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Abstract Parasitoid wasps occur in diverse communities,
with the adults of most species sourcing carbohydrates
from nectar or honeydew. However, the role of niche
partitioning of nectar resources in maintaining diverse
communities of parasitoid Hymenoptera is poorly known.
To elucidate patterns of nectar resource use and test whe-
ther species partition resources, we investigated pollen
loads in a community of parasitoid thynnine wasps in the
biodiversity hotspot of southwestern Australia. In total, 304
thynnine wasps from 28 species were captured. Eighteen of
these species are undescribed, highlighting the high
diversity of unrecognized species in southwestern Aus-
tralia. Pollen loads were detected on 111 individuals rep-
resenting 19 species. Six pollen types were identified. All
species that carried pollen primarily visited two tree
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species, Agonis flexuosa and Eucalyptus marginata, in the
Mpyrtaceae. The other four pollen types were only recorded
from single wasps. There was no evidence of nectar-re-
source partitioning. This may be due to these Myrtaceae
producing abundant, open-faced flowers. Wasp species that
were not recorded carrying pollen may utilise other car-
bohydrate sources, such as homopoteran honeydew. Niche
partitioning is predicted to occur during the parasitoid
larval phase of the life cycle. This study highlights the
importance of nectariferous Myrtaceae in supporting
diverse wasp communities. Further, two species of nectar-
foraging wasps collected here are involved in the pollina-
tion of rare orchid species. Hence, conservation and man-
agement of habitats that support floriferous Myrtaceae are
important for both the maintenance of diverse wasp com-
munities, and the plants they pollinate.

Keywords Foraging ecology - Hymenoptera -
Myrtaceae - Orchid - Pollination - Pollen load - Thynnidae

Introduction

Understanding the mechanisms that allow for the mainte-
nance of diverse biological communities is both a funda-
mental objective of ecology and critical for the management
of conservation reserves. Theoretically, niche partitioning
reduces competition between species, thus allowing a
diversity of species to coexist (MacArthur 1958; MacArthur
and MacArthur 1961; Levine and HilleRisLambers 2009).
For example, co-occurring species may partition resources
trophically, spatially, or temporally (Pianka 1973). Para-
sitoid wasps are considered to be one of the most species-
rich animal groups (LaSalle and Gauld 1991), and can
exhibit extremely high local species richness and cryptic
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diversity (e.g. Smith et al. 2008; Veijalainen et al. 2012,
2014). Most parasitoids require carbohydrates as adults, as
an energy source to support activity and/or oogenesis (Jer-
vis et al. 1993, 2008). In many families of parasitoid, car-
bohydrates are usually taken in the form of nectar or
honeydew produced by plant-feeding Hemiptera (e.g. Jervis
et al. 1993, 2008). However, systematic studies investigat-
ing foraging preference and food resource partitioning in
communities of adult parasitoids are scarce (Jervis et al.
1993; Wickers 2004).

Thynnine wasps are a diverse family of parasitoid wasps
with a primarily Australian distribution (Austin et al.
2004). They are best known for their role in the pollination
of numerous genera of sexually deceptive orchids, where
they are attracted to the flower by mimicry of sex pher-
omones (Stoutamire 1974, 1983; Bower 1996; Schiestl
et al. 2003; Hopper and Brown 2007; Phillips et al. 2009;
Bohman et al. 2014). However, some species appear to
regularly forage for nectar (Brown and Phillips 2014),
where they may also be important pollinators. While over
600 species have been described, ongoing taxonomic and
pollination studies have revealed an immense diversity of
undescribed taxa at both the species and generic level
(Brown 2009; Peakall et al. 2010; Griffiths et al. 2011;
Menz et al. 2015). Further, observations of aggregations of
mating pairs on nectar plants have shown a high diversity
of co-occurring species (Alcock 1981; Phillips et al. 2009).

Thynnine wasps have a unique life cycle where the
wingless females call to attract the winged males using
pheromones (Alcock 1981; Schiestl et al. 2003; Bohman
et al. 2014). They then mate during flight, where the male
transports her to a food source, either feeding her directly
or allowing her to forage, before dropping her back on the
ground (Ridsdill-Smith 1970a; Alcock 1981; Alcock and
Gwynne 1987; Peakall 1990). Feeding on nectar is often
observed on flowers of Myrtaceae, Xanthorrhoea (Xanth-
orrhoeaceae) and Hakea (Proteaceae), with comparatively
few records from other plant families (Phillips et al. 2009;
Brown and Phillips 2014). Use of alternative food sources
has also been reported, such as the secretions of scale
insects (Coccoidea) (Burrell 1935), honeydew produced by
Hemiptera (Ridsdill-Smith 1970a), and extra-floral nec-
taries of Acacia (Fabaceae) (Bernhardt 1987). The very few
species that have been studied are parasitoids of scarab
beetle larvae (Janvier 1933; Burrell 1935; Given 1954,
Ridsdill-Smith 1970a, b, 1971).

Currently there are no data available on how thynnine
wasp communities partition resources. Further, there have
been no systematic dietary studies, except for Menz et al.
(2013), which focused on two species in the context of
orchid pollination. A recent review spanning all genera of
thynnine wasps (Brown and Phillips 2014) revealed that the
most frequently visited plant family was the Myrtaceae.
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However, this review relied primarily on notes from wasp
specimens in museum collections, most of which do not
come from systematically collected specimens. Conse-
quently, there is likely to be a collection bias through
collectors focusing on Myrtaceae, which tend to be large,
floriferous trees and shrubs that attract a large abundance
and diversity of insects that are easily captured (Yates et al.
2005).

In addition to understanding the mechanisms underpin-
ning the diversity of thynnine wasp communities, dietary
studies are important for resolving the habitat and eco-
logical requirements of species involved in the pollination
of rare orchids. As a by-product of mimicking the specific
sex pheromone of insects, pollination by sexual deception
tends to be very specific, with most orchid species relying
on a single insect species for pollination (Paulus and Gack
1990; Phillips et al. 2009; Peakall et al. 2010; Gaskett
2011). As a result, some sexually deceptive orchids may be
intrinsically rare through natural rarity of the pollinator
(Phillips et al. 2014) or undergo declines in concert with
the pollinator in modified landscapes (Pauw and Hawkins
2011). In south-western Australia, sexually deceptive
orchids show a higher level of intrinsic rarity compared to
species with generalist pollination strategies (Phillips et al.
2011). Further, across southern Australia numerous sexu-
ally deceptive orchid species (>75 species) are listed as
threatened under conservation legislation (Brown et al.
1998). As conservation of these plants relies on the main-
tenance of pollinator populations (Kearns et al. 1998; Menz
et al. 2011), an understanding of the dietary requirements
of thynnine wasps is important for the management of a
large number of threatened orchid species. While under-
standing the requirements of pollinators is incorporated
into government management plans (e.g. Department of
Environment and Conservation 2008), this area of research
is rarely addressed and is often not based on empirical data.

Here we undertake a community study of pollen loads
carried by thynnine wasps in an area known to contain a high
diversity of species, including the pollinators of threatened
orchid taxa. Our objectives were to determine the role of food
resources in contributing to the maintenance of highly
diverse thynnine communities and to understand the habitat
requirements of orchid pollinators. Specifically, we
hypothesised that thynnine wasps will show resource parti-
tioning in the type of plant species they visit for nectar.

Materials and methods

Study site and species

The study was conducted in an approximately 250 x 500 m
plot, located in an extensive area of natural jarrah
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(Eucalyptus marginata Sm.) forest in the Leeuwin-Natural-
iste National Park, near Yallingup, Western Australia
(33°38'44”S, 115°02'48"E). This site was chosen as thyn-
nine wasps were known to be locally abundant based on
previous observations. Furthermore, two thynnine species
involved in the pollination of threatened orchid taxa (Brown
et al. 1998) co-occur at the site, Zaspilothynnus nigripes
Guér., the pollinator of Caladenia procera Hopper & A.P.Br.
(Phillips et al. 2009), and Macrothynnus sp. A, implicated in
the pollination of Caladenia huegelli Rchb.f (Phillips et al.
unpublished data).

Sample collection

Wasps were collected in spring from 13 to 23 October
2013. Sampling was done on warm (>18 °C), sunny days
between 09:00 and 16:00 h, as wasps are less active during
cold and cloudy weather (Peakall 1990). Thynnine wasps
were sampled at a total of eight sites within the plot, by
sweep-netting patrolling males along sandy tracks and
patches of open understory. Sites were selected to max-
imise the chance of encountering patrolling male wasps.
Sweep-netting was conducted for three 30 min periods per
site on non-consecutive days, whereby it was attempted to
net as many male wasps as possible. Captured wasps were
placed into individual plastic vials to reduce the opportu-
nity for pollen contamination from other individuals. Pol-
linators were identified morphologically by one of us (GR
Brown), based on comparison with museum specimens and
keys developed as part of ongoing revision of the Aus-
tralian thynnine wasp fauna.

In addition to sweep-netting, pollinator baiting was con-
ducted at the eight sites to attract thynnine species that are
known to pollinate orchids. Pollinator baiting involves the
presentation of picked flowers of sexually deceptive orchids
to rapidly attract male thynnine wasps (Stoutamire 1983;
Peakall 1990), with a new response occurring when the
flowers are moved to a new position within the landscape.
This is a reliable method to detect the presence of orchid
pollinators (Phillips et al. 2014) and has been used exten-
sively in experimental pollination studies. Baiting was
conducted for the final 15 min of the sweep-netting period at
each site on the first survey period. Picked flowers from five
orchid species were used (pollinators given in parentheses):
Caladenia procera (attracts Z. nigripes), Caladenia palu-
dosa Hopper & A.P.Br. (Zaspilothynnus rugicollis Turner),
Caladenia thinicola Hopper & A.P.Br. (Macrothynnus sp.
A), Drakaea glyptodon Fitzg. (Zaspilothynnus trilobatus
Turner) and Drakaea livida J. Drumm. (Z. nigripes) (polli-
nators based on data in Peakall 1990; Phillips et al. 2009,
2014). Flowers were placed on the ground in clear plastic
vials filled with water, approximately 30 cm apart and per-
pendicular to any prevailing breeze.

Pollen analysis

All wasps captured were swabbed for pollen using fuchsin
gel (Wooller et al. 1983). Pollen loads are strongly corre-
lated with the extent of animal visitation to flowering
plants, and are often used to determine floral resource use
and foraging distances (e.g. Greenleaf et al. 2007; Beil
et al. 2008; Jha et al. 2013; Menz et al. 2013). A potential
limitation of this method is floral visitation without the
deposition of pollen on the body of the pollinator. How-
ever, though thynnines have on rare occasion been seen
taking nectar from bird-pollinated Grevillea without con-
tacting the pollen presenter (pers. obs.), the floral mor-
phology of members of this plant community make this
unlikely.

Wasps were swabbed by repeatedly dabbing a small
(2 mm?) cube of gel on the head, and the top and underside
of the thorax. Pollen was identified under a compound
microscope by comparing samples to a reference collection
of pollen from all plant species flowering at the study site.
The pollen load was quantified by counting all grains
present in the sample collected from each wasp. Plant
species represented by <5 pollen grains on a specimen
were excluded from the dietary analysis, in case they
resulted from contamination.

To investigate the relationship between wasp body size
and the pollen load carried, we took morphological mea-
surements for the ten most abundant wasp species. We
measured total body length, thorax width and thorax length
from five or six individuals per species. Measurements
were taken using calipers to the nearest 0.1 mm.

Flowering plant community

To determine the availability of floral resources, we
counted flower heads/inflorescences for all species in
flower at the time of the study, within twenty 10 x 10 m
quadrats. For species with inflorescences, we used the
average flowers per inflorescence (using between 5 and 9
inflorescences, each from different plants) to estimate the
total number of flowers. Flowers on trees overhanging the
quadrat were also counted. Quadrats were arranged in two
transects of 10 quadrats, through the centre of the study
area.

Data analysis

Due to the similarity in plant species visited by all nectar-
foraging wasp species, data from all wasp species carrying
pollen were pooled for analyses. The size of pollen loads of
the two plant species commonly carried by the wasps were
compared using a Mann-Whitney U test. To test if visi-
tation to plant species is driven by preference or differences
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in availability, the proportion of pollen loads containing
pollen of each plant species was compared to the propor-
tional abundance of flowers in the community (calculated
as total abundance across the 20 flora quadrats) using a
G test. Mann—Whitney U and G tests were undertaken in
GenAIlEx 6.5 (Peakall and Smouse 2006, 2012).

The variables used in morphometric measurements
(mean total length, thorax length and thorax width for each
species) of the wasps were strongly correlated (Pearson’s
correlation tests, » > 0.99, P < 0.001), so only thorax
width was retained for further analysis. The relationship
between the mean size of pollen load carried (from all
individuals per species) and mean thorax width for each
wasp species was tested using linear regression. Analyses
were conducted in R (R Core Team 2014).

Results
Thynnine wasp community

In total, 304 individual male thynnine wasps were col-
lected, belonging to 28 species from 13 genera (Table S1).
Of these, 18 (64 %) species are undescribed. The majority
of species (64 %, N = 18) were represented by <10
specimens, with nine species being represented by a single
individual (Table S1). Aulacothynnus sp. A was the most
abundant species, with 115 individuals being collected.

Pollen analysis

Pollen grains were recorded on 111 wasp individuals
belonging to 19 species (Table 1). The wasp genera Ari-
phron, Eirone, Lophocheilus, Phymatothynnus, Tachyno-
mia and Thynnid sp. C were not recorded carrying pollen
loads. A total of six morphological types of pollen were
recorded on thynnine wasps (only including counts with >5
pollen grains per pollen type per wasp individual). Two of
these were readily identified as Agonis flexuosa (Willd.)
Sweet (Myrtaceae) and E. marginata (Myrtaceae). Another
type belonged to either Johnsonia lupulina R.Br. or
Agrostocrinum  stypandroides F.Muell. (Hemerocalli-
daceae), but could not be distinguished because of the
similarity of the pollen grains of these two genera. Three
pollen types (unidentified sp. A, B and C) could not be
identified, and were not present in our reference collection.
Pollen loads belonging to the two species of Myrtaceae
were frequently detected, with pollen being recorded on
108 wasp individuals for A. flexuosa (97.3 % of individuals
carrying pollen) and 37 individuals for E. marginata
(33.3 % of individuals). Alternatively, pollen was identi-
fied on just one wasp each for the hemerocallid species and
the unidentified sp. A, B and C (0.3 % of individuals). Both

@ Springer

A. flexuosa and E. marginata pollen was carried by 36
(32.4 %) wasps, whereas 66 (59.5 %) and 1 (0.01 %)
wasps carried only A. flexuosa or E. marginata pollen,
respectively. Of the wasp individuals carrying pollen from
both species, all had larger pollen loads of A. flexuosa than
E. marginata (Mann—Whitney U test, Z = 3.412,
P < 0.001, N = 36) (Table 1).

All wasp genera where pollen loads were recorded
(Aulacothynnus, Catocheilus, Chilothynnus, Macrothyn-
nus, Rhytidothynnus, Thynnoides, Zaspilothynnus, Zelebo-
ria, Thynnid sp. A and Thynnid sp. B) primarily carried
pollen from A. flexuosa and E. marginata. Quantification of
the percentage of wasp individuals carrying pollen loads
highlights pronounced interspecific variation (Table 2).
Using wasp species with more than 10 sampled individuals,
Macrothynnus sp. A, Macrothynnus insignis (Smith),
Rhytidothynus sp. A, Zaspilothynnus nigripes and Zaspi-
lothynnus unipunctatus Turner all had pollen loads on more
than 80 % of individuals, while Ariphron sp. A, Lopho-
cheilus mammeus and Tachynomia aurifrons carried no
pollen (Table 2). For the ten most abundant species, mean
pollen load size was not significantly correlated with mean
body size (R* = 0.187, df = 8, P = 0.118).

Flowering plant community

A total of 49 plant species from 24 families were recorded
flowering at the site during the study (Table S2). Based on
the total number of flowers across all plants in the quadrats,
A. flexuosa was the fourth most floriferous plant in the
community, making up 7.7 % of the total number of
flowers in the community (Table S2). Alternatively, E.
marginata was only the fourteenth most floriferous mem-
ber of the flowering community, making up 0.2 % of the
total number of flowers in the community. While Pimelea
rosea R.Br. (Thymelaceae; 33,000 flowers), Pimelea
spectabilis Lindl. (Thymelaceae; 15,600 flowers) and Sy-
naphea floribunda A.S.George (Proteaceae; 10,500) were
the most floriferous plants in the community (Table S2),
none of the thynnine individuals carried pollen from these
species. Plant species were not used in proportion to their
availability (G = 31489, df = 48, P < 0.001; Fig. 1).

Discussion

We recorded a total of 28 species of thynnine wasps co-
occurring at the study site. Importantly, the high number of
undescribed taxa (N = 18, 64 %) recorded in this study
highlights the need for increased museum collections and
ongoing research into the taxonomy of this diverse family
of parasitoid wasps. Surprisingly, despite the high diversity
of plant species flowering at the site (49 species), analysis
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0 (0)

0 (0) 0(0)

0

0 ()
3(2.6)

19

115

Ariphron sp. A

1 (0.9)
0 (0)
00
0O
00
0O
0O
0O
0 (0)

1(0.9)
0 (0)
0(0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

1(0.9)

Aulacothynnus sp. A

0 (0)
0 (0)

2 (18.2)

0 (0)

2 (18.2)

0 (0)
27 (93.1)

11

Chilothynnus sp. A

10
29

Lophocheilus mammeus

12 (41.4)
10 (52.6)
2 (20)
0 (0)
10 (40)
0 (0)

27 (93.1)

Macrothynnus sp. A

15 (78.9)
10 (100)
0 (0)

25 (100)

17 (89.4)
10 (100)

19
10
20
25

Macrothynnus insignis

Rhytidothynnus sp. A

0 (0)
25 (100)
10 (100)

Tachynomia aurifrons

Zaspilothynnus nigripes

10 (100)

10

Zaspilothynnus unipunctatus

Only counts of >5 pollen grains per pollen type per wasp are included. Af, Agonis flexuosa; Em, Eucalyptus marginata; hemerocallid pollen refers to pollen from either Johnsonia lupulina or

Agrostocrinum stypandroides (Hemerocallidaceae)

of pollen loads revealed that the wasps were utilising only a
very small proportion of the flowering community. The
majority of individuals carrying pollen were exclusively
visiting two species, A. flexuosa and E. marginata, which
supports field observations of thynnines feeding on these
plant species (pers. obs.). The four other pollen types
represented were each only detected on one individual.
Given the diversity of wasp species (N = 15, 54 % of the
community) feeding on both A. flexuosa and E. marginata,
we consider that there is no evidence of nectar resource
partitioning within this community of nectar-feeding
thynnines.

Our results show that nectar-feeding thynnines tend to
be specialised on generalist plant species. This specializa-
tion by pollinators on generalist plant species is a consis-
tent structural characteristic of plant-pollinator networks
(Vazquez and Aizen 2004; Bascompte et al. 2006; Bas-
compte and Jordano 2007). At our study site, the two fre-
quently visited plant species were both open-flowered
Myrtaceae, supporting findings from previous studies that
have predicted the importance of Myrtaceae as a carbo-
hydrate source for thynnines (Menz et al. 2013; Brown and
Phillips 2014). These plants are also important nectar
resources for many other insect and vertebrate species. For
example, Yates et al. (2005) demonstrated that E. mar-
ginata was visited by over 80 species of insect from 38
families in an urban bushland remnant. The question arises
as to what is the carbohydrate source utilized by those
species in the community that weren’t found to be carrying
pollen? It is likely that these species are exploiting alter-
native carbohydrate sources, such as the exudates of
phloem-feeding Homoptera or scale insects (see Brown and
Phillips 2014). A possible method for elucidating foraging
on alternative carbohydrate sources would be the use of
stable isotopes (Layman et al. 2012).

The specialization on nectar plants seen in this system
may in part be due to morphological limitations of the
wasps. While some thynnines have relatively elongated
mouthparts compared to other species, the species collected
in the present study have short mouthparts that limit access
to deeper or tubular flowers (Brown and Phillips 2014).
While the flowers of these Myrtaceae are open-faced,
allowing easy access to nectar, some species with abundant
flowers, such as Pimelea rosea and P. spectabilis have very
long corolla tubes, potentially excluding access to nectar
by thynnines. Similarly, despite being abundant, Synaphea
floribunda was not visited by thynnines, possibly due to the
small, tubular nature of the flowers. Several species at the
site, such as members of Hibbertia and Acacia (Table S2)
do not produce nectar and primarily attract pollen-foraging
insects, such as beetles and bees (Keighery 1975; Bern-
hardt 1987). Thus, there are few species in the community
that may be available to thynnines as a nectar source,
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Fig. 1 Proportion of total flower abundance (black bars) and pollen
load (gray bars) for each plant species, calculated from the floral
counts in the quadrats (N = 20), and all pollen loads from all wasp
species combined (N individuals = 108). Data for the three uniden-
tified pollen types is not included. Plant species are sorted in order of
abundance. Full plant species names (alphabetical order): Ac.pu,
Acacia pulchella; Agfl, Agonis flexuosa, Ag.st, Agrostocrinum
stypandroides, An.ma, Anigozanthos manglesii; Aster, Asteraceae
sp.; Bo.li, Bossiaea linophylla; Bo.or, Bossiaea ornata; Bu.co,
Burchardia congesta; Ca.at, Caladenia attingens; Ca.fl, Caladenia
flava; Ch.co, Chamaescilla corymbosa; Ch.il, Chorizema ilicifolium;
Ch.rh, Chorizema rhombeum; Co.ac, Conostylis aculeata; Da.ho,
Dasypogon hookeri; Da.li, Dampiera linearis; Da.pr, Daviesia
preissii; ELbr, Elythranthera brunonis; Eu.ma, Eucalyptus marginata,

potentially resulting in many species utilising the readily
accessible flowers of these Myrtaceae. Additionally, E.
marginata could be favored as it produces nectar with a
relatively high sugar concentration (55.3 %, Yates et al.
2005).

Specialization on these species of Myrtaceae could be
facilitated if nectar is not limiting the population size of
thynnine wasps in this community. In this scenario, there
would be no selection for pollinators to diversify their
foraging niche to consume nectar from plants that produce
less nectar reward or have more inaccessible flowers. To
evaluate this possibility would require data on nectar pro-
duction and sugar concentration, coupled with estimates of
field metabolic rates of thynnine wasps. While technically
challenging, the recent development of using radioactive
rubidium (86Rb) to measure metabolic rates in insects
(Tomlinson et al. 2014) suggests that this may be a pow-
erful approach for understanding resource constraints and
competition in thynnine wasps.

Interspecific variation in host use may be an important
mechanism to facilitate the co-occurrence of numerous
species of parasitoids (e.g. Smith et al. 2008; Bailey et al.
2009). There is very little known about host use of thynnine

Hi.cu, Hibbertia cunninghamii; Hi.hy, Hibbertia hypericoides; Hi.sp,
Hibbertia sp.; Ho.tr, Hovea trisperma; Hy.ro, Hypocalymma robus-
tum;, Is.sp, Isopogon sp.; Jo.lu, Johnsonia lupulina, Ke.co, Kennedia
coccinea; Le.ve, Leucopogon verticillatus; Lo.te, Lobelia tenuior;
My.op, Myoporum oppositifolium; Pa.oc, Patersonia occidentalis;
Pa.um, Patersonia umbrosa var. xanthina; Ph.ca, Phyllanthus
calycinus; Ph.sp, Philotheca spicatum; Pi.ro, Pimelea rosea; Pi.sp,
Pimelea spectabilis; Pl.ga, Platytheca galioides; Pl.te, Platysace
tenuissima; Sc.ca, Scaevola calliptera; So.la, Sowerbaea laxiflora;
St.am, Stylidium amoenum; St.ca, Stylidium calcaratum; St.sc,
Stylidium schoenoides; St.sp, Styphelia sp.; Syfl, Synaphea flori-
bunda; Th.cr, Thelymitra crinita; Tr.br, Tripterococcus brunonis;
Tr.pi, Trachymene pilosa; Xa.gr, Xanthorrhoea gracilis

wasps, but the few studies conducted have shown that hosts
tend to be Scarabeid beetle larvae (Janvier 1933; Burrell
1935; Given 1954; Ridsdill-Smith 1970a, b, 1971). One
laboratory study investigating host use in the thynnine
wasp Hemithynnus hyalinatus demonstrated that females
successfully parasitised up to six species of Scarabeid
larvae (Ridsdill-Smith 1970a). However, thynnines may be
more generalised in their host use under laboratory con-
ditions than in the field. We predict that diverse thynnine
communities may form through host partitioning, poten-
tially through species-specific interactions, utilization of
different developmental stages of the same host species, or
spatial partitioning within the soil profile (see Ridsdill-
Smith 1970b). Furthermore, multiple thynnine species may
rely on a few highly abundant host species. Host use is a
significant gap in our understanding of thynnine biology
and is in urgent need of further research.

Implications for the conservation of rare orchid
pollinators

We recorded the presence of two species of thynnine,
Macrothynnus sp. A and Z. nigripes, which are involved in
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the pollination of rare orchids. Analysis of the pollen loads
carried by M. sp. A and Z. nigripes, indicated that these
species exclusively carried pollen from open-flowered
Myrtaceae, namely A. flexuosa and E. marginata. Both of
the rare orchid species that exploit these wasps are believed
to be reliant solely on sexually deceived pollinators to
achieve pollination (Phillips et al. 2009; Phillips et al.
unpublished data). While we have demonstrated the
importance of A. flexuosa and E. marginata as food
resources for these insects, observations of feeding thyn-
nines from other sites suggest that several other Myrtaceae
will be used when available. These Myrtaceae tend to be
larger shrubs and trees, which may be a limitation in some
regions of south-western Australia, particularly the Swan
Coastal Plain, which is heavily cleared and the remaining
vegetation highly fragmented (How and Dell 2000; Davis
et al. 2013). Given our lack of knowledge regarding host
use of these wasps, a precautionary approach would be to
protect the remaining habitat as a whole to ensure popu-
lations are maintained. Furthermore, the restoration of
floriferous Myrtaceae in proximity to habitat remnants may
assist in supporting thynnine populations during crucial
reproductive periods.
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