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Abstract: In a blind and randomised study, early postlarval stages of the tadpole shrimp Triops cancriformis, the fairy 
shrimp Branchipus schaefferi, and the clam shrimp Leptestheria dahalacensis were exposed to different concentrations of 
a commonly available Bti suspension, equivalent to 0, 4.5 (recommended treatment concentration), 45, 450, and 4500 
AA/l. No statistically significant correlations were found between Bti concentration and mortality or longevity of the ex-
amined organisms. 
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INTRODUCTION 

The Morava and Thaya flood plains in Lower Austria are 
a protected area subject to the “Natura 2000” initiative (GZ 
5500/5-0, 2004-08-20, Provincial Government of Lower 
Austria) and the Ramsar convention (BGBl. II Nr. 390/1999, 
Republic of Austria). Regular inundations in spring and/or 
summer represent the main reason for the international value 
of the region [1]. After high waters temporary pools and 
puddles represent the habitats of an endangered crustacean 
group, the large branchiopods (Anostraca, Notostraca, Spini-
caudata, Laevicaudata) [2]. Ten of the 16 species occurring 
in Austria have been documented along the rivers Thaya and 
Morava [3], which makes the region the most important ref-
uge of large branchiopods in Central Europe [4]. Branchio-
pods play a key role in the food web of standing waters, as 
they often occur in extremely high densities and represent a 
link between planktonic algae and aquatic vertebrates [5]. 

Ephemeral water bodies host a more common, but less 
popular animal group, the mosquitoes (Culicidae, species list 
for Austria see [6]), a fact that leads to conflicts between 
conservational objectives and local political interests. Since 
1997, Bti products (Bacillus thuringiensis israelensis, for 
nomenclature see [7]) have been tested at a local level for 
mosquito control [8]. A more extended application along the 
Thaya and Morava rivers, planned for the next years, is dis-
cussed controversially. 

Five proteins (Cry IVA, Cry IVB, Cry IVC, Cry IVD, 
CytA) are responsible for the effect of Bti on the insect mid-
gut [9-13]. The assumption that only target organisms (cu-
licid larvae) are affected, cannot be supported [14], as vary-
ing concentrations and combinations of these proteins 
change the effect on different insect larvae and other organ-
isms. Boisvert & Boisvert [15] provide an extensive review 
of laboratory and field experiments on the effects and “side 
effects” of Bti. 
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There are only few published studies on the toxicity of 
Bti on European large freshwater branchiopods, with the 
exception of tests on adult Eubranchipus grubii specimens 
[16, 17] and a study indicating that Bti is well tolerated by 
adult Branchipus schaefferi [18]. Studies on non-European 
large branchiopods (Triops newberryi, Eulimnadia texana) 
and salt water species (Artemia salina) did not show any 
toxic effects of Bti [19-23]. Only high overdosage (180 ppm) 
in Eubranchipus grubii resulted in 100% mortality after 24 
hours, control experiments at <5.4 ppm did not show any 
adverse effects [17]. 

Austrian large branchiopods are listed on local Red Lists 
of endangered animals [2, 25], and some species are pro-
tected by the Lower Austrian regulation for species conser-
vation (GZ 550/7-0, 2005-08-12, Provincial Government of 
Lower Austria). Therefore an examination of possible toxic 
effects on representative large branchiopod species seemed 
to be indispensable. As mosquito larvae and large branchio-
pods both hatch early after the emergence of temporary 
pools, we decided to use juvenile stages for our tests. We 
chose three representative species, belonging to three differ-
ent branchiopod orders that are easy to breed in laboratory, 
such as Triops cancriformis (Bosc, 1801), or protected by 
law, such as Branchipus schaefferi (Fischer, 1834) and 
Leptestheria dahalacensis (Rüppel, 1834). 

MATERIAL AND METHODS 

Sand with cysts of T. cancriformis (Notostraca: Triopsi-
dae) was taken from a laboratory breed established in 1996 
with organisms from a population in the Morava river flood 
plains (Lower Austria). Sand with cysts of B. schaefferi 
(Anostraca: Branchipodidae) from St. Valentin (Lower Aus-
tria) was provided by R. Gottwald; cysts of L. dahalacensis 
(Spinicaudata: Leptestheriidae) were taken from a collection 
in the Morava river flood plains [26]. 

The commercially available suspension “Neudomück” 
(3000 AA/mg) was used to prepare different Bti concentra-
tions in deionised water. Dry cysts of the examined species 
were brought to hatching with deionised water at room tem-
perature in 11 l plastic aquaria. A conventional aquarium 
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aeration pump (75 l/min) supplied air. After approximately 
four days, at juvenile (postlarval) stage 1 or 2, hatchlings 
were transferred into the test aquaria. The bottoms of both 
breeding aquaria and test aquaria were covered with natural 
Morava river sand, in order to provide similar ionic concen-
trations. 

The test aquaria contained: 

1) Recommended concentration equivalent to Bti 4.5 
AA/l  

2) 10 times rec. concentration equivalent to Bti 45 AA/l  

 

 

 

Fig. (1). Surviving individuals of Triops cancriformis (a), Branchipus schaefferi (b), and Leptestheria dahalacensis (c), summary of all per-
formed tests.  
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3) 100 times rec. concentration equivalent to Bti 450 
AA/l 

4) 1000 times rec. concentration equivalent to Bti 4500 
AA/l  

(each dissolved in deionised water) 

5) deionised water (control group).  

The test was performed randomised and blind in order to 
avoid any subjective influence on the results. One author 
prepared the test concentrations and assigned them with in-
dividual (alphabetic) codes. The other author filled the 
aquaria with the different test concentrations and assigned a 
new (numeric) code to each aquarium.  

In total, 275 postlarval individuals of T. cancriformis, 
200 of B. schaefferi, and 100 of L. dahalacensis were used 
for the tests. Living individuals in each aquarium were 
counted weekly, and, if possible, their sex was determined. 
After having performed the tests, the Bti concentration of 
each aquarium was unblinded following the alphabetic and 
numeric codes. 

SPSS for Windows 11.5 [27] was used for statistical 
analysis and graph plotting. The nonparametric Kruskal-
Wallis H-test [28] was used to test the difference between 
the five test groups of each species. A probability of error of 
5% (p< 0,05) was considered as statistically significant. 

RESULTS 

No statistically significant differences between the test 
concentrations and the control groups could be detected for 
any of the three species. However, the results for T. cancri-
formis showed a much lower error probability than in the 
other two examined species, close to significance. 

In T. cancriformis (Fig. 1a, 2a; p = 0.056), almost 52% 
of the test organisms died within the first week. Animals that 
survived the first week had an average lifespan of approxi-
mately five weeks. The two individuals with the longest life 
had been exposed to 450 and 4500 AA/l, respectively, and 
died within the 9th week. Remarkably, the lowest overall 
survival rate was observed in the untreated control group. 

In B. schaefferi (Fig. 1b, 2b; p = 0.427), 52.5% of the in-
dividuals died within the first week. Animals that survived 

     

 

Fig. (2). Boxplots showing the lifespan of 55 Triops (a), 40 Branchipus (b), and 20 Leptestheria (c) individuals each belonging to five test 
groups (4 BTI groups and control group). The lowest overall lifespan was observed in the control group. 
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the first week had an average lifespan of approximately four 
weeks. The three animals with the longest life had been ex-
posed to 4.5 and 4500 AA/l, respectively, and died within 
the 7th week. 

In L. dahalacensis (Fig. 1c, 2c; p = 0.913), 92% of the 
individuals survived the first week. The animals had an aver-
age lifespan of approximately five weeks. The two individu-
als with the longest life had been exposed to 450 and 4500 
AA/l, respectively, and died within the 9th week.  

DISCUSSION 

Usually, Bti is applied shortly after the emergence of 
temporary pools, in order to kill mosquito larvae before 
hatching of adults takes place. At this time, only larval and 
juvenile stages of large branchiopods are present. Therefore, 
studies performed with adult large branchiopod stages [16-
18] do not reflect the situation predominating outdoor. Be-
sides, adult specimens might be less sensitive to Bti exposi-
tion than juveniles. 

The present study did not show any toxic effects of the 
examined Bti suspension on juvenile specimens of the large 
branchiopod species Triops cancriformis, Branchipus 
schaefferi and Leptestheria dahalacensis. Furthermore, no 
influence on the lifespan could be detected.  

In the experiments with T. cancriformis and B. schaefferi, 
we observed a mortality of more than 50% within the first 
week. This was observed in the control group as well, where 
the mortality was obviously not due to Bti. High larval mor-
tality is frequently observed in large branchiopods [24, 29] 
and might be additionally due to the transfer of the larvae 
from one aquarium into another. Previous observations from 
laboratory breeding had shown that large branchiopods are 
sensitive to water change (own unpublished data). 

Surprisingly, in T. cancriformis, the groups treated with 
Bti showed a higher viability than the control group that was 
close to statistical significance. A possible explanation could 
be that filter-feeding organisms tolerating Bti exposition are 
able to use Bti proteins as an additional food source. In pres-
ence of the fairy shrimp B. schaefferi, Blaustein & Margalit 
[18] observed a reduced mortality of mosquito larvae, but 
could not prove a quantitative reduction of the Bti concentra-
tion. 

Large branchiopod populations do not only consist of the 
free-swimming stages, but also of the so-called “cyst bank” 
[30]. For a long-term evaluation of effects on large bran-
chiopod populations, we suggest that the reproductive suc-
cess in Bti treated animals should be examined as well. In 
this study, we did neither investigate the reproductive suc-
cess of individuals exposed to Bti nor the hatching success of 
cysts exposed to Bti. In a preliminary experiment, we could 
not observe a clear relation between the exposure of T. can-
criformis individuals to Bti and their reproductive success 
(own unpublished data, data not sufficient for statistical 
analysis).  

Although toxicity of Bti on the investigated species 
seems highly unlikely, the present data cannot entirely rule 
out a low toxicity. More important, our results do not ex-
clude long-term and cumulative effects on the examined spe-
cies, the species composition of their natural habitats, or ef-

fects on the food web. Lacey & Merritt [31] point out that 
neither the results of repeated Bti application nor long-term 
influence on the ecosystem are sufficiently known. Unpre-
dictable effects on higher trophic levels and on the ecosys-
tem structure should be considered [5, 15]. Therefore, a po-
tential application of Bti in the Morava flood plains has to be 
accompanied by a long-term monitoring of diversity and 
population density not only of large freshwater branchio-
pods, but also of other co-occurring organisms [5]. 
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