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Abstract

Historically, only a few large flowered species in the genus Thelymitra were identified as obligate out-breeders. We compared
floral presentation, pollen-pistil interactions, pollination ecology, and interspecific hybridization in two populations of
T. macrophylla where its flowering periods overlapped with T. antennifera (Tenterden) and T. crinita (Lesmurdie)
respectively. Pollen-pistil interactions were studied using glasshouse collections of T. crinita and T. macrophylla at KPBG.
The number of flowers per inflorescence in T. macrophylla varied significantly between sites. Climatic conditions influenced
flower opening and closing regimes differently in T. crinita vs. T. macrophylla. While all three Thelymitra species opened
on warm, sunny mornings and closed by late afternoon, T. crinita at Lesmurdie was significantly more likely to open its
perianth segments on cool days compared to the co-blooming, sympatric flowers of T. macrophylla. The floral lifespans of
individual flowers of T. macrophylla and T. crinita were reduced significantly following application of Thelymitra pollen
onto the stigmatic surface but were not reduced by pollinarium removal. Flowers of both species were self-compatible
but neither species self-pollinated mechanically (autogamy). Fluorescence microscopy also showed that both species were
inter-compatible. Natural rates of pollinarium removal by insects were low in all three species at both sites. Natural rates
of pollen deposition on receptive stigmas were significantly higher in T. crinita vs. T. macrophylla but pollen deposition
was less than 12% in both species. Observations and collections of pollinators were infrequent and pollinaria vectors were
restricted to a few polylectic, female bees in the families Apidae, Colletidae, and Halictidae. We found a large number
of hybrids between T. antennifera and T. macrophylla at Tenterden but few obvious hybrids between T. crinita and
T. macrophylla at Lesmurdie. As expected, all hybrids showed characteristics intermediate between their two putative
parent species, including pollen configuration in the T. crinita X T. macrophylla specimens. Due to malformations of the
column, the majority of T. antennifera X T. macrophylla flowers appeared unable to attach their pollinia to their respective
rostella.

Introduction

Ongoing revisions of Thelymitra ]J.R.Forst. & G.Forst. have expanded this genus to over 100 species from the
southern Philippines to seasonally moist-temperate Australasia (Brown et al., 2008; Jeanes 2004, 2006, 2009,
2013). While a range of vegetative and floral characters is used to segregate species of Thelymitra, orchid
taxonomists rarely use labellum traits in this genus. Most of the species in the genus have a radially symmetrical
perianth with a labellum identical to the two lateral petals. When taxonomists compare and segregate taxa
in the genus Thelymitra, they are more likely to focus on the relative size, degree of fusion, inflation, and
ornamentation of structures confined to the hooded column (see Bishop 1996; Erickson 1965; Jeanes 2006;
Rupp 1942). Variation in the physical size of the flowers and mitra ornamentation in Thelymitra species was
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used in the interpretation of major trends in floral evolution by Burns-Balogh and Bernhardt (1988).

When the Australian botanist, Robert David Fitzgerald (1830-1892) examined the flowers of several Thelymitra
species, he subdivided them into two reproductive systems based on his observations and an experimental
procedure he derived from Darwin (1862). Fitzgerald noted that small-flowered species had friable pollinia
(contents of each anther cell crumbled instead of remaining in a cohesive and entire pollinium). Their
fragments fell onto their receptive stigmas spontaneously as their solitary anthers dehisced. In contrast, the
large-flowered species produced entire and paired, pollinia that attached to a viscidium (naked and detachable
rostellum) upon anther dehiscence. In large-flowered species the pollinia didn’t fragment or fall onto the
stigma. Fitzgerald showed that the paired pollinia in a large-flowered, Thelymitra species could be withdrawn
completely, when the tip of a pin adhered to the viscidium. The pollinia did not contact the stigma lobes when
the pollinarium (two pollinia pairs + one viscidium) was removed in this manner.

Therefore, Fitzgerald’s published texts and folios (Fitzgerald 1875-1894) concluded that self-pollinating
Thelymitra species could be recognized on the bases of their smaller flowers and tardily opening perianth
segments. However, Fitzgerald warned that the transition from cross- to self-pollination was gradual and so
discrete it could occur within the same species. Recent taxonomic revisions of the genus suggest that almost half
of the >100 (A. Brown, pers. comm.) described species are facultative to obligate self-pollinators (Jeanes 2004,
2006, 2009; Jones, 1988). Regardless of flower size, Fitzgerald never described insect-mediated pollination in a
Thelymitra species Cheeseman (1880), working in New Zealand, found thrips feeding on pollen of T longifolia,
a small-flowered species, but discounted these tiny insects as pollinators.

In fact, insect-mediated and putative cross-pollination has been described, thus far, in only six large-flowered
species. Jones (1981) was the first to observe bees carrying the pollinaria of Australian T. media and T. aristata,
both large-flowered species, on the last two abdominal segments of their abdomens. The bees were observed
to clasp the ornamented and pigmented clinandrium or mitra (sensu Burns-Balogh and Bernhardt 1988)
hooding the exposed pollinarium and stigma. Bernhardt and Burns-Balogh (1986) also observed and caught
a few, female bees on large-flowered, T. megcalyptra (syn. T. nuda) and these bees also landed on and clasped
the ornamented and pigmented mitra. Remnants of the pollinia were found, once again, on the dorsum of
the bees’ abdomen. Similar observations, collections, and abdominal depositions of pollinaria were found on
bees collected on large-flowered T. antennifera (Dafni and Calder 1987), T. epipactoides (Cropper and Calder
1990), and T ixioides (Sydes and Calder 1993). The dominant pollinators of all three species were female,
native, and polylectic bees in families Apidae and Halictidae. The exception to the rule was Syrphus damaster
(Syrphidae) and the solitary wasp (Eurys species) carrying pollinaria of T. antennifera on their heads. All
Thelymitra species studied failed to secrete nectar and did not offer edible pollen to insect foragers. Dafni
and Bernhardt (1990) concluded that insect-pollination within the lineage was most likely based on guild
mimesis in which the Thelymitra flower mimicked co-blooming species offering pollen and/or pollen and
nectar to female bees foraging for their offspring. These included the yellow flowers of Goodenia and Hibbertia
species for T. antennifera and a wide range of blue-purple flowers of various petaloid monocotyledons for
T. megcalyptra and similar species. The bee’s abdomen appears to clasp the underside of the mitra. When the
bee prepared to fly away, the abdomen unclasped and swung downward, contacting the viscidium. As the same
bee prepared to clasp the mitra of a second column, the pollinia-laden abdomen should swipe against the
stigmatic lobes.

It is curious that all six studies described above were completed in eastern Australia when the south western
corner of the state of Western Australia is the centre of diversity for the genus Thelymitra and appears to
support the largest populations of large-flowered species (Brown et al. 2008; Jeanes 2006, 2009; Jones 1988). As
a number of species have overlapping flowering periods and distributions, interspecific hybrids were recorded
frequently (Bates and Weber 1990; Brown et al. 2008).

We selected T. antennifera, T. crinita, and T. macrophylla for additional studies on the floral biology of large-
flowered species for three reasons. First, living collections of T. crinita, T. macrophylla and their putative hybrid
were included in the glasshouse collection at the Kings Park and Botanic Garden (KPBG) in West Perth, Western
Australia. This afforded opportunities to test breeding systems of two large-flowered species at the intra- and
interspecific levels. Second, extensive populations of T. macrophylla were found at two, disjunct sites. At one
site, it overlapped with the flowering of an extensive population of T. antennifera and their putative hybrid
while, at the second site it overlapped with T crinita and their putative hybrid. With two large populations of
T. macrophylla, it became possible to compare the inflorescence length vs. the number of flowers per
inflorescence at two sites and then compare the influence of climate on the opening and closing of flowers at
each site. Third, the morphology of the mitra of T. crinita is similar to eastern T. ixioides (Sydes and Calder
1993) while the mitra of T. macrophylla is similar to eastern T. megcalyptra (Bernhardt and Burns-Balogh
1986). This offered the opportunity to compare prospective pollinators and their visitation rates of two, co-
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blooming species in situ. It also gave us the opportunity to compare characters of parent species and their
putative hybrids.

Comparing the floral biology of three, large-flowered species in large populations allowed us to test hypotheses
regarding the evolution in a lineage. This required a combination of techniques and protocols using biometry,
breeding experiments, and field and glasshouse observations, as floral presentation in flowers ‘pollinated-by-
deceit’ is usually a multi-layered syndrome (Dafni and Bernhardt 1990).

Materials and methods

Study species. We studied populations of T. antennifera, T. crinita, T. macrophylla, and their putative hybrids
(Figs 1-8). Descriptions of floral morphology of all three species and the T. antennifera X T. macrophylla
hybrid follow Brown et al. 2008.

Study sites, field populations vs glasshouse collections. Field and glasshouse studies on T. macrophylla
(scented sun orchid), T. crinita (blue lady orchid), and T. antennifera (lemon-scented orchid) represented one
season of study (1 September—23 October, 2009). The field site for T. antennifera (approximately 500 flowering
stems), 1. macrophylla (approximately 100 flowering stems) and the hybrid between T. antennifera and
T. macrophylla, (here after T. antennifera X T. macrophylla; approximately 50 flowering stems) was located near
Tenterden, Western Australia. Pressed vouchers were deposited in the National Herbarium of New South Wales
(NSW) and the herbarium of the Missouri Botanical Garden (MO).

The second site for field research included T. crinita (approximately 300 flowering stems), 1. macrophylla
(approximately 85 flowering stems) and hybrids between T. crinita and T. macrophylla (here after T. crinita X
T. macrophylla; 6 flowering stems) was located in Lesmurdie, Western Australia (intersection of Welshpool and
Pomeroy). At the Lesmurdie site, we tagged 15 stems in bud of T. macrophylla and 17 stems in bud of T. crinita
and observed them from 6-23 October 2009. Data collected on these 32 flowering stems is described below
in the subsections on ‘Flowering patterns’ and ‘Natural rates of pollinaria removal vs. pollinaria deposition’
Deposition of herbarium vouchers for T. crinita and T. macrophylla were as above. Vouchers of the putative
hybrid between T. crinita and T. macrophylla were collected and identified on 22 October 2009, by Dr. Andrew
Brown.

Glasshouse collections. All hand-pollination work was completed using potted plants in a glasshouse (15°C-
22 °C day temperature regulation) located at KPBG. All glasshouse specimens of T. crinita and T. macrophylla
were collected from Canning Mills Road, east of Perth, WA, in September 1998. All glasshouse hybrid
specimens (T crinita X T. macrophylla) were collected from the Fiona Stanley Hospital site south of Perth, WA,
in September 2009.

Statistics. All statistical analyses were performed using the R statistical language and programming environment
(R Development Core Team 2011). We used the following abbreviations in our results: ‘F’ = test statistic for an
analysis of variance test; ‘W’ = Wilcoxon rank sum test; ‘¥*’= Chi-square test; ‘DF = degrees of freedom; ‘sd” =
standard deviation of a sample; ‘n’ = sample size; and ‘P’ = probability of obtaining a given test statistic’s value
or greater at random.

Flower counts and flowering patterns

Flower bud number vs. length of the inflorescence. We counted the number of flower buds on T. antennifera
and T. macrophylla at the Tenterden site. At the Lesmurdie site, we counted the flower buds on 17-tagged
inflorescences of T. crinita and 15-tagged inflorescences of T. macrophylla from 6-23 October 2009 (see above).
We tested for a difference in the average number of flowers per stem produced by T. macrophylla between
the Tenterden and Lesmurdie sites using One-Way ANOVA. We recorded the number of flowers that opened
daily on inflorescences of T. crinita and T. macrophylla at the Lesmurdie site from 6-23 October 2009. We also
recorded daily weather conditions.

Flower bud opening vs. ambient temperature (in situ). A few previous studies suggest that mature, perianth
segments do not open unless there is an absence of cloud cover and ambient temperatures exceed the low
20’s (see review in Bernhardt and Burns-Balogh 1986). During September and October 2009, mean daily
temperatures varied from 14.3-37.0 °C. Therefore, each day we observed flowers opening at the Lesmurdie
site, the day was recorded as cool (<21°C) or warm (to at least 21°C).

Cloud cover. We recorded whether the day was cloudy or sunny. A cloudy day refers to whether the sun



168 Telopea 15: 165-183, 2013 Edens-Meier, Westhus and Bernhardt

remained occluded by stratus clouds at least from 9 a.m. — Noon. All rainy days were recorded as cloudy
days. A sunny day refers to a day in which the sun was not occluded by clouds from 9 a.m. — Noon. A Three-
Way ANOVA was used to test for differences in the ratio of open to the total number of flowers per stem to
determine the role of weather effects on T crinita and T. macrophylla. These effects were identified as sunlight,
(sunny day vs. cloudy day), and temperature (warm vs. cold). This gave us the three-way interaction of species,
sunlight, and temperature. These ratios were transformed using the arcsine transformation for ratio data to
better fit a normal distribution (Sokal and Rohlf 2003). Post-hoc analysis of the three-way interaction was
done using pairwise t-tests.

Floral lifespans (glasshouse collection). To determine the floral life spans of T. crinita and T. macrophylla
under controlled conditions, we used glasshouse plants exclusively. The first day a bud in the glasshouse
opened, it was labeled with a jeweler’s tag and subjected to one of two treatments (control vs. pollinarium
removed). Specimens labeled controls were not manipulated. We recorded the number of days they opened
and closed prior to withering. A withered flower was defined as a flower with a browned or crustose stigma
and its labellum covered the stigma before the flower closed for the last time. Such flowers never reopened
the following day. The second group of flowers had their pollinaria removed with clean toothpicks the first
day they opened. They were recorded as withered using the same criteria as above. A mixed effect ANOVA
model was used to test for differences in lifespan between the main treatment effects (control and pollinarium
removed) and species (7. crinita and T. macrophylla), as well as the interaction of treatment and species. Since
individual plants received both the control and experimental treatments, individual plant identifiers were
included in the model as a blocking (random) effect.

Peduncle (flowering stem) length vs. number of flowers per inflorescence (glasshouse collection). The
length of the stem and the number of flowers produced were measured for 13 specimens of T. crinita, 15
T. macrophylla specimens, and eight specimens of their putative hybrid. We used a One-Way ANOVA to test for
differences among species and the hybrid in the number of flowers per stem. A second One-Way ANOVA was
used to test for differences in the length of flowering stems. Tukey’s HSD post-hoc tests were used to determine
the sources of differences in the One-Way ANOVAs.

We counted the number of flowers on stems of the recurrent hybrid, T. antennifera X T. macrophylla, at the
Tenterden site. We recorded which flowers on the stem had a normal column in which their pollinia connected
to the rostellum and which flowers had malformed columns so that the pollinia did not connect to the
rostellum. We calculated the average proportions of normal and malformed columns.

Hand-pollination experiments

Hand-pollination of flowers. To determine the compatibility system in glasshouse plants of T. crinita
(n = 13 flowering stems) and T. macrophylla (n = 15 flowering stems) we divided all flowers on all stems
into four experimental groups — control (unmanipulated), self-pollinated, cross-pollinated, and reciprocal
hybridization. In all cases the entire pollinarium was removed from the anthers using a wooden toothpick
(used once and discarded) and transferred to the receptive stigma. Because flowers opened only on warm,
sunny days and because flowers closed by early afternoon, hand-pollinations were completed as soon as
the flowers opened each morning. Self-pollinated flowers received pollen from the same flower (autogamy)
whereas cross-pollinated flowers received pollen from the anther of a second flower of the same species in a
separate container. In the reciprocal hybridizations, the entire pollinarium was removed from the anther of
one species and its pollen was rubbed onto the stigma of the second species until a pollen smear was visible.
The controls received no treatment. Each flower (one bud on each peduncle) was identified using a small
jeweler’s tag along with the type of treatment the flower received.

Analyses of hand-pollinations (pollen tube/pistil interactions). Experimental samples were harvested six
days following the initial treatment, or in the case of the control flowers, six days after opening. These flowers
were then collected, fixed, and preserved (sensu Lipow et al. 2002). Protocols used to split pistils lengthwise
using a razor blade followed Edens-Meier et al. (2011) in order to locate pollen tubes on stigmas and/or within
pistils. Softening, staining, and observing under epifluorescence followed Lipow et al. (2002).

Statistical analyses. A Multivariate Analysis of Variance (MANOVA) was used to test for differences in the three
response variables (grains on stigma, pollen tubes in stigma, pollen tubes in ovary) among the independent
variables for pollination treatment (control, cross, self, reciprocal hybridization) and species (T. crinita and
T. macrophylla). Since data were recorded as counts, a square root transformation was used to develop a normal
distribution (Sokal and Rohlf 2003 ).
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Natural rates of pollinaria removal vs pollinaria deposition

Tenterden site. On 27 September and 2 October 2009, we examined peduncles of T. antennifera, T. macrophylia,
and the hybrid of T. antennifera and T. macrophylla at the Tenterden site at random. We counted the number of
flowers per inflorescence and the number of flowers on each stem in which the entire pollinarium was missing.

Statistical analyses (Tenterden). Kruskal-Wallis test were used to assess differences in the ratios of pollinaria
removed to total flowers among T. antennifera, T. macrophylla and their hybrid.

Lesmurdie site. Seventeen flowering stems of T. crinita were tagged during the observation period from
7 October—23 October 2009 and 15 flowering stems of T. macrophylla from 6-23 October 2009. Every day we
checked columns on each flower on each inflorescence for missing pollinaria and whether the stigma retained
pollinaria fragments and/or a visible pollen film on the stigma. In both species, stigmas retaining pollinia
fragments and/or a visible pollen film, closed and failed to reopen within 24 hours (see below). We excluded
all flowers showing evidence of insect attack as these flowers closed early following physical damage. Pollen
deposition on stigmas was observed using 3x optivisors.

Wilcoxon Rank Sum tests were used to compare the ratios of pollinated/total number of flowers and the ratios
of pollinaria-removed/total number of flowers between T. crinita and T. macrophylla at the end of the 17-day
observation period.

Insect observations, collections, and pollen load analyses

Catching insects (both sites). Insects were observed from September—October 2009, for approximately
200 hours. We arrived at the field site by 8 a.m. and left at 5 p.m. Insects landing on flowers were collected
with butterfly nets and euthanized in a killing jar with ethyl acetate. Specimens were pinned, labeled, and
identified. Bees less than 9 mm in length flew very rapidly and landed on Thelymitra flowers for a second
or less. Consequently, it was not possible to follow these small bees from flower to flower. We had to catch
them as soon as we saw them. We failed to catch more than half the bees we observed (see results). Pinned
specimens were donated to the Entomology Department of the Western Australian Museum (Welshpool, WA)
and identified by Dr. Terry Houston.

Identification of pollinaria and pollen load analyses (both sites). Pollinaria worn by insects were removed
with a probe and stained with Calberla’s fluid (Bernhardt and Dafni 2000). To determine whether the insect
collected pollen on other species flowering within the same site, each insect was placed on a glass slide and
washed in two—four drops of ethyl acetate. The scopae of bees were scraped with a probe to dislodge additional
pollen loads. Staining and mounting of pollen residue left on the glass slide followed Bernhardt and Dafni
(2000). The pollen slide was co-referenced with the pinned insect specimen. The pollen of a particular plant
species was counted as present on a slide if we counted in excess of 25 grains based on protocols established for
insect-pollinated Australian species (see Bernhardt 1989).

Hybrids

T. antennifera X T. macrophylla (Tenterden). We counted and collected specimens resembling standard
descriptions of T. antennifera X blue, large-flowered Thelymitra species as described by Brown et al. (2008). We
recorded the number of flowers per inflorescence, floral characters of fresh specimens, and observed whether
pollinia connected to the rostellum in open flowers. Pollen grains were removed from pollinia and stained with
Calberla’s fluid (see Bernhardt and Dafni 2000). Pressed vouchers were deposited as above.

T. crinita X T. macrophylla (Lesmurdie). We counted and observed what we thought were intermediate
specimens between T. crinita X T. macrophylla. These specimens were later collected by Andrew Brown for
herbarium deposition. Consequently all morphometric analyses of T. crinita X T. macrophylla were based
exclusively on known intermediate specimens (K. Dixon, pers. comm.) grown in a glasshouse (KPBG). We
examined macroscopic and microscopic characters as above.

Results

Floral characters and flowering patterns

Thelymitra antennifera (Tenterden): Thelymitra antennifera produced a mean of 1.7 flowers per stem (Table
1). Flowers of T. antennifera opened sluggishly on 26, 27 September and 2 October 2009, starting at 10:00
a.m. By 11:45 a.m. the flowers of only half of the population were fully opened. Flowers did not begin closing
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until after 4:00 p.m. Perianth segments were yellow (Fig. 1). The hood lacked a discernable midlobe and the
prominent yellow papillose anther was flanked by two brownish burgundy lateral lobes (staminodia, Figs 1,
6). On 27 September, a mean of 93.3% of flowers were open per stem (sd=16.8). On 2 October, all flowers
were open. A Wilcoxon rank sum test confirmed that a significantly higher percentage of flowers was open on
2 October than on 27 September (W=1396.5, P=0.0071).

Table 1. Floral Characters of three Thelymitra spp. and their hybrids (includes greenhouse = ‘A’ and field sites); NA = not
assessed; Tenterden site = ‘B’; Lesmurdie site = 'C".

_ F1 F1

Eﬁg:ggtl;itswe T. antennifera® T, antennifera x T. macrophylla T macrophylla T. crinita©
T. macrophylla® x T. crinita

Mean length scape NA NA 585 5 491 491

(in mm)

Mean number of 178 1.28 48 16.5¢, 12.3A 8A 9.8¢, 7.7~

flowers/scape

red/orange/pink often ranges from white, light blue to cobalt

Perianth color yellow with yellow margins  blue, to pink blue to light purple blue
. absent; anthers reduced; anthers light smooth; yellow + bumpy ' l_'ght Promlgent papillae;
Hood midlobe pappilose; magenta ‘fuzzy’; purple blue
dark yellow yellow blue band -
or indigo + yellow  + yellow
Trichome brush absent absent present present present
presence
Approximate number absent absent >160 <150 <40
of hairs/trichome brush
Color of trichome absent absent white ink to purple ink to cobalt blue
brush if present P purp P
Pollen monads monads monads monads, dyads, tetrads
and tetrads
Floral odour
discernable to strong weak strong strong absent
Human nose

Thelymitra crinita (Lesmurdie site and glasshouse collection): An inflorescence of T crinita at the Lesmurdie
site produced a mean of 9.8 flowers per stem (sd = 2.8, n = 18, range = 5-15; see Table 1). Flower buds in the
glasshouse collection and at Lesmurdie opened acropetally. Perianth coloration graded from a dull, pale blue
with pink highlights to a vivid, cobalt blue in T. crinita (See Fig. 2, Table 1).

On warm sunny days, glasshouse flowers of T. crinita began opening from 9:15-10:35 a.m. with perianth
segments closing from 2:30—4:40 p.m. Individual flowers lived 9-26 days (mean=13.71, sd =4.46, n = 21)
regardless of whether their pollinaria were removed or not (see results of ANOVA in the Comparative Flowering
section below). However, if the flowers were selfed, crossed, or hybridized, the perianth segments always closed
24-48 hours later and never reopened.

Thelymitra macrophylla (Lesmurdie, Tenterden, and glasshouse collection): An inflorescence of
T. macrophylla produced between 10-23 flowers at the Lesmurdie site and between 1-11 flowers at the
Tenterden site (see Table 1; Fig. 9). Thelymitra macrophylla produced significantly more flowers per stem
(mean=16.5, sd=3.5) at the Lesmurdie site than at Tenterden (mean=4.0, sd=1.9) as determined by a One-
Way ANOVA (F=274.34, DF=1,49, P<2.2*10¢). Flower buds in the glasshouse collection, at Lesmurdie, and at
Tenterden always opened acropetally in this species. Perianth coloration graded from light to deep blue in both
populations and in the glasshouse plants (Fig. 3). On warm sunny days, glasshouse flowers of T. macrophylla
began opening from 9:30-10:30 a.m. and began closing from 2:45-4:40 p.m. These flowers lived an average of
17.10 days (sd = 4.46, n = 20) whether their pollinaria were removed or not. If the flowers were selfed, crossed
or hybridized the perianth segments always closed 24—48 hours later and never reopened.

Comparative flowering of T. crinita vs. T. macrophylla (glasshouse). Flowers of T. crinita lived an average of
15.3 days if they kept their pollinaria and an average of 11.7 days if the pollinarium was removed the first day
the flowers opened. Flowers of T. macrophylla lived an average of 18.7 days if they kept their pollinaria and
15.11 days if the pollinaria were removed the first day the flowers opened. However, no significant differences
were detected by the mixed effect ANOVA among treatments (F=4.60, DF=1.13, P=0.051), species (F=4.51,
DF=1.13, P=0.054), nor the interaction of treatment and species (F=0.94, DF=1.13, P=0.349).
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Flowering patterns of T. crinita and T. macrophylla at Lesmurdie. The Three-Way ANOVA revealed that
T. crinita flowers opened regardless of whether it was sunny or cloudy. Thelymitra crinita also opened on days
that were cold provided it was sunny.

In contrast, T. macrophylla flowers did not open on cold days, even if the sun were shining. The detailed
results of the ANOVA were as follows: For the main effect of Species, the average ratio of open/total number
of flowers was significantly lower (F=12.789, DF=1,547, P=0.0004) for T. crinita (mean=0.20, sd=0.26) than
for T. macrophylla (mean=0.26, sd=0.24) at the Lesmurdie site. The average ratio of open/total flowers was
significantly higher (F=235.70, DF=1,547, P<2.2*10'°) on sunny days (mean=0.38, sd=0.31) than on cloudy
days (mean=0.05, sd=0.17). The average ratio of open/total flowers was significantly higher (F=103.71,
DF=1,547, P<2.2*10'%) for warm days (mean=0.41, sd=0.30) than cold days (mean=0.02, sd=0.10). The
three-way interaction effect of Species:Sunlight:Temperature was also significant (F=10.30, sd=4,547,
P=4.8 *10*). Post hoc analysis of the three-way interaction showed that T. crinita had similarly higher ratios
of open flowers on warm and/or sunny days than it did on cold and cloudy days. Thelymitra macrophylla
however, had higher ratios of open flowers on warm days than cold, regardless of sun exposure.
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Fig. 1. Thelymitra antennifera and putative hybrids of T. antennifera X T. macrophylla (Tenterden, Western Australia).

Fig. 2. Flower of Thelymitra crinita (Lesmurdie, Western Australia).

Fig. 3. Flower of Thelymitra macrophylla (Lesmurdie, Western Australia).

Fig. 4. Flower of putative hybrid Thelymitra antennifera X T. macrophylla (Tenterden, Western Australia). Note that the
rostellum is retained but no pollinia connect to the viscidium.







































