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Coccinellids were collected from alfalfa crops and were kept

overnight in the laboratory, with no food available. For testing

the effect of structural heterogeneity on movement behaviour,

coccinellids were released individually in the centre of each

experimental plot (in a release area 4 cm2) (Fig. 1). Their move-

ments were videotaped with a VHS-C Panasonic NV-S750PN

camera for up to 300 s or the exit of the insect from the plot.

The tracks were reproduced in transparencies, identifying the

position of the insect every 5 s (Wiens et al., 1993b). We used

fixed-time intervals to define moves following Kareiva &

Shigesada (1983). This time interval was selected because,

although within approximately 5 s coccinellids reached the edge

and abandoned the control plot (setting the highest time interval

possible), in the other two treatments coccinellids stayed longer

(sometimes more than 300 s), and with a frequency of 5 s we

obtained a high number of consecutive movements (up to 60).

All experiments were carried out between 1300 and 1700 hr

in a closed room, with artificial lighting. Temperatures varied

between 22.4°C and 29.9°C. As these different temperatures

may affect the movement patterns of insects (Ferran & Dixon,

1993), experiments for different treatments and species were

interspersed in time, taking the possible effect of temperature as

an experimental random error. Different individuals were used

in each experiment, with a total of 48 individuals per species

recorded (i.e., 16 in each treatment). The response variables

analysed were: (a) percentage of insects that abandoned the plot

before 300 s (usually insects stoped moving before that time

period); (b) residence time inside the plot (s); (c) stop duration:

percentage of the total time of each experiment that the insect

remained stationary (this variable was measured for discrimi-

nating whether the residence time was due to constant move-

ment of the insect inside the plot or to long stationary periods);

(d) locomotory rate (mm/s):  displacement distance every 5 s /

total time inside the plot; (e) turning rate (deg/5 s): turning

angles were measured between successive moves; this variable

evaluates the linearity of movements; (f) number of toothpicks

explored by coccinellids in the uniform and random plots. The

percentage of insects that abandoned the plot before 300 s was

analysed by 2 tests, variables b), c), d), and e) were analysed

using a two factor MANOVA and post hoc Tukey HSD tests.

Finally, the number of toothpicks explored by coccinellids was

analysed using a two-way ANOVA.

RESULTS

Two out of 98 experimental individuals flew away from

patches and were not considered in the analysis as we were

interested in the effect of spatial heterogeneity on the walking

movements of adult coccinellids. Structural heterogeneity dif-

ferentially affected the percentage of individuals that left a plot

(Table 1). All individuals from both species abandoned the con-

trol plot before 8 s, but fewer individuals exited the plot in the

other two treatments. This pattern was more evident in H. varie-
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Fig. 1. Control, uniform, and random plots simulated with toothpicks. Each filled circle represents a toothpick. The square in the

centre of each plot is the area were the insects were released.

< 0.0513.625.0c68.8b100aH. variegata

> 0.053.381.3a87.5a100aE. connexa

P2RandomUniformControl

TABLE 1. Percentage of individuals of E. connexa and H.

variegata that abandoned the experimental plots before 300 s (n

= 16 for each treatment and each species). Superscript letters

indicate significant differences.

0.07032.73 (2,90)0.00038.82 (2,90)0.00458.50 (1,90)Turning rate

0.00246.48 (2,90)< 0.000146.57 (2,90)0.000215.55 (1,90)Locomotory rate

0.00375.97 (2,90)< 0.000118.20 (2,90)0.0048.75 (1,90)Stop duration

0.00296.23 (2,90)< 0.000122.25 (2,90)0.000314.49 (1,90)Residence time

0.02380.82 (8,174)< 0.00010.45 (8,174)0.0010.81 (4,87)Wilks’ lambda

PF (df)PF (df)PF (df)

Species × heterogeneityStructural heterogeneitySpecies

TABLE 2. Results of MANOVA on effects of species and structural heterogeneity treatments for residence time, stop duration,

locomotory rate and turning rate of adult coccinellids E. connexa and H. variegata.



gata, where a significantly lower number of individuals left the

uniform and random plots, compared to the control plot and to

E. connexa (Table 1). While the residence time of E. connexa

was not significantly affected by heterogeneity, H. variegata

remained longer in the uniform than in the control plot and

longest in the random plot (Table 2, Fig. 2a). Moreover, H.

variegata remained longer than E. connexa only in the random

plot (Table 2, Fig. 2a). In the uniform and random plots, H.

variegata remained stationary for longer periods of time than in

the control plots. H. variegata had longer stationary periods, and

moved significantly slower than E. connexa in the random plot

(Table 2, Figs. 2b). Both species displayed a lower locomotory

rate in the uniform and random plots, and H. variegata moved

significantly slower than E. connexa in the random plot, but not

in the others (Table 2, Fig. 2c). H. variegata had a higher

turning rate in more heterogeneous plots and also when com-

pared to E. connexa. This was particularly so in the random

plot, whereas E. connexa maintained the same turning rate in the

three treatments (Table 2, Fig. 2d).

In the uniform and random plots, both species not only

walked on the ground but also climbed the toothpicks, probably

searching for food. H. variegata explored more toothpicks than

E. connexa [F(1,60) = 12.67, P < 0.0001], but each species

explored the same number of toothpicks in the uniform and

random plots [F(1,60) = 0.007, P = 0.93].

DISCUSSION

The structural heterogeneity of the experimental arena differ-

entially affected the movement patterns of the experimental

insects. As the arena become more heterogeneous, both species

changed their movement patterns, but the change was stronger

in H. variegata, as E. connexa was significantly affected by het-

erogeneity only in its locomotory rate, which diminished in the

random plots. Changes in the movement patterns of insects

related to environmental heterogeneity have been observed pre-

viously in field experiments (Crist et al., 1992; Wiens et al.,

1997). Nevertheless, in field experiments many of the variables

that determine the heterogeneity of an environment may covary.

In our lab study, all factors other than presence and pattern of

toothpicks were experimentally controlled, except for tempera-

ture which was considered as an experimental random error.

Thus, the movement patterns of the coccinellids probably

changed because of the variable physical structure of the arena.

The relationships between the structure of the environment

and movement behaviour may depend on spatial scale (Wiens et

al., 1993a) and on the life process involved (e.g., foraging, patch

searching, dispersal, migration; Ims, 1995). Habitat selection by

coccinellids may operate at a large scale, usually made by flying

insects; thus, heterogeneity at this scale should be considered for

studying this phenomenon. Food searching within habitats oper-

ates at a much finer spatial scale, usually according to the spa-

tial distribution of resources. At this spatial scale, coccinellids

usually search their food by walking. The spatial scale used in

this study attempted to simulate the foraging scale of coccinel-

lids, and at this small spatial scale their movement patterns were

influenced by the physical structure of the environment.

Our results also show that the effect of environmental struc-

tural heterogeneity is species-specific. In the more heteroge-

neous random plots, fewer individuals of H. variegata left the

plots and they stayed longer inside these plots due to longer sta-

tionary periods, slower and less linear movements, and a higher

number of toothpicks explored, adopting a more intensive

search behaviour, compared to E. connexa. Thus, E. connexa

seems to be less sensitive to environmental structural heteroge-

neity than H. variegata, and therefore may have a greater poten-

tial to survey a microhabitat. This could be advantageous since

E. connexa may aggregate more easily in rich patches of prey or

quickly abandon patches of low prey density, independently of

the structural heterogeneity of the environment. From this point

of view, E. connexa may be a better agent for biological control

than H. variegata. However, our results come from a totally

artificial setting, considering only one of a long series of factors
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Fig. 2. Movement pattern of adults of E. connexa and H.

variegata in plots with different structural heterogeneity: (a)

Residence time; (b) Stop duration (% of the total time of each

experiment that individuals remain stationary); (c) Locomotory

rate (mm/s); and (d) Turning rate (deg/5s). Values indicate mean

±1 SE (n = 16). Bars with different lowercase letters are statisti-

cally different (P < 0.05, Tukey HSD test).
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