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Island communities are exposed to several evolutionary and ecological processes that lead to changes in their diversity and
structure compared to mainland biotas. These phenomena have been observed for various taxa but not for parasitoids, a
key group in terms of community diversity and functioning. Here we use the parasitoid communities associated with the
moth Acroclita subsequana (Lepidoptera: Tortricidae) in the Macaronesian region, to test whether species richness differs
between islands and mainland, and whether island parasitoid faunas are biased towards generalist species. Host larvae were
collected on several islands and adjacent mainland, carefully searched for ectoparasitoid larvae and dissected to recover
any endoparasitoids. Parasitoids were classified as idiobionts, which usually have a wide host range (i.e. generalists), or
koinobionts that are considered specialists. Mainland species richness was lower than expected by chance, with most of
the species being koinobionts. On the other hand, island communities showed a greater proportion of idiobiont species.
Overall parasitism rates were similar between islands and mainland, but islands had higher rates of parasitism by idiobionts
than expected by chance, and mainland areas showed the highest koinobiont parasitism rates. These results suggest that
island parasitoid communities are dominated by generalists, in comparison to mainland communities. Several hypotheses
may explain this pattern: (1) generalist parasitoids might have better dispersal abilities; (2) they may be less constrained
by ‘sequential dependencies’; and (3) island parasitoids probably have fewer competitors and/or predators, thus favouring
the establishment of generalists. New studies including multiple hosts, other habitats, and/or more islands are necessary to

identify which of these processes shape island parasitoid communities.

Island faunas tend to be species-poor and disharmonic in
relation to the mainland (i.e. continental areas), and this is
especially the case for oceanic islands (Williamson 1981,
Gillespie and Roderick 2002, Whittaker and Ferndndez-
Palacios 2007). Typically, islands have fewer species than
an area of similar size on the mainland, which often results
in some functional groups (i.e. trophic or ecological guilds)
being missing or underrepresented in their communities
(Whittaker and Ferndndez-Palacios 2007). In addition to
these differences in the species pool, the feeding interac-
tions among species often vary as well. Following a found-
ing event, several evolutionary and ecological processes
take place (Losos and Ricklefs 2009), including ecological
release, density compensation, niche expansion and niche
shifts (Gillespie and Roderick 2002, Parent and Crespi
2009). These processes are promoted by factors such as the
existence of empty or invasible niche space, low interspecific
competition and lack of entire groups of predators, para-
sitoids or pathogens, which usually contribute to increase
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the number of species using a broader range of resources
(Whittaker and Ferndndez-Palacios 2007). In other words,
oceanic islands tend to host more generalist species than their
source mainlands, both because generalists may have an a
priori advantage during the colonization process (Piechnik et
al. 2008), and because some species are able to increase their
niche width after reaching a new territory (Schlotfeldt and
Kleindorfer 2006). This tendency for island populations to
have wide ecological niches seems to be a general pattern and
hasbeen observed atleastin birds (Diamond 1970, Olesen and
Valido 2004, Schlotfeldt and Kleindorfer 2006), bryophytes
(Gabriel and Bates 2005), lizards (Scott et al. 2003, Olesen
and Valido 2003, 2004) and several insect groups (Olesen
et al. 2002, Ribeiro et al. 2005).

Parasitoids are insects whose larvae develop by feeding
on (ectoparasitoids) or within (endoparasitoids) an arthro-
pod host, eventually killing it (Eggleton and Belshaw 1992,
Godfray 1994, Quicke 1997). Although they are best

known from the parasitic Hymenoptera, which account for
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approximately three-quarters of the total number of known
parasitoid species, other orders such as Diptera, Coleoptera,
Lepidoptera and Neuroptera also include parasitoid species
(Eggleton and Belshaw 1992, Godfray 1994). Parasitoids can
be divided into two groups, depending on their life history
strategies: koinobionts, which allow the host to continue its
development after oviposition, and idiobionts, which do not
(Askew and Shaw 1986). Many life history traits, including
host ranges and mode of parasitism, appear to be correlated
with this dichotomy (Sheehan and Hawkins 1991, Hawkins
1994, Quicke 1997, Mayhew and Blackburn 1999).

The host range of a particular parasitoid species is the
group of potential hosts that it can usually attack success-
fully, after exhibiting a pattern of searching behaviour that
allows it to find them regularly (Shaw 1994). Koinobionts
usually have a narrower host range than idiobionts (Askew
and Shaw 1986, Sheehan and Hawkins 1991, Hawkins
1994, Althoff 2003, but see Mills 1992) because they have
a more prolonged interaction with their hosts’ immune
system; therefore, the adaptations needed to overcome this
problem are believed to restrict the number of hosts that
koinobionts can attack successfully. On the other hand,
when attacking larval hosts, idiobionts paralyse their hosts
on the moment of oviposition, and their interaction with
the host immune system is minimal, allowing them to be
physiologically able to develop on a wider range of hosts
(Askew and Shaw 1986, Hawkins 1994). Consequently,
idiobionts are expected to be able to shift on to novel
hosts more readily than koinobionts can (Cornell and
Hawkins 1993, Shaw 1994). In the absence of detailed rear-
ing records, the koinobiont/idiobiont dichotomy represents
a practical criterion for distinguishing between parasitoids
that tend to be specialists (koinobionts) and parasitoids that
are potentially more generalists (idiobionts) in terms of the
host range attacked (Hawkins et al. 1990).

Realized host range may change over both evolution-
ary and biological time. Parasitoids can exhibit plasticity in
the range of hosts they attack, and thus are able to respond
to inconstant and uneven environments (Cornell and
Hawkins 1993, Godfray et al. 1995, Hawkins and Marino
1997). Since hosts on islands may be unusual or novel com-
pared to those on the mainland, parasitoids arriving on
islands may be forced to attempt to utilize less preferred or
novel hosts. Therefore island faunas would be expected to
be biased towards generalist species (i.e. idiobionts), at least
in the initial stages of their colonization. Although there are
some studies on the dispersal, colonization, and establish-
ment of parasitoids in new areas, most focus on the landscape
level (Kruess and Tscharntke 2000, van Nouhuys and Hanski
2002, Elzinga et al. 2007). Few studies analyse parasitoids’
host ranges (and host shifts) on a wider geographic scale,
and those that do usually rely on literature records (Cornell
and Hawkins 1993, Hawkins 1994, Hawkins and Marino
1997, Santos et al. (in press), but see Stone et al. 1995). The
diversity patterns of parasitoids remain particularly poorly
known for oceanic islands, for which the only published
works are mostly limited to checklists (Belokobylskij and
Maetd 2008, Bennet 2008), and are usually biased towards
introduced species and agricultural habitats (Funasaki et al.
1988, Peck et al. 1998, Santos et al. 2005, but see Maetd
and Thornton 1993, Schoener et al. 1995, Hodkinson et al.
2004).

Here we study how the diversity and attack strategy of
parasitoid communities associated with the moth Acroclita
subsequana (Lepidoptera: Tortricidae) feeding on spurges
(Euphorbia spp., Euphorbiaceae) vary between the islands
and adjacent mainland of the Macaronesian region. This
study system provides an opportunity to investigate how
parasitoid communities change geographically, because it
consists of populations of a single host scattered throughout
a region for which biogeographical patterns are well known
(Triantis et al. 2010). We specifically test whether for a given
host: (1) parasitoid species richness differs between island
and mainland territories; (2) the island parasitoid commu-
nities are biased towards generalist species (i.e. islands have
a higher proportion of idiobiont species); and (3) whether
these changes in composition and diversity of the parasitoid
communities translate into variations in parasitism rates.

Material and methods

Study area

This study was conducted in four islands and three areas
of the adjacent mainland from the Macaronesian region
(northeastern Atlantic). Larvae of the moth Acroclita subse-
quana (Lepidoptera: Tortricidae) found feeding on spurges
(Euphorbia spp.) were collected from 55 study sites located
in the islands of Madeira, La Gomera, La Palma and Tener-
ife, as well as in Morocco (western and northern regions) and

mainland Portugal (Fig. 1, Table 1).
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Figure 1. Geographical distribution of the parasitoid species found
in the studied islands and mainland areas of Macaronesia. Squares
represent idiobionts and circles are koinobionts. Numbers corre-
spond to the code given to each parasitoid MOTU (see Santos et al.
2011 for more information). The scale of the islands and the dis-
tance between them and the mainland are modified for the ease of
visualization. The map in the inset is correctly scaled, and shows the
actual position of each island and the location of the different sam-
pling areas (represented by the black dots). MAD — Madeira Island;
LG — La Gomera; LP — La Palma; TEN — Tenerife; WM — western
Morocco; NM — northern Morocco; POR — mainland Portugal.
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Table 1. Abundance and species richness of hosts and parasitoids collected on each study area.

Area No. of sites Host identifier No. of hosts Idiobiont species Koinobiont species No. of idiobionts No. of koinobionts
Islands

Madeira 5 hMOTU13 57 1 1 6 2

La Gomera 8 hMOTU14 180 1 1 6 6

La Palma 7 hMOTU15 187 2 2 6 5

Tenerife 9 hMOTU16 240 3 2 10 3
Mainland

W Morocco 16 hMOTU17 472 1 3 6 20

N Morocco 4 hMOTU18 92 0 0 0 0

Portugal 6 hMOTU18 187 0 1 0 9

Number of sites indicates the number of sites sampled per study area; Host identifier is the code given to each host molecular operational
taxonomic unit (MOTU) collected from the study areas (see more details in Santos et al. 2011). No. of hosts is the total number of Acroclita
subsequana larvae collected. Idiobiont species and koinobiont species correspond to the number of idio- and koinobiont MOTUs, respec-
tively, and no. of idiobionts and no. of koinobionts are the number of host larvae that were attacked by idio- or koinobionts, respectively.

Sampling and species identification were assumed to be koinobionts (following Hawkins 1994

and Mayhew and Blackburn 1999). Hosts comprised six
A detailed description of the sampling protocol and identifi-  MOTUs, each one found in one of the sampled areas, except
cation methods is presented in Santos et al. (2011). Briefly,  for northern Morocco and mainland Portugal that share the
tortricid larvae protected by flowers, fruits, leaves and stems  same host MOTU (Table 1). Although these host MOTUs
that they roll or tie together, or partly concealed within the  can potentially correspond to different cryptic species within
stems or fruit’s capsule, were collected by hand during about  the currently valid species A. subsequana (Santos et al. 2011),

one hour per sampling site (15 minutes on sites with relatively  for the purpose of this study they can be considered the same
few Euphorbia sp. individuals; no. of host larvae collected in  (or very similar) type of resource.

Table 1). All specimens were then preserved in ethanol and

stored below 5°C until they were dissected in order to find  ggatistical analyses

ectoparasitoid and/or endoparasitoid larvae. To avoid spurious

effects related with host larvae age, specimens with a body size ~ When the same sampling effort with standardized tech-
length lower than approx. 1 cm were not considered. Both  niques is carried out in different areas and/or community
hosts and parasitoids were sequenced for a ca 650 base-pair  types, sampling success may not always be the same and
5" fragment of the mitochondrial cytochrome oxidase I gene  may lead to important biases in the total species richness
(COI), and assigned to molecular operational taxonomic  inventoried at each site. Therefore, in such situations it may
units (MOTUs) based on pairwise genetic distances and tree-  be necessary to use extrapolation techniques to ‘standardize’
based and similarity-based methods. Parasitoids were grouped  richness data (Hortal et al. 2006). Here, parasitoid species
into 12 MOTUs belonging to the Hymenoptera (Bethylidae,  richness was estimated using non-parametric estimators.
Braconidae, Ichneumonidae and Chalcidoidea) and Diptera  Given that different extrapolation methods provide different
(Cecidomyiidae and Tachinidae) (see Table 2 in Santos et al.  richness estimates we adopted the more conservative strategy
2011). These MOTUs were assumed to correspond to dif-  of using several of them, namely: Incidence-based coverage
ferent parasitoid species, that were easily classified as idio- or  estimator (ICE), Chao’s incidence-based estimator (Chao2),
koinobionts according to the known biology of the families  1st order Jackknife (Jackl), 2nd order Jackknife (Jack2) and
and subfamilies they belong to (Santos et al. in press). Speci-  Michaelis-Menten (MM) (see Colwell and Coddington
mens that were not sequenced or were only identified to 1994, Gotelli and Colwell 2001, Hortal et al. 2006 for more
superfamily level (e.g. Chalcidoidea), were classified according  details on these estimators and their performance). All these
to the attack strategy observed during the dissection process:  calculations were done in ESTIMATES 8.2.0 software (Colwell
ectoparasitoids were classified asidiobionts and endoparasitoids ~ 2009), randomising the order of the samples 1000 times.

Table 2. Comparison between observed and randomised parasitoid species richness and parasitism rate of each study area.

Madeira La Gomera La Palma Tenerife Western Morocco Mainland Portugal
Total parasitoid species richness + —t - - _ o
Idiobiont species richness + - - - o _
Koinobiont species richness + - + + 4 _
Total parasitism rate o + + — 4 _
Idiobiont parasitism rate + + + +1 - _»
Koinobiont parasitism rate + + - —t + +

Cases where observed results are lower than the median of the null expectation are represented by (-). Cases where observed results are
higher than the median of the null expectation are represented by (+). Cases outside the 95% ClI (i.e. significantly different from the overall
pool) are represented by *p < 0.05; **p < 0.01, while those that are marginally significant (p < 0.1) are represented by *. Randomization
results are presented in Supplementary material Fig. S1-S6.
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We used a bootstrap procedure to evaluate whether
observed species richness and parasitism rates (i.e. number
of parasitoid individuals per number of hosts collected) dif-
fered from what could be expected by chance. For a given
locality where N caterpillars were collected, the expected
null distribution was created by resampling the total dataset
with replacement to create 5000 samples of the same size.
Parasitoid richness and parasitism rates of both idio- and
koinobionts were calculated for each of these samples to
obtain the distribution of random expectations. Observed
values were then compared to these distributions, and were
considered significantly different from the null expectation
when falling outside the 95% confidence interval. We also
report the marginally significant results (p < 0.1) because
of the low power of our randomization analyses for detect-
ing differences in community structure (based on just 79
parasitized caterpillars out of 1415 randomized ones).
These analyses were performed using a script written in R
(R Development Core Team 2009).

Results

A total of 1415 Acrolita subsequana larvae were collected
and dissected (Table 1). Seventy-nine larvae were attacked
by one (or more) parasitoids. Parasitoids attacking the same
host larvae always belonged to the same species, so we treated
them as a single parasitoid attack. Sixty-five out of these 79
parasitoid larvae (82.3%) were successfully sequenced and
assigned to 12 MOTUs (Table 2 in Santos et al. 2011). In
total, 34 parasitoid larvae were classified as idiobionts and 45
were considered to be koinobionts (Table 1).

Mainland species richness was significantly lower than
expected by chance (Table 2, Supplementary material
Fig. S1). Islands as a whole had more than twice as many
species than observed in all mainland areas. When the study
sites were compared, Tenerife was the richest, followed by
La Palma and western Morocco. Mainland Portugal had
the lowest richness and northern Morocco was the only
region where no parasitoids were found (Fig. 1, Table 1).
Due to this, the latest area will not be mentioned any fur-
ther in this work. Estimated species richness values differed

from the observed ones (Table 3), with the Chao2 estimates
being the most similar to the observed data, while Jack2 usu-
ally showed higher values. Tenerife was estimated to be the
study area with the most parasitoid species, while mainland
Portugal was the one with the least (Fig. 2, Table 3).

A greater proportion of idiobiont species was found in
Tenerife, while western Morocco had the highest number
of koinobiont species (Fig. 1); no idiobionts were found in
mainland Portugal. Two koinobiont species were found on
both island and mainland areas, while there were no shared
idiobionts between these two types of study areas. Although
more idiobiont species were detected on islands (only one spe-
cies was found on the mainland) (Fig. 1), there was no signif-
icant difference between the number of idio- and koinobiont
species found on island and mainland study areas (}2 = 1.4;
1 DF; p = 0.237). Nevertheless, while observed idiobiont
richness from western Morocco and mainland Portugal was
significantly lower than the correspondent null expectation
of bootstrapped values (Table 2, Supplementary material
Fig. S2), there were no significant differences between
koinobiont richness and the corresponding null expectation
(Table 2, Supplementary material Fig. $3).

The overall parasitism rate across study areas was 5.6%.
Although the proportion of host larvae attacked was slightly
higher on the islands than on mainland, this difference was
not significant (2 = 2.584; 1 DF; p = 0.108). The highest
parasitism rate (14.0%) was found on Madeira, this value
being significantly higher than the null expectation (Table 2,
Supplementary material Fig. S4). On the contrary, mainland
Portugal showed the lowest parasitism rate (4.8%).

The ratio of number of larvae parasitized by idiobionts
to those parasitized by koinobionts differed significantly
between islands and mainland (Table 4). The highest para-
sitism rate by idiobionts was found in Madeira (10.5%),
and the lowest (apart from mainland Portugal) was regis-
tered in western Morocco (1.3%; Table 1). Conversely, the
attack rate by koinobionts was highest in mainland Portugal
(4.8%) and lowest in Tenerife (1.3%). Observed idiobiont
parasitism rates from Madeira and Tenerife were either sig-
nificantly or marginally significantly higher than the cor-
respondent null expectation, while in mainland Portugal
observed idiobiont parasitism rate was significantly lower

Table 3. Observed (Sobs) and estimated parasitoid species richness in each study area.

Uniques Duplicates Sobs ICE Chao2 = SD Jack1l = SD Jack2 = SD MM
Madeira 1 0 2 3.1 2 +0.35 2.98 £ 0.98 3.95+0 2.57
La Gomera 1 0 2 3.11 2 £0.35 2.99 + 0.99 3.98 0 3.96
La Palma 1 2 4 4.50 4 +0.17 499 + 0.99 402 =*0 7.43
Tenerife 2 1 5 6.65 5.5+ 1.29 6.99 = 1.41 7.99 =0 8.51
W Morocco 1 0 4 4.41 4 +0.43 5=*1 5.99 4.69
M Portugal 0 0 1 1.00 1 +0.01 1 10 1.17
All islands 3 2 10 11.70 11 £1.82 13 £1.73 14+£0 14.44
All mainland 1 0 4 4.59 4 +0.43 5=+1 6 4.39
All sites 3 2 12 13.65 13 £1.82 15+ 1.73 16 £0 14.45

Uniques and duplicates are the number of parasitoid species that occur in only one or two samples (i.e. host larvae), respectively. ICE, Chao2, Jackl, Jack2
and MM correspond to the different species richness estimators used (incidence-based coverage estimator, Chao’s incidence-based estimator, Jackknife 1,
Jackknife 2 and Michaelis-Menten, respectively; see Colwell 2009 and Material and methods for further information). When relevant, the standard devia-
tions of the estimations (SD) are shown next to the estimated values. M Portugal corresponds to mainland Portugal. All islands corresponds to all islands as
a whole; All mainland to all mainland areas; and All sites corresponds to all study areas. Northern Morocco not shown due to the lack of recorded parasi-

toids.
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Figure 2. Parasitoid species richness in each study area, as estimated
by Chao2 (see also Table 3). Bars correspond to the 95% CI. M

Portugal corresponds to mainland Portugal.

than the null expectation (Table 2, Supplementary material
Fig. S5). Finally, Tenerife, and to a lesser extent La Palma,
were the only islands where observed koinobiont parasit-
ism rates departed from the null expectation, although such
deviation was only marginally significantly lower in the case
of Tenerife (Table 2, Supplementary material Fig. S6).

Discussion

Islands commonly have fewer species than apparently compa-
rable mainland areas (MacArthur et al. 1972, Rosenzweig
1995, Gillespie and Roderick 2002, Whittaker and Ferndndez-
Palacios 2007). Apart from isolation (MacArthur and
Wilson 1967), another reason for this pattern might be that
the ability of many species to colonize and survive on islands
is constrained by the lack of suitable host/food resources
(Holt et al. 1999). Contrary to this expectation, the island
and mainland areas studied showed comparable richness
values; La Palma had a similar number of parasitoid species
to western Morocco, while Tenerife was even richer.

We also found that the strength of the host—parasitoid
interaction, measured as parasitism rate, was slightly, though
not significantly, higher on islands. The highest parasitism
rate was registered for Madeira Island, which was also one of
the studied areas with the lowest species richness. Rodriguez
and Hawkins (2000) and Connahs et al. (2009) similarly
found higher rates of parasitism associated with lower parasi-
toid diversity for Great Britain and Costa Rica, Ecuador and
Panama, respectively (but see Tylianakis et al. 2006).

Although the overall parasitism rates were similar on
islands and mainland, their community structure differed.
Our results indicate that island parasitoid communities may
be biased in favour of idiobiont species, which are consid-
ered to be generalists, whereas mainland communities seem
to be dominated by koinobionts, which are thought to be
more specialised. The lack of species specialised in attacking
A. subsequana on the islands could be compensated for by
the higher number of presumed generalists that are poten-
tially able to feed on a higher number of hosts. This suggests
that if our survey encompassed a larger number of host spe-
cies, the total parasitoid species richness would have been
smaller on islands, since numerous host species would be par-
asitized by a reduced group of generalist parasitoid species.

Although the trend for island populations to be more
generalist (in terms of either habitat or feeding niche) then
their mainland counterparts has already been suggested
for many taxa (Diamond 1970, Olesen and Valido 2003,
2004, Schlotfeldt and Kleindorfer 2006, Whittaker and
Fernandez-Palacios 2007), as far as we know this is the first
time that this pattern has been observed for parasitoids.
Several hypotheses may be formulated to explain the ten-
dency for parasitoid faunas to be composed by more gen-
eralist species on islands. First, generalists may simply be
better dispersers than specialists. However, although it is
known that parasitoids can disperse on the scale of kilo-
metres (Antolin and Strong 1987, Godfray 1994, Jones
et al. 1996), and that dispersal ability varies between species
(van Nouhuys and Hanski 2002, Elzinga et al. 2007), very
lictle is known about the eventual existence of a relation-
ship between dispersal ability and the potential host range
of the parasitoids. A second alternative hypothesis would be
that generalist parasitoids colonize islands before specialists
because they are less constrained by ‘sequential dependen-
cies’ than specialists (Holt et al. 1999), being more likely
to be able to consume any early-arriving hosts (Piechnik
et al. 2008). However, the level of generalism on island and
mainland parasitoid communities has never been compared
before (but see Santos et al. in press); the few available evi-
dences are contradictory, indicating either that island para-
sitoid faunas are biased towards koinobionts (Maetd and
Thornton 1993), that no ecological or biological factors
correlate with the probability of colonizing new hosts
(Godfray et al. 1995, Hawkins and Marino 1997), or that
generalists can more readily include new hosts on their
host range (Cornell and Hawkins 1993). Here it is impor-
tant to take into account that these studies were carried
out in very recent communities that are probably not in
equilibrium. Given that the time required for the evolution

Table 4. Pairwise comparisons of the number of host larvae parasitized by idio- and koinobionts between study areas. Values correspond to
the results of x2 analyses (H, = no differences in the proportions of larvae parasitized on each study area).

Madeira La Gomera La Palma Tenerife W Morocco
La Gomera 1.25
La Palma 0.83 0.05
Tenerife 0.01 1.96 1.34
W Morocco 7.22% 2.752 3.49b 10.39*
Mainland Portugal 10.43* 6.30* 7.01%* 12.69% 2.51

*p < 0.05; **p < 0.01; ***p < 0.001; 2p = 0.097; bp = 0.062.
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and full acquisition of parasitoids by some hosts may fall
between 100 and 10 000 years (Cornell and Hawkins 1993),
it is difficult to extend these interpretations to our study
system. Finally, a third hypothesis for explaining the appar-
ent preponderance of generalist parasitoids on the Macaro-
nesian islands would be ecological release, a phenomenon
that is typical in many island populations (Diamond 1970,
Olesen et al. 2002, Scott et al. 2003, Whittaker and Fernan-
dez-Palacios 2007). When a species colonizes an island it
often encounters a new environment in which competitors
and predators are absent, being therefore able to exploit a
wider niche space, which in turn leads to niche expansion
and/or niche shifts (Cox and Ricklefs 1977).

Unfortunately, our data do not allow a formal test of any
of these hypotheses. First, we focused on the parasitoid com-
munities of a single host species, and therefore we have no
information on the complete host range of each parasitoid
species. Second, we studied only larval parasitoids, which
might be different from parasitoids attacking hosts on their
egg or pupal state. Third, given that the host studied lives in
a semiconcealed environment (rolled in leaves, buds or low-
ers) it is difficult to generalize to other types of hosts, such
as exposed free-living caterpillars or concealed larvae (e.g.
wood borers). As the parasitoids attacking these two types
of larvae tend to cither be koinobionts or idiobionts, respec-
tively (Askew and Shaw 1986, Hawkins 1994, Quicke 1997),
the assembly of parasitoid communities is probably different
from that of semiconcealed hosts. Finally, although the slopes
of the species accumulation curves indicate that the sampling
effort was appropriate to provide a reliable inventory of the
diversity of each study area (Table 3 in Santos et al. 2011), the
total number of parasitoid individuals collected on each area
is still small (here, note that increasing such numbers would
involve a costly large-scale research project).

In spite of these drawbacks, we showed that for a particu-
lar host species, island parasitoid communities are at least
as species rich as those found on the mainland, but that the
species composition changed from communities dominated
by specialists in the mainland to communities dominated
by generalists on islands. These patterns are probably the
outcome of several interacting processes, some of which we
discussed above. Further work is yet necessary to unveil the
causes of the higher numbers of idiobionts associated with
A. subsequana on the Macaronesian islands in relation to the
mainland. Expanding this type of approach to multiple hosts,
or other habitats and islands, will provide further insights
into the ecology of parasitoid communities, and ultimately
to the understanding of the processes shaping species inter-
actions in a biogeographical context.
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