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Abstract. 1. In cities, green roofs may favour an increase in the local diversity,
although the role they play on host–parasitoid interactions is still unclear. Here,
we tested the hypothesis that the specialist leaf-miner Liriomyza commelinae and
its parasitoid assemblage are able to colonise and exploit patches located on
roofs, but with a lower efficiency than at ground level. We also predicted that
parasitoid species may differ in their abilities to colonise patches on roofs due
to traits related to their life strategy (idio/koinobionts) and morphology (body
size).

2. Through experimental exposure of non-mined and mined host plants
located at ground level and on the bare roofs of houses, we determined coloni-
sation levels for the leaf-miner and its parasitoids respectively. Changes in leaf-
miner abundance, parasitism rates and parasitoid species richness were also
investigated.

3. L. commelinae was able to locate host plants on rooftops, but revealed a
lower rate of colonisation and abundance than on the ground. A few species of
the parasitoid assemblage were associated with the leaf-miner in plants on roofs,
resulting in decreasing colonisation rates, less species richness and lower parasit-
ism. Interestingly, parasitoid species categorised as ‘small’ did not colonise
plants on roofs.

4. Our results provide evidence on how habitats at height influence host–
parasitoid interactions in cities, representing one of the first approaches to the
biological role that green roofs might have on them.

Key words. Cities, dispersal at roof height, green roofs, leaf-miner insect,
parasitism.

Introduction

The management and conservation of natural resources
within cities is improving day by day as a reaction to the
rapid expansion of both urban and suburban areas (Dear-

born & Kark, 2010). Among the sustainable urban inno-

vations that have recently been developed are green roofs,
which act as ‘patches of nature’ by favouring an increase
in local diversity, among other benefits (Oberndorfer
et al., 2007). There is a small but growing body of evi-

dence on the positive role that green roofs can play in the
conservation of insect biodiversity in cities (Kadas, 2006;
Colla et al., 2009; MacIvor & Lundholm, 2011; Tonietto

et al., 2011; Madre et al., 2013; Braaker et al., 2014). In
general these studies, however, have focused on describing
patterns of diversity, with there still being a poor under-

standing of the colonisation process itself (Madre et al.,
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2013) or how species interact (Ksiazek et al., 2012) in
these novel habitats.
In an increasingly urban world, green roofs can provide

an interesting management tool to reconcile the greening

of cities with the ecosystem services provided by insects.
Pest control has been mentioned among the ecological
benefits that insect diversity can render to urban systems

(Hunter & Hunter, 2008). Therefore, the potential of
insect herbivores to colonise and successfully exploit
plants on rooftops and of parasitoids to track their hosts

on these newly created habitats is an area that deserves
further attention (Cook-Patton & Bauerle, 2012).
For herbivorous insects and their parasitoids, the prob-

ability of locating the host plant is largely determined by
spatial factors (Cronin & Reeve, 2005; Schoonhoven
et al., 2005). Finding the plant can be difficult in the
urban landscape, since patches are scattered across an

inhospitable matrix (Raupp et al., 2010; Fenoglio et al.,
2013), thus insects can be affected by habitat fragmenta-
tion. In this context, it is expected that insect diversity will

be lower in smaller and more isolated habitat patches,
with species of higher trophic levels being the most sus-
ceptible (Kruess & Tschrantke, 1994; Holt et al., 1999).

Colonisation, extinction and population abundance have
also been predicted to be affected by urban fragmented
vegetation (Hanski, 1999; Niemel€a, 1999). Nevertheless,
this situation may be reverted if a network of patches on

both the horizontal and vertical dimensions can be estab-
lished. In fact, a recent study has demonstrated that green
roofs can favour connectivity for highly mobile species

(Braaker et al., 2014). But prior to any further specula-
tion, it is necessary to examine if hosts and parasitoids
are able to colonise and exploit elevated habitats.

Here, we present an experimental study on host–para-
sitoid interactions on urban roofs. The model system we
used to determine patch colonisation and exploitation was

the specialist leaf-miner Liriomyza commelinae (Frost)
(Diptera: Agromyzidae), its host plant Commelina erecta
(Commelinaceae) and the associated parasitoid assem-
blage (Hymenoptera). Leaf-miners are ideal organisms to

study colonisation due to mines offering a precise record
of new arrivals and parasitoids constituting their main
source of mortality (Parrella, 1987; Hespenheide, 1991).

Feeding patches were placed at the ground level and on
the bare roofs of houses in C�ordoba city (Argentina). In
Argentina, the implementation of green roofs is a very

recent trend in urban planning and developed principally
in its capital city Buenos Aires (Saint Criq, 2012).
There is evidence that a variety of insects, including

many bees and beetles, have been able to colonise green

roofs (Kadas, 2006; Colla et al., 2009; MacIvor & Lund-
holm, 2011; Tonietto et al., 2011; Ksiazek et al., 2012;
Braaker et al., 2014). Regarding leaf mining insects,

although there is information on their horizontal dispersal
ability from studies on urban habitat fragmentation
(Denys & Schmidt, 1998; Rickman & Connor, 2003), agri-

cultural pests (Chandler, 1985; Jones & Parrella, 1986;
Minkenberg, 1988; Weintraub & Horowitz, 1996) or inva-

sive species (Nash et al., 1995; Augustin et al., 2009;
Gebiola et al., 2013), little is still known about their
mobility at height within cities (Davis et al., 2010; Peralta
et al., 2011). It has been suggested that individuals of the

genera Liriomyza prefer to fly at low heights (Chandler,
1985; Weintraub & Horowitz, 1996), with Peralta et al.
(2011) having detected that walls of concrete have a nega-

tive impact on the colonisation of host plants by L. com-
melinae. However, a recent study reported Agromyzidae
flies in the pasture of living roofs (Davis et al., 2010), and

our preliminary observations have indicated the presence
of C. erecta mined plants on the terraces and balconies of
buildings (M. S. Fenoglio, pers. obs.). Therefore, the sys-

tem suggested above is suitable for the present study.
Although it is known that parasitoids can reach consid-

erable heights to attack herbivores that develop on trees
(Hawkins, 1994; Compton et al., 2000), there is little evi-

dence on their ability to exploit resource patches placed
on the roofs of buildings (Schindler et al., 2011). Parasit-
oid colonisation usually depends on cues associated with

the host itself, on the presence of plants with nectar and
overwintering and mating sites (Shaw, 2006), as well as
on patch size and isolation (Cronin, 2004; Elzinga et al.,

2007). Particularly for parasitoids of L. commelinae in cit-
ies, it has been shown that they can be more affected by
distance from corridors rather than physical barriers or
other potential hosts (Peralta et al., 2011).

The parasitic complex of L. commelinae is comprised of
idiobiont (prevents further host development at the time
of parasitoid attack) and koinobiont (permits continued

host development) species (Fenoglio & Salvo, 2009). This
dichotomy could be a practical criterion in the absence of
detailed rearing records for distinguishing between parasi-

toids that tend to be specialists (koinobionts) and parasi-
toids that are potentially more generalists (idiobionts) in
terms of the host range attacked (Askew & Shaw, 1986;

Hawkins et al., 1990; Godfray, 1994; Memmott et al.,
1994). As in the study region Agromyzidae are mainly
associated with koinobionts (Salvo, 1996), this group of
parasitoids would be expected to search at low altitudes

due to the increased concentration there of herbaceous
plants, where leaf-miners could attain their maximum
diversity (Memmott et al., 1994; Lewis et al., 2002). In

contrast, as idiobionts tend to be more generalist species,
they might have the potential to search for hosts located
on plants of differing heights (Salvo, 1996). Another attri-

bute that may influence the dispersal ability of parasitoid
species is their body size (Roland & Taylor, 1997). In this
sense, it would be expected that larger species are dis-
persed over greater distances than smaller ones

(Tscharntke & Brandl, 2004).
Considering the above, we tested two hypotheses: (i)

The leaf-miner L. commelinae and its parasitoids are able

to colonise and exploit patches located at roof height, but
with a lower efficiency than on the ground. Thus, we pre-
dict that patches localised on the roofs of houses would

have lower colonisation rates and a longer colonisation
time for both the leaf-miner and parasitoids, as well as
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lower leaf-miner abundance, less parasitoid species rich-
ness and lower overall parasitism rates than patches on
the ground (ii) The parasitoid species differ in their abili-
ties to colonise the patches located on roofs due to traits

related to their life strategy and body size. Thus, we
predicted that there would be differences in parasitoid
frequency association between host locations, with

koinobionts and small species being mainly associated
with hosts at ground level.

Materials and methods

Study system

The L. commelinae species is a neotropical and oligoph-
agous leaf-miner that in the region of study is specialised

on C. erecta (Valladares, 1984). The larvae burrow into
the leaf parenchyma, forming distinct serpentine mines
visible on the upper surface of the leaves, within which

they pupate (Smith, 1987). Adults of L. commelinae live
for 4 days on average and attain a peak abundance in the
summer, especially during February and March in the

study area (M. S. Fenoglio, unpubl. data). Its host plant
C. erecta is a herbaceous perennial plant (leaves available
only in summer, but rhizomes present all year) that grows
in dry sandy soils of the north and centre of Argentina

(S�ersic et al., 2006). In urban systems, it is frequently
detected on sidewalks, forming patches of different sizes
at various distances from other patches (Fenoglio et al.,

2010) due its ruderal habitats. It is important to mention
that C. erecta has been selected as one of the plant species
suitable to be used in green roofs of Buenos Aires city

(GCBA, 2012).
Parasitoids are the main source of mortality in L. com-

melinae, with 25 native Hymenopteran species being

recorded in central Argentina, which cause on average a
50% mortality (Fenoglio & Salvo, 2009). Most of these
parasitoids are solitary and polyphagous, feeding on vari-
ous leaf-miner species in the study region (Salvo & Val-

ladares, 1999; Fenoglio & Salvo, 2009). There are no

existing records of hyperparasitoids being associated with
L. commelinae.

Experiment

Eight houses located in different neighbourhoods of

C�ordoba city (31�210S, 64�100W) were selected for the
study. In each house, non-mined and mined potted plants
of C. erecta were placed in the front garden at ground

level and on roofs, and the colonisation by the leaf-miner
and its parasitoids was assessed respectively. The average
height of the roofs of the houses was 3.25 m (�0.57).

The general methodology used here followed the one
proposed by Peralta et al. (2011). Thirty-two pots
(30 9 12.5 cm, 13 cm deep), each with three or four
C. erecta plants were used for the experiment. Sixteen of

these were exposed to field-collected L. commelinae adults
in the laboratory. Two or three pots were placed in a cage
(cardboard and voile, 60 9 36 9 36 cm deep) with adults

of L. commelinae (seven females and nine males per cage)
for approximately 48 h, at room temperature, to allow
mating and oviposition. After 3–4 days, the approximate

time taken for eggs to hatch, the total number of leaves,
the number of mined leaves and the number of mines per
leaf per pot were recorded to be able to expose both loca-
tions to a similar density of the leaf-miner.

Once this procedure was completed, four pots were
placed in each house, two of which (a mined and non-
mined) were separated by a distance of 3 m and put at

ground level in the front garden with the remaining two
(mined and non-mined) being placed on the roof directly
above the bottom two (Fig. 1). The four pots were placed

such that the distance from the sidewalks was the same.
The structure of the vegetation in the gardens was in gen-
eral very simple, predominantly with grass and a low

diversity of plant species with flowers (0–3 spp.). To pre-
vent the colonisation of plants by individuals reared at
the same sites, all C. erecta plants were removed from
gardens before starting the experiment, and it was

checked that no plants had any other leaf-miner species

(a) (b)

(c)

Fig. 1. (a) Schematic representation of a house typical from Argentina with its front garden and roof. Non-mined plants (NMP) and

mined potted plants (MP) of Commelina erecta were placed at both locations to evaluate (b) Liriomyza commelinae colonisation and (c)

parasitoid colonisation (i.e. Chrysocharis flacilla), respectively.
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present. The houses were visited once a week over a per-
iod of 6 weeks (from 18th March to 22nd April, 2013),
and at each visit all mined leaves from originally non-
mined plants were collected to estimate the leaf-miner

abundance. All leaves with pupae and/or larvae visibly
parasitised from previously mined potted plants were used
to estimate species richness and parasitism rates. The

experimental plant exposure times selected were insuffi-
cient to allow leaf-miners from the mined plants to
mature and colonise the non-mined plants. All the col-

lected leaves were placed individually in plastic bags,
transported to the laboratory, and kept until the flies and
parasitoids emerged. Adult leaf-miners and parasitoids

were stored in glass vials plugged with cotton wool Then,
once emergence had ceased, they were counted and identi-
fied (Salvo & Valladares, 1999).
The collection on each visit of all mined leaves from

initially non-mined plants and all leaves with pupae and/
or larvae visibly parasitised from previously mined potted
plants ensured that individuals observed on the subse-

quent visit resulted from new colonising females. Since
mined leaves were removed from the non-mined plants on
each visit, this reduced the number of leaves available for

colonisation. Therefore, an ANOVA test was performed to
evaluate if the number of leaves available for oviposition
differed between the ground and roof for each visit. No
significant differences were found in any case (P > 0.05),

indicating no bias in the availability of leaves across treat-
ments. Furthermore, it was statistically confirmed that the
total number of exposed mines was similar in plants at

ground level and on roofs (paired t-test, P = 0.81, ground:
mean = 36.37, SE = 9.97; roof: mean = 34.75, SE = 6.30),
which assured a similar amount of resources being avail-

able for parasitoids. At the end of the experiment, it was
checked that the number of mines available (averaged per
visit) did not change between gardens and roofs (paired

t-test P = 0.09). Differences in the daily mean temperature
between plants on the ground and roof were also dis-
carded (paired t-test, P = 0.70).
At each sampling site, other variables were measured

which may also influence the abundance and colonisation
of L. commelinae and their parasitoids in urban environ-
ments (Fenoglio et al., 2009; Peralta et al., 2011). Previ-

ous evidence (Fenoglio et al., 2009) has shown that the
leaf-miner abundance increases with higher urbanisation
within the city, and the specific composition of parasitoid

species changes along the urbanisation gradient. Thus, we
decided to take into account the level of urbanisation at
each site, the abundance of the leaf-miner, as well as the
abundance of one of the main alternative resources for

parasitoids in each neighbourhood. The urbanisation level
was estimated by measuring the vehicular traffic (mean
number of vehicles/minute at maximum vehicular traffic

time: 10 a.m.–12 p.m., for four replicates), due to this
variable having been previously found to be correlated to
other variables indicative of urbanisation (Fenoglio et al.,

2009). Neighbourhood leaf-miner abundance was esti-
mated as the proportion of mined patches in the

surroundings of the focal house (total sidewalk length
studied approximately 800 m long by 2 m wide) by count-
ing all the patches (mined and non-mined) present on the
sidewalks. In addition, the total number of Jacaranda

mimosifolia Don. (Bignoniaceae), a common urban tree in
C�ordoba city, was determined in the surroundings of each
house as a proxy for the presence of the specialist leaf-

miner Phytoliriomyza jacarandae Steyskal and Spencer,
1978. It is known that this species is attacked by parasi-
toids, all Hymenoptera and mostly generalist species

(Salvo & Valladares, 1997). Thus, this fact should be
taken into account when analysing the data, since it is
possible that experimental C. erecta plants on roofs repre-

sent a favourable resource for parasitoid species develop-
ing on J. mimosifolia trees.
Two response variables were calculated for the leaf-

miner on non-mined plants and its parasitoid assemblage

on mined plants: colonisation rate (number of visits
where at least one new mine or parasitised mine was
recorded/total number of visits), and colonisation time

(number of days until the first mine or parasitised mine
was observed). In addition, leaf-miner abundance (num-
ber of mines) from originally non-mined plants, and par-

asitoid species richness and parasitism rates (the total
number of parasitoids divided by leaf-miner abundance)
from mined ones were estimated. We also calculated the
parasitoid species richness by rarefaction, since this

method enables samples with different numbers of indi-
viduals to be compared (Magurran, 2004). The estimate
of species richness was calculated from the lowest num-

ber of parasitoids among all samples by using the rarefy
function of the vegan package of R software. For all
variables, we added data obtained from the whole sam-

pling period.
Parasitoids were categorised as idiobionts or ko-

inobionts according to Salvo (1996) and in relation to

their body size. Life strategy was used as a proxy of host
range, since we had insufficient information about the
number of herbivore species used by all the reared parasit-
oid species (Salvo & Valladares, 1999, 2004). Three cate-

gories of body size were defined using the terciles of the
distribution of body length estimated by Fenoglio et al.
(2010) for species of parasitoids associated with L. com-

melinae. The ‘small’ category included the first tercile,
with species between 0.82 and 1.13 mm, while the ‘large’
category corresponded to the last tercile, with species

from 1.60 to 1.77 mm. The ‘medium’ category comprised
species with intermediate values.

Statistical analyses

Leaf-miner. General Linear Mixed Models were used

to evaluate possible differences in the leaf-miner colonisa-
tion rate, colonisation time and leaf-miner abundance
between patches located on the ground and roof. The

house was included in the models as a random effect to
account for the non-independence of the plants on the
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ground and the roof of the same house. Vehicular traffic
(log transformed) and neighbourhood leaf-miner abun-
dance were added to the models as covariates. Multicol-
linearity was checked between covariates using the

variance inflation vector, which was <5 in all cases, indi-
cating a good diagnosis (Logan, 2010). Conditional F-
tests were used to assess the overall significance of fixed-

effects terms in each model (Pinheiro & Bates, 2004).
Pairwise interactions between the patch location and co-
variates were not included because of the lim-

ited degrees of freedom. Mixed models were conducted
using the nlme package (Pinheiro et al., 2007) of the R
2.15.1 environment (R Development Core Team, 2012).

The model parameters were estimated by using maximum
likelihood, and the model’s assumptions were validated.
Only data of leaf-miner abundance needed to be log
transformed to achieve residual normality.

Parasitoid assemblage. The same model structure and
procedure was used to detect differences in parasitoid col-

onisation rates, species richness and parasitism rates. As
well as the covariates mentioned above, the abundance of
J. mimosifolia (log x + 1 transformed) was also incorpo-

rated into the models. The colonisation time for parasi-
toids could not be statistically analysed due to a lack of
parasitoids in some of the roofs (see Results).
Parasitoid traits were studied using the exact G-tests,

which allowed analysing the frequency associations of
individuals classified according to their life strategy and
body size in different patch locations. We decided to

determine significant variations from expected values in

the parasitoid community between ground level patches
and roofs, because few roofs had parasitoids.

Results

Leaf-miner

The colonisation rate for L. commelinae was signifi-
cantly affected by plant patch location (Table 1), with

roofs having lower rates of colonisation (Fig. 2a). It is
interesting to note that, however, on average, new mines
were detected on roofs for half of the visits, which is not

a negligible value. The times the leaf-miner took to colo-
nise plants on roofs (mean = 14.87, SE = 0.88) and plants
at ground level (mean = 14, SE = 0) were similar
(Table 1). For all houses, the leaf-miner was first detected

after the 14th day, with the exception of one house in
which the herbivore colonised the plants located on the
roof from day 21. Although we registered variations

among sites in the vehicular traffic (range = 0.67–36.75)
and in the proportion of mined patches in the neighbour-
hood (range = 0.55–1), neither of the covariates influenced

the rate or time of colonisation (Table 1).
Throughout the study, 35.9% of the exposed leaves of

C. erecta were mined by L. commelinae, with a total of
1652 mines being registered. The leaf-miner abundance

per location varied between 10 and 291 larvae, which was
significantly higher (Table 1) in plants situated at the
ground level than on the roof (Fig. 2b). The number of

mines detected in the experimental patches was indepen-

Table 1. Summary of F – ratios of main fixed effects from GLMMs of the factors affecting the colonisation rate, colonisation time and

abundance of the leaf-miner as well as the colonisation rate by the parasitoid assemblage, parasitoid species richness, and parasitism rates.

Model parameters were estimated by maximum likelihood (ML).

Response variable Fixed effects F(n.d.f., d.d.f.) P

Leaf-miner colonisation rate Patch location 19.51(1,7) 0.003

Vehicular traffic 0.22(1,5) 0.65

Neighbourhood abundance 0.09(1,5) 0.77

Leaf-miner colonisation time Patch location 0.94(1,7) 0.36

Vehicular traffic 0.95(1,5) 0.37

Neighbourhood abundance 0.20(1,5) 0.67

Leaf-miner abundance Patch location 14.29(1,7) 0.006

Vehicular traffic 1.72(1,5) 0.25

Neighbourhood abundance 2.87(1,5) 0.15

Parasitoid assemblage colonisation rate Patch location 24.35(1,7) 0.002

Vehicular traffic 3.06(1,4) 0.15

Neighbourhood abundance 0.07(1,4) 0.80

Jacaranda mimosifolia abundance 2.44(1,4) 0.19

Parasitoid species richness Patch location 40.97(1,7) 0.0004

Vehicular traffic 2.33(1,4) 0.20

Neighbourhood abundance 0.0007(1,4) 0.97

J. mimosifolia abundance 0.11(1,4) 0.75

Parasitism rate Patch location 46.55(1,7) 0.0002

Vehicular traffic 3.93(1,4) 0.11

Neighbourhood abundance 0.97(1,4) 0.38

J. mimosifolia abundance 3.51(1,4) 0.13
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dent of neighbourhood leaf-miner abundance and vehicu-

lar traffic (Table 1).

Parasitoid assemblage

The colonisation rate by parasitoids of the leaf-miner
was significantly lower (Table 1) in patches located on

roofs than that at the ground level (Fig. 3a). This pattern
arose since only two of the eight houses evaluated had
parasitoids associated with roofs. Of these two roofs, par-

asitoids were detected on the first and third visits respec-
tively, indicating a short colonisation time, which was
similar to the mean colonisation time for plants on the

ground (mean = 12.25, SE = 1.75).
Of 465 adults (flies and parasitoids) reared from potted

mined plants, 31% were parasitoids that represented 12
species of Hymenoptera, being mainly from the family

Eulophidae (Table 2). Only four parasitoid species
reached the roofs, which was reflected in the mean num-
ber of parasitoid species at this location and the mortality

rate inflicted on the host being in line with the scarce col-
onisation rate present at this trophic level (Table 1). The

species richness of parasitoids varied between 0 and 5 spe-

cies, and was significantly lower in plants on the roof than
that at the ground level (Fig. 3b). Similar results were
obtained for the rarefied species richness (Fpatch loca-

tion = 41.97, P = 0.003). Of the species colonising roofs,
only one is known to attack P. jacarandae (Table 2). No
effects of the abundance of J. mimosifolia tress

(range = 0–11) and the rest of the covariates, however,
were detected in parasitoid richness (Table 1). The overall
percentage of parasitism suffered by the leaf-miners on
roofs did not exceed 10%, marking a clear difference with

patches at ground level, where parasitism increased by
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more than 50% (Fig. 3c). The same pattern found for
species richness was detected for covariates and parasitism
(Table 1).

Considering the whole community, a similar representa-
tion of idiobiont and koinobiont species was observed in
plants on the roof and ground (Table 2), being the num-

ber of individuals of each category independent (G = 0.08,
P = 0.78) of host location (Table 3). Of the parasitoid
species colonising roofs, half were idiobionts (with 5 indi-

viduals) and the rest were koinobionts (with 22 individu-
als). Two species of parasitoids (both koinobionts) were
found to be associated with the leaf-miner only on roofs,
with Halticoptera sp. A being the most abundant and the

fastest at colonising habitat patches at roof height.
Regarding body size, four species of the complex were

classified as ‘small’, four as ‘medium’, with only two being

‘large’ (Table 2). Strong departures from expected values
were observed for the abundance of parasitoids of differ-

ent sizes (G = 27.96, P < 0.0001). Interestingly, no indi-
vidual of the ‘small’ category colonised roofs, and more
individuals of this size than expected were associated with

the leaf-miner in plants at ground level. Conversely, more
individuals of ‘large’ species were observed on roofs and
less on the ground compared to that expected under inde-
pendence (Table 3).

Discussion

The results of the present study revealed that the leaf-
miner L. commelinae was able to locate C. erecta plants

on rooftops, but with a lower rate of colonisation and
abundance than at ground level. The leaf-miner, however,
took the same period of time to find its host plant at both

locations. For parasitoids, our results showed that only a
few species of the assemblage were associated with the
leaf-miner in plants on roofs. This resulted in decreasing
colonisation rates, less species richness and lower parasit-

ism rates, with body size being the only trait that seemed
to be related to the ability of parasitoid species to colonise
roofs.

The rate of colonisation by L. commelinae on feeding
patches on roofs was lower, indicating that the leaf-miner
searches for its host plant at a higher frequency on the

ground, which is where herbaceous plants usually develop.
A recent study on the vertical distribution and the effec-
tive height for insect flight has shown that L. trifolii (Bur-
gess), a species closely related to L. commelinae, moves in

altitudes lower than a metre (Byers, 2011). This may
explain why patches located on the roofs of houses at an
average height of three metres showed less colonisation by

the leaf-miner. However, taking into account the overall
picture, all the houses studied presented mines in plants

Table 2. Taxonomic position, body size, life strategy, and total abundance of parasitoid species associated with Liriomyza commelinae in

experimental plant patches at ground level and on the roofs of houses.

Superfamily–Family

Body size Life strategy

Abundance

Parasitoid species Ground Roof

Chalcidoidea–Eulophidae
Chrysocharis caribea (Boucek) Medium Koinobiont 3 –
Chrysocharis flacilla (Walker) Large Koinobiont 36 –
Chrysocharis vonones (Walker) Medium Koinobiont 20 1

Chrysocharis Forster sp. A Small Koinobiont 27 –
Chrysonotomyia Ashmead sp. A* Small Idiobiont 5 –
Chrysonotomyia sp. B Small Idiobiont 7 –
Diglyphus websteri (Crawford)* Small Idiobiont 2 –
Elachertini sp. A Medium Idiobiont 8 4

Elachertini sp. B – Idiobiont 1 –
Chalcidoidea–Pteromalidae

Halticoptera sp. A* Large Koinobiont – 21

Herbertia nr. brasiliensis – Idiobiont – 1

Cynipoidea–Figitidae
Agrostocynips clavatus (Diaz) Medium Koinobiont 1 –

*Species shared with Phytoliriomyza jacarandae (Salvo & Valladares, 1997).

Table 3. Total number of parasitoid individuals, classified

according to their life strategy and body size, obtained from each

patch location.

Parasitoid trait Ground level Roof

Life strategy

Idiobiont 23 (22.48) 5 (5.52)

Koinobiont 87 (87.52) 22 (21.48)

Body size

Small 41 (33.1)* 0 (7.9)*

Medium 32 (29.87) 5 (7.13)

Large 36 (46.02)* 21 (10.98)*

The expected figures from a random distribution are indicated in

brackets.

*Values significantly deviated from those expected according to

adjusted residuals (G-test, P < 0.0001).
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on roofs over time, thus reflecting the potential of L. com-
melinae to inhabit new habitats at roof height in the
urban system. Monophagous herbivores, such as the spe-
cies investigated, feed on a single plant-resource. Conse-

quently their niche requirements in the urban
environment are met by the presence of a single patch
(Herrmann et al., 2012), which might explain why the

leaf-miner was capable of exploiting plants on roofs,
despite these possibly being perceived as an isolated
resource.

The pattern found for colonisation was also reflected in
the pattern of resource exploitation by L. commelinae,
being in the two cases independent of the level of urbani-

sation and the proportion of mined patches at the site. It
is likely that the high abundance of larvae in plants at
ground level was due to several flies having simulta-
neously arrived on plants in the gardens, or as a result of

females that were able to reach roofs spending much of
their energy in dispersal, and consequently leaving little
for oviposition (Ellers et al., 1998; Peralta et al., 2011).

This idea is supported by the fact that changes in dis-
persal patterns in Diptera probably involve changes in the
reproductive potential of females (Roff, 1977).

For the parasitoid assemblage of L. commelinae, the
results were in line with what was expected, indicating
that although certain species of parasitoids were able to
colonise habitat patches at roof height, these parasitoids

usually searched for hosts at ground level, where the leaf-
miners concentrated. Although previous studies have
shown that the richness of Hymenoptera insects found on

green roofs was similar to that at ground level (Kadas,
2006; MacIvor & Lundholm, 2011), it is important to
emphasise that these insects belonged to Aculeata, a

group with larger and fast moving species than those of
Parasitica.
The overall parasitism rates of L. commelinae at ground

level were more than double those on roofs, indicating a
greater efficiency of attack at this location, even though
the availability of resources was similar at both locations.
As for the herbivore, no relationship was evident between

the urbanisation level and the variables referring to the
parasitoid community, which reinforces the importance of
height in the colonisation process of these insects.

Although the parasitoids studied here strongly attack
L. commelinae, the most abundant resource in urban habi-
tats (Fenoglio et al., 2013), this variable did not have a

significant impact on the community. The same result was
found for the abundance of J. mimosifolia trees, discard-
ing the idea that all houses with abundant trees have a
higher species richness of parasitoids on rooftops.

In this investigation, we proposed that differences
would be found in the ability of parasitoid species to colo-
nise patches on roofs due to traits related to their life

strategy and morphology. Evidence, however, was only
obtained regarding the latter aspect. Although the repre-
sentation of parasitoid species of ‘large’ and ‘small’ sizes

was uneven in the complex, it is interesting that any indi-
vidual of the ‘small’ category, which was well represented,

colonised plants on roofs even when the regional abun-
dance was known to be higher than that of species cate-
gorised as ‘large’ (Fenoglio et al., 2009). Halticoptera sp.
A, classified as ‘large’, was only found at height and at a

higher frequency than expected. Considering that this par-
asitoid also attacks P. jacarandae, we discarded the possi-
bility that individuals of Halticoptera sp. A may have

come from J. mimosifolia trees, as they were absent at the
site where this plant species was registered. These results
indicate a potential role of body size on the flight height

that parasitoids can reach. Nevertheless, since small
organisms can be displaced by air currents (Corbett &
Rosenheim, 1996), further studies are necessary to dis-

criminate active from passive dispersal.
Regarding our expectation that koinobionts, which tend

to be specialists, would concentrate their search at the
lower levels of vegetation (Salvo, 1996), the results were

inconclusive since a similar richness and abundance of the
koinobiont and idiobiont species were recorded. Neverthe-
less, these findings should be considered carefully, taking

into account the exceptions that exist for the idiobiont–
koinobiont dichotomy in relation to the host range of
parasitoids (Arnaud, 1978; Mills, 1992). Once this infor-

mation is available, the host range itself could be a better
predictor of parasitoid colonisation. Many of the parasi-
toids of L. commelinae which attack other leaf-miners
present on herbaceous plants (Salvo & Valladares, 1999)

are likely to concentrate their search at ground level, due
to an increased availability of alternative hosts in contigu-
ous areas (Fenoglio et al., 2009) as well as of food and

resting sites (Shaw, 2006). Therefore, it is possible that the
creation of green roofs with a larger structure, with a
greater diversity of plant and host resources, would be

capable of providing a better habitat for generalist species
(Madre et al., 2013).
In conclusion, our findings represent a first approxima-

tion of one of the potential biological roles that the imple-
mentation of green roofs might have on host–parasitoid
interactions. The leaf-miner L. commelinae was capable of
colonising and exploiting plant patches on roofs, albeit at

a lower efficiency than for ground level patches. There-
fore, it is possible that an increase in the number of plant
patches available on roofs would favour the conservation

of native specialist herbivore communities (Herrmann
et al., 2012). Agricultural weeds or ruderals common to
disturbed sites are the main species involved in the spon-

taneous colonisation of plants on living roofs (Francis &
Lorimer, 2011), thus the nature of the herbivore and plant
species involved in the present study indicates the rele-
vance of the ecological system when designing green

roofs.
Regarding parasitoids, our results suggested that certain

species have the ability to track their host on roofs. In

spite of the short length of the present experiment, this is
not insignificant and may be in fact auspicious since the
number of parasitoid species inhabiting patches on roofs

may increase over a longer time scale, and with different
niches that provide habitat and resources (Brenneisen,
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2006). Future studies that consider real green roofs, larger
parasitoid species, as well as different altitudinal strata
are required to strengthen the results of this investigation.
This might also help to improve the understanding of the

possible mechanisms of insect dispersal at roof height and
whether green roofs can provide habitat compensation for
species of beneficial insects that are negatively affected by

the patchiness of their resources in urban areas (Denys &
Schmidt, 1998; Fenoglio et al., 2013).
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