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I ,  INTRODUCTION 

Inland waters, both flowing (lotic) and still Ilerritic), are potential sites of collection, 
and at times concentration, of the multifarious byproducts of human activityu An excessive 
use of ferlilizer on lakes or ponds, followed by runoff, leads to deleterious eutrophication. 
Equally familiar is the contamination of rivers by industrial wastes. More insidious, though 
very common, i s  the slow accumulation in continental waters of products, or compounds 
resulting from them. used tens or even hundreds of kilometers away and then windborne 
before being dropped to the eaith’s surface by rain (acid rains, drift of insecticidal dusts 
following aerial application. etc, 1, 

Again, the control of disease vectors having aquatic developmental stages may necessitate 
introducing insecticides directly into waters, where their selectivity for the species under 
attack i s  ncver absolute, In  all such cases it i s  essential to minimize the level of contamination 
so induced in aquatic ecosystems. 

For many years the practical employment of microbial insecticides was restricted to 
agriculture and forestry, and little attention was paid to the effect of their toxicity to freshwater 
f auna ,  Only a few organisms, such as Daphnia spp., were tested in  the laboratory, and 
records nf the LD,, estahlished for these crustaceans were simply added to other data required 
for the docurnenrary support fnr the registration of relevant niicrobial control products, With 
growing appreciation of  the hazards of transportation of pesticide molecules toward the 
aquatic biota. and of the direct addition of compounds with antivectorial properties into 
larval habitats, need has been highlighted for a better understanding of insecticide impact 
on aquatic organisms and the hydrmphere at large, 

The nature of the particular toxicological tcsts to which microbial insecticides must be 
uubrnit~cd i n  assesliing thcir safcty. clepentls on the manner i n  which these agents are to be 
employed i n  practice. TI is obvious, for example, that the registration criteria for the use of 
Racillus mnrirai Aizawa and Fujiyoshi Oxxntially applied against the housefly, Musca 
dome,sticqa, in doniestic environments) will be far different from those required for B .  thu- 
rrnfi icnsis spp, i.vroeiensi.r de Rarjac i f  i t  must be directly introduced into lenitic or lotic 
waters for cnntrol cif Culicidae o r  Simulifdac, rcspcctively. 

Thc consequenccs are that toxicity studies arc often restricted to some laboratory tests 
carried o u t  n n  nnc or two or$anit;ms Cin general lltiphnin rnngna and Gornhusia afSinis), In 
[he case of insecticides introduced directly into water, the research has to concern different 
hiological or ecological levsls. righr up to the observation of toxin impact on entire ecosystems, 

II,  WAYS OF EVALUATING THE IMPACT OF MICROBIAL 
INSECTICIDES ON NONTARGET AQUATIC ORGANISMS (NTOs) 

The concept of  laboratory evaluation of the potential toxicity of new insecticides to 
aquatic N K s  i5 not new, I t  was even wgcd as an absolute necessity by some of the experts 
participating. i n  thç meetings of WHO scientific working groups, For example, one such 
meeting recommended tha t ,  ‘ I  , I , all products of natural origin, able to replace chemical 
insecticides, living or dead. have to he tested in depth i n  order to discard any risk of toxicity 
cirher to man nr I O  any organisms nthcr than the target species.”’ 

Morc rcccntly rhe saniç idea has been rcitcrated and enlarged upon in another WHO 
rcport I “ A n  iinportant consrdoration f’nr the rcaliznticin cif veclor control products is the 
\tudy 01 Ihc innocuity spcctruin nf the cnndidarc compounds to the bencficial and non-target 
fauna  which coexist with the vectors and exercise regulatory pressure upon them, This is 
true for. chemical compounds as well as for binlogical ones, The ecological innocuity of 
hiological compounds will he measured not only by the immediate response of isolated 
individuall; [ir groups of organisms, hut also by the research of effects on the population of 
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variate organisms (predators as well as detrivurs) which are living in the same biotopes as 
the target species, ”* 

If these principles are valid, the toxicity tests necessary for the registration of a microbial 
insecticide will differ from one product to ano’ther, taking into account the future field of 
utilization, However, it has to be borne in mind that a product initially conceived for a 
specific type of use may later! as circumstances demand, be eniployed for a purpose other 
than that originally intended, following due modification of its original presentation or 
formulation. 

Nevertheless, considerations of time and money often lead to use of compounds which 
are not intended to be introduced directly into aquatic biota, being tested only against certain 
“standard” laboratory organisms. Products destined for use in aquatic vector control must, 
however, undergo a variety of specific and graduated tests, It is also clear that only those 
products whose effectiveness against a specific target group has been clearly demonstrated 
will be submitted to a systematic atid coniplete toxicity screening against aquatic fauna and 
flora. 

III, ECOLOGICAL IMPACT OF THE MAIN MICROBIAL 
INSECTICIDES ON THE FRESHWATER BIOTA 4 

A, BACILLUS THURINGIENSIS BERLINER 
It was not until the 1950s, some 4 decades after its isolation (from the Meditenanean 

flour moth, Ephestia kuehniellu) and description, that B ,  rhuririgiertsis entered into use as 
a biological insecticide, Today, i t  is the sporulating bacterium most commonly uaed f‘or crop 
protection and (via its subspecies isruelensis.’*‘’) vector control I First employed in its primary 
powder form and subsequently as formulations, B. rhwingiensis has become generally 
aceepted as an environmentally safe control agent, 

Active against larvae of both Culicidae and Simuliidae, B ,  thuringieiisis ssp, israelensiJ 
is directly introduced into water bodies, whether lenitic or lotic, This circumstance has 
occasioned many toxicity studies, first in the laboratory and later in the field, uf‘ its possible 
impact on freshwater ecosystems, The following pages present a general survey of‘ relevant 
trials at different levels. 

B. Laboratory Tests 
a, Influence of Abiotic Factors 

It is important to understand that some environmental factors capable of influencing the 
degree of efficacy of this agent against target vectors can also play an important role with 
respect to certain NTOs. 

For example, the influence of temperature on E .  thuringiensis ssp, isrueleksis has been 

4 

I 

‘ I  

extensively studied.”” All concerned have concluded that this agent’s activity declines rapidly 
when water temperature decreases, This important finding is potentially negative for the 
environment, insofar as tropical regions are those chiefly exposed to heavy applications for 
mosquito or blackfly control, Tropical aquatic NTOs may thus be more vulnerable than 
those of cold or temperate regions. It has been claimed, also, that storage of‘ the more 
commonly used formulations (Vectobaow, Bactinios@”, Teknar@”l under tropical field cun- 
ditions does not alter their efficacy. Variations in hydrogen-ion activity, at least between 
pH 6 and pH 10, have no influence on the activity of B .  thuritigirrisis,s N u  information is 
available on the possible adverse effects of high electrical conductivity or dissolved salts, 
although the efficacy of E .  thurirzgiensis ssp. isruelensis against salt niarsh mosquito larvae’” 
indicates that sea-salt content is not specifically deleterious, However, a high ferrous content 
has been shown to negate the latter subspecies’ larvicidal effect against Ardes detrifus,“ 
Similar consequences have been noted in the case of chlorine, which appears to destroy the 
del ta-endotoxin. l 3  
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A high content of suspended matter in  natural waters is held to contraindicate larval 
mosquito leading as í t  does to a chelation of B ,  thuringiensis ssp. israefensis 
spores with organic particles; these agglomerations rapidly sedimenting, and thus ceasing 
to be availablc to a diversity of mosquito Iarvae,l’Such a phenomenon must also be con- 
sidered as negative for hcnthic dctrivorous NTOs. Vor lhcsc would clearly have far greater 
access to the microbial agent’s spores than were the latter to remain in 

Heavy exposure to sunlight/UV radiation leads to a rapid decrease in viable spore content, 
but does not reduce the larvicidal efficacy of B ,  thuringiensis sspt isruelensis, ’ 7 9 1 x  Thus, 
UV action cannot be considered a bask factor of toxicity reduction for filter-feeding NTOs. 

b,  Toxicity ìn Bioassays 
Other references to laboratory studies in the present context, indicating no adverse effects 

of R.  rhrrrin,giensi,s ssp, i s roe leds  to NTOs, ínclhde those of Colho and un de et^,'^ Gal- 
lagher,” Dunn,?” Garcia and colleagues,?’ Mastri,2” Larget and de bar ja^,"^^^ Miura et 
al, ,:’ Pantuwatana,’” Prasertphon,3’ and Rajagopalan,.12 Garcia et al.,J3 who noted that Dix- 
idae were as susceptible to B .  thuringiensis as Were Culicidae, detected no adverse effects 
to chironomid larvae below IO’ cells per ml. Working with Teknar at 25 and 100 ppm, 
Dejoux et reported adverse effects to Hydra sp, only. while Schnetter et al,,35 using a 
locally produced culture of ssp, isrue/ensis, recorded 100% mortality in two species of 
Chironomidae, two of Chaoboridae, and Ceratopogonidae, at dosages ranging from I ,6 to 
160 mg/l, but only minimal adverse effect on larval Tipulidae, 

Globally, over the past 20 years, numerous trials have been conducted on B ,  thuringiensis 
toxicity. Many of these were not scientifically comparable with one another, In some cases, 
too, experimental conditions were imprecise, Nevertheless, the overall results clearly suggest 
that the introduction of B ,  fhuringimrìs ssp, ìsraelensis into water affects only a handful of 
taxa. A broad spectrum of invertebrates has been investigated in the present connection, 
Garcia and colleagues?‘ L’.31 furnish preliminary evidence of vulnerability of species beyond 
the Nematocera to this overwhelmingly mosquitolsimuliid entomopathogen. B u r g e P  and 
WHO’’ summarize other initial field trials as well as laboratory ones, These findings permit 
us to correlate the absence of toxicity with defined testing conditions, particular formulations 
or specific concentrations, They suppest, too, that the aquatic stages of Diptera, primarily 
Culicidae and Simuliidae and their near relatives (Dixidae, Chaoboridae), and (some) Chi- 
ronomidae are the target families and NTQs most vulnerable ta R. thuringiensis ssp. isvnelensis, t 

2, Field Trials 
a. Short-Term Studies 

Investigations of the rather ephemeral effects of B ,  thuringiensis ssp, israelensìs on 
NTOs, have been more numerous than those conducted on a longer-term basis. They are 
covered in detail by WHO3’ and in Chapter 12 herein, and clearly indicate a less-than-drastic 
adverse impact upon freshwater ecosystems; despite the results of these studies often having 
been achieved via methodologies not always well adapted to the purpose. Of course, in the 
case of a catastrophic effect, such immediate consequences as the mortality of aquatic 
organisms are self-evident. 

When the impact i5 less drastic, only quantitative and comparative studies before and 
after treatment ara able to demonstrate any adverse effect% In this case the methods generally 
used consist of collecting sedes of Surher samples andlor core samples in  suitable places 
immediately before the insecticide reaches the aquatic biota, and obtaining other series from 
the same location at regular intervals after treatment, The use of artificial substrates in  the 
same way6 can also be considered a useful method in the case of short-term trials, as well 
as the study of 24-h in situ drift variations, covering an equal period (24 h, 48 h, etc.) before 
and after insecticide application in the case of treatment of running waters, This method 
provides useful indication of the immediate response of aquatic ecosystems to insecticides, 
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microbiological as well as chemical. This method has been in regular use since the earlier 
days of the World Health OrganizationlUnited Nations Development Programnie/World 
BankIOnchocerciasis Control Programme (WHOIOCP) in the Volta River Basin,"*.'x.Ju these - 
field results from the largest long-sustained practical usage of B .  t h u r i / i g k r w  ssp. i.wuc.lew.i 
to date, revealing only the slightest of' hazards tu any of the N'TOs tesled. 'The twu- u r  
threefold increase in the diurnal or nocturnal drill intensity that was sonietimes registered, 
represents only a minimal adverse environmental impact by comparison with the 20- to 40- 
fold such increase of day-drift regularly occurring in WHO/OCP streams after the application 
of different chemical compounds employed under identical ecological conditions. 

The one drawback to this method is the impossibility of ascertaining preclsefy what p m  
of the ecosystem participates in the drift a5 a result of the insect~cidal application (whether 
chemical or microbiological), To explore this question we designed a gutter system able to 
reveal the drift pattern before and after the application, This allowed in-depth analysis of 
the participation of each NTO taxon or group of taxa in the increased drift, permitting precise 
assessment, at the end of each experiment, of the effects of the control agent on the various 
faunal elements a ~ s a y e d . ~ ~ ~ ~ ~ ~ ~ *  These and related assesstnents from elsewhere have been 
summarized by WHOaJ7 Key papers with respect to WHO/OCP iticlude those of Lacey et 
al, ,6 Dejoux et al, ,IJ Gibon et al.,  IH Dejuux, '') Yanteogu,"" and Elouard and Fairhurst -I' 'The 
general outcome may be suniriied up in the oustontarily very strong niurtality of Siniuliidar 
accompanied by no significant increase of drift-rate for NTOs except for Chirunvmidae/ 
Or tho~ lad i inae ,~~  and associated with a lack of adverse effect to the insect fauna (nutably 
predators of simuliids such as Hydropsychidae located on stones in the full current previously 
thickly inhabited by immature Simulium dumtiosum S , I , ) . ~ ~  The only noninsects detected as 
being particularly sensitive to B ,  thuringiensis ssp. ismelensis were molluscs of the family 
A n ~ y l i d a e ~ ~ ~  

Relevant observatiwns from places uther than West Africa that have repurted no adverse 
effects of B. fhuringiensis ssp, isruelrnsh un Chironomidae and a *ide range of other N'I'Os 
include some from small streams, e,g., in Newfoundland, Canada, treated with a locally 
produced culturelY and in New York, treated with Roger Bellon puwder R-153-78 and Sandoz 
SAN 402/WDC$' and others from ponds, e ,g , ,  in Camargue, France, treated with V e ~ t o b a c , ~ "  
Reporting on trials with Teknar in a stream in Quebec, Back et al,4s found no significant 
elevation of drift rate for Chironomidae, Ephemeroptera, Plecuptera, and Trichoptera, but 
reductions of26 and 39% fur larval chironomids of the genera Eukirjjerrllu and Poljprdilurn, 
respectively, on artificial substrates, They als? noted a high level of drift for Diptera/ 
Blepharoceridae over the 2 d following application of the microbial preparation. However, 
in trials with Sandoz SAN 4021WDC in 0,024a experimental plots in California, Miura et 
alsz9 noted that while a wide range of other NTOs were unaffected, chironomid larvae 
collected immediately after treatment showed 100% mortality after 2 d ,  Severe adverse 
effects to Chironomidae resulting from the use of Abbott powder ABCì-6108 in Florida, 
were recorded by Ali,.?(' his mortality figures ranging from 23 to 61% (2 kglha) to 53  t u  
88% (10 kg/ha) in 4 X 6-m X 45 to 50-cm deep experimental ponds over a 4-week period; 
while in the same period there was 27 to 65% control of larval chironomids subjected to 3 
kg/ha in a 1-ha golf course pond, 

b. Medium-Term Studies 
Investigations under this subheading have been fewer than those corlcerning short-term 

impacts of microbials un aquatic ecusystemu, perhaps because of their costlier nature and 
the need for participation of qualified personnel over a relatively long period. Also, if we 
consider several months of regular ubservation to constitute a medium-term study, a further 
difficulty becomes apparent; namely that of distinguishing between the eventual impact of 
the tested compound and the natural evolution of the populatiuns observed, 

* 

I 
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TABLE 1 
Comparison af the Density of Invertebrates Living on Stones in 

the Current Between the Section Treated with Bacillus 
thuringìensìs ssp, ìsraelensìs" and the Untreated Section 

Difference of Control zone Treated zone 
Taxa N/ma % N/mz % average density % 

Chironomidae 4402 45.05 4205,5 84.0 - 4 s  
Simuliidae 94 0,96 395 0.79 - 58,O 
Ceratopagnnidae 23.5 0.24 70,0 1.40 t 66,4  
Tipulidae 284,5 2,92 127.5 2,55 -55 ,2  
Hydropsychidae 5028 51 ,46  562 11.23 -88,8 
Baetidae 38.5 0,39 2 0.04 -94,8 
Total 9770.5 5006,5 -48$8% 

y Weekly applications at a dosage of 1.6 mgllll0' for 9 weeks 

It is necessary to know how these populations evolve naturally in order to correlate, for 
example, an eventual decrease in number of certain taxa to the insecticidal impact, without 
allowing the data ta be distorted by seasonal variations which belang to a natural pattern. 

A typical example is provided by the study carried out by Yameogo"" on a small stream 
in central Ivory Coast. Weekly applications of R i  tliurinfiicnsis ssp, isruelensis (Sandoz 402 
I .W, DC formulation) were carried out over 2 months, The cvolution of the treated popu- 
lations of invertebrates during this period was studied and compared to that of a similar 
population in an untreated section of the same stream. 

Traditional methods such as core and Surber samples, utilization of artificial substrates. 
and in situ measurements of drift intensity were used. 

Yameogo's conclusions were as follows: "The Chironomidae (Orthocladiinae) dem- 
onstrated an immediate response to the first treatment (significant drift increase), but did 
not appear to be greatly affected by later applications. and their density an artificial substrates 
and on the stones ìn the current increased. regularly, The TrichopterdWydroptilidae dem- 
onstrated the same pattern of evolution, However, the TrichopterdHydropsychidae and 
Philopotamidae populations reduced significantly in number during the two months of ob- 
servationn"" We have studied Yameogo's data in more detail in order to take his results 
still 

If we examine the invertebrate fauna living on the stones in the current, it appears that 
the general pattem of increasing density of invertebrates during the observation period occurs 
in both the treated and  the untreated section of the stream, but with a lower intensity in the 
treated section, a finding which i s  not statistically significant for p = 0,011 

The Chironomidae were completely unaffected by the treatment and remained numerous 
in both sections. The Ceratopogonidae were found ta be more numerous in the treated section 
but there was a marked decrease in  the density of Hydropsychidae and Tipulidae in the 
treated area (see Table l I$  Similar results were found for the artificial substrates (Table 2), 
but in the case of sandy bottoms the results differed slightly (Table 3), There, a reduction 
in the numbers of Chironomini and Tanytarsini was apparent, This could be due to higher 
sedimentation of the microbial product on'the sandy bottom than on the stones which were 
scoured regularly by the current, 

In conclusion, it would appear that a modification of the populations occurs only after 
2 months of regular treatments, This conclusion is based mainly on the decrease in density 
of groups which had never shown a particular sensitivity in short-term studies, Conversely, 
the Chironomidae which had appeared sensitive in  short-term trials were apparently unaf- 

f 



TABLE 2 
Comparison of the Average Density of lnvertebrates Collected 
on Artificial Substrates Over a 7-Week Period, in the Treated 

and Control Areas 

Taxa 

Chirononiini 
Tanytilrsani 
Tanypodinae 
Orthocladiinae 
Simulium adersi 
Simulium hargreuvesi 
Simulium rujïcorttc 
Baetidae 
Caenidae 
Hydrops ychidae 
Hydroptilidae 
Philopotamidae 
Libellulidae 
Zygoptera 
Potadoma sp. 
Oligochaeta 

+ 

% in control zone % in treated zone 
(7 samples) (7 samples) Difference 

18.4 

I .7 
x,4 
4.5 
0.2 
1.2 
3.2 
0.3 

51,8 
1 ,o 
0.4 
o. I 
0,03 
0,3 
0827 

n,2 
18.3 
12.3 
2.5 

35.3 
I ,5 
0.5 
O 
8.4 
I ,7 
14.7 

I z I  
0.9 
0 
0.2 
I .5 
I .o 

-0.1 
+ 4 . l  
fU.8 
f 2b.9 
- 2.5 
t 0,3 
- 1 .2  
t 5 . 2  
+ 1.4 

- 3 7 . 1  
t o . l  
+0 .5  
-0.1 
t O. I7 
t 1.2 
40.73 

TABLE 3 
Comparison of the Density of invertebrates Living on Sandy 
Bottoms in the Current Between the Section Treated with fi, 

thuringìensis ssp. israelensis' and the Untreated Section 

Treated 'one Difference of Control zone 
Taxa Nldm3 TO Nldm3 % average density % 

Chironomini 
Tanytarsini 
Tany podinae 
Orthocladiinae 
Ceratopog onidae 
Caenidae 
Potadoma sp, 
Hydropsychidae 
Total 

51 46.4 32.4 39,0 
47.8 43,s 8.8 10.4 - 12. Ib 
2.2 2.0 8.3 9.8 
I .7 1.5 19.3 22,9 
0.5 0.5 2.2 2.6 +77.3 
1.4 -1~3- O O 
5,4 4.9 9,4 1 1 . 1  t 42.6 
O O 3.5 4. I - 
I10 84.4 - 23.3% 

I 

Weekly applications at a dosage of 1.6 mgll!lO' for 9 weeks. 
Figure represents difference between treated and control population for all chironomids. 

fected by medium-term treatments. In this specific Case there is a strong possibility that the 
decrease in numbers of predacious Hydrupsychidae was beneficial to the chironomid pop- 
,dation and compensated for any possible direct impact of B. rhuritigintsis ssp. isruelensis 
on these midges. 

e. Long-Term Studies 
At the start of WHOIOCP in 1974, control of the unchocerciasis vector, Siniuliutn 

dumnosum s , l , ,  was achieved via weekly applications of Abatew (temephos, an urgano- 
phosphate compound) to production sites throughout the Volta River Basin. Eventual wide- 
spread resistance to temephos and cross-resistance to the first alternative chemical pesticide, 
chlorphoxim, in key cytospecies of the S, dumnosum complex, necessitated the search fur 

71 
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and use of other suitable control agents, including B ,  rhuringiensis ssp, i s r a e l e n s i ~ . ~ ~ - ~ '  
Long-term environmental impact studies in WHOlOCP have mainly concerned insecticide 
impact, There has been a strong component for the microbial agent under consideration 
during the 1980s. and Teknar has lately seen increasingly widespread use at a concentration 
of 1.2 mg/l/lO' via regular weekly applications by helicopter or fixed-wing aircraft. Small 
rivers are being so treated throughout the year, the larger ones being alternately treated with 
Teknar during the dry season (low-discharge period) and organic chemical compounds 
(notably temephos and chlorphoxim) during the season of high water and maximum flow. 
Unfortunately, altemation of the microbial insecticide with chemical ones (which are less 
selective) makes it impossible to ascrihe adverse effects on NTOs to one or the other control 
agent, 

The dry-season use of E .  thuringiensis ssp, isroelensis in streams where the rate of 
discharge is less than 50 to 75 m3/sv4'~s' reflects the physical bulk of Teknar by comparison 
with that of temephos. While the fact that the invertebrate communities exposed to insec- 
ticides change somewhat between the wet and dry seasons does not permit determination of 
the microbial agent's seasonal impact on specific NTOs as well as the aquatic community 
structure, interesting results have been obtained by one of us (J,-M, E#)  from comparing 
the fauna af rivers following treatment with Teknar for several years, with the fauna known 
to have existed prior to control, 

From mathematical analysis of data from the Maraoué River, which was treated with 
B ,  thuringiensis ssp. israelensis for over a year in 1983 to 1984, the structure of the 
invertebrate community encountered during the treatment phase can be well characterized. 
The results indicate that i t  differs in some respects from that found during both untreated 
periods and periods of application of temephos or chlorphoxim (Figures I and 2)- Differences 
related to diurnal and nocturnal drift are evidbnt, 8s well as others concerning the invertebrate 
fauna af the vegetation growing on stones in the current. However, the chief results are 
similar. For example, it is clear that Trichoptera of the family Ecnomidae (which some 
regard as a subfamily of the Psychomyiidael actually benefit from Teknar treatment, More- 
over, hydropsychid predators on simuiiids da not demonstrate any particular sensitivity, a 
finding that contradicts those obtained earlier from the medium-term study undertaken on 
the Kan River by Y a m e ~ g o , ~ ~  Two possible explanations for this inconsistency are some 
difference between the formulations used in the twcl cases, and a specific resistance on the 
part of Hydropsychidae having been induced by the alternation of the microbial and chemical 
insecticides, Overall, though, such alternatinn a8 practiced in WHOlOCP on the lower 
MaraouB River (where resistance to temephos first appeared), does not appear to disrupt 
NTO populations any more than does each insecticide individually,52 while there is no 
evidence to date of any long-term deleterious effect of B ,  thuringiensis ssp, isroelensis on 
the ecosystems of streams receiving weekly appticarhns throughout the dry season,43 The 
graphs of Figures 3a through 3d exhibit the change of population density of selected groups 
of invertebrates on stones i n  rapids after treatments with R. thurìngiensis ssp. ìsraelensis 
following temephos and chlorphoxím applications. Among the Chironomidae the Tanytarsini 
seem to be the most sensitive NTOs, a finding in agreement with various short-term studies, 
I t  can also be stated that the results of environmental monitoring in WHOlOCP have not 
revealed any significant direct or indirect effects of operational dosages of Teknar on lotic 
fish populations.Jq 

To conclude. R.  fhrrrin,eiensis ssp, i,rmelen,vi,v is certainly both the most valuable mi- 
crobial control agent yet commercialized for use against major nematoceran pests,and disease 
vectors, and a conspicuously "safe" insecticide insofar as freshwater NTOs and whole 
ecosystems are concerned, 

Nevertheless, i t  is urged that international standardization of field as well as laboratory 
testing, based on a short list of  widely distributed freshwater test organisms, is necessary 
at this time, 

I 
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FIGURE I Factorial analyses of correspondence were applied IU data cuncrrning the densitirs of' benthic fauna 
living on stones in the current in the Maruoué K i v u  during the dry seasun. 'This river was treated successively 
with temephos, chloíphoxim, end Bucillus /hurirrgie/ìsis ssp, /sraelcrrsis. 'The axis P, draws a clear separation 
between pretreatment samples associated wilh B duminance ul' S i t / t u h y  tJtutt)ivwt and 'I'richurythidac iuid ail thc 
other samples colleated under insecticide trealriietit c.undiiionsa 'The axib Fi d r ~ s  ;i septitatiurt between the period 
withchlorphoxiin treattileiit ussociared here with an dbundance uI' Baetidae arid the periud when blwilliìs , /uo/rigitw.\is. 
ssp. ísrciclensis was used assuciated wilh u11 abundance u l  Hydropsychidae. BAL -- Baeridae; CHI = Chirunuinini; 
DAM = Sirnuliurri dumnurum; UKT = Orthucladiifiae; PSX = Hydrupsychidae; 'TAR I=_ 'rauyrarsini; 'l'KI = 
Trichorythidae; POD = Tanypodinae. 

B. BACILLUS SPHAERICUS NEIDE 1904 
When considering aquatic NTOs, the ability of B.  Jphaericus 1593 (see Chapter 12) to 

survive and recycle in polluted waters must be taken into account. Survival can be up to 9 
months under certain conditions, without decrease of toxicity of the On the other 
hand, B .  sphaericus is somewhat susceptible [o U V  radiation; and i t  has also been found 
that the presence of large amounts of suspended material in the watet [particularly organic 
matter) induces a reduction of larvicidal activity against mosquitoes, Such a factor may be 
considered positive for NTOs if the sedimented organic particles, after chelation with B .  
sphericus, are not eaten by benthic faun&. 

Finally, it has been demonstrated that the toxicity of B.  sphericus does not increase 
significantly,when the temperature increases, unlike that of B ,  thuringiensis ssp I israelensis.g 
The same authors have also shown that too much ilgitation of B ,  s p h e r i c u s ,  during trans- 
portation for example, can induce destruction of the spore cells, This leads to a reduction 
of efficacy, In the same way, this phenomenon can also reduce any toxic effect on NTOs. 
It is also important to consider that the difficulty remains of standardizing fermentation of 
the spores and producing batches with equal efficiency towards target fauna, By the same 
token, the toxicity of each batch produced is subject to variation. 

Toxicity studies for B ,  sphaericus are not so numerous as those dealing with B.  thbrin- 
giensis ssp. isruelensis; but the general results obtained from laboratory and field experiments 
lead to a similar conclusion, indicating the high innocuity of the different strains commonly 
used in pest control. 
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FIGURE 2. The method used in Figure. I was applied to day drih data and a clear opposition appears again between the period under 
chlorphoxim treatments and the period under B. thuringiensis ssp.. isroelensis treatments here. characterized by high densities of Ecnomidae. 
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= Hydropsychidae, ELM = Elmidae, SIM = other Simuliidae, TAR = Tanytanini, CHI = Chironomini, POD = Tanypodinae, TRI 
= Trichorythidae. 
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Emphasis has been placed mainly on NTOs living in mosquito larval habitats, Going 
up in the taxonomic classification, studies made on planktonic crustaceans have shown thar 
neither copepods nor cladocerans are affected by concentrations 01' IOs  cells per n i l ,  This is 
the case, e.g., for natural populations of ACutttko~'!'L'loi,S r~ertutlis, Moiria spp., C y v i s  spp. 
and Cerioduphnia sppo, tested in California ponds, as well ;i5 I'ur M o i m  re~~~ i rus t r ¡ x i  C ' y  
prinotus sp. or Cypridupsis spSs4 In these experiments, strains 1593 and 2362 were used, 
Turning to MalacostracdDecapoda, the North Anierican crayfish Orcwiectes rusticnts, proved 
similarly u n a f f e ~ t e d . ~ ~  

Similarly, no adverse effects were detected on Odonata, Ephemeroptera (Cullibuletis 
spp,), Heteroptera (Corixidae, Notonectjdae), or Coleoptera (Dytisuidae, Hydrophilidae),sfl 

Among the Diptera no effects have been notecl c m  C'hirortorrrus srigrnukws (we have 
also seen that many chironomid species are not sensitive to B .  /huririgiert.Yí,y spp, i s r d e m i s j  
and it seems that larvae of the genus CulìcvWes (Cerutopogonidue) are al't'ected only at B ,  
sphuericus dosages much higher than those needed to kill 

In a more recent study, Sinsgre et al." tried to control chironomid populations in some 
shallow brackish-water ponds of the Camargue (France) where inass outbreaks were con- 
sidered a nuisance. Using BSP 2, a liquid containing the strain 2362 of B .  sphciericw, at a 
dosage between 1 to 9 ]/ha (iLe., about 3 ppm), the treatment hiid no discernible effect on 
the following species: Chirunuinus sulitiurius, C. hulophilus, C, plumusus, nur on sume 
unidentified Tanytarsini and Tanypodinae, Such a result suggests [hat 13. sphuericw could 
be less toxic to chironomids than is B .  thuringiertsis spp, isrirelertsis, although a similar 
result was obtained by the same authors, using the latter under the sanie conditions, 

Toxicity for fish appears to be nonexistent at normal dosages. No deleterious effect u n  
fry of Gambusia affinis was noted, for example, in a trial using the Stauffer wettable powder 
formulation of B. sphaericus strain 1593, after the fish had been in contact with a solution 
containing IO4 and 5 X IO4 spores per nil for 96 Neither were Epi1dty.s biJiisduiu.Y and 
Aphyosemion gurdtterì damaged by exposure to cqtnparable dosages.s7 

Similar results have been reported by Chap"? from research carried out in the lab- 
'oratory. The organisms concerned were again Gumbusia u j jWs ,  crayfish, tadpoles, and 
different aquatic insects. However, the formulations used in these experiments were ' *  , , , poor 
and shelf life tenuous, so little faith can be put in the results" as the author himself points 
out. 

More interesting are the following results quoted by WHO? "Although field treatnients 
with B .  sphuericus (I593 and 2362) caused no noticeable effects, a laboratory trial was 
carried out, in which B. sphaericus infected mosquito larvae were offered as the only source 
of food to several predacious organisms. Culex larvae (L4) exposed to 1000 mg/l y100 times 
the larvicidal rate) were offered for several days to predators, such as dragon-flies, damsel- 
fly naiads and the notonectid Notonecru unifusciutu: the full daily food requirement of these 
predators was provided by larvae whose guts were filled with a lethal dose of B .  sphriericus 
(2362, BSP-I), Predation on treated larvae did not induce any acute adverso effect5 nor alter 
the developmental rates of the predacious organisins. 

Such results are of primary importance when we know that the main, if not the unique 
mode of entry of B.  sphaericus to an aquatic animal is by ingestion. The lack of effect of 
such high concentrations on all tested organisms demonstrates the highly selective toxicity 
of this bacterial agent, Nevertheless, if no effects of the different strains of B ,  sphuoricus 
such as 1593, 1593 M,  SSII-I, 2362, or 2297 have been noted at normal dosages required 
for effective larviciding, the fact remains that pending the production of nornialited for- 
mulations more studies of toxicity are still required, 

C. INFECTIVITY OF BACULOVIRUSES 
Mainly effective against defoliant insects, the nuclear polyhedrosis viruses (NPVs) of 

the genus Buculovirus (Baculoviridae) are becoming more and more widely employed since 
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a significant component of the benthic fauna in certain aquatic habitats, An important 
reduction of their biomass can then induce local disturbances of the food chain, thus indirectly 
affecting the fish population, 

Before we consider the eventual pathogenicity of haculoviruses to aquatic freshwater 
fauna, i t  has to be mentioned - as pointed out by Cirijner et al.5q - that high concentrations 
(up to loi20 units/ha) can frequently be present l n  the environment without detectable 
prejudice to the natural populations (sertehrws as u ~ l l  as invertebrates) commonly present 
in such habitatsv 

Where the toxicity of aquatic organisms is concerned, i t  i s  apparent that once again 
more research has been carried out on adverse effects to fish than to aquatic invertebrates. 

As regards the latter, the most relevant investigations have been carried out by Streams,@ 
His results were presented in an unpublished report cited by Doane and McManus.6’ 

Frequently abundant species of aquatic invertehuites such ax Daphnia magna, Notonecta 
utdularu, and other waterboatmen (Hemiptera) and Chirnrznmus rhi4mmi (Diptera) were 
tested, These organisms were exposed to high but vaguely specified concentrations of gypsy 
moth NPV. ( ¡ , e , ,  “approximately the concentration which would occur when a very shallow 
pond is sprayed at the rate of 3$75 X 10113 PTB‘s per No direct mortality of 
any of these organisms was observed by the authors, In addition, they state that no harmful 
effects were observed throughout the development stages of the tested species, a particularly 
important result, It is also importam to note that Daphnia magna as well as Notonecta 
undulata and the waterboatmen did nnt accumulate gypsy moth NPV, as shown by bioassays 
conducted on tested specimens,‘ 

Similar results were obtained by Geraci and Hicksfi2 working on Dltphnia pulex held in 
water contaminated by the red-headed pine sawfly (Nmdìprìon lecontel) NPV and kept under 
observation for 14 d e  Their conclusions were later confirmed by Hicks et altfi3 using con- 
centrations of 2.4 X 10 PTB of the siame NPV per ml, As wall as the absence of direct 
mortalities, no adverse effects were observed as far as fecundity, lesions or body abnor- 
riv\li[¡rs \ww ~ ~ n n ~ ~ c r n c d  Snnie ottici- inwrtt‘brnfes have n l m  been tested, such as young 
instiirs al‘ thc pc11i~id shriiiips, P m i c i ( J  wr[j’crit.y i ~ n d  P r i i c i c ~  t2:rLws, In [his case, the 
NPV of the alfalfa laoper (Auragrapho rallfornica) was tested, introduced via injections or 
by feeding, In  the case of muscular injection the WPV concentration used about 4.7 x 10 
virus rods per shrimp, After a 30-d observation, shrimp mortality attributable to viral infection 
did not occur, neither from the injected nor the orally introduced virus. A careful examination 
of tissues contaminated by NPV injections did not lead to the discovery of any nuclear 
polyhedra.M 

Fish toxicity has been ehe. subject of more extensive research, and special studies have 
been carried out on the physiological effects of a direct contamination by Baculoviridae 
(incubation, injection, ingestion, etcl)$ All results indicate an absence of histopathological 
toxicity for these  organism^,^^-'"^ Some 12 species of fish, mainly Salmonidae, have been 
tested in this way and similar studies carried out on amphibians produced an identical result. 

Fish cell cultures exposed to Roctrlovirrrs (Douglas fir tussock moth NPV) for 24 h 
showed no pathological changes and no alteration occurred in their growth ratepfi5 In these 
experiments, cells from ch inod  salmon (Oncorhynrhrrs tsdmyrschn) and rainbow trout 
(Snlrtin garr r lnc~ i )  were used, Fiiigrrlingt; at’ coho salmcrn iOa( i ( , r~~~ncl t rrs  kisrrch), chinook 
salmon, and rainbow trout exposed to the sanie Autvh\’ii’rrs by three different routes (i.e*, 
i ,pt  injection, waterbome exposure, and by feeding) were not adversely affected by any of 
these contamination methods. No histopathological troubles were detected one month after 
exposure, This result confirms Wolf‘shR conclusions, which also established that Dendroc- 
tonus psPudotsugae NPV had na deleterious effect on amphibian and fish cell lines. 

All these initial results have been confirmed by subsequent research; e,g.. Moorehy 
established a total absence of harmful effects after the 96-h exposure of 24Ojuvenile bluegills 
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(Lepomis macruchhirus) and 240 brown trout (Sulmo truttuj to gypsy moth NPV concentrations 
100 times higher than those normally effective against that insect. 

Similarly, rainbow trout and white suckers (Cutusrums c*ommrtwni) inoculated with 
spruce budworm NPV were not significantly affected by the virus.’” Rainbow trout reactions 
to red-headed pine sawtly (Nrodiprìun I e c u ~ r i )  NP‘V iricubations or topical applications 
were also found tu be nunexistent by Hicks el al,”” 

These results all lead to the general conchsion that .viruses of the Baculoviridae are 
nontoxic to aquatic invertebrates as well as fish, although possible long-term effects have 
not been studied, It is also regrettable that: we have nu observation relating to global ecosystem 
modifications which might occur in the case of regular applications of Baculoviridae over 
several years in the same forest area, 

D. I[NFECTfVITY OF MlCROSPORtDlANS 
To our knowledge, very little work has been carried hut on protozoan pathagenicity Lo 

aquatic NTOs, als far as their insecticidal properties ari concerned, Some microsporidians 
which are effeçtive against rnosquitu larvae ur Simuliidae are known to survive ín dead 
insects or in viable infected eggs for more than 10 months;”’ Nosemu stegomyìne and Nosemu 
algerue can be found in their dormant stage in the eggs uf Aedes for over a year, and are 
then able to contaminate eventual predators, Spores of N. algrrue remain viable for 1 to 2 
months at 20°C Weiser also states that ”Under cunditions of man-guided distribution of 
spores, Nosema algrrar? or Vttvraitl cui‘ìcis are able to impact different hosts including 
mollusks and  rayf fish,"^^ 

In a study undertaken by Van Essen and A n t h ~ n y , ’ ~  nine nontarget aquatic predators 
were fed with mosquito larvae previously heavily infected with N ,  ulgerue, Of these NTOs, 
50% of the Notunwp und du^ (Heteruptera) tested developed infections. The other predators 
(dragonfly, hydrophilid, nepid, megalupteran, decapod, and the larvivvruus fish, Gumbosiu 
aflnis) were in nu way affecteda If  we consider that feeding organisms directly with a high 
dosage of pathogen is much mure dangeruws fur them than a single contact in  cuntaminated 
water, one can only conclude that Nosemu ulgerae will be safe for many other aquatic 
organisms I 

On the other hand, the low mortality rate of mosquito l m a e  challenged with N ,  ulgerue, 
as well as with V ,  culicis (except in the case of anopheline mosquitoes), does not favor the 
greatly extended use of these M i c r o ~ p o r d . ~ ~  

IV, CONCLUSION ON THE HAZARD OF MICROBIAL 
INSECTICIDES TO FRESHWATER FAUNA 

I 
At this point it is perhaps woith quoting various conclusions drawn by uther researchers 

concerning aquatic biotas. 

“There is no danger of ill-eEect of microbial inwticides on nontarget organisms , , I ’ ’ , 7 1  

“I believe that a pathogen should be registered as safe when there is reasonable evidence 
that it is so and in the absence of concrete evidence that i t  is not. A .“no risk” situation 
does not exist, certainly not with chemical pesticides, and even with biological agents one 
cannot absolutely prove a negative,”3b 

It is now clear that control uf disease vectors as well as of agricultural and forest pests 
cannot be based purely on the use of chemicals because uf their generally Iuw specificity, 
the risk of environmental conlaminatiun and also the increaaing resistance of insects following 
intensive applications, Microbial pathogehs have great potential, but this necessitates , at 
least as far as freshwater ecosystems are concerned, more attentiun to their possible impact. 

i 

l Il I i  
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Despite the relatively large amount of work related to A ,  thurìngiensis ssp. isruelensis, 
i t  appears that a lot of questions have only received partial answers, These questions were 
addressed by Forsberg et in their review of B, rlzurfngiensis toxicity, and can be 
summarized as followfi, They remain relevant today, although we have changed the original 
wording slightly, 

I I 

2 ,  

3, 

4, 

What are the toxic effects of the components af commercial fonrtulations of microbial 
insecticides, in the medium and the long-term? 
What quantities of formulation enter the environment and how persistent are the toxic 
components in  each of their different modes af application? 
What effects on ecosystems are related to long-term and large-scale field applications 
of microbial insecticides? 
Can intensive use of enromopathogens lead to their mutation? Are the microbial agents 
susceptible ta modification by genetic transfer into other fnrms? Are these new forms 
capable of producing toxic components, or components with modified toxicity or host 
specificity? 

These questians leave open a rich field of investigation, both at a fundamental and a 
more practical level, linked to application campaigns, We can conclude that whereas further 
8 ,  thurìngiensis ssp. israclensis laboratory tests may he superfluous, there is an overall lack 
of standardized laboratory and field studies covering all microbial insecticides, The setting- 
up of a well-defined and systematic screening process will enable comparable data to be 
obtained, and will lead to a better evaluation of toxicity for different conditions of application. 
ln this respect, the safety-testihg procedures for bacterial and fungal agents proposed by 
W O 7 5  could be enlarged upon in nr'der to include more specifications related to aquatic 
environmental safety, 

REFERENCES 

l .  WHO, Secuntd d'Emploi des Pefiticides. OMS, Technical report, Warld Health Orgnniration, 1967, 356, 
2 .  WHO, lnf'nrmal Consultnt¡on on the Dcvelopnieni nf ß f l r i h s  .Tphwriri{,r as P Microbial I-arvlcide, WHO/ 

TaRiRCB,.r~hocricu,r185.3. miniengraphcd document, %hid Health Organization, 1985. 
3 .  de Rarjac, He ,  Unc nouvelle variblé de ßmilh / ~ ~ i ~ i , i r t ~ i ( ~ ~ ? , ~ l , i  tres toxique pour les moustiques: ßociNus 

ihtrrinRirnsis var. isroelrnsis si?mtype 14. C, R.  Artrd. ,W, Srr. D . ,  286. 791. 1978, 
4 .  WHO, Onta Sheet nn the Biolngical Cnntrnl Agent Roci//n.t thrrriiigierisis serotype H. 14 (de Barjac, 1978), 

WHQ/VBC/79-750, mimeograph, World Heatth Organization, 1979, 
5 .  Mulla, M, 5 , ,  Potential of  Snme he* Insecticides, Pyrethroids and Insect Growth Regulators, WHO/OCP/ 

SWG/78.22. mimengraph. Geneva, 1978 
fi. I,acey, I,< A,, Fscaffre, H,, Phllippcrn, R . ,  Seketeli, A, and Guillet, P,, Large river treatment with 

Rod l r r s  /hirrinRirn,ris (H. 141 For ihc cnntrnl ol' SíMt4//imI rlnmnosirm L I ,  in the Onchocerciasis Control 
Pmgramme. Z. Trnpenmed. Pbrositnl., 3 2 ,  97. 7982. 

7 .  Molloy, D. and Jamnback, H, ,  Screening and Evaluation of Rdcil/rr,r sphaerlcus and ß, fhitringiensis 
serotype H-Id as Black Fly Control Agents. Annu. Rep from New York State Museum, Albany, N.Y., 
1981. 

8. Mnlloy, D. and Jamnhack, H., Field evaluatinn ol' ßodhrx /hivin,qirmk var. isroelensis as a black fly 
hincontrnl agent and i l s  cffcct on ntmargcl slrcani cirganisnis. J. Eran. Gtrramoi., 74, 314, 19x1. 

9 ,  Wraight, S ,  F,, Molloy, 'D,, and McCoy-, P., A comparison of laboratory and field tests of Bacillus 
.sphorrirtu strain I593 and ßoci/lrc.r rhrtrinrírnsby var. i S v r w l m ~ k  apsinsi Ardrs slimulnns larvae (Diptera: 
Culicidae), Con. Eninmol., 114, 55,  1982. 

I O .  Purcell, B, H , ,  Effects o f  Bac.illus thuringirnsis YIP. ismdensis on Aedes raeninrhynchus and some non- 
targel organisms in  the salt marsh. Mosq. N P H V ,  41, 476, 198 1 ,  



81 

1 1. Gallagher, R,, Assessment of LfucbilIits rhurifigirrtsls vu. iuroe/rnsi Biological Agent for the Control 
of the Pest Mosquito Ardrv drrritus, unpublished repoil, Entomol. Dept. London Sch. Hyg. Trop. Med,, 
1981. 

12. SinBgre, Ga,  Caven, B,, and Jullien, J ,  L,, Evaluadun de I '  Activité Larvicide de Bdc6l/lu.s tkurlttglrrrsis 
vnr. ísruekruls sur les Culiddes, Prrl'ot~iiutices Cotiipar'deb des Formulations Cotiitiierciales, Impact du 
Produit sur l u  Rune Nun-vibk ,  EID Docuitien\, Montpellier, i97Y. 

13. Sinbgre, G . ,  Gaven, B,, and Vigo, y., ~untdbutiun L lu nurmallsauulr dei &preuves de laboratoire 

fnfluence de la tCmperature, du chlore rbsiduel, du pH et de la profundeur de L'eau sur I'acuvltd biologique 
d'une poudre primaire, Cah, O,R,S .T ,O ,M,  Ser. EnEnrurrrul. Mrd. Purusirol., 19, 149, 1981. 

14, Lebrun, Pa and Vlayen, P., Etude de la. biuaclivité comparde et des effets secondaires de Bucillus 
thuringiensis N, 2% Ahgrw, Eitlutnul,, 91, 15, 1981. 

15. Standaert, J, Y Persistance et effEuacit6 de Burillus rhuvingirnsis HI4 sur les lilrves d '  AtiullhPIessrrphettsi, 
Z. dngew, Bttiutnolz, 91, 292, 1981. 

16. Yousten, A, A. end Benuit, K., 'The Stability of the 'Tuxin atid Spores ut' Brlcillus rhur~ngtrn.~t,~ serovar. 
isrucletrsis (H-14) and &(* t / lu .~  q h w i c u k  1593 in  Dialysis Bags under Field Conditions in Pund Water. 
WHOIVBC/82,844, mimeograph, Geneva, lY82. 

17, Garcia, Ra and Des Rochers, BI ,  'Foxicity of Bdcillus rhuringirnsis var. isrutloisis to sonie California 
mosquitoes under different conditions, Murq. News, 3Y, 541, 1979. 

18, Krieg, A., Engler, S., and Blega, M u ,  Produktiua von Prapwaten auf der Basis von Bucillus thuringirtlsis 
mit UV-inaktivierten Sporen zur biologischen Bekmpt'ung von Mückenlarven, AIIZ .  Schoedlingskd. PjTun~. 
Umwelrsc-hurz, 53, 129, IY8U. , II 

I 

I 

i ;  concernant des forniulatlons rxptriinenlales 21 cutiitiierciales 'du sbroiypr H-  14 de B .  rhurtngietlsiu, I I ,  

I ' 1  

19, Colbo, M. H. and Undeen, A, Ha, Effect of Burlllus !huringjiensiu var. isrueletisis on non-target insects ' I  .i 

in slream trials fur control ol' Simuliidae, M C Ø U ~ ,  flews, 40, 368, 1980, 

Products, Inc., Buena Park, CA, 1980. 

biological Weapon, Cu/& A#rk, ,  34, 18, 1980, 

20. Dunn, P. H., Effects of Ingestion ol' Blulrol un Fish, Experinrent 7 ,  inl'ormation supplied by Nutrilite 

21, Garcia, R,, Federlcl, fL A,, Hel!, I, M,, Mulla, M, S,, end Schaeffer, Ca H., BT1, a potent new 

1 ,  22, Garcia, R., Des Ruchers, B,, and Tom, W,, Further Studies on Bdcilhs !huringiensis var ,  isruelensis 
against Mosquito L w a e  ancl Other Uryanisnis, Annu, Rep, Mosq. Control Res., University of California, 

23. Garcla, R., Des Racheru, IJ,, and %wer, W,, Further Studies on Bucillus fhuringirnsis var. isrurlrnsis 
against Mosquito Larvae and Other Orgarisms, Mosquito Control Res., unpublished report to World Health 
Organization, University of California, Berkeley, 198U. 

i i 
' 1  i 

I r  
i , ;  

, I ,  
! ' !  

Berkeley, 1980, 54, 

. I  . '  
I ' <  

24. Garcia, R., Des Rochers, B., and Tozer, W;, Studies un Budllus rhuringiensis var. isruelensis against 
organisms found in iissociation with mosquito larvae, Proc. Culif. Mosg, Vccror Control Assoc,, 48, 33, 
1980. 

25. Garcia, R , ,  'roder, W,, and Des Kochers, B , ,  El'f'ects ul'BTl un aquatic organisms uther than mosquitoes 
and black l'lieu, Annu. Kep, Mosq. Contrul Res., University cil' California, Berkeley, IY81, 68. 

26. Mastri, C., Four-day fish toxicity study un brucilhs diuri~igicwiv, Industrial Blutesl Laboratories Ltd. 
information supplied by Abbott Laburatorits, Ncrrtli Chicago, IIt. , IY70. 

27, Larget, 1, and de Barjac, H. ,  The serotype N-14 of Burilluv thurinylensis, Purdstrolugy, 82, 117, 1981 I 
28. Larget, I, and de Barjac, H, ,  Specificit6 et principe actif de Bwilluv thurhrgicnsis vu, isrdelmsis, Buil. 

soc. Pathol, Exot., 74, 216, 1981. 
29, Miura, T,, Takahashi, Ra, and Mull iga~,  F. S., 111, Effects of the bacterial mosquito larvicide Bucillus 

rhyrìngìrnsìs serotype W.14 on selected equatic organisms, Musy, News, 40, 619, 1980. 
30. Pantuwetana, S a l  Laboratory evalu!$ìon UT- various I'orniulaliuns of B , L  H- 14, personal communication tu 

World Health Organiuition, 1980. 
31. Prasertphon, S , ,  A brief' summary uf biulopical control Uctivities at WHO/VBC/RU-I, repon to Wurld 

Health Organization, Kuduna, Nigeria, lY7Y. 
32. Rajagopalan, P,, personal communication [l'rom Vector Control Research Centre, ICMK, Pondicherry , 

India) to World Health Organbation, 1982. 
33. Garcla, B,, Des Rochers, E,, Vnight, W,, and Guldberg, I,,, Studies on the toxic effect ofthe bacterial 

spore ONR 60.4 on nontuget organisms, Annu, Rep, Mosq. Control. Res., University of California, 
Berkeley, 1977. 

34, Dejoux, C,, Gibon, F, Ma+ and Yameugu, L., 'I'u'uniuilC pour la faune nondcible de quelques insecticides 
nouveaux utilis88 en milieu aquatique tropical I 1V. Le Btldllus rhucingirnvis var. isruelensis, Rev. Hydrobid, 
Trop,, 18, 31, 1985, 

35. $chnetter, W., Engler, S., Murawcslk, J i ,  and Becker, N,, Wirksamkeit von Bucillus hr ing iens i s  var. 
israelensis gegen StechmÜckenlarven und Nontarget-Organismen, Mir!. Duc-h. Grs. dngrw, Enrumol., 2, 
195, 1981, 



. 82 Safety of Microbial Insecticides 

36. Burges, H, D., Safetyb safety testing .and quality control of microbial pesticides, in Microhiat Control of 
Pests and Plani Diseases /970--1980, ßurges. W. D., Ed,. Academic Press, New York. 1981, 737, 

37, WHO, Data Sheet on the Biological Cnntrnl Agent Bacillus thurttgiensis serotype W-14 (deBarjac. 1978), 
WHOIVBC179.750, mimeograph. revised version, Geneva, 1982. 

38, Gibon, F.-M., Elouard, J.*M,, and Troubat, JPJ,, Action du Bacillus thtrrin~iensis var, isruelensis sur 
les invertebres aquatiques, Effects d'un traitement experimental sur la Maraoue, Rapp, Lab, Hydrobiol. 
O,R,S.T,O.N. ßouake, 38 .  I I  1980. 

39. Dejoux, C e ,  Recherches Preliminnires Concematir I '  Action de ßacillu,r rhurinRlensis israelensis de Bmjac 
sur la Faune des Invértebres d'un Cours d'Eau Tropical. WHOI\IBC/79.721 I mimeograph, Geneva. 1979, 

40, Yameogo, L,, Modification des Entomocenoses d'un Cours d'Eau Tropical Snuniis B u n  Traitement An. 
tisimulidien avec ßucillus thuringiensis var, isruelensis, Mem, d'ingenieur de I'UniversitC de Ouagadougou, 
mimeograph, 1980. 

41 I Dejoux, C,, Nouvelle technique pour tester in situ l'Impact de pesticides sur la fallne aquatique non-cible, 
Cah, O , R J , T . O . M ,  Ser. Eniomol. Med, Parasi/of.. 13, 75, 1975. 

42. Trauhat. ,JPJ,, Dispositif B goutlibres multipler destin6 A tester ln situ la toxicité des insecticides vis-8- 
vis des invertébrés benthiques, Rev, Hydrdiinl. Trop.. 14, 149, 1981, 

43. Elouard, J+M.,  arld Fairhwrst, Ca P.. Ten years of surveillance of  the rivers treated with antiblackfly 
insecticides by the Onchocerciasis Cnntrnl Programme: medium and t o n g "  impact on the invertebrates, 
Chemosphere, in press, 

44. Sinegre, G., Caven, B , ,  dullien, J, Li Vigo, G ,  and Tourenq, ,I, N,,  Evaluation deTerrain de Quelques 
Larvicides sur les Chironomes des Etangs du Sud de la France, Comm, 2nd Meet. European Soc. Vector 
Ecol., mimeograph, Heidelberg, 1987. 

45, Back, C,, Boisvert, J., Lacaursierec J. O,, and Charpentier, G,, High-dosage treatment of a Quebec 
stream with ßucil/u.r thwrinRiensis serovar, Ismelensir efficacy agalnst blsck fly larvae (Diptera: Simuliidae) 
and impact on non-target insects. Can, Enromnl., 117, 1523, 1985. 

46. Gli, A ,  , Bacillus thlrringiensis sernvar. Israelm~is (ABG.6108) sgainst chironomids and some nontarget 
aquatic vertebrates, J .  Invertebr, Paihdt. I 38. 264, 198 I a 

47. Guillet, P., La lutte contre l'onchocercose humaine et les perspectives d'intdgratinn de la lutte biologique, 
EntomophaRa, 29, 121, 1984. 

48. Kurtak, R, C. ,  Insecticide resistance in the Onchocerciasis Research Programme Parasito/, Today, 2, 20, 
1986. 

49, Kurtak, D, C.,  Grünewald, J), and Baldry. ,J, A, T,, Cnntrnl of black fly vectors of onchocerciasis in 
Africa. in  ßlock Flies: Ernlop\., Populorion Msitarlemmr mrd Annoiared Wnrld f,ir/. Kim, K, C, and 
Merriti, R W , Ed<., Proc [ n i .  Cnnf. Ecnlngy and Pnpulaiion Management nf Black Flies. Pennsylvania 
State University Press, University Park, PA, 1987. 

SO. Kurtak, D,. .Jamnback, H , ,  Meyer, R., Qcran, M,, and Renaud, P,, Evaluation of larvicides for the 
control of Simulium dumnosum ~ $ 1 ,  (Riptera: Símuliidae) in  Wasf Africa, J ,  Am,  Mosq, Cdnrrol Assoc., 3 ,  
201, 1987 

51.  Kurtak, D,, Meyer, R., Ocran, M., Chedraogo, M,, Renaud, PkC Sawadoga, R,  O,, and Tele, B., 
Management of insecticide resistance in cnntrol of tho Sirt~i&m damnosum complex by the Onchocerciasis 
Control Prngramme. We~t  Africa: potential the  nf negative carrelatinn between organophosphate resistance 
and pyrethroid susceptibility. Merl Vet: Enmmnh, I .  137, 1987. 

5 2 .  Elouard, , l , .M, and Gihon, F.+M., Incidence on Nnntarget Insect Fauna nf the Alternate Use of Three 
Insecticides (Temephos, Chlorphoxim and B.1. M-141 for the. Control of the Larvae of Siinitlium dumnnsum 

53. Hertlein, 8 ,  C,, Levy, R., and Miller, T, W,, ,IrI+ Recycling potential and selective retrieval of Bacillus 
sphuerirus frnm soil in a mosquito habitat. J. Inverrehr. Pathol,, 33. 217, 1979, 

54. Mulligan, F. S,, 111, Schaeffer, C, If., and Miura, T,, Lahoratory and field evaluation of Bacillus 
sphuericgs as a mosquita control agent, J ,  Eron. Enromnl., 71, 774, 1978. 

55.  WHO, Dnta Sheet on the Binlog¡cal Chvtml Agent Rnríllit,.; sphnrv-irus, 'itrain 1593, WHO/VBCl80,777, 
mimeograph. World Health OrganizationG Geneva, 198O 

56. Chapman. H ,  C b ,  What mosquito control dirtricls might want to know ahmt biological control, Mosq, 
News, 38, 479, 1978 

57 Singer, S .  Pntential of Aarrllus .sphnericus and related spareforming bacteria for pest control, in Microbial 
Control of Pesrs and Plan, Diseases ¡970--19XO. Burges, H. D.. Ed.. Academic Press, New York, 1981, 
283. 

58. Chapman, H, C,.  Safety nf nnntargct species for ten of lhe most promiring biological control agents, 
unpuhlished document, Gulf Coast M~squitn Resoarch, U.S, nepartrnenl of Agrieulture, Washington, D,C., 
1979. 

S9, Croner, A , ,  Huber, *J,, and Krieg, A, ,  Anwendung von Baculnviren ím Pflanzenschutz- Unbedenklichkeit 
fur aquatische Organismen. 2. ßinnc~f is rh~ D D R ,  2. Rienenforsrth.. 31, 25 ,  1981 I 

60. Streams, F,  A, .  Effect nf gypsy moth WPV nn selected aquatic invctlehrates. unpublished report. Forest 
Service, U.S Departmmt of Agriculture. Hamden. CT, 1973. 

WHOIOCP/VCU/HYB10/84.4, mimeograph, Geneva. 1984. 



83 

61. Doane, C, C. and McManus, M. L., 'ì'he Gypsy Moth: Kesetirch 'Toward Integrated Pest Management, 
Tech, Bull. 1584, Doune, C, C, and McManus, M, L o ,  Edsa, Forest Service, U.S. Department of Agriculture, 
Science and Education Agency, Aniinal and Plant Health Inspeclion Service, Washington, D.C., 1981, 
475 I 

62. Ceraci, J, U, and Hicks, B, D o ,  A Study U I I  the Effect uf' Ked-headed Pine Sawtly, N e d i p l u n  leconrei, 
Nuclear Polyhedrosis Virus tu Rttidbo\ri Trout, So/ttro g d t ' r b w i ,  and Wtrphniu pule,\, Final Kepurt un  Contract 
No. DSS O1SU.KL 013-t(-0013, E n v i r ~ i i t i i e ~ ~ ~  Cunadu, niiirieugraph, C'un. Forebt Serv,, Sault Ste. Marie, 
Ontario, Canada, lY7Y, 302, 

63, Hicks, B, D., Ceraci, J. IL, Cunningham, J ,  C., and ArlP, Ba M, lYI31, Effects of red-headed pine 
sawfly, Neudipriun lrconrri, nuclear polyhedrosis virus on yìnbow trout, Salmu guirdneri, and Duphnia 
pulex, J. Environ. Sci. Hrulrh, 1316, 493, 19Sla 

64, Lightner, D, V,, Proctor, U, RI,  Sparks, A, K,, Adams, ,I, R., and Helmpel, A, M,, 'resting penaeid 
shrimp for susceptibili~y to dn insect tiuciew polyhedrosis virus, Environ, Etiiomul,b 2, 6LI 1973. 

65. Banowetz, G. M,, Fryer, J. L., lwei, P, J , ,  ued Martlgnonl, M, E., Effects u t  the douglas-fir tussock 
moth nucleo-polyhedrusls virus [buculovirus) oit three species ut' salitlunid fish, Paper PNW.214, Furest 
Service Res,, U.S, Departnient u1 Agriculture, Washingtun, D.C., 1976. 

66. Ignoffo, C, M.,  Effects ol'cntoniopathagens on veilebrakeb, Ann,  N.Y. Acud. Sci., 217. 141, 1973. 
67. McIntosh, A, H,, I n  vitro specificity and niechanisni of infection, in Saculovírusesfur Itisecr Pesr Cunrrul: 

Safety Cunsideruriuns, Summers, M., Engler, R. ,  Falcon, L. A., and Vail, P., Eds,, American Society 
for Microbiology, Washington, D,C., 1975, 63. 

68. Wolf, F, E,, Evaluation of the exposure ul' fish and wildlife lo nuclear polyhedrosis and granulosis viruses, 
in ßuc~ulo~¡rusesJ¿r //ruec61 /'c.sr C'unlrol; Sufe!}) C'unsidr,.~trions, Summers, MI I Engler, K., Palcon, 1.. A . ,  
and Vail, P., Eds,, American Suciay l'or Microblulugy, Wushinytun, D+C, 1975, 101). 

69. Moore, H. B , ,  Deientiinaliun ul lhe Ell'ects ul' Nuclear Pulyhedrusis Virus in Trout ilnd bluegill Sunl'ish 
under Laboratory Cunditions, Final Kepurl (unpublished), Forest Service, U.S. Department of Agriculture, 
Hamden, CT, 1977. 

70. Savan, M., Budd, J., Rend, P, W., and Darley, S., A study of two species of fish inoculated with 
spruce budworm nuclear polyhedrosis virus, J .  Wild/.  Dis., 15, 331, 1979. 

71. Welser, J., Microbial Insecticides in the environment, in Basic Bidogy of Micrubid Lurvic*ides uj'Hurnon 
Dis.euues, Michal, F , ,  Edqt  UNDPIWorld BatduWHO Repurt, 1982, 69. 

72. Van Essen, F, W, and Anthony, I), Wo, Susceptibility uf' non-target organisms to Nosetna u/gerue 
(Microsporidtl:NogetIlutidae), a parasite ot' tnobquiiuw, J .  Inwrrrbr. Pulhol., 28, 77, 1976. 

73. WHO, Repon ufthe Sevqith Meeting uf the Scientil'ic Working Group on Biological Control of Vectors, 
WHO/TDRrBCV/SWG-7/84.3, mimetrgraph, World Health Organization, Geneva, 1984. 

74. Forsberg, C. W., Henderson, M., Henry, E., and Roberts, J. IL, Bucillus Ihuringiensis: Its Effects 
on Environmental Quality, Report 15385, National Research CoUncil of Canada, ACSCEQ, 1976. 

75. WHO, Report of the Fifth Meeting of the Scientific Working Group on Biological Control of Vectors, 
WHOlTDWVECiSWG (5)/8 L .3, mimeogriph, World Health Organization, Geneva, 1981. 


