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Abstract

Following the sequential testing procedure adopted by the IOBC/WPRS Working Group Pesticides and
Beneficial Organisms, two simple, robust methods are presented which were designed for testing the effects of
pesticides on predatory beetles. In a laboratory initial toxicity test both DDT and lindane were found harmful to
the carabid Pterostichus cupreus, whereas a-endosulfan was 'harmless'. DDT was found harmless to P.
melanarius. Sub-lethal doses of both DDT and lindane incorporated in prey caused P. cupreus females to
produce smaller eggs. In a semi-field test it was demonstrated that Lindane reduced the beneficial capacity of P.
cupreus. Climatic conditions at the time of the test however were such that the majority of test animals in
control treatments escaped. Caution was therefore advised in the choice of test animal and test design for the
semi-field test.

1. INTRODUCTION

Testing or screening for the side-effects of pesticides on beneficial arthropods is
gaining increasing attention by research workers in different parts of the world [ 1 ]. Results
from such tests enable agronomists to choose safe preparations for use in Integrated Pest
Management schemes. They can also be of use to authorities concerned with pesticide
registration.

Recognising the need for standardised testing methods and greater international co-
operation, a Working Group Pesticides and Beneficial Organisms was formed in 1974
within the framework of the International Organisation of Biological Control (IOBC),
Western Palaeartic Regional Section (WPRS) [2]. Aware of the fact that no single test
method would provide sufficient information to show the side-effects of a pesticide on a
beneficial organism, this group devised a sequential procedure that includes laboratory, semi-
field and field methods. These methods are carried out in a particular sequence progressing
from laboratory to semi-field and, ultimately, to a field test only if a preparation under
examination is found to be harmful to the test organism. The reasoning behind this is that
pesticides found harmless to a particular beneficial in a stringent laboratory initial toxicity test
are most likely to be harmless to the same organism in the field.

In this paper we adapt a laboratory and a semi-field test method, originally designed
for and used in the IOBC Working Group, to examine the direct effects of organochlorine
pesticides on predatory arthropods. We also examine whether any sub-lethal effects occur
when predatory beetles consume organochlorine-tainted prey. The aim has been to produce
protocols for robust test methods that could be used by African colleagues participating in the
FAO/IAEA/SIDA Co-ordinated Research Programme on Adverse Effects on Flora and Fauna
from the Use of Organochlorine Pesticides on the African Continent.

* Present address: Anticimex AB, Box 47025, S 100 74, Stockholm, Sweden.
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2. MATERIALS AND METHODS

2.1. Selection and treatment of test animals

The beetles chosen to illustrate our test methods were two medium-sized carabids,
Pterostichus cupreus L. and Pterostichus melanarius (Dliger) (Carabidae, Coleoptera). Both
are common in agricultural fields in Sweden and both have been shown to prey upon the most
serious aphid pest in Swedish cereals, Rhopalosiphum padi L.[3]. Large numbers of beetles
were caught in May and June 1991 in dry pitfall traps. The latter were placed on uncultivated
land where no previous pesticide treatments had been made. Beetles were held in plastic con-
tainers lined with moistened tissue paper, in a refrigerator (5°C) and fed dog biscuits. All

beetles were acclimatised to test conditions (15°C, 16 h light, 8 h dark, 70% r.h.) at least 72 h
prior to testing.

2.2. Determination of insecticidal activity in laboratory tests

The basic test method was as follows: Individual beetles were transferred to small
plastic beakers (height, 60 mm; diameter, 60 mm) containing 20 mm of even-grained sterile
sand. Twenty such beakers were then placed in four rows of five on a plastic seeding tray
(400 x 600 mm x 80 mm deep) in a fume cupboard. The beakers (+ beetles) were then
sprayed with a hand-held sprayer connected to a compressor set at 35 kPa. The spray nozzle
was passed over the beakers at a constant speed and height, calculated to deliver the
recommended concentration at the IOBC standard amount (for initial toxicity tests in
laboratories) of 6 mg fluid per 100 mm2 sand. Two test runs of 20 replicates per run were
performed for each pesticide/dose (see below). Controls were sprayed with water + alcohol
(19 + 1 by volume), as this was used to dissolve the organochlorines tested. Between sprays,
the sprayer was thoroughly washed with repeated dosings of acetone followed by water and
then dried.

Treated groups were transferred to a large, well ventilated controlled climate room set
at the above conditions. The small beakers were then inserted into larger ones of the same
diameter (i.e.height, 60 mm; diameter, 60 mm). This ensured that the beetles a) could not
escape and b) did not come into contact with excess pesticide on the beaker walls. Each
beetle received one dog biscuit as food , and this was moistened daily. Beetles were
examined at 1, 6 and 24 h post treatment, and thereafter daily until the sixth day whereupon
the test was terminated. Numbers of beetles found dead or moribund were recorded.

Two toxicity tests were performed using this basic method. Different dilutions of
DDT, starting with a 'field dose' equivalent to lOOOg AI ha"1 (as this was the most common
dose found in the literature) were tested on P. melanarius, and several organochlorines (i.e.
DDT at a rate equivalent to lOOOg AI ha'1, a- and p-endosulfan : both at 1 lOOg AI ha ' and
lindane : at 35Og AI ha"') were screened for toxicity to P. cupreus. In both tests water con-
taining alcohol (19 + 1 by volume) was used as a control treatment.

2.3. Determination of sub-lethal effects in laboratory tests

In June 1991, 50 female P. cupreus were selected from our field-collected stock.
These were placed individually in petri dishes containing moistened pulverised peat, and
divided into five groups of ten. Every third day one group of ten beetles were each fed with

162



one (initially two) blowfly larvae (maggots) which had previously been sprayed with a 1:32
dilution of the 'field dose' DDT used above. The other four groups of ten beetles were fed
maggots that had been sprayed with dilutions (1:32) of a- and {3-endosulfan , lindane, and
water + alcohol (19 + 1 by volume) as control, respectively. After spraying, all but two of
the maggots were frozen for later use. At subsequent feeding events, maggots were thawed
and then almost cut in half prior to feeding in order to ensure that the beetles could penetrate
the larval cuticle. Twice a week beetles were temporarily removed from the petri dishes and
the peat substrate was replaced. The used substrate was washed through a fine-meshed sieve.
Any eggs the beetles had laid in the substrate were subsequently caught in the sieve. The
number of eggs found per female were recorded. Eggs were placed briefly on a filter paper to
dry and then weighed.

2.4. Determination of insecticidal activity in semi-field tests

The species of beetle used in this test (P. cupreus) was collected and held under the
same conditions as above. In June 1992, 16 plastic seeding trays (400 x 600 x 80 mm) were
half-filled with potting soil and sown with three rows of spring barley at normal field seed
rates (4-500 per square meter, in this case -50 plants per 600 mm row) and at a row width of
125 mm. Trays were then placed in a greenhouse to hasten germination. The inner edges of
each tray, from the soil surface to the rim, were painted with Fluon (polytetra-fluoroethylene)
to discourage beetles from climbing the tray walls and escaping. When the plants had
reached growth stage 32 4 four of the trays were taken outdoors and sprayed with Lindane at a
'field ' dose equivalent to 300 g AI ha"1. Four trays were sprayed with a dilution (1:4) of the
field dose, and a further four trays were sprayed with a second dilution (1:16). The remaining
four trays were sprayed with water + alcohol (19 + 1 by volume) containing several drops of a
wetting agent (Triton X-100) as controls. The trays were allowed to dry for 24 h, after which
four P. cupreus were released onto each tray. The trays were then placed in a large, outdoor
bird-proof cage and the beetles allowed to acclimatise for 48 h.

At 72 h post-treatment, each tray was provided with 100 freshly-frozen R. padi
arranged on four moistened filter papers with 25 aphids per paper. The filter papers were
placed on the soil surface and covered with a plastic roof to protect the aphids from the rain
and wind. The number of aphids removed after 24 h was recorded. This procedure was
repeated at weekly intervals for 3 weeks. Four fresh beetles were released onto each tray 24 h
before each feeding occasion. The mean total number of aphids eaten per treatment and per
feeding occasion was noted and the results examined by analysis of variance (ANOVA).

Dead beetles found on the soil surface were removed during the course of the
experiment and numbers recorded. After the last feeding period, plants were cut at the stem
base and removed from the trays. The soil surface was then carefully searched and surviving
beetles removed with a pooter. Thereafter, the soil was sieved onto a larger tray and the
beetles that had buried into the soil were recovered. The mean number of survivors per
treatment was noted and the results analysed by ANOVA.

3. RESULTS

3.1. Insecticidal activities in laboratory tests

The chosen 'field' dose of lOOOg AI ha"1 DDT caused 40% mortality in P. melanarius
with dilutions of this field dose giving a typical dose response curve (Fig. 1). In contrast, the
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same field dose of DDT caused 100% mortality in P. cupreus, as did the chosen field dose of
lindane, whereas a-endosulfan only caused 30% mortality even at the relatively high dose of
HOOgAIha-1 (Fig. 2).
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Fig 1. Initial toxicity of DDT to the carabid beetle Pterostichus melanarius
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Fig 2. Selectivity of organochlorine insecticides to the carabid beetle Pterostichus cupreus in a
laboratory initial toxicity test

3.2. Sub-lethal effects in laboratory studies

No significant differences were found between the number of eggs laid by female P.
cupreus fed on organochlorine tainted prey or fed on water treated control prey (F = 0.28, d.f.
= 50, n.s.). Eggs from female beetles fed sub-lethal doses of DDT and lindane, however,
were significantly smaller (Table 1).

3.3. Insecticidal activities in a semi-field test.

The mean number of aphids eaten per treatment for each feeding occasion are given in
Table 2. Mean numbers of aphids eaten in the field dose treatment were always significantly
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lower than numbers in the diluted (1:4) field dose treatment. Surprisingly, mean numbers
eaten in the control were not significantly different from those in either the field dose or from
the different dilutions of the field dose. An explanation was found at the end of the
experiment when beetles were recovered. Only one beetle of a treatment total of 48 was
recovered from the control trays. There was no significant difference in the number of
survivors in the treated plots (Table 3), although dead beetles were only recovered from the
field dose (1:1) treatment.

Table 1. Sub-lethal effects of organochlorine tainted prey on egg weights of the carabid beetle
Pterostichus cupreus.

Pesticide

DDT

endosulfan

endosulfan

lindane

water control

Eggwt. (mg)

0.65

0.70

0.69

0.63

0.71

N

291

288

261

315

254

P

0.0001

n.s.

n.s.

0.0001

n.s. = not significant in a Student's T-test against control

Table 2. Consumption of aphids by the carabid Pterostichus cupreus in arenas sprayed either
with different dilutions of lindane or with water treated controls.

lindane (300g AI ha1)
Week after treatment Control 1:1 1:4 1:16

1 12.9 ab 4.3 b 20.9 a 16.4 ab

2 14.3 ab 4.5 b 20.8 a 20.0 a

3 14.6 be 11.1c 24.4 a 24.4 ab

Numbers with the same letter are not significantly different at P < 0.05 (Duncan's multiple
range test

Table 3. Recovery of alive and dead Pterostichus cupreus from arenas sprayed either with
lindane dilutions or water treated controls.

lindane (300 gAI ha-1)
Insect status Control 1:1 1:4 1:16

live 0.3 b 1.8 ab 3.5 a 2.5 a
dead 0 41 0 0

Numbers with the same letter are not significantly different from the control at P < 0.05
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4. DISCUSSION

The carabid species chosen for the semi-field test, P. cupreus, is macropterous and
can therefore fly. However, extensive behavioural studies of this species (in which beetles
confined on similar arenas were video filmed at different temperatures in a controlled climate
chamber 5) had revealed that the beetle rarely flies unless the soil surface temperature

exceeds ~ 30°C, whereupon they climb to the top of the plants and fly away. Unfortunately
the summer of 1992 was one of the hottest and driest on record in Sweden, with ambient

temperatures often exceeding 26-28°C throughout the duration of the experiment! Soil
surface temperatures, usually 10°C higher than ambient temperature, would therefore have
exceeded the 30°C upper threshold for this species and caused it to flee. Interestingly, fewer
beetles fled, or were capable of fleeing, from the 1:4 and 1:16 dilution treatments of lindane
as significantly more were recovered from the arenas compared with controls. We have
previously used this method successfully to screen the effects of pesticides on a small,
brachyopterous carabid, Bembidion lampros Herbst., with good results and would therefore
encourage the use of the method, though with a caution that the beneficial insect should be
carefully selected.

This laboratory test has proved useful, and is robust enough to be carried out in most
laboratories. The basic method can even be adapted and used as a persistence test, in which
beetles are placed in the beakers at intervals post-treatment. This would be a useful exercise
particularly regarding the organochlorines, and might reveal differences between, for
example, DDT and lindane regarding the persistence of harmful effects. Should a
macropterous species be chosen for the laboratory test, we suggest that a simple muslin cloth
coated with Fluon and held in place by a rubber band over the top of the beaker will suffice
to prevent escape. This was demonstrated at the CRP Workshop in Arusha where the method
to screen the effects of organochlorines was used on a coccinellid species.

The increase in egg production following ingestion of a carbamate (pirimicarb) has
previously been observed in P. cupreus [6] and is thought to be due to a hormoligosis effect
[7]. Egg size has been found to affect the survival of carabid larvae [6], and first instars
hatching from large eggs can withstand starvation better than those hatching from small eggs.
Therefore ingestion of DDT or lindane tainted prey by female ground beetles could have
significant effects on the survival of their progeny. These and other sub-lethal effects are not
exclusive to the organochlorines and need to be considered when describing the overall side
effects of pesticides.
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