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To derive an index describing differences in phenology of the

two moths, the study samples were ranked according to 1) the

percentage of adults among A. sparganii (found as exuviae) on

the day of sampling, and 2) the percentage of larvae among N.

typhae on the day of sampling. The value “1” was assigned to

the sample of the highest proportion of adults among A. spar-

ganii, and to the sample of the lowest proportion of larvae

among N. typhae, both these ranks indicating the earliest pheno-

logies. Accordingly, the value “8” indicated the latest phenolo-

gies. The relative phenology index for a particular sample was

calculated by subtracting the rank of A. sparganii from the cor-

responding rank of N. typhae. The larger was the index obtained

in this way, the larger was the difference in phenological distri-

butions of the two moths.

The rationale of this relative phenology index was in

describing the degree of temporal overlap, or co-occurrence of

the vulnerable stages of the two host species. This may be rele-

vant in the context of indirect interactions. As predicted by the

optimal foraging theory, higher abundance of the preferred host

should increase parasitoid’s selectivity. Accordingly, when the

peaks of vulnerable A. sparganii and N. typhae overlap, more

larvae of the preferred host, N. typhae, are available, and thus, a

larger proportion of larvae of the less preferred species, A. spar-

ganii, should escape parasitism. In the opposite case, when the

phenological distributions of A. sparganii and N. typhae differ, a

larger proportion of vulnerable A. sparganii would fall into the

period of lesser choosiness of the parasitoids.

Logistic regression analysis (PROC GENMOD; SAS Institute

Inc., 1995) was applied to examine whether the distribution of

parasitism between A. sparganii and N. typhae differs in the

study samples. Binomial probability distribution was assumed,

logit was chosen as the link function, DSCALE option was

applied to correct for overdispersion. Incidence of parasitism

(parasitised/nonparasitised) was used as the response variable,

and “sample”, “host species” and “sample × host species” were

used as the independent effects. Linear regression was used to

examine the effects of relative abundance of the moths and their

relative phenological distribution (see above) on their relative

distribution of parasitism at the level of sample means. The

dependent variable, relative parasitism of the two host species

was expressed as the ratio of the fractions of parasitised A. spar-

ganii and N. typhae per sample. For example, if in a particular

sample, percentage parasitism of A. sparganii was 12% and that

of N. typhae was 30%, the corresponding index of relative para-

sitism was 12 / 30 = 0.4. The use of this relative measure was

chosen to eliminate the effect of overall parasitoid abundance on

the parasitism levels of A. sparganii. Analogously, relative

abundance of the two moths was calculated as the ratio of the

numbers of A. sparganii and N. typhae collected in the same

sample.

RESULTS

Among the samples studied, parasitism levels were

highly variable in both of the moth species. Mean values

of total percentage parasitism fluctuated from 5.8% to

38.5% in A. sparganii and from 23.5% to 68.1% in

N. typhae (Fig. 1). When only shared parasitoids were

considered, percentage parasitism of N. typhae dropped to

the range of 7.0% to 33.6%, whereas parasitism of A.

sparganii, being caused mainly by shared parasitoids,

changed only negligibly (Fig. 1). Variation in the para-

sitism levels by individual parasitoid species was also

considerable (e.g. parasitism by S. limnophilus fluctuated

from 2.6% to 19.2% in N. typhae and from 1.4% to

22.1% in A. sparganii).

Parasitism levels of the scarcer species, A. sparganii,

tended to covary with those of the dominant species,

N. typhae, the correlation presumably being explained by

the overall abundance of the parasitoids. A positive and

significant association was observed when parasitism by

S. limnophilus was analysed (Fig. 2). For parasitism by

Ch. paludator no association was observed between the

parasitism levels of A. sparganii and N. typhae.
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Fig. 1. The levels of shared and total parasitism in A. spar-

ganii and N. typhae in the study samples (1998m - sample col-

lected in Tartu, 1998h - sample collected in Pangodi, see text

for details). Sample sizes are presented above the bars.

Fig. 2. The relationship between parasitism levels of A. spar-

ganii and N. typhae. Only parasitism by S. limnophilus is con-

sidered; x - and y -error bars represent 95% confidence intervals

for the binomial parameter (parasitised/nonparasitised).



The overall levels of parasitism by the shared parasi-

toids did not differ between the two moth species (Table

1). In contrast to this “overall equality”, parasitism levels

were not equal in particular study samples. For example,

in 1995 parasitism percentage of N. typhae by shared

parasitoids exceeded that of A. sparganii more than 3

times whereas in 1998 (Tartu - site) A. sparganii

appeared to suffer from parasitism levels twice higher

than N. typhae (Fig. 1). The among-sample differences in

the relative parasitism of the two host species were statis-

tically confirmed by a highly significant “sample × host

species” interaction (Table 1).

One possible factor able to explain these remarkable

differences in relative parasitism levels is the variable

relative abundance of the host species. Though A. spar-

ganii was less abundant in all samples, relative abundance

of A. sparganii and N. typhae considerably fluctuated

among samples. The index of relative abundance of the

two species (the number of A. sparganii divided by the

number of N. typhae) fluctuated from 0.03 (1996) to 0.49

(2001). Linear regression of mean values indicated that

relative abundance of the moths affected their relative

parasitism levels. The effect of relative abundance on

relative parasitism levels was positive and significant

when parasitism by S. limnophilus was analysed (Fig. 3).

Similarly, a positive though not significant trend was

observed also when parasitism by Ch. paludator

(R2 = 0.19, NS) was analysed.

Another factor that may have differential influence on

the availability, and thus, parasitism levels of the two

moths, is their relative phenological distribution. Corre-

spondingly, the relative phenology index (see Methods)

correlated positively with relative parasitism levels

caused by S. limnophilus (Fig. 4). Again, the relationship

between relative phenology index and relative parasitism

levels by Ch. paludator (R2 = 0.11, NS) was also positive

but non-significant. Mean values of relative abundance

and relative phenology index appeared to be correlated

(R = 0.81). Unfortunately, a two-way ANOVA examining

the effects of relative abundance and relative phenology

jointly would not have been statistically meaningful due

to small sample size (8 samples).

DISCUSSION

The present results revealed a pattern that is consistent

with the presence of indirect, parasitoid-mediated interac-

tions between two herbivores. We showed that relative

parasitism levels of the two coexisting host species, A.

sparganii and N. typhae, considerably varied among dif-

ferent samples. The present analyses revealed two factors

that may contribute to the patterns observed via func-

tional responses of the parasitoids. In particular, relative

parasitism levels of the two moths correlated both with

relative abundance of the two moths as well as the differ-

ence in their phenologies. Although we cannot strictly

prove which of the two factors is more important in deter-

mination of parasitism levels of A. sparganii, the conclu-

sions would be similar: A. sparganii appeared to benefit

from the presence of N. typhae, or in other words, escape

parasitism by its relative scarcity. The case is one of very

few (see also Bonsall & Hassell, 1997; Müller &

Godfray, 1997) providing evidence for indirect interac-

tions in parasitoid-involving systems at a short time-scale

(see Holt & Lawton, 1994). Unfortunately, however, the

assymetric distribution of the abundances does not allow

us to judge about the symmetry of this interaction

(Chaneton & Bonsall, 2000).
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< 0.00139.17 Sample × host species

0.191.81 Host species

< 0.001278.87 Sample

Incidence of parasitism (0/1)

p2dfEffect

TABLE 1. The results of logistic regressions (significance

tested by type I analyses) examining the differences in the dis-

tribution of parasitism between A. sparganii and N. typhae.

Fig. 3. The relationship between relative abundance of the

moths (the ratio of the numbers of A. sparganii and N. typhae

collected in the same sample) and relative parasitism (the ratio

of fractions of parasitised A. sparganii and N. typhae per

sample) at the level of means. Only parasitism by S. limnophilus

is considered.

Fig. 4. The relationship between relative phenology index

(the larger the index, the larger the difference in phenological

distributions of the two species) and relative parasitism (the

ratio of the fractions of parasitised A. sparganii and N. typhae

per sample) at the level of means. Only parasitism by S. limno-

philus is considered.
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