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SHORT COMMUNICATION

The functional response of Ibalia leucospoides

(Hymenoptera: Ibaliidae), a parasitoid of Sirex noctilio

(Hymenoptera: Siricidae)

VALERIA FERNÁNDEZ-ARHEX & JUAN C. CORLEY

CONICET, Laboratorio de Ecologı́a de Insectos Forestales, Bariloche, Rı́o Negro, Argentina

(Received 6 January 2004; accepted 14 June 2004)

Abstract
We experimentally studied the functional response of the parasitoid Ibalia leucospoides on its
host, Sirex noctilio. Our results show a type III functional response, which we suggest in due to a
changing probability, in host encounter. We discuss its relevance to the biological control of
woodwasp populations in the field.

Keywords: Parasitoid�/host interactions, biological control, behavioural response, logistic regres-

sion, host kairomones

The woodwasp Sirex noctilio Fabricius (Hymenoptera: Siricidae) is a primitive

xylophagous insect that attacks pine trees. S. noctilio is native to Mediterranean

Europe, but in the last century, has successfully invaded Australia, New Zealand,

South Africa and South America (Madden 1988; Fritz 1993; Klasmer et al. 1997). In

many of these areas, S. noctilio has become the economically most important pest of

pine tree plantations (Iede et al. 1993).

Ibalia leucospoides Hochenwarth (Hymenoptera: Ibaliidae), a solitary koinobiont

parasitoid of S. noctilio , has been used in classical biological control of woodwasps in

Australia and New Zealand. The parasitoid, is now found throughout most pine-tree

plantations in the Southern hemisphere where there are woodwasps. This is because

I. leucospoides has been distributed together with S. noctilio by transportation of

infested wood (Corley 2001).

Ibalia leucospoides attacks eggs and first instar larvae of S. noctilio , and is

endoparasitic until its third instar, a stage at which it becomes an ectoparasite. Its

life cycle is closely related with the development of woodwasp larvae, usually lasting

1 year (but see Corley et al. 2004). In field conditions, I. leucospoides may parasitize up
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to 40% of its hosts, although values are highly variable in space and time (Corley

unpublished data). In spite of the fact that it is generally reported as a successful

control agent of S. noctilio (e.g., Kidd & Jervis 1996), some studies suggest that under

given environmental conditions, its regulatory role is secondary to that of other

parasitoids (Taylor 1978). Indeed, most current woodwasp population control efforts

are based on the augmentative releases of the parasitic nematode Deladenus siricidicola

Bedding (Nematoda: Neotylenchidae), and intense silvicultural management

(Bedding 1984). Because successful control of S. noctilio has been reported after

the introduction of several natural enemies together with the implementation of forest

management practices aimed to enhance forest health, the relative importance of

I. leucospoides on S. noctilio population suppression, remains obscure. In addition,

given that the pest is distributed in habitats with very different environmental

characteristics, impact of control strategies are difficult to predict.

Research on this parasitoid, has focused largely on its host foraging behaviour

(Chrystal 1930; Madden 1968; Spradbery 1970a,b). It has been shown that

I. leucospoides uses olfactory cues to locate woodwasp eggs and larvae. The parasitoid

is attracted to Amylostereum aerolatum , a fungus species which is in close association

with S. noctilio (Madden 1968; Martı́nez et al. in prep.). Woodwasp females carry

fungal spores which are placed close to eggs, burrowed 1.5 cm deep inside tree stems.

Wood decomposed by fungal growth will be used as food by the developing woodwasp

larvae (Madden 1968; Spradbery 1970a,b). On a larger spatial scale, parasitoids are

attracted to stressed trees that liberate a- and b-terpenes (Madden 1968, 1988;

Spradbery 1970a,b).

In this paper, we report on the functional response of I. leucospoides using S. noctilio

as a host. We exposed single, recently emerged (B/48 h) female parasitoids, to 0.5-m

long pine tree billets (diameter varied between 9.5 and 11 cm) with host ovipositions.

The experiments were carried out in a wire mesh cage (1�/0.40 m2) at a temperature

of 26.29/0.28C and natural midday lighting. Parasitoids had been previously left to

feed for 24�/48 h on 30% sucrose solution and kept in small plastic cages (30 cm3) in

closed room conditions (natural lighting and a temperature of 24.49/0.48C).

We obtained adult parasitoids (and hosts) from 1-m long lodgepole pine billets

(Pinus contorta var. latifolia), collected in the field in the proximity of Bariloche (418
08? S; 718 20? W; Argentina) by logging attacked trees. The logs were kept under

ambient conditions in locker-type cages, and viewed on a daily basis during host and

parasitoid emergence.

Host-rich logs were obtained by releasing one S. noctilio adult female on each log.

However, successful host oviposition was difficult to ascertain because eggs are laid in

tunnels within the wood, that branch out from a single hole (number of eggs per hole

0�/3) (Madden 1974). Therefore, we considered only holes in which the woodwasp

had inserted its ovipositor completely, because these contained at least one egg and

fungus (see Madden 1968, 1974). We observed host females and marked each

oviposition insertion with a white pen-eraser.

Host densities (treatments) were 2, 4, 6, 10 and 14 oviposition holes per log. Each

treatment was replicated 10 times, in each case changing both parasitoids and logs. We

continuously observed the parasitoid on logs and measured its searching time until it

flew to cage walls and remained for 5 min (i.e., a variable time experiment). Our

response-variables were the number of holes attacked and the total time on the patch

per trial. Because we were unable to see eggs inside the log, we considered as

208 V. Fernández-Arhex & J. C. Corley
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successful attacks on host holes in which the parasitoid spent more than 2 min

(Spradbery 1970a).

Following Trexler et al. (1988) and Juliano (1993), we studied the proportion of

parasitized hosts as a function of initial host density using logistic regression to

distinguish between a type II and III response (SAS Institute Inc. 1999). The

proportion of parasitized hosts declines monotonically with host density in a type II

response, but is positively density-dependent over some region of host density in a

type III response. The sign of the linear coefficient estimated by the logistic regression

can be used to distinguish the shape of the functional response curve. We estimated

functional response parameters by fitting a non-linear least squares regression to the

number of hosts attacked versus the number of hosts available (Quasi-Newton

estimation). We used the type III curve parasitoid equation (Hassell 1978) to obtain

estimates for handling time (Th) and attack rate (a). In this equation, a�/(d�/bN0)/

(1�/cN0) , where b , c and d are constants and N0 is the number of hosts available. For

our data, c and d parameters were not significantly different from 0 (95% confidence

intervals), a�/bN0. Thus, we used the following equation,

Nat�N0�f1�exp[�(b�N0)�T=(1�(b�Th�(N0)
2)]g; (1)

where Nat and N0 are the number of holes attacked and available, respectively, Th is

the handling time and T stands for the total length of the experiment.

Given that our experiment considered variable time (Walde & Murdoch 1988;

Fernández-Arhex & Corley 2003, 2004), we estimated the parameters of the

functional response by replacing total time (T) in Eq. (1) by the following function,

T �P1=(1�P2�exp(�P3�N0))�R0; (2)

where P1, P2 and P3 are constants (estimated by fitting a non-linear curve to the

function), and R0 is the mean parasitoid residence time on logs without hosts. In our

case P1�/6136 (9/247), P2�/35 (9/21) and P3�/0.75 (9/0.13) (r2�/0.99) and R0�/

14.08 min.

I. leucospoides has a type III functional response (Table I; Figure 1). The mean

searching time ranged from 32 min to 2 h, according to host density. The attack rate

was a function of host density, with parameter b averaging 0.0001 (9/0.00008) and

handling time, 12 (9/2) min (r2�/0.57).

A sigmoidal functional response (type III) suggests direct density-dependence up to

some threshold host density, which may contribute to stability if average densities fall

below this threshold (Hassell et al. 1977). Type III curves have been related, for

example, to a decrease in time spent handling hosts or an increase in searching rates in

response to increased host density. However, these curves have been observed in a

limited number of parasitoid species (Fernández-Arhex & Corley 2003). In addition,

in several of these studies, the density-dependence threshold values are low in relation

Table I. Results of the logistic regression of the proportion of S. noctilio oviposition holes attacked by

I. leucospoides against the initial number offered

Parameter Estimate SE x2 P

Constant �/1.2167 0.5953 4.18 0.041

Linear 0.3263 0.1503 4.71 0.0299

Quadratic �/0.0179 0.0082 4.74 0.0294

Functional response of Ibalia leucospoides 209
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to both the offered densities and host density in the field (Hughes et al. 1992; van

Steenis & El-Khawass 1995).

The type III functional response shown by I. leucospoides is probably a consequence

of a variable host search success. In our experiment, the probability of a parasitoid not

attacking hosts was higher at lower host densities (n2�/0.5, n4�/0.3, n6�/0.2, n10�/0,

n14�/0) (Figure 1). The observed probability of not finding any hosts, estimated by

maximum likelihood from the experimental data, differed significantly from an

expected constant encounter probability (P�/0.5No; x2
19,0.05�/39.47; P B/0.05).

Furthermore, change in the slope of the sigmoid curve occurs at densities below

five host drills per billet (Figure 1). Consequently, the contribution of the type III

response of I. leucospoides to S. noctilio population regulation is limited to low host

density values.

I. leucospoides host foraging success is determined by its ability to detect odors

derived from A. aerolatum. The parasitoid detects hosts in a log, determines host

development and probably host abundance by fungal presence and growth (Madden

1968; Bettinelli 2001). The failure of some parasitoids to find hosts at low densities,

may be due to a minimal threshold in concentration of chemicals, proportional to host

abundance. Remember that host discovery in parasitoids, is typically influenced by the

detection of a given intensity of some chemical associated with the host (kairomones)

which is usually proportional to host density (Chiri & Legner 1982; Kumar et al.

1994; Vet et al. 1995, 2002).

Our findings are in line with recent meta-analysis results reported by us (Fernández-

Arhex & Corley 2003) in which we suggest that Type II curves are more likely to be

described for parasitoids under realistic conditions. While I. leucospoides displayed a

type III response in our study, the curve shape is most probably a consequence of host

discovery inefficiencies at low host densities. This, in turn may be explained by the

limited response to host related chemical cues below some minimal threshold. In

addition, the type III curve has its density dependent segment below five host holes

per billet. Because hosts are highly aggregated in the field (i.e., �/5 holes per billet),

the contribution of the type III response of I. leucospoides towards S. noctilio
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Figure 1. Functional response of the parasitoid I. leucospoides . A type III response curve was fitted by least

squares, following Hassell’s (1978) equation. Overlapping values are shown as a single dot, n�/10 for each

density.
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population regulation, and hence to the biocontrol of woodwasps populations is

probably minimal.
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