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Abstract

The genus Empodisma comprises two species that are ecologically important in wetland habitats. Empo-
disma gracillimum is restricted to south-western Australia, whereas E. minus is found in Tasmania, eastern
Australia and New Zealand. We sequenced three cpDNA genes for 15 individuals of Empodisma sampled
from throughout the range of the species. The results support an Australian origin for Empodisma some-
time during the late Oligocene to early Miocene with more recent dispersal, colonization and diversi-
fication in New Zealand. We recovered six genetically distinct maternal lineages: three E. gracillimum
haplotypes corresponding to the three accessions in our analysis, a wide-ranging E. minus haplotype found
in eastern Australia and Tasmania, an E. minus haplotype found in New Zealand from Stewart Island to
approximately 38° S latitude on the North Island, and a distinct haplotype restricted to the North Island
of New Zealand north of 38° S latitude. The Eastern Australian and New Zealand haplotypes of E. minus
were supported by only one cpDNA gene, and we felt the relatively minor morphological differences and
the small amount of genetic divergence did not warrant taxonomic recognition. However, we recommend
that the northern New Zealand haplotype should be recognized as the new species Empodisma robustum
and provide descriptions and a key to the species of Empodisma. Monophyly of E. robustum is supported
by all three cpDNA genes. Empodisma robustum can be distinguished from E. gracillimum and E. minus
by its robust growth stature and distinct ecology. It is typically eliminated by fire and re-establishes by seed
(seeder strategy), whereas E. minus and E. gracillimum regrow after fire (sprouter strategy).
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Introduction

As presently circumscribed, the genus Empodisma L.A.S.Johnson & D.F.Cutler (Res-
tionaceae) comprises two species with a widely disjunct distribution in western Aus-
tralia and south eastern Australia, Tasmania, and New Zealand. Empodisma gracilli-
mum (FEMuell.) L.A.S.Johnson & D.E Cutler is found on the coastal plain from Perth
southwards, and along the south coast from Augusta to Albany (Fig. 1), while E. mi-
nus (Hook.f.) L.A.S.Johnson & D.E.Cutler is found in lowland to alpine zones from
Queensland to South Australia, Tasmania and throughout most of New Zealand in
New Zealand. They probably diversified in seasonally wet habitats, but exhibit adapta-
tions to seasonal drought, fire and nutrient poor soils (Linder and Rudall 2005).

The species of Empodisma are plants of peatlands, particularly raised bogs, blanket
bogs, fens, and wet heathlands (Meney and Pate 1999, Johnson and Brooke 1989,
Johnson and Gerbeaux 2004). The scientific name is derived from the Greek word for
obstacle or hindrance (Johnson and Cutler 1973), and because of their tendency to
form dense masses of tangled culms they are also given the common name wire rush.
They are rhizomatous perennials with evergreen culms. The horizontal roots branch
profusely to form cluster roots (Lamont 1982), i.e. finely divided rootlets with persis-
tent root hairs. The underlying peat is formed mainly from the remains of this dense-
ly branched root matrix, which binds litter and bryophytes into the peat (Campbell
1964). The cluster roots retain water like a sponge, up to 15 times their dry weight,
and like Sphagnum they create acidic conditions (Campbell 1964, 1975, Agnew et al.
1993). In this type of environment incoming rainfall and atmospheric particulates are
the major sources of nutrients, which are efficiently removed by the cluster roots of
Empodisma at the bog surface (Clarkson et al. 2009).

Fire plays an important role in the development of restiad peat bogs in both Aus-
tralia and New Zealand. For the most part, the species of Empodisma are “sprouters”
(Pate et al. 1991, Meney et al. 1997, Meney and Pate 1999). In sprouters most of the
carbon resources and nutrient elements are allocated towards maintenance and vegeta-
tive growth. The underground portions of individual plants are protected and survive
fire, and regeneration occurs by the sprouting of new leafy shoots produced from the
rhizome system. This contrasts with an obligate “seeder” strategy whereby the plants
are killed by fire and re-establish from seed. Seeders generally produce more delicate,
less extensive underground rhizome systems and have perennating buds higher in the
soil, and without a requirement for nourishing the developing rhizomes, more re-
sources can be allocated to seeds. However, this distinction is not as clear in habirtats
that experience waterlogged soils during the wet season but have a long intervening dry
season, as occurs in much of Australia (Pate et al. 1999).

The taxonomic history of Empodisma is complex. The species of Empodisma were origi-
nally placed in Calorophus Labill or Hypolaena R.Br. by early taxonomists classifying Res-
tionaceae (Labillardiére 1806, Brown 1810, Hooker 1852—1853, Hooker 1857-58, Mueller
1872-1874, Bentham 1878, Cheeseman 1906, Cockayne 1958, Moore and Edgar 1970).
The genus Calorophus Labill. was originally described by Labillardiére (1806). When first de-
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scribed the Tasmanian species C. elongatus was the sole member of the genus and is the type.
In his first treatment of the flora of New Zealand, Hooker (1853) described a new species of
Calorophus, C. minor Hook.£., based upon Bidwell, Colenso and Lyall specimens. A speci-
men of C. minor collected on the South Island of New Zealand near Nelson by Bidwell was
designated as the lectotype by Moore and Edgar (1970). However, in his treatment of the
Flora of Tasmania, Hooker (1859) relegated C. minor Hook f. as the variety C. elongatus var.
minor (Hook.f.) Hook.f. Mueller (1872-74) distinguished the plants from western Australia
as the distinct species C. gracillimus F. Muell., but in Flora Australiensis Bentham (1878) fol-
lowed Brown’s (1810) earlier treatment, which reduced Caloraphus to sectional rank within
the genus Hypolaena. Bentham’s treatment was subsequently followed by Cheeseman (1906)
and Cockayne (1958) who recognized the New Zealand plants as Hypolaena lateriflora var.
minor (Hook.f.) Cheesem. However, Moore and Edgar (1970) followed Hooker’s (1859)
treatment, adopting the name Calorgphus minor Hook f. in their treatment of the Flora
of New Zealand, Vol. II. Based on anatomical, morphological and cytological differences
among the species of Caloraphus, Johnson and Cutler (1973) subsequently erected the genus
Empodisma L.A.S.Johnson & D.F.Cutler to accommodate E. gracillimum and E. minus.
The specimen upon which Hooker based the name Calorophus minor is a small
slender plant characteristic of alpine regions found in South Island and Stewart Island
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of New Zealand. Moore and Edgar (1970) noted that plants at lower elevation in the
lowland bogs near Cambridge in the Waikato, northern North Island, were larger and
more robust, but based upon study of herbarium specimens they felt the variation was
continuous from low to high elevation. We provide evidence for an alternative taxo-
nomic interpretation. The lowland populations of Empodisma north of the “kauri line”
(the southern limit of Agathis australis (D.Don) Lindl. ex Loudon is approximately
38° S latitude in New Zealand) comprise a distinct evolutionary lineage that we here
recognize as Empodisma robustum S.].Wagstaft & B.R.Clarkson, sp. nov.

Methods

Study group

We conducted a global analysis of 48 members of the Restionaceae to test mono-
phyly of Empodisma and its relationships to Calorophus and Hypoleana. Three gen-
era of Anarthriaceae (Anarthria R. Br., Hopkinsia W. Fitzg. and Lyginia R. Br.)
were selected as outgroups. Intraspecific variation within Empodisma was assessed
by comparing DNA sequences from 18 accessions collected from throughout the
range of these species (Fig. 1).

Data resources

Voucher specimens with their collection locality and GenBank accession numbers are
listed in Appendix 1. The aligned data matrices have been submitted in Nexus format
to TreeBase matrix accession number http://purl.org/phylo/treebase/phylows/study/
TB2:S12748 and the Dryad repository: doi: 10.5061/dryad.94710.

Morphological analyses

A single set of morphological measurements were taken from each of 76 dried herbarium
specimens on loan from AK, CHR, WAIK, WELT and PERTH (abbreviations follow In-
dex Herbariorum). The morphological measurements describe the growth habit and floral
structures of Empodisma and were confirmed with additional observations from field col-
lections. Because Empodisma is dioecious, floral attributes of female flowers were coded as
missing on male plants. Also very few specimens had mature fruits, and this attribute was
also coded as missing from many specimens. We used GenStat version 8.1.0.152 (supplied
by VSN International Ltd., www.vsn-int.com) to illustrate patterns of variation among
the characters (listed in Fig. 6) using BOXPLOTS and PRINCIPAL COORDINATES
ANALYSIS (PCoA). Principal coordinates analysis depicts relationships among the 91
Operational Taxonomic Units (OTU’s) that comprised our sample. We initially generated
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a similarity matrix of Euclidean distances then created a two-dimensional ordination. The
first axis accounted most of the variation with less variation described by the second axis.
To test the influence of environmental conditions on growth form, we set up a com-
mon garden experiment by transplanting individuals (7=3) from New Zealand sites rep-
resenting populations of both large (. robustum) and small (E. minus) growth forms to
Hamilton, North Island (37°47'S latitude). The sites selected were Torehape (37°18'S),
Kopuatai (37°24'S), and Moanatuatua (37°55'S) for the large growth form, and Tongari-
ro (39°16'S), Rangipo (39°22'S), and Awarua (46°33'S) for the small form. Ecological in-

formation was summarized from the published literature and unpublished data of BRC.

DNA extraction, amplification and sequencing

We extracted total DNA from either freshly collected plants or plants dried using silica
gel, using a Qiagen DNeasy extraction kit (QIAGEN Pty Inc., Clifton Hill, Victoria,
Australia) following the manufacturer’s directions. Three chloroplast-encoded DNA
regions were sequenced: rbcL, marK and zrnL. These regions were selected as they
have been used previously to resolve relationships within the Restionaceae (Briggs et
al. 2000, 2010, Linder et al. 2003, Hardy and Linder 2005, Moline and Linder 2005,
Givnish et al. 2010). The genes récL and marK encode functional proteins, whereas
trnL encodes part of the gene for Phe—tRNA along with the intervening intron. With
very few exceptions chloroplast genes are maternally inherited in flowering plants, so
sequence differences correspond to unique haplotypes.

Our PCR amplification and sequencing procedures generally followed those
described by Linder et al. (2003) and Hardy and Linder (2005). Excess primers
and unincorporated nucleotides were removed from PCR products by a Shrimp
Alkaline Phosphatase (GE Healthcare, Global Headquarters, Cahlfont St Giles, UK)/
Exonuclease I (Fermentase International Inc, Burlington, ON, Canada) treatment.
Sequencing reactions were run on an ABI3730 sequencer (Applied Biosystems, Foster
City, CA, USA) by the Allan Wilson Centre Genome Service at Massey University,
Palmerston North, New Zealand. In all instances we sequenced both the forward and

reverse DNA strands. The sequence contigs were edited using Sequencher 4.8 (Gene
Codes Corporation, Ann Arbor, MI, USA).

Sequence alignment

We used ClustalX (Thompson et al. 1997) to facilitate alignment of the sequences. The
sequence alignments for mazK and rbcL were easily achieved as there no gaps in the
rbcL and only two gaps in the 74K matrix. The gaps in masK occurred in multiples
of three and were positioned so as not to disrupt the codon reading frame. The zzL
sequence alignment across the Restionaceae was more complex, so we used a modifica-
tion of the sequence profile alignment procedure described by Morrison (2006).
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Closely related sequences were initially aligned using the multiple alignment set-
tings, a gap opening penalty of 5, a gap extension penalty of 5, and a delay-divergent-
sequences setting of 97%. These ClustalX penalties favour opening gaps rather than
substitutions, and they delayed adding the most distantly related taxa in our study.
We identified low-scoring segments and exceptional residues, using the quality set-
tings in ClustalX, and reconciled alternative alignments of these short DNA stretches.
The final alignments were then visually inspected, and minor adjustments were made
manually before conducting the phylogenetic analyses.

Some of the outgroup sequences were not available from GenBank (e.g. a masK
sequence was missing for Chordifex hookeri (D.1.Morris) B.G.Briggs, but both an rbcL
and znL sequence were available from GenBank for this taxon). Rather than excluding
these taxa, the incomplete data partitions were coded as missing. Many recent empirical
and simulated studies suggest that it is possible to include taxa with large amounts of
missing data without compromising phylogenetic accuracy. Indeed, increasing both
the number of taxa and characters can improve the accuracy of phylogenetic inferences
(Weins and Morrill 2011).

Parsimony and median network analyses

We conducted both parsimony and network analyses of the sequence data sets,
using PAUP* 4.0b10 (Swofford 2002) and SplitsTree version 4.8 (Huson 1998,
Huson and Bryant 2006). For the parsimony searches we used the settings TBR
branch swapping, MULPARS in effect, and RANDOM ADDITION with 1000
replicates. The parsimony characters were unordered and equally weighted.
Duplicate trees were eliminated using the “condense trees” option collapsing
branches with a maximum length of zero. Congruence of the data partitions was
assessed using the Incongruence Length Difference (ILD) test (Farris et al. 1994,
1995) with 100 data partition replicates excluding uninformative sites as suggested
by Hipp et al. (2004) and Ramirez (2006). Taxa that were missing one or more of
the data partitions were excluded from the ILD test. In the absence of significant
conflict, we combined the sequence data sets. Support for clades was estimated by
bootstrap (Felsenstein 1985, 1988) with 1000 replications excluding uninformative
sites; starting trees were obtained by RANDOM ADDITION with one replication
for each bootstrap replicate, TBR branch swapping, and MULPARS in effect.
Median networks were constructed using the options add all trivial characters and
a minimum support value of 1.

Bayesian analysis and divergence estimates

Each gene partition was tested for the best substitution model using jModelTest (Posada
2008) with default settings based on the Bayesian Information Criterion (BIC) (Posada
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and Buckley 2004), averaging over all included parameters in order avoid a bias towards
parameter-rich models. The jModelTest comparisons selected TrN + I +G as the best fit
model for 7bcL, TPM1 for marK and TIM1ef for z7nL. Because the genes 7bcL and marK
encode functional enzymes, we unlinked the substitution rate parameters and the base
frequencies across codon positions (1+2), 3. Most of the synonymous mutations occur
in the third codon position. The aligned matrices were then prepared as output files for
analysis in BEAUt 1.6.1 (part of the BEAST package) and analyzed in BEAST 1.6.1
(Drummond and Rambaut 2007). A Yule prior (Yule 1924) was set for the tree model,
together with unlinked relaxed lognormal clock models on the substitution rates for each
locus. The MCMC chains were set to run for 90 million generations, logging parameters
every 1000 generations. Chain mixing and convergences were checked in Tracer v1.5
(Rambaut and Drummond 2007) with all parameters showing ESS values of > 200. A
maximum clade credibility trees was calculated using TreeAnnotator 1.6.1 (Drummond
and Rambaut 2007) and a summary with 95% highest posterior density intervals of
divergence time estimates was prepared using FigTree v1.3.1 (Rambaut 2009).

Incorporating uncertainty associated with the fossil record

The earliest verifiable fossils of Poales are from the early Cretaceous (Maastrichtian)
deposits dated approximately 115 million years ago (Herendeen and Crane 1995).
The Restionaceae are nested within the Poales, so it is unlikely that the age of the
restiad lineage is older than 115 million years. The earliest restiad microfossils appear
in late Cretaceous deposits in South Africa dated between 64 and 71 million years ago
(Scholz 1985) with fossils appearing in progressively younger deposits in Antarctica,
Australia, New Zealand and South America (Truswell and MacPhail 2009, Barreda
and Palazzesi 2007, MacPhail 1997, Scholz 1985, Mildenhall 1980). We attempted to
incorporate uncertainty associated with these fossil calibrations by applying a lognor-
mal prior with an offset of 115, a log mean = 2 and a log (Sdev) = 0.5 applied to the
root and an offset of 64, a log (mean) = 2 and a log (Sdev) = 0.5 to the node separat-
ing the Anarthriaceae from the Restionaceae. These settings provide broad probability
distributions between 117.8—134.7 and 66.8—83.7.5, with median values of 118.2
and 71.4 respectively for these calibration points.

Results

The combined sequence data set comprised three data partitions with a total of 4267 char-
acters; approximately 23% of the total data matrix was comprised of gap or missing data.
An ILD test of the three data partitions failed to find significant conflict (p = 1-82/100
= 0.18). A heuristic search with parsimony as the optimality criterion recovered a single
island of 180 trees of 2226 steps (Consistency Index (CI) = 0.607 (excluding uninforma-
tive characters); Retention Index = 0.788); a strict consensus is shown in Fig. 2. The three
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Figure 2. Strict consensus tree. The three species of Empodisma (highlighted in bold) emerge as a well-
supported clade distinct from Calorophus and Hypolaena. They were placed in these latter two genera by
Moore and Edgar (1970) and Cheeseman (1906). Bootstrap values are provided above the branches

gene regions differed in length, the number of variable characters, and the degree to which
they resolved and supported phylogenetic relationships.

The strict consensus tree (Fig. 2) agrees with the subfamilial classification of Briggs
and Linder (2009). Restio distichus is the only representative of Restionoideae (Afri-
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can); Calorophus, Sporadanthus and Lepyrodia (Australian) make up Sporadanthoideae,
while the remainder are representative of Leptocarpoideae. In our analysis the three
species of Empodisma form a well-supported clade (100% bootstrap) with E. gracil-
limum emerging as sister to E. minus and E. robustum. Winifredia sola is weakly sup-
ported as sister to Empodisma, and Taraxis grossa emerges as sister to the Empodismal
Winifredia clade (99% bootstrap). The two species of Calorophus also form a well-
supported clade (100% bootstrap), but are distantly related to Empodisma, instead
emerging as sister (100% bootstrap) to Sporadanthus. Likewise Hypolaena is also dis-
tinct from Empodisma. The species of Hypolaena are nested within a large clade (92%
bootstrap) that includes Apodasmia and Alexgeorgea subterranean Carlquist.

The maximum parsimony and Bayesian analyses converged on trees with essen-
tially the same topology, which suggested that the sequence data are robust to the
different assumptions associated with these two approaches. Notably, the Bayesian
posterior probability values were generally higher than the bootstrap support val-
ues, and the chronogram was better resolved (Fig. 3). The 95% highest posterior
density estimates revealed substantial uncertainty associated with the divergence
estimates, so our results should be viewed as preliminary. The results suggest Em-
podisma diverged from its most closely related ancestor (MCRA), Winifredia sola
L.A.S.Johnson & B.G.Briggs approximately 21.8 (15.9-28.2) million years ago
(mya). Empodisma gracillimum diverged at about 8.8 (5.4-12.9) mya and E. ro-
bustum split from E. minus approximately 2.0 (0.8-3.8) mya. Even though the
algorithm for dating divergence times was different, the estimates presented here are
similar to those obtained by Linder et al. (2003).

A comparison of median networks assessing levels of intraspecific variation in the
three species of Empodisma is shown in Fig. 4. In each instance only a single parsimony
tree was recovered. The #7nL sequences were the shortest but the most variable. They
were 953 nucleotides in length, and of these, 18 substitutions were parsimony in-
formative. Fourteen substitutions supported the Empodisma gracillimum lineage with
two unique parsimony uninformative substitutions distinguishing E. gracillimum9.14
from the other species. One #nL character supported the eight accessions of E. minus
(bootstrap 63%). The split between the Australian (E. minus7.45 and E. minus9.15)
and the New Zealand specimens (E. minus8.09, E. minus9.05), was supported by one
trnL character but again with low support (65% bootstrap). Two informative substi-
tutions supported the split between the robust northern New Zealand specimens of
Empodisma (e.g. E. robustum9.06 and E. robustum7.44) highlighted in bold and the
other specimens of Empodisma in our data set (Fig. 4). Further support for this split
comes from a 23-base duplication that is absent from E. robustum but present in E.
minus and E. gracillimum. This split received 86% bootstrap support in our analysis.
The sequences were identical within the seven accessions of E. robustum.

The rbcL sequences were 1401 nucleotides long; of these, eight characters were
parsimony informative and 1393 were constant. The informative characters support
four splits in the data (Fig. 4). Five substitutions support E. gracillimum with one sub-
stitution supporting E. gracillimum12.1 and E. gracillimum12.2. The third split sup-
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Figure 3. Bayesian chronogram with estimated divergence times. Node error bars are provided in blue
showing the 95% highest probability density for the divergence estimates. Posterior probability support

values > 97% are given above the branches. A geological time scale is shown at the base of the tree.

ports only the diminutive accessions of E. minus from New Zealand (65% bootstrap),
and one substitution supports the fourth split separating the large lowland form of

Empodisma (e.g. E. robustum7.43 highlighted in bold (68% bootstrap).
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Figure 4. Comparison of median networks from independent analyses of #rnL, rbcL and matK sequenc-
es. Bootstrap values / the number of mutations distinguishing each haplotype. are shown beside the
branches. The accessions of Empodisma minus from New Zealand are indicated NZ and Australia Aus.

By comparison, the marK sequences were 1469 nucleotides long, and of these 16
characters were parsimony informative, 3 variable characters were parsimony unin-
formative, and 1450 were constant. The informative characters again provided strong
support for the split between E. gracillimum and the remaining samples in our data
(14 substitutions/100% bootstrap) (Fig. 4). E. gracillimum12.1 was supported by two
unique substitutions and E. gracillimum9.14 by one. The split between specimens of
E. robustum from northern New Zealand and E. minus was supported by 2 substitu-
tions / 86% bootstrap. The sequences within these latter two groups were identical.

The Incongruence Length Difference test failed to reveal significant incongruence
(p = 1-1/100 = 1.00) among the three independent data sets, so we pooled them. An
analysis of the combined data recovered a single maximum parsimony tree; an unroot-
ed phylogram is shown in Fig. 5 (Consistency Index, excluding uninformative charac-
ters = 1.00, Retention Index = 1.00). The combined analysis provided strong support
for clades corresponding to the western Australian endemic, Empodisma gracillimum
(33 substitutions / 100% bootstrap) and the robust northern New Zealand plants (e.g.
E. robustum9.06 and E. robustum9.01 (five substitutions / 100% bootstrap), but weak
support for E. minus (1 substitution / 63% bootstrap).

We distinguished six distinct cpDNA haplotypes within the three species of Empo-
disma. Each accession of E. gracillimum was distinguished by one or more substitutions
and constituted three unique haplotypes. The two sequences of E. minus from eastern
Australia and Tasmania were identical and comprised the fourth haplotype (see also



50 Steven ]. Wagstaff & Beverley R. Clarkson | PhytoKeys 13: 39-79 (2012)

robustum9.01 robustum8.06
robustum?9.06 robustum7.43
robustum7.44
robustum11.01
robustum8.03

Combined

minus9.15 Aus
minus7.45 Aus

62/1

minus8.09 NZ
minus8.08 NZ

minus8.01 NZ N
minus9.04 NZ minus9.05 NZ \\

minus7.40 NZ 1

621\ _100/33

N

gracillimum12.2
3\2
gracillimum12.1
gracillimum9.14
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haplotype are shown beside the branches. The accessions of Empodisma minus from New Zealand are
indicated NZ and Australia Aus.

Figure 1). These were distinguished from a fifth haplotype comprising the E. minus
accessions from New Zealand ranging from Stewart Island to approximately 38° S lati-
tude on the North Island. The sequences of E. robustum restricted to the North Island
of New Zealand north of 38° S latitude comprised a sixth haplotype.

We observed also a substantial degree phenotypic variation within the species of
Empodisma especially in those characters that describe growth habit, e.g. culm height,
internode distance, sheath length and leaf length. However, when grown together in
common garden experiments in Hamilton, the two New Zealand species, E. robustum
and E. minus, retained their distinctive growth forms, which suggests there is a genetic
component to the pattern of morphological variation.

Empodisma robustum is generally a larger more robust plant, which ranges in
height from 0.4 to over 1.3 meven taller in supporting vegetation, whereas E. minus
approaches 0.8 m in lowland bogs in Queensland, but in southern latitudes and alpine
environments the plants are dwarfed, barely reaching 0.3 m (Fig. 6). Empodisma gracil-
limum is similar in height to E. robustum, but the culms are light green in colour and
more delicate; usually they are less than 0.7 mm in diameter. The culms of E. robustum
are dark green and broader, in some individuals approaching 2.2 mm in diameter.
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Figure 6. Box plots illustrating patterns of morphological variation among the species of Empodisma.
The box spans the interquartile range of the values in the variate. The middle 50% of the data lie within
the box, with a line showing the median. The whiskers extend beyond the ends of the box as far as the

minimum and maximum values.

The culms of E. minus are also dark green, but they are seldom greater than 1.0 mm
in diameter. Internode distances also vary substantially among the three species; the
distances are greater in E. robustum and E. gracillimum ranging from 20.0 to 70.0 mm
in E. robustum and from 25.0 to 80.0 in E. gracillimum in contrast to E. minus which
ranges from 15.0 to 48.0 mm (Fig. 6). The leaf sheaths of E. robustum also tend to be
longer, ranging from 5.2 to 21.0 mm, whereas the leaf sheaths of E. gracillimum range
from 3.5 to0 9.3 mm in length and from 3.5 to 10.2 mm in E. minus. The leaves of E.
robustum are also longer, ranging from 2.2 to 7.55 mm, while the leaves range in length
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from 2.4 to 5.0 mm in E. gracillimum and from 1.5 to 4.2 mm in E. minus. The floral
structures of E. robustum are substantially longer than those of E. minus. In contrast,
the inflorescences of E. gracillimum are smaller and more delicate then either E. robus-
tum or E. minus (Fig. 6). The male spikelet of Empodisma robustum ranges from 6.8
t0 9.0 mm in length, whereas E. minus ranges from 3.9 to 8.0 mm and E. gracillimum
from 4.0 to 5.8 mm. The anthers in E. robustum range from 1.9 to 2.5 mm in length,
1.2 to 2.0 in E. minus, and 0.6 to 1.0 mm in E. gracillimum. The female spikelets in
Empodisma robustum ranges from 5.8 to 8.9 mm in length, 3.5 to 7.0 mm in E. minus
and 1.5 to 2.4 mm in E. gracillimum. While few of the herbarium specimens that we
examined had mature fruits, fruits from E. robustum ranged from 2.6 to 2.8 mm in
length, 2.3 to 3.0 mm in E. minus, and 1.4 to 2.5 mm in E. gracillimum.

The first PCoA axis accounted for 52.4 % of the variation in our sample and the
second 23.4% (Fig. 7). The PCoA ordination separated Empodisma gracillimum pri-
marily on the second axis but there was some overlap among the outliers of E. robustum
and E. minus on the first axis. The greatest spread among the OTU’s was observed in
E. robustum and E. gracillimums; this might reflect their taller more scrambling growth
habit. With the exception of one outlier from Queensland, specimens of E. minus are
more tightly grouped. Several of the specimens of E. minus were collected in the high
mountains or in lowland bogs at more southerly latitudes. The stature of these plants
may be more constrained by the harsh environments that they inhabit.

Discussion

DeQueiroz (2007) proposed a unified species concept based on the single common ele-
ment of most contemporary species definitions. He suggested that species are separately
evolving metapopulation lineages. A metapopulation is a series of connected popula-
tions. A lineage implies an ancestor—descendant relationship. Species have a number
of emergent biological properties, but these often arise at different times during the
speciation process, and taxonomists may place a different emphasis on the biological
properties that are used to define species. Incipient species may occupy a new adaptive
zone, but this frequently precedes reproductive isolation and fixed morphological dif-
ferences. The lowland plants of Empodisma from northern New Zealand exhibit many
of these emergent properties. We feel the evidence is sufficient to justify recognizing the
northern New Zealand plants as a distinct species and propose the name E. robustum
S.J. Wagstaft & B.R.Clarkson sp. nov., which reflects its robust stature.

There is considerable uncertainty associated with estimating divergence times in
Restionaceae. The fossil calibrations rely entirely upon microfossils and their affinities
to extant genera are not clear. The divergence estimates presented here will undoubt-
edly be refined as more complete fossils are discovered. Nonetheless our preliminary
findings suggest that Empodisma evolved in Australia during the mid Oligocene / early
Miocene between 28-16 mya (Fig. 3). This was a time of warm, equitable environ-
mental conditions. Crisp and Cook (2007) suggest members of the Restionaceae may
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Figure 7. Principal coordinates ordination depicting patterns of overall similarity among the 74 OTEs

that comprised our morphological sample. The first PC axis accounted for 58.3% of the variation in our

sample and the second PC axis accounted for 23. 4% of the variation.

have at one time been more widely distributed in Australia, but a rapid succession of
marine incursions, the onset of aridity and the origin of the Nullarbor Plain during
the Miocene beginning about 13—14 mya created climatic and edaphic barriers that
isolated lineages in the southwestern and southeastern sclerophyll biomes in Australia.
The split between Empodisma gracillimum and E. minus (13—5 mya) roughly coincided
with these environmental changes. Colonization and diversification in New Zealand
occurred more recently and was perhaps induced by uplift of the Southern Alps during
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the Pliocene and episodes of glaciation during the Pleistocene. The split between E.
minus and E. robustum (4—0.8 mya) spans this time frame.

The sequencing results also differentiate the populations of Empodisma robustum
from northern New Zealand from the Australian or New Zealand populations of E. -
nus (Fig. 1), and this split was independently supported by each of the chloroplast DNA
regions that we surveyed (Fig. 4). Empodisma robustum comprises a distinct evolutionary
lineage united by six synapomorphies (Fig. 5). In contrast, the plants from mainland
Australia and Tasmania are very similar to the diminutive lowland plants of E. minus
from southern New Zealand, each haplotype is distinguished only by a single mutation
and the plants are found in similar habitats. The three genes that we sequenced were
encoded in the chloroplast and are probably maternally inherited. Interestingly, there is
no homoplasy in the data. Nonetheless, it is conceivable that the chloroplast gene tree
is not compatible with the species tree. Gene convergence, introgression hybridization
and/or incomplete lineage sorting could result in incompatible phylogenetic signals. A
degree of reproductive isolation is necessary for these mutations to become fixed, which
suggests E. robustum and E. minus have been reproductively isolated, perhaps since the
Pleistocene. Within the northern haplotype, the sequences are identical. Although the
sample is small, the absence of unique mutations (autapomorphies) suggests gene flow is
unrestricted among the northern populations of E. robustum. Historical rates of gene flow
have traditionally been estimated indirectly from the number of fixed alleles in subpopu-
lations relative to the total population (Sork et al. 1999, Slatkin and Maddison 1981).

Contrary to the observations of Moore and Edgar (1970), our results show that in
New Zealand the pattern of morphological variation in Empodisma minus is not con-
tinuous from low to high elevation; rather two morphologically distinct New Zealand
species can be readily distinguished. This interpretation is based upon recent collec-
tions from throughout the range of the species. Empodisma robustum differs by its
more robust growth habit. The stature of . minus diminishes with increasing latitude
and altitude. Though they have distinct haplotypes, the diminutive plants of E. minus
from New Zealand are morphologically very similar to plants from Tasmania, though
plants from 0.4 to 1 m tall are noted from eastern Australian. We examined a speci-
men from Queensland that was 0.8 m tall. The culm diameter of 0.8 mm placed it
within the range of the New Zealand accessions, but this plant was an outlier in the
PCoA ordination (Fig. 7).

Hooker (1859) stated that the New Zealand plants could be distinguished from the
Australian plants by their more woolly sheaths with erect apices. After close inspection we
felt this was a relatively minor morphological difference, and considering the low bootstrap
support and the small amount of genetic divergence, we did not consider these differences
worthy of taxonomic recognition. Empodisma gracillimum emerges as sister to E. minus
and E. robustum and is separated by 36 unique nucleotide substitutions. With its delicate
light green culms, unbranched multicellular hairs on the rhizome, and pedicellate female
flowers, E. gracillimum is morphologically very distinct from E. robustum and E. minus.

The three species of Empodisma also have distinct ecological and distributional
differences.
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Ecology of Empodisma robustum

Empodisma robustum is restricted to the region north of 38° S latitude on the North
Island of New Zealand. This phytogeographical boundary has long been recognized
by New Zealand ecologists and marks the southernmost range of many species, most
notably Agathis australis, but also bog associates such as Sporadanthus ferrugineus de
Lange, Heenan & B.D.Clarkson, Dianella haematica Heenan & de Lange , Dracophyl-
lum lessonianum A.Rich., Anzybas carsei (Cheeseman) D.L.Jones & M.A.Clem., and
Lycopodiella serpentina (Kunze) B.Qllg. This region is the warmest in New Zealand and
is rich in endemic species (McGlone 1985). The pre-European vegetation in this part
of New Zealand consisted primarily of warm-temperate forests and restiad peatlands.

Empodisma robustum is a mid- to late-successional species of restiad raised bogs
in the lowland zone of northern North Island (Clarkson et al. 2004b). In the oldest
bogs it forms a dense layer of sprawling, intertwined wiry stems 1-1.8 m in height,
overtopped by swards of the bamboo-like Sporadanthus ferrugineus (also Restionaceae)
up to 2.5 m tall (de Lange et al. 1999). Other canopy associates include the heath
shrubs Leprospermum scoparium ]J.R.Forst. & G.Forst., Epacris pauciflora A.Rich., and
Dracophyllum lessonianum, the sedges Baumea teretifolia (R.Br.) Palla and Schoenus
brevifolius R Br., and the fern Gleichenia dicarpa R .Br. Sphagnum cristatum Hampe is also
present, but does not thrive in the shade of the taller restiads. These bogs were initiated in
the post-glacial period (after 14 000 years BP; Newnham et al. 1995, McGlone 2009),
and typically formed extensive domes covering up to 15 000 ha, with peat 10-12 m
deep (Cranwell 1939). However, widespread drainage and development into pasture in
the early to mid-1900s has confined the Sporadanthus—Empodisma robustum association
to three sites in the Waikato: Torehape, Kopuatai, and Moanatuatua (de Lange et al.
1999, Clarkson 2002). Elsewhere in the northern North Island, E. robustum occurs in
fens and young restiad bogs (Johnson and Brooke 1989, Johnson and Gerbeaux 2004,
Hodges and Rapson 2011), and gumland heaths (Clarkson et al. 2011). Apart from
S. ferrugineus, the species associated in these younger/shallower peat systems are similar
to those listed above.

Empodisma robustum is the key species in the fen—bog transition (Clarkson et
al. 2004b, Hodges and Rapson 2011) during the development of restiad raised bogs
north of 38° § latitude. It is tolerant of a wide environmental range, establishing early
in relatively fertile fens (dominated by Gleichenia dicarpa, sedges and heath shrubs) to
initiate raised-bog development, and persists in significant amounts in low-nutrient,
late-successional phases. It is the main peat former, with its dense surface layer of cluster
roots that have high water-holding capacity (Campbell 1964), high resistance to decay
(Kuder et al. 1998), and similar base-exchange properties to Sphagnum (Agnew et al.
1993). The presence of an initial £. 7obustum phase has been shown to be a precursor
to the establishment of Sporadanthus ferrugineus, which becomes the physiognomic
dominant in late-successional restiad raised bogs (Clarkson et al. 2004a).

The development of raised bogs is constrained by a delicate water balance. They
typically form in regions with moderate to high rainfall, cool summers, poor drainage,
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and isolation from flowing water (McGlone 2009). The warm-climate northern North
Island lowlands thus appear unsuitable for raised bogs, having frequent dry summers
with extended water deficits and a negative annual water balance (McGlone 2009).
However, bogs with dense Empodisma robustum canopies have much lower evaporation
rates than other wetland plant communities (Thompson et al. 1999). This is likely due
to the high water-use-efficiency properties of E. robustum, namely reducing water loss
by physiological controls of stomatal opening, having reduced scale-like leaves, and a
dense mulch of decay-resistant culms, which protects the thick water-retaining root
matrix at the bog surface (Campbell and Williamson 1997).

Because the raised-bog surface is isolated from the influence of groundwater and
surface runoff, plants receive their water and nutrients from rainfall. They typically have
very low levels of plant nutrients, particularly of nitrogen and phosphorus (Damman
1978, Clarkson et al. 2005). It has been shown that E. robustum is able to co-exist
with the less nutrient demanding late-successional species Sporadanthus ferrugineus,
by occupying different root zones (Clarkson et al. 2009). Empodisma robustum forms
a thick layer of cluster roots that overlie the deeper roots of Sporadanthus ferrugineus,
allowing preferential access to dissolved nutrients in rainfall.

Despite their saturated substrates, naturally occurring fires have been well
documented in New Zealand peatlands (Newnham et al. 1995, McGlone 2009), and
the frequency of fires has increased dramatically in recent times owing to land clearance
by Polynesians and more widely by European settlers. Clarkson (1997) studied recovery
from fire in two restiad raised bogs characterised by E. robustum at Whangamarino
and Moanatuatua in Waikato. The populations of E. robustum were eliminated by
fire and had to re-establish from seed, taking 4 years to achieve dominance at the two
sites. Some minor resprouting was observed in localised pockets at Whangamarino
(R-M. Irving, pers. comm., 1993) but recovery after fire is mostly via seed. Empodisma
robustum has an erect rhizome, and its roots spread horizontally just below the surface
of the bog, so its root system is susceptible to fire damage. Those species with rhizomes
that penetrated deeply into the substrate, e.g. sedges, resprouted rapidly after fire and
dominated in the first few years post-fire, before the restiads resumed pre-fire height
and cover (E. robustum within 6 years and, where present, Sporadanthus ferrugineus
within 12 years).

Ecology of Empodisma minus

Empodisma minus in New Zealand is also a mid- to late-successional wetland species.
It dominates fens, blanket bogs, raised bogs, and pakihi heaths in coastal to alpine
areas between 38° S latitude in the North Island and 48° S on Stewart Island, being
particularly common in Westland and Southland. It is absent from Chatham Island.
The vegetation is typically a dense, springy carpet of E. minus, averaging 40 cm tall,
associated with heath shrubs (Leptospermum scoparium, Dracophyllum oliveri Du Rietz,
D. prostratum Kirk), sedges (Baumea teretifolia, B. tenax (Hook.f.) S. T.Blake), the ferns
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Gleichenia dicarpa and G. microphylla R.Br., the tussock grass Chionochloa rubra Zo-
tov, sundews (Drosera spp.), and Sphagnum cristatum moss.

Many of the ecological properties of E. robustum also apply to E. minus. For
example, E. minus forms peat via its cluster roots, although these are smaller and less
dense than in E. robustum. It is also a key species in the fen—bog transition, particularly
C. rubra-dominated fens (Hodges and Rapson 2011), and is the major peat former,
except in very wet areas favoured by Sphagnum mosses (Rigg 1962, Burrows and
Dobson 1972, Mark and Smith 1975, Whinam and Kirkpatrick 1995).

Empodisma minus resprouts after fire (Timmins 1992, Johnson 2001), and has
probably become more common at the expense of woody species, because of land-
clearance fires (McGlone 2009). Studies in vegetation recovery after fire in the far
south of New Zealand at Eweburn Bog (Timmins 1992) and Awarua Bog (Johnson
2001) first noted resprouting (and some seed establishment) a few months after
fire, but recovery was extremely slow and E. minus cover was still increasing after
4.5 years at Eweburn and 10 years at Awarua. However, after 40 years there was
little difference observed in the cover of E. minus in the burnt and unburnt areas in
a south Westland mire (Merton 1986). The magnitude of vegetation damage (and
hence recovery) is determined by the intensity of the fire, which is influenced by site
conditions such as water table depth, fuel build-up and climate (Timmins 1992,
Clarkson 1997). In cooler, wetter regions, e.g. southern South Island, fires are likely
to be less intense than fires in the northern North Island, which may favour the
sprouter recovery strategy over the seeder strategy.

In Australia, Empodisma minus occurs in all states apart from Western Australia and
Northern Territory, being concentrated in south-eastern Australia. It grows in similar
habitats to New Zealand, i.e. fens and bogs, and seasonally or permanently inundated
heaths, swamps and stream margins (Campbell 1983, Meney and Pate 1999, Whinam
and Hope 2005) from sea level to alpine areas. Empodisma minus is most abundant
at higher elevations, e.g. eastern Victoria highlands, and in cooler, wetter climates,
e.g. Tasmania. Common associates include heath shrubs (Richea continentis B.L.Burtt,
Baeckea gunniana Schauer, Leprospermum lanigerum Sol. ex Aiton) Sm., Epacris spp.),
sedges (Carex gaudichaudiana Kunth, Carpha alpina R.Br.), ferns (Gleichenia alpina
R.Br., G. dicarpa), restiads, e.g. Baloskion australe (R.Br.) B.G.Briggs & L.A.S.Johnson,
the monocotyledonous herb Astelia alpina R.Br., and Sphagnum cristatum moss. In
lowland zones on the Australian mainland, e.g. eastern Australia, the more arid climate
is not conducive to the formation of extensive raised peat bogs characteristic of lowland
New Zealand (Campbell 1995). Conditions are suitable for Empodisma root growth
and peat accumulation only during the wet season (usually winter). Dry conditions
during the remainder of the year check root production and accelerate decomposition,
resulting in only shallow deposits of peat. Associates in these warmer areas include
the grass tree Xanthorrhoea fulva (A.T Lee) D.J.Bedford, and heath and heath-like
shrubs including Sprengelia sprengelioides (R.Br.) Druce, Persoonia virgata R.Br. and
Boronia falcifolia A.Cunn. ex Endl. Recovery of Empodisma minus after fire is rapid.
In the Victoria highlands, abundant resprouted plants were noted within a few weeks
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of being burnt (Walsh and McDougall 2004), with new shoots from basal resprouts
being several centimetres long within a month (McDougall 2007). Empodisma minus
cover had returned to prefire levels within two years of burning and had continued
to increase considerably by 17 years post-fire (Wahren and Walsh 2000). However,
recovery of community composition to pre-fire levels may take many years because
competition from Empodisma may impede the establishment and growth of more fire-
sensitive species such as Richea continentis and Epacris spp.

Ecology of Empodisma gracillimum

Empodisma gracillimum is endemic to Australia. It is restricted to the coastal plain from
Perth southwards, and along the south coast from Augusta to Albany (Meney and Pate
1999). This region receives the greatest amount of rainfall in the Southwest Australian
Floristic Region (Hopper and Gioia 2004). Empodisma gracillimum inhabits seasonally or
permanently inundated swamps, woodlands and stream margins on nutrient poor, peat or
sandy peat soils (Meney and Pate 1999). It is locally abundant, forming dense masses up
1.5 m high, is often associated with Beaufortia sparsa R.Br., Leptocarpus sp., and Baumea
rubiginosa (Sol. ex G.Forst.) Boeckeler, and is often surrounded by tall shrubs such as Agonis
linearifolia (DC.) Sweet, A. parviceps Schauer, Homalospermum firmum Schauer, Hakea
linearis R Br., Callistemon glaucus Sweet, and the woodland species Eucalyprus marginara
D.Don ex Sm. and E. calophylla Lindl. Flowering occurs in the spring and summer with a
prolonged seed maturation of 10 to 12 months. The vegetation of the Southwest Australia
Floristic region is subject to frequent fires, and Empodisma gracillimum employs a sprouter
recovery strategy following a fire (Meney et al. 1997).

Conclusions

The three species of Empodisma form a well-supported clade. The clade diverged dur-
ing the early Miocene, which was a period of equitable environmental conditions in
Australia. A rapid succession of marine incursions, the onset of aridity in Australia,
and origin of the Nullarbor Plain during the mid to late Miocene created barriers
that isolated the southwest Australian endemic E. gracillimum from the southeastern
Australian E. minus. Dispersal, colonization and speciation in New Zealand occurred
more recently, coinciding with the uplift of the Southern Alps during the Pliocene and
episodes of glaciation during the Pleistocene. Genetic, morphological and ecological
evidence supports the separation of Empodisma minus into two species, E. minus and
E. robustum. The split between E. minus and E. robustum is unambiguous and indepen-
dently supported by the three cpDNA regions that we surveyed. Empodisma robustum
is distinguished by six unique nucleotide substitutions and a 23-base duplication. Itis a
taller, more robust plant that is typically killed by fire and confined to lowland regions
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north of 38° S, whereas E. minus is smaller, resprouts after fire, and occurs in alpine and
lowland areas south of 38° S. The western Australian species E. gracillimum emerges
as sister to E. minus and E. robustum. It is geographically isolated and can be readily
distinguished by its fine light green culms, shorter leaf sheaths and pedicellate female
flowers. This last character appears to be a distinctive feature of the species.

Taxonomy

Empodisma L.A.S.Johnson & D.F.Cutler
htep://species-id.net/wiki/Empodisma

Type species. Empodisma minus (Hook.f.) L.A.S.Johnson & D.ECutler

Description. Perennial herbs forming dense tangled masses, dioecious. Rhizomes
stout up to 8.0 mm diam., covered with light brown, imbricate, scale-like sheaths
and very thick tufts of brown hairs. Roots crowded, densely covered with persistent
root hairs. Culms evergreen, hollow, dark to light green, profusely branching. Lamina
reduced, awl-shaped, persistent, light green when young maturing dark brown, strongly
reflexed from the leaf sheath. Leaf sheaths open, but overlapping and closely appressed,
borne at short intervals, straw-coloured early in the season maturing dark brown,
mouth ciliate with a tuft of woolly white hairs. Spikelets unisexual, borne in ultimate
branch systems produced in second or third year, sessile or on short pedicels. Glumes
imbricate; bracteoles lacking. Perianth segments 6, narrowly ovate almost hyaline.
Male spikelets with 1-6 flowers, sessile to shortly pedicellate. Stamens 3, exserted
beyond the perianth segments; filaments uniform; anthers linear oblong, dorsifixed,
1-celled, dehiscence along longitudinal slits, straw-coloured. Female spikelets solitary,
each spikelet with 1- rarely 2 — flowers sessile to pedicillate. Ovary 1-celled; style
branches 2 or 3, filiform, deciduous. Ovule solitary, pendulous. Fruit 1-seeded nut,
ovoid with a thick and swollen base. 2n = 24. Fruit development is protracted with the
seeds maturing in the following winter or early spring.

Key to species of Empodisma

1 Robust plants forming dense tangled thickets; culms > 1 mm in diameter at
base of the plant; sheaths mostly >7.5 mm long; spikelets > 6.0 mm long.....
................................................................................................. E. robustum

- Slender and/or diminutive plants; culms mostly < I mm in diameter, sheaths

mostly < 7.5 mm long; spikelets generally < 6.0 mm ........cccccoecvvvvriennnnne. 2.
2 Culms dark green, 18-80 cm in height (some plants rarely to 1.2 m in East-
ern Australia); female spikelets sessile to shortly pedicellate......... 2. E. minus

- Culms light green, 55-130 cm in height; spikelets borne on pedicels up to 20
MM 0Nt 3. E. gracillimum
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1. Empodisma robustum Wagstaff & B.R.Clarkson, sp. nov.
urn:lsid:ipni.org:names:77120446-1
htep://species-id.net/wiki/Empodisma_robustum

Holotype. (Fig. 8) New Zealand, Waikato, Hoe-O-Tainui, R. Mason, N.T. Moar
6750, 6/12/1958, CHR11159.

Etymology. robustum describes the robust stature of E. robustum.

Description. Culms dark green, 38139 c¢m in height (reportedly > 200 cm when
supported by associated shrubs), 0.9-2.2 mm in diameter at the base, branching pro-
fusely. Leaf sheaths open, closely appressed, 5.2-21.0 mm in length, borne at intervals
0f 20.0-70.0 mm, light green to light brown early in the season maturing dark brown;
mouth ciliate with a tuft of woolly white hairs. Lamina strongly reflexed from leaf sheath,
2.2-7.5 mm long, light green when young maturing dark brown. Spikelets brown; male
spikelet 6.8-9.0 mm long, anthers 1.9-2.5 mm; female spikelet 5.8-8.9 mm; nutlets
dark brown approximately 2.7 mm long. Flowering Aug.—Oct. See Figure 9.

Comments. Many herbarium specimens of E. robustum include only the upper
portion of the plant. These specimens may be difficult to distinguish from the larger
specimens of E. minus. Quality specimens should include a rhizome and the base of
the culms, from which the distinguishing measurements are taken. Most collections of
E. robustum are either sterile or male, and the few females generally lack mature fruits.
A chromosome count of 2n=24 was reported from plants collected at Moanatuatua
Bog (Briggs 1966, Johnson and Cutler 1973).

Representative specimens. New Zealand, Lake Tangonge, H. Carse, H.B. Mathews,
25 Oct 1920, CHR295186; New Zealand, Moanatuatua Bog, W.F. Harris, 20 Nov
1951, CHR85625; New Zealand, Motutangi Swamp, T. Seymour, 15 July 1976,
CHR287072; New Zealand, Tauhei, H. Carse, Aug 1925, CHR295191; New Zealand,
Opuatia Bog, immature @ flowers J.T. Taylor, 27 July 1987, WAI8520; New Zealand,
Torehape, not flowering, R.H. Chitty, WAI3280; New Zealand, Moanatuatua Bog, not
flowering, R. Thompson, 3/77, WAI2099; New Zealand, Moanatuatua Bog, immature
flower buds, H. Beaton 3/77, WAI2098; New Zealand, Kopouatai Peat Dome, immature
flower buds, P.J. de Lange, 14 Mar 1988, WAI9008; New Zealand, & in flower, R. It-
ving, M. Skinner, 12 Oct.1983, WAI 422; New Zealand, Tairua Ecological District, not
flowering, B.R. Clarkson, 3 Feb 1998, WAI 16755; New Zealand, MoanatuatuaBog, not
flowering, H.J. Beaton, 16 Aug1976, WAI 1100; New Zealand, Moanatuatua Bog, not
flowering, K. Thompson 3/77, WAI 2100; New Zealand, Kaitaia, not flowering, W.F.B.
Oliver, 26 Feb 1929, WELT19806; New Zealand, Ohaupo Swamp, &' flowers, T.F.
Cheeseman, WELT19805; New Zealand, Ohaupo Swamp, not flowering, W. Petrie,
WELT19804; New Zealand, Ohaupo Swamp, J' in flower, W. Petrie, WELT19803;
New Zealand, Ohaupo Swamp, & flowers, W. Petrie, WELT19802; New Zealand, Mai-
tahi shrubland, not flowering, A.R Jamieson, AK231291; New Zealand, Rukuhia Swamp
J and Q plants in lower, L.M. Cranwell 18/34, AK109372; New Zealand, Lake Ohia, &
flowers, R. Cooper, R. Mason, N. Moar 1 Aug 1949, AK35820; New Zealand, Torehape
Peat Dome & flowers, A.E. Wright 10576, AK215859; New Zealand, Whangamarino
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Figure 8. Type of Empodisma robustum, N56 R. Mason, N.T. Moar 6750, 6/12/1958, CHR11159.
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Figure 9. Morphological characteristics of Empodisma robustum. A Vegetative shoot with attached leaves
and flowers (actual size) B Rhizomes with emerging vegetative shoots (2.5x actual size) C Vegetative
shoot with attached pistillate flower D Pistillate flower with attached bracts E Gynoecium F Mature nut
G Vegetative shoot with attached staminate spikelet H Staminate flower with attached bracts | Staminate

flower. Scale bar = 1 mm.
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Swamp, &' flowers, plants up to 1.2 m tall, E.K. Cameron 8839; AK234026; New Zea-
land, Kaihu Valley, & flowers, A.R. Jamieson 30 Oct 1999, AK286616; New Zealand,
Tomarata Lakes, not flowering, M.E. Young 20 March 2007, AK299780; New Zealand,
Moanatuatua Peat Reserve, Rukuhia, ¢ flowers, F.J. Newhook July 1979, AK304253;
New Zealand, Rukuhia Swamp, separate plants with & and @ flowers, L.M. Cranwell
18/34, AK109373; New Zealand, Mangawhai Black Swamp, immature $flowers, M.E.
Young 18 July 1999, AK239846; New Zealand, Mercer Swamp, P. Hynes 15 Feb 1964,
AK101004; New Zealand, Tomarata Lakes, with few ¢ flowers, M.E. Young 20 March
2007, AK299780; New Zealand, Lake Ohia, & flowers, A.E. Wright 10554, AK232056;
New Zealand, Lake Ohia, ¢ flowers and fruits, A.E. Wright 10555, AK232055; New
Zealand, Tokerau Beach, M.E. Young, L.J. Forester 17 Oct 2006, AK306920; New
Zealand, Lake Ohia, & flowers, J.E. Braggins 87/87A, AK304249.

The acronym for the University of Waikato herbarium was recently changed from
WAI to WAIK. We cited the older WAI acronym which appeared on specimen labels
that we studied.

Distribution. New Zealand endemic ranging from North Cape southwards to
approximately 38° S latitude.

Habitat. Empodisma robustum is restricted to ombrotrophic raised peat bogs where
it often coexists with Sporadanthus ferrugineus, fens and gumland heathland peats. Lo-
cally abundant, but populations becoming fragmented by intensive land use.

Conservation status. Widespread drainage and conversion to pasture has dramat-
ically reduced the extent of raised peat bogs in Northland and Waikato. This unique
ecosystem is severely fragmented and provides habitat for a number of rare plant spe-
cies such as Sporadanthus ferrugineus (de Lange et al. 1999) and Dianella haematica
(Heenan and de Lange 2007). However, E. robustum is still relatively common in shal-
lower/younger peat systems, and probably does not yet qualify as a threatened species.
We recommend that its conservation status be regularly reviewed.

2. Empodisma minus (Hook.f.) L.A.S.Johnson & D.F.Cutler, Kew Bull. 28,

383 (1973)
htep://species-id.net/wiki/Empodisma_minus

= Calorophus minor Hook.f., Fl. Nov. Zel. I, 267 (1852—1853).

= Calorophus elongatus var. minor (Hook.f.) Hook.f., Fl. Tas. 11, 75 (1858-1859).

= Hypolaena lateriflora var. minor (Hook.f.) Cheeseman, Manual N.Z. Flora ed. 1, 762
(1906)

Lectotype. New Zealand, near Nelson, Bidwell no. 84, K000441989; (Fig. 10; desig-
nated by Moore and Edgar 1970, pg 89).

Etymology. minus describes the small stature of Empodisma minus.

Description. Culms dark green, 12-81 c¢m in height, 0.7-1.3 mm in diameter,
branching profusely. Leaf sheaths closely appressed, 3.5-10.2 mm in length, borne at
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Figure 10. High resolution photograph of the lectotype of Empodisma minus (Hook.f.) L.A.S. Johnson
& D.ECutler. Reproduced with the consent of the Royal Botanic Gardens, Kew, © The Board of Trus-
tees of the Royal Botanic Gardens. Hooker (1853) described the new species Calorophus minor Hook.f.
based upon Bidwell, Colenso and Lyall specimens. A specimen collected near Nelson by Bidwell, no. 84,
K000441989, was chosen as the lectotype by Moore and Edgar (1970).
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short intervals 15.0-48.0 mm; light green to light brown early in the season maturing
dark brown; mouth ciliate with a prominent tuft of woolly white hairs in New Zealand
specimens, spare or lacking in Australian specimens. Lamina strongly reflexed from leaf
sheath, 1.5-4.2 mm long, persistent light green when young maturing dark brown.
Spikelets brown, male spikelet 3.9-8 mm long, anthers 1.2-2.0 mm long; female
spikelet 3.5-7.0 mm long; nutlets dark brown approximately 2.6 mm long. 2n = 24.
Flowering Aug.— Apr. [Fig. 11; see also illustration in Meney and Pate (1999)].

Comments. Morphologically similar to small forms of Empodisma robustum dis-
tinguished by its smaller stature (though plants from 0.4 to 1 m tall are noted from
eastern Australia), more delicate culms and smaller spikelets. Most collections are ster-
ile or male, and the few females generally lack mature fruits. Chromosome counts of
2n=24 were reported from plants collected from the NW slope of Mt. Ruapehu and
three counts from NSW (Briggs 1966, Johnson and Cutler 1973).

Representative specimens. Australia, Tasmania, near Margate, & flowers, D.A. &
A. Ratkowsky 1474, CHR303032, Australia, Queensland, Moreton Island, & flowers, L.
Durrington 1114 & S. Levine, CHR272564, Australia, Tasmania, Newdegate Pass, not
in flower, T. Dobson 77107, CHR313744; New Zealand, S. Westland, & flowers, G.C.
Kelly, Oct 1966, CHR177206; New Zealand, Rahu Saddle, with few ¢ flowers, E.J.
Godley, 1 July 1958, CHR108315; New Zealand, Bell Hill Plains, & flowers, J. Clarke 1
Feb 1969, CHR189013; New Zealand, Ngamatea, & flowers, N.J. Moar, 12 Jan 1949,
CHR70144; New Zealand, Waikareiti, & Aowers, A.P. Druce, Feb 1968, CHR180674;
New Zealand, Silica Springs Track, & flowers G. Rennison, A61/36, , CHR535708;
New Zealand, Makerikeri tarns, & Aowers, A.P. Druce, Nov 1973, CHR260376; New
Zealand, Tussock Creek, & flowers, L.B. Moore, 28 July 1968, CHR188099; New Zea-
land, Mokoreta, with few § flowers, W.R. Sykes 41/94, CHR497058; New Zealand,
Bayswater Bog, not flowering, B.R. Clarkson19 Feb .2009, CHR605146; New Zealand,
Awarua Bay, not flowering, P.N. Johnson 653, CHR437892; New Zealand, West Cape,
A.F. Mark, 5 Feb 1972, CHR218694; New Zealand, Coal Creek, & flowers; L. Payton,
13 Sept 1976, CHR520808; New Zealand, Mt. Rockport, not flowering, I.A. McNew,
31 July 1942, CHR35234; New Zealand, Lake Sylvester, & flowers, R. Melville 5915,
CHR142781; New Zealand, Lake Sylvester, @ flowers, R. Mason & N. Moar 4658,
CHR95709; New Zealand, Bealey spur, with immature @ flowers, P. Douglas 26 Nov
1979, CHR362302; New Zealand, Lake Tennyson, & flowers, M.J.A. Simpson 6315,
CHR22759; New Zealand, Patterson Inlet, & flowers, L.J. Dumbleton & E. Edgar,
CHR182509; New Zealand, & flowers, Fosberg, Feb 1949; CHR30378; New Zealand,
Kaitangata, plants with @ and & fowers, R. Mason & N.T. Moar 953, CHR 75833;
New Zealand, Kapuka, @ flowers, W.H. Harbond 20 Nov 1968, CHR183615.

Distribution. Widely distributed in Tasmania and all mainland Australian States
except Western Australia and the Northern Territory; in New Zealand extending
north to approximately 38°S latitude.

Habitat. Locally abundant in seasonally or permanently inundated wetlands,
heathlands, fens and peat bogs from sea level to alpine

Conservation status. Not threatened.
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Figure 1 1. Morphological characteristics of Empodisma minus. A Vegetative shoot with attached leaves
and flowers (2.5x actual size) B Rhizomes with emerging vegetative shoots (2.5x actual size) C Vegetative
shoot with attached pistillate flower D Pistillate flower with attached bracts E Gynoecium F Mature nut
G Vegetative shoot with attached staminate spikelet H Staminate flower with attached bracts | Staminate
flower. Scale bar = 1 mm.
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3. Empodisma gracillimum (F.Muell.) L.A.S. Johnson & D.F.Cutler Kew Bull. 28:

383 (1973)
http://species-id.net/wiki/Empodisma_gracillimum

= Calorophus gracillimus E. Muell., Fragm. Phytogr. Australiae 8, 88 (1872-74) as
‘Calostrophus’
= Hypolaena gracillima (EMuell.) Benth., Fl. Austral. 7, 239 (1878).

Syntypes. (Fig. 12; fide BG Briggs xi.1998), Nouvelle-Hollande, Riv. des cygnes, Pre-
iss JA 1711, 1843. P00748711; Nouvelle-Hollande, Riv. des cygnes, Preiss JA 1714,
1843. P00748712.

Etymology. gracillimum describes the slender culms of Empodisma gracillimum.

Description. (illustrated in Meney and Pate 1999). Culms delicate light green,
55-110 cm in height, 0.5-1.2 mm in diameter, branching profusely. Leaf sheaths,
open, closely appressed, 3.5-9.0 mm in length, borne at intervals 25.0-80.0 mm; lam-
ina strongly reflexed from leaf sheath, 2.4-5.0 mm, persistent, light green when young
becoming straw coloured. Spikelets light brown, male spikelet 4-5.8 mm, anthers 0.6—
1.0 mm long; female spikelet 1.5-2.4 long mm borne on pedicels up to 20 mm long;
nutlets approximately 1.4-2.5mm long straw-coloured. 2n = 24. Flowering Aug.—Apr.

Comments. Though it approaches Empodisma robustum in height, E. gracillimum
is readily distinguished by its more delicate light green culms and shorter leaf sheaths.
The male and female spikelets of Empodisma gracillimum are smaller than either E.
robustum or E. minus. The female spikelets are solitary and distinctly pedicillate; this
character may be a synapomorphy for the species.

Representative specimens. Western Australia, Denmark, & and Q flowers, B.G.
Briggs 8449 & L.A.S. Johnson, CHR525963; Western Australia, 4.4 km east Water-
shed Road, & flowers, A.R. Annels, R.W. Hearn 5112, PERTH04219031; Australia,
4.4 km east Watershed Road, fruits, A.R. Annels, R.. Hearn 5111, PERTH04128567;
Western Australia, Denmark, ¢ flowers, B.G. Briggs 8449 & L.A.S. Johnson,
PERTHO1586645; Western Australia, S. of junction with Brockman Highway, ¢ flow-
ers D. Bright, C. Godden & T. Annels SC72.9 PERTH04723732; Western Australia,
London Forest Block, 2km S of Mountain Road along Renzo Road, &' flowers, R.J.
Cranfield & B.G. Ward WFM53, PERTH07102399; Western Australia, Torndirrup
National Park, & flowers, G.J. Keighery 8805, PERTH02182831; Western Australia,
Darling, & flowers, B.G. Briggs 9330, PERTHO06173853; Western Australia, 800 m
E along O’Byrene Road from intersection of Commonage Road, & flowers, N. Casson
& T. Annels SC32.9, PERTH04741110; Western Australia, Walpole-Nornalup Na-
tional Park, @ flowers, A.R. Annels ARA1580, PERTH05466172; Western Australia,
Walpole, R.J. Cranfield 10897, PERTH04638530; Western Australia, 600 m S of
Brockman Highway on Beck Road, & flowers, N. Casson, P. Ellery & C. McChesney
SC74.8, PERTHO04723775; Western Australia, 400 m E of Blackwood and Great
North Road, & flowers, R. Davis 7680, PERTH05139317; Western Australia, WA,
N. Casson & D. Bright SC106.2, PERTH04749677; Western Australia, S.E. Witch-
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Figure 12. High resolution photograph of a syntype of Empodisma gracillimum (EMuell.) L.A.S. John-
son & D.ECutler. Mueller (1872-74) originally described the plant as Calorophus gracillimus F.Muell.
The specimen, Nouvelle-Hollande, Riv. des cygnes, Preiss JA 1711, 1843, P00748711 is held at HER-
BARIUM MUSEI PARISIENSIS. The syntype was designated by BG Briggs xi.1998.
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cliff, & flowers, G.J. Keighery 16277, PERTH06330266; Western Australia, NE of
Albany, E.M. Sandiford & D.A. Rathbone 1372, PERTH07926855.

Distribution. Endemic to western Australia on the coastal plain south of Perth
extending along the south coast from Augusta to Albany.

Habitat. Grows on peat or sandy nutrient-poor soils. Locally abundant in season-
ally or permanently inundated wetlands, swamps and stream margins.
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