
ORSTOM Laboratory in Dakar, Senegal. Hardness of Ca2` and Mg2` is
expressed in CaCO

3
equivalents.
stirred gently using a stainless-steel baton with a Te#on
knob.

In tests with M. anisopliae var. acridum, no formulation
was used because the aim was only to assess whether the
fungus itself would cause an e!ect. An initial suspension of
the highly hydrophobic spores was prepared by adding 1.6 g
to 2 L test water. Ten drops of a liquid kitchen detergent
was then added. The mixture was thoroughly homogenized
on a magnetic stirrer for 2 h. This suspension was added to
the test beakers in di!erent quantities. A similar amount of
detergent was added to the controls. Because M. anisopliae
var. acridum is a slowly acting agent, the bioassays were
continued for 96 h.

Observations during Testing

After dosing, the beakers were placed on a table in front
of the laboratory window, but out of direct sunlight. Thus,
a natural light regime was maintained during the tests. In
Senegal the photoperiod is more or less constant through-
out the year. Day and night last about 13 and 11 h, respec-
tively. During the tests, a constant temperature of ca. 273C
was maintained in the laboratory. E!ects in each beaker
were assessed after 24 and 48 h. The response of A. sardeus
was straightforward. They were either alive or dead. The
toxicity parameters used for this species were the 24- and
48-h LC

50
. S. sudanicus displayed a more complex range of

reactions after exposure to insecticides. The principal e!ect
prior to death was immobilization. Immobilized individuals
still moved their thoracic appendages, but were hardly able
to swim. An animal was called &&immobile'' when it would
remain on the bottom of the beakers for 10 s or more of
observation. Immobilized animals never recovered. Another
response of S. sudanicus was observed only after exposure to
pyrethroids. S. sudanicus would frantically swim in circles at
the water surface, apparently unable to submerge and orien-
tate itself. These animals were registered in a separate,
&&seriously disoriented'' category. On very few occasions
individuals recovered from disorientation, but in general,
individuals a!ected by pyrethroids "rst became disoriented,
and later became immobile and died. The toxicity para-
meters for S. sudanicus are the 24- and 48-h EC

50
(immobil-

ization#disorientation#death).
Physical and chemical parameters were measured in the

controls. Temperature and dissolved oxygen (DO) were
determined at the start of each test (0 h) and after 24 and
48 h. Conductivity and pH are reported only for 0 h.

To check for possible external growth of the fungus, on
several occasions, dead organisms in tests with M. anisopliae
var. acridum were carefully removed from the beakers and
incubated at room temperature. They were placed on moist
"lter papers in Petri dishes, sealed with a piece of Para"lm
to prevent desiccation, and kept in the laboratory at
ambient temperatures. After 20 h (the incubation time of
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M. anisopliae var. acridum), the organisms were examined
under a microscope (64]).

Statistical Analysis and Test Criteria

EC
50

and LC
50

values were calculated with the paramet-
ric method of Kooijman (1981) using the computer program
from the Institute for Inland Water Management and Waste
Water Treatment (RIZA) in The Netherlands.

Several test criteria recommended by the ASTM (1989)
were applied. Results were accepted only when survival in
the controls after 48 h was 90% or more. However, a con-
trol mortality of 15% was accepted for the 96-h assays with
M. anisopliae var. acridum. Another criterion applied was
that test series needed to include at least one concentration
at which the proportion of a!ected organisms was 37% or
less and one concentration that had an e!ect on 63% or
more of the animals. An additional criterion to the ASTM
guidelines concerned the width of the 95% con"dence inter-
val of the EC

50
or LC

50
values. When the lower limit was

less than 0.5]L(E)C
50

or when the upper limit exceeded
2]L(E)C

50
the results were not judged valid, and the test

was repeated. Each insecticide was tested three to six times
for each species. Eventually the toxicity of an agent was
expressed as the geometric mean of the three to six separate
EC

50
or LC

50
values.

Sensitivities of the indigenous species were compared
with that of D. magna by plotting the decimal logarithms of
the LC

50
or EC

50
values for the insecticides, expressed as

micromoles per liter, against the same data for the
cladoceran. D. magna data were collected from open litera-
ture or obtained from the Dutch pesticide registration faci-
lity CTB. Least-squares linear regression with these data
pairs was performed using a subroutine of Corel's Quattro-
Pro program (Version 7.0) for Windows 95. Correlation
coe$cients were tested for signi"cance using a one-sided
t test according to Steel and Torrie (1980).

RESULTS

Test Performance

Water temperatures during the tests were fairly constant.
The average for all tests was &27.03C In comparison,
maximum daily water temperatures measured in natural
temporary ponds in the Nioro du Rip area usually #uc-
tuated around 303C (Lahr et al., 2000). The average pH
values of the water at the beginning of the tests were
5.9$0.4 and 6.9$0.5 (mean$SE) for S. sudanicus and
A. sardeus, respectively. The range between these two values
more or less represents the variation that is found in the "eld
(Lahr et al., 2000). The average conductivity at the begin-
ning of the tests was 99$5 lS/cm (mean$SE) in the water
used for S. sudanicus and 296$10 lg/L for A. sardeus.
Initial DO content was between 80 and 100% for most of
the tests. In assays with A. sardeus this percentage dropped
to an average of 36$24% (mean$SE) after 48 h. This
large drop may be explained by the fact that the untreated
well water may have contained bacteria and some dissolved
organic matter. However, because A. sardeus is a surface
breather it will not likely su!er from low oxygen levels in the
water. The levels in the tests with S. sudanicus after 48 h
dropped only to 56$11% on average.

Mortality in the controls was usually low. Average con-
trol mortalities after 24 and 48 h were, respectively, 0.9$
2.2 (mean$SE) and 2.3$3.6% for S. sudanicus, and
0.5$1.3 and 0.8$1.8% for A. sardeus.

Toxicity

The EC
50

and LC
50

values calculated from the bioassays
with the synthetic insecticides are summarized in Table 3.

When the oil #owable (OF) formulation of di#ubenzuron
(in diesel) was tested with A. sardeus, mortality at higher
insecticide concentrations was extremely rapid (in a matter
of minutes). It was noted that at high concentrations the
formulation formed a microlayer on the water surface of the
beakers and that individuals died shortly after they came to
the surface to breathe. Therefore it seems plausible that
clogging of their respiratory tubes by diesel caused the
observed e!ect, i.e., not the molt-inhibiting active ingredi-
ent. Di#ubenzuron tests with A. sardeus were therefore
continued using the oil-dispersable concentrate (ODC) for-
mulation instead, which contains no diesel. The e!ects of
this formulation occurred much less instantly and at
concentrations at least 100 times higher than for the OF
formulation. The formulations of the other insect growth
regulators (IGRs), te#ubenzuron and tri#umuron, which
did not contain diesel, provoked a rapid lethal response as
well, although somewhat less instantly. It is assumed that
the mechanism of these e!ects was similar to that of the OF
formulation of di#ubenzuron.

The results for M. anisopliae var. acridum are given in
Table 4. Replicate tests were highly variable during the "rst
48 h, but after 72 h, L(E)C

50
values started to converge.

Many S. sudanicus that died in the tests displayed green
spots or were completely covered by a greenish "lm. How-
ever, these symptoms did not much resemble the character-
istic external sporulation observed in terrestrial arthropods
that die due to exposure to the fungus (Danfa and van der
Valk, 1999). In some cases the green spots would increase in
size during incubation, but it could not be con"rmed
whether the observations represented genuine growth of the
fungus. Neither was there a clear dose}e!ect relationship
between occurrence of spots and "lms and spore concentra-
tions (Fig. 1). In some of the animals that did not display
green spots or "lms after death, these appeared during
incubation. None of the S. sudanicus that perished in control
tests displayed spots or "lms, neither before nor after



TABLE 3
Results of 48-h Acute Toxicity Tests with Females of Anisops sardeus (Hemiptera, Notonectidae) and Streptocephalus sudanicus

(Branchiopoda, Anostraca) and Di4erent Formulated Insecticides Used to Control Desert Locustsa

Streptocephalus sudanicus Anisops sardeus
EC

50
(lg/L) LC

50
(lg/L)

Insecticide 24 h 48 h 24 h 48 h

Fenitrothion 3468
(3376}3657)

n"3

1230
(1102}1309)

n"3

16.7
(14.9}20.8)

n"3

8.61
(7.8}9.3)
n"3

Chlorpyrifos 8.25
(6.19}9.54)

n"3

3.48
(3.05}4.55)

n"3

1.58
(1.53}1.62)

n"3

0.90
(0.88}0.92)

n"3

Malathion '145,000b

n"3

67,750
(52,220}90,300)

n"3

70.7
(57.4}78.0)

n"3

42.2
(40.5}44.9)

n"3

Bendiocarb 71.5
(55.6}95.3)

n"3

41.0
(31.0}54.7)

n"3

389
(287}567)

n"3

373
(275}567)

n"3

Propoxur#phoxim 2.88
(1.65}4.42)

n"6

1.19
(0.90}1.68)

n"6

3.38
(2.65}4.52)

n"4

1.91
(1.75}2.08)

n"4

Deltamethrin 0.035
(0.026}0.051)

n"3

0.018
(0.017}0.019)

n"3

0.013
(0.011}0.014)

n"3

0.012
(0.010}0.014)

n"3

Lambdacyhalothrin 0.183
(0.181}0.186)

n"2

0.028
(0.024}0.032)

n"2

0.026
(0.024}0.031)

n"3

0.025
(0.023}0.031)

n"3

Betacy#uthrin 0.010
(0.006}0.021)

n"4

0.004
(0.003}0.006)

n"4

0.021
(0.016}0.026)

n"4

0.019
(0.015}0.025)

n"4

Di#ubenzuron 13.3c

(12.8}14.0)
n"3

0.74c

(0.60}0.88)
n"3

2123b,d

(1960}2210)
n"3

1937b,d

(1800}2020)
n"3

Te#ubenzuron 23.6b

(9.47}43.40)
n"5

0.59
(0.24}1.66)

n"5

249b

(233}267)
n"3

249b

(233}267)
n"3

Tri#umuron 17.5
(6.15}31.3)

n"3

0.21
(0.14}0.26)

n"3

199b

(168}250)
n"4

189b

(168}228)
n"4

Fipronil 65.4
(47.0}83.3)

n"3

9.94
(9.53}10.21)

n"3

20.2
(16.3}26.6)

n"3

9.06
(7.55}12.03)

n"3

a Data are presented as the geometric mean EC
50

or LC
50

and the table includes the range of values observed (minimum}maximum EC
50

or LC
50

, in
parentheses) and the number of repeated tests n conducted with each compound and each test species, on which the mean was based. Concentrations refer
to the active ingredient only.

b Higher than solubility in water according to Tomlin (1994).
c OF formulation.
d ODC formulation.
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incubation, and none of the incubated specimens of dead
A. sardeus developed growth of the fungus. Green spots and
"lms were also absent in this species at all concentrations.

The 48-h L(E)C
50

values from Table 3 were compared
with the toxicity classi"cation scheme of Canton et al.
(1991). Most insecticides were highly toxic to S. sudanicus
and A. sardeus (EC
50

or LC
50
(1 mg/L), the three pyreth-

roids being the most toxic compounds to both species. The
three benzoyl urea compounds were also highly toxic to S.
sudanicus, but much less to A. sardeus. The toxicity of
organophosphate insecticides to S. sudanicus varied con-
siderably. Chlorpyrifos, for instance, was approximately



TABLE 4
Results of 96-h Acute Toxicity Tests with Females of Anisops

sardeus (Hemiptera, Notonectidae) and Streptocephalus
sudanicus (Branchiopoda, Anostraca) and the Mycopesticide
M. anisopliae var. acriduma

24 h 48 h 72 h 96 h

S. sudanicus
EC

50
(mg/L)

'6.8

n"3

7.1
(4.8}9.4)
n"3

4.4
(3.7}4.8)
n"3

3.0
(2.9}3.2)
n"3

A. sardeus
LC

50
(mg/L)

'20.7

n"4

23.8
(6.1}98.4)

n"4

18.2
(6.0}49.6)

n"4

11.4
(4.2}30.3)

n"4

a Data are presented as geometric mean EC
50

or LC
50

value and the
table includes the range of values observed (minimum}maximum EC

50
or

LC
50

, in parentheses) and the number of repeated tests n conducted with
each test species, on which the mean was based.

TABLE 5
Acute Toxicity of Insecticides Used in Desert Locust Control

to Daphnia magna (Branchiopoda, Cladocera)a

Geometric
mean L(E)C

50
Insecticide (lg/L) References

Fenitrothion 11 Sanders et al. (1983), LeBlanc (1984)
Chlorpyrifos 1.3 Barron and Woodburn (1995), Kerst-

ing and Van Wijngaarden (1992)
Malathion 1 Van Rijn et al. (1995)
Bendiocarb 74 Visser and Linders (1992), Tomlin

(1994)
Deltamethrin 0.8 Van Rijn et al. (1995)
Lambdacyhalothrin 0.35 Hill (1989), Mokry and Hoagland

(1990), Van Rijn et al. (1995)
Betacy#uthrin 0.72 Tomlin (1994)
Di#ubenzuron 8.0 Hansen and Garton (1982), Mayer and

Ellersieck (1986)
Te#ubenzuron 0.47 Cyanamid Agro b.v. (J. Anthonissen,

personal communication), CTB (1999)
Tri#umuron 225 Tomlin (1994)
Fipronil 190 Tomlin (1994)

a Data represent the geometric mean LC
50

and/or EC
50

values from static
tests. Most tests were performed with technical-grade insecticides, but a #ow-
able formulation or a wettable powder was used on a few occasions.
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20,000 times more toxic to S. sudanicus than malathion to
which the fairy shrimp was surprisingly tolerant. If the same
classi"cation is also applied to M. anisopliae var. acridum
(96-h data), the fungus may be considered moderately toxic
to S. sudanicus (1(EC

50
(10 mg/L) and only slightly

toxic to A. sardeus (10(LC
50
(100 mg/L).

Comparison to Daphnia magna

Collected acute toxicity data for D. magna are sum-
marized in Table 5. No Daphnia data were obtained for the
propoxur/phoxim mixture and for M. anisopliae var. acri-
dum. Figure 2 presents the relative toxicity of the 11 remain-
FIG. 1. Results of microscopic investigation after 20 h incubation of Str
tests with the fungus Metarhizium anisopliae var. acridum. The "gure combi
ing compounds to S. sudanicus and A. sardeus compared
with that to D. magna. Linear regression revealed that the
overall acute toxicity of the compounds to A. sardeus and to
D. magna was signi"cantly and positively correlated
(r2"0.32, P(0.05). The relation is described by

log y"0.99]log x#0.10,
eptocephalus sudanicus (Branchiopoda, Anostraca) that perished in toxicity
nes the observations from separate tests.



FIG. 2. Toxicity of insecticides used for the control of desert locust to Streptocephalus sudanicus (Branchiopoda, Anostraca) and Anisops sardeus
(Hemiptera, Notonectidae) compared with Daphnia magna (Branchiopoda, Cladocera). Dotted lines indicate equal toxicity to two species. The solid line
for A. sardeus indicates the result of linear regression with signi"cant correlation. BD, bendiocarb; BT, betacy#uthrin; CP, chlorpyrifos; DF,
di#ubenzuron; DT, deltamethrin; FN, fenitrothion; FP, "pronil; LD, lambdacyhalothrin; ML, malathion; TF, te#ubenzuron; TM, tri#umuron.
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where y is the LC
50

for A. sardeus and x is the L(E)C
50

for
D. magna. The regression line that resulted from this equa-
tion (Fig. 2) approaches the line of equal toxicity of the
substances to both species. Correlation between the data for
S. sudanicus and D. magna was positive but not signi"cant
(regression coe$cient"0.57, r2"0.08, P'0.05).

DISCUSSION

Methods

The ASTM criteria concerning control mortality and
percentage kill at the lowest and highest test concentrations
were on most occasions easily met with both tests. However,
compliance with other existing criteria may still be im-
proved. Among others, organisms were not acclimated to
test water for 48 h prior to each test, as the ASTM demands,
but only for 2 h. This relatively short period improved
survival in the controls after 48 h because the organisms,
notably S. sudanicus, often became less "t after more than
96 h without feeding. Chemical analysis of concentrations in
the test vessels could also be a useful complement to these
static tests. In the present study, L(E)C

50
values were based

solely on nominal initial concentrations. Some removal of
insecticides will undoubtedly occur. For the current purpose
however, which was to develop tests that can be used for
risk assessment of single contamination events, static tests
are an appropriate tool. Moreover, analysis of the active
ingredient is not explicitly demanded by the ASTM or the
OECD (1984) and, in addition, a theoretical framework for
dealing with degradation and toxicokinetics in static tests
has recently been proposed by Widianarko and Van
Straalen (1996).
The development of more standardized tests with both
species, using individuals cultured in the laboratory, may be
considered. Rearing and feeding methods for several species
of Streptocephalus have been described, although not for
S. sudanicus itself (e.g., Moore, 1957; Sam, 1979; Brendonck
et al., 1990; Coutteau et al., 1992; Maeda-MartmHnez et al.,
1995). Because fairy shrimp produce drought-resistant cysts,
they have recently received increased attention for use in
cost-e!ective cyst-based toxicity tests (Brendonck and Per-
soone, 1993). A test with one Streptocephalus species from
southeast Africa, S. proboscideus, has been developed (e.g.,
Centeno et al., 1992, 1993a, b), and tests have also been
carried out with S. rubricaudatus and S. texanus, two species
from northern Africa and North America, respectively (Cri-
sinel et al., 1994). A cyst-based version of the S. proboscideus
test has been commercially available for some time as Strep-
totoxkit F (Persoone, 1998). This test, however, has recently
been replaced by Thamnotoxkit F with the fairy shrimp
¹hamnocephalus platyurus, a species from the southwestern
United States (Persoone, 1998; Centeno et al., 1995).

To present knowledge, there has never been an attempt to
culture Anisops species in the laboratory. The development of
successful culturing methods for the species, as with most
aquatic insects that have a terrestrial or #ying dispersal phase
during their life cycle, will be rather complicated. However,
tests with organisms from natural temporary ponds pro-
duced very straightforward results and are easy to carry out.

Toxicity

A. sardeus and S. sudanicus were highly sensitive to most
of the insecticides screened in this study. The lower toxicity
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of benzoyl urea compounds to A. sardeus can be explained
by the fact that adult stages of insects are usually much less
sensitive to chitin synthesis inhibitors. S. sudanicus, on the
contrary, molts continuously during its life cycle and is
therefore more sensitive to these IGRs.

LC
50

and EC
50

values for the three benzoyl urea com-
pounds sometimes exceeded the solubility in pure water
(solubilities given by Tomlin, 1994), notably in the tests with
A. sardeus. However, distinct dose}e!ect relationships were
nonetheless obtained on all these occasions. At these instan-
ces, it is therefore preferred to report the calculated L(E)C

50
values instead of the solubilities (80, 19, and 25 lg/L for
di#ubenzuron, te#ubenzuron, and tri#umuron, respective-
ly). This is allowed by the guidelines of the ASTM (1989).
However, as pointed out before, the e!ects of these three
insecticides on A. sardeus may also have been provoked
by the formulations in addition to the active ingredients.
This would explain why mortality occurred relatively
quickly; i.e., 24- and 48-h LC

50
values were more or less

similar.
An unexpected result of this study was the large di!erence

between the toxicities to S. sudanicus of the three organo-
phosphates tested (Table 3). The 24-h EC

50
for malathion

and S. sudanicus was higher than its solubility (145 mg/L)
and the mean 48-h EC

50
was 68 mg/L. Fourty-eight-hour

L(E)C
50

values for A. sardeus and D. magna were 42.2 and
1 lg/L, respectively. The low toxicity of malathion to Strep-
tocephalus in the present experiments con"rms the results of
Calleja et al. (1994) and Crisinel et al. (1994) who reported
24-h LC

50
values of the substance for three Streptocephalus

species ranging from 54.6 to 81.5 mg/L, even though these
investigators used larvae instead of adults. Because
malathion (a phosphorodithioate with a succinate leaving
group) belongs to another group of organophosphates than
chlorpyrifos and fenitrothion (both phosphorothioates, but
with a heterocyclic and a phenyl leaving group, respective-
ly), these results indicate that there may exist a biochemical
basis for the relative insensitivity of Streptocephalus
to malathion. The succinate moiety may, for instance,
be more easily transformed by deethylation as in many
noninsects.

Although a clear dose}response relationship was found
between the test suspensions of the spores of M. anisopliae
var. acridum and the e!ects on both species, it could not be
substantiated that these e!ects were caused by growth of
M. anisopliae var. acridum into the organisms. The green
spots and "lms observed did not have the appearance of
ordinary Metarhizium growth. A possible explanation for
the toxicity of the mycopesticide is secondary, toxic by-
products. Such destruxins (DTXs) can be produced and
excreted during growth of a mycelium into organisms
(Charnley, 1992), possibly before actual sporulation takes
place. In this way fungi may cause lethal e!ects while no
external signs of sporulation are visible. But the action of
M. anisopliae var. acridum on S. sudanicus may also have
been of a mechanical nature. In tests with high concentra-
tions of spores it was observed that the thoracic appendages
of the animals, which are used for feeding and swimming,
became green with spores and might have been clogged. The
mechanism of the e!ect of M. anisopliae var. acridum on
A. sardeus remains unknown as well.

The test exposure of the two aquatic species to M. anisop-
liae var. acridum represented a worst-case scenario because
a synthetic detergent was used. Given the considerable e!ort
that was needed to disperse the spores, even after addition of
the detergent, it is unlikely that operational applications
with the fungus would result in equally high concentrations
of spores in surface waters.

Comparison to Daphnia magna

Crisinel et al. (1994) found that the sensitivity of three
Streptocephalus species to four heavy metals was slightly
higher than that of Daphnia magna. For 12 organic and
organometallic compounds, toxicity was of the same order
of magnitude. In another study, Persoone et al. (1994) evalu-
ated the sensitivity of S. proboscideus (Streptotoxkit F) and
¹. platyurus (Thamnotoxkit F) larvae to a large number of
pure toxic substances and environmental samples and com-
pared it with that of D. magna using regression analysis.
They found a signi"cant positive correlation between the
two species. Current results for 11 formulated insecticides
and using adult organisms, on the contrary, indicated that
standard tests with Daphnia may have little or no relation to
the toxicity of these compounds to S. sudanicus, despite the
fact that both species belong to the crustacean order of
Branchiopoda. Compared with D. magna, S. sudanicus was
more sensitive to synthetic pyrethroids such as lambda-
cyhalothrin and betacy#uthrin, but less sensitive to organo-
phosphates such as fenitrothion and malathion. A possible
additional cause for these di!erences is that the actual
insecticide concentrations in these tests may have been
di!erent from the nominal concentrations; i.e., they were not
measured while some of the concentrations for the reported
D. magna tests were. However, neither this di!erence in test
design nor the di!erence between formulated and unfor-
mulated active ingredients can possibly account for the
magnitude of the di!erences in toxicity observed for some
compounds.

Results for A. sardeus were in closer agreement with
standard D. magna assays with the same active ingredients.
However, the di!erence observed was on some occasions
still considerable, e.g., up to 670-fold for te#ubenzuron.
Hence, if safe concentrations of desert locust insecticides for
temporary ponds in the Sahel were to be deduced, the use of
D. magna as the sole species to represent the invert-
ebrate fauna would constitute a large and unacceptable
uncertainty.



74 LAHR ET AL.
CONCLUSIONS

In this study it was demonstrated that static acute toxicity
tests with two aquatic invertebrates from the African Sahel
region, Anisops sardeus and Streptocephalus sudanicus,
which were captured in the "eld, gave satisfying, repeatable
results and were relatively easy to carry out. A screening
exercise with 11 synthetic insecticides and one mycopestic-
ide formulated for desert locust control revealed that most
synthetic compounds were highly toxic to both species.
Exceptions were a lower toxicity of benzoyl urea com-
pounds to A. sardeus, a highly variable toxicity of di!erent
organophosphates to S. sudanicus, and a relatively low
toxicity of the mycopesticide Metarhizium anisopliae var.
acridum. It is concluded that toxicity tests with A. sardeus
and S. sudanicus yield important data to evaluate the poten-
tial ecological e!ects of insecticides in temporary ponds in
the Sahel that cannot be accurately predicted by standard
Daphnia tests alone. These results therefore support the use
of relevant indigenous test species in local and regional risk
assessment.
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