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Fig. 2 The crown and trunk apices of Cyathea cunninghamii (left) and C.kermadecensis (right).

Fig. 3 Crown indumentum and stipe bases of Cyathea cunninghamii (left) and C.kermadecensis (right).
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Fig. 4 Cyathea milnei (left) and C.dealbata (right) in cultivation at Otari-Wilton’s Bush, Wellington.

Fig. 5 Colour of the abaxial surface of the lamina, and indumentum on the abaxial surfaces of the costae, on specimens of Cyathea
dealbata from outside Northland (left) and within Northland (centre), and of C.milnei (right).
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dealbata produce fronds with a green undersurface; white
undersurfaces are produced only as the plants get older.
Some populations of C.dealbata in northern New Zealand,
from Raglan to North Cape, and on Coppermine Island 
and the Three Kings Islands, have mature laminae with
blue-grey, grey-green or almost green abaxial surfaces. The
coloration of the stipes varies similarly (Figs 6 and 7). 
The northern plants do not appear to differ in any other
character from populations with white undersurfaces, except
that plants with prostrate rhizomes have been reported 
from Warawara Forest (Rawlings 1969), from Warkworth
(Bryony Macmillan, CHR 199046) and from Radar Bush
(Peter de Lange, WELT P027464; de Lange 2004). Cyathea
tricolor, described by Colenso (1883) from Seventy-mile
Bush between Norsewood and Dannevirke but now reduced
to synonymy with C.dealbata (Brownsey et al. 1985), was
also noted for its ‘bluish tint’, as well as for its ‘shining dark-
green upper foliage’. Occasional fertile fronds of C.dealbata
that lack the white undersurface are also found. 

The Australian species Cyathea australis (R.Br.) Domin 
is closely related to C. dealbata (Korall et al. 2007), and
therefore also related to C.milnei. Cyathea australis differs
morphologically most obviously from C. dealbata and
C.milnei in lacking indusia, which are replaced by a fringe
of scales around the sori (Bostock 1998: fig.62D). It also

differs from C.dealbata by lacking the characteristic white

underside to the laminae, although plants in Queensland

sometimes have a glaucous surface (Bostock 1998). Cyathea
australis is generally a much larger tree fern, with trunks to

20m tall (Holttum 1964; Andrews 1990; Large & Braggins

2004: pls 22–23) and stipes to 800 mm long that have

conical spines to 3mm long (Bostock 1998). The hairs on

the undersurfaces are much narrower and less abundant, 

and the scales rather smaller (generally less than 0.5 mm

long) than in the New Zealand taxa. The morphological

evidence therefore suggests that C.milnei and C.dealbata are

more similar to each other than either is to C.australis.

DNA sequences

There were no substitution differences in the rbcL or 

trnL-trnF sequences of Cyathea kermadecensis and

C. cunning   hamii. However, they did differ in the lengths of

two mononucleotide runs, with C. kermadecensis having

three fewer adenine bases at one mononucleotide run and

one less adenine at a second mononucleotide run.

The only substitution differences amongst the rbcL 

and trnL-trnF sequences of Cyathea milnei, C. australis
and C. dealbata were single (and separate) apomorphies 

for each of C.australis and C.dealbata in their trnL-trnF

Table4 Distinguishing characters for Cyathea dealbata and C.milnei. 

C.dealbata C.milnei

Dead fronds Usually persistent only in young plants Often persistent, forming a skirt around trunk

Colour of stipe base Usually whitish or pale brown Pale brown or green
(Figs 6 and 7)

Surface of stipe base Tuberculate, rough Strongly tuberculate, very rough
(Fig. 6)

Abaxial surface of lamina Usually white, rarely blue- or grey-green, Green
of mature plants (Fig. 5) or very rarely green

Indumentum on abaxial Curly hairs abundant Curly hairs scattered
surface of secondary 

Ovate pale brown scales occasional Ovate pale brown scales abundantcostae (Fig. 5)

Sori Forming a deep cup at maturity, Forming a deep cup at maturity, 
becoming shallow quickly breaking up
0.5–0.8 mm diameter 0.7–1.0 mm diameter
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Fig. 7 The crown and trunk apices of specimens of Cyathea dealbata from outside Northland (left) and within Northland (centre),
and of C.milnei (right).

Fig.6 The stipe bases of specimens of Cyathea dealbata from outside Northland (left) and within Northland (centre), and of C.milnei
(right). Cyathea milnei is more tuberculate.



sequences. There were also length differences at two
mononucleotide runs, with C. milnei having one more
adenine base than C.dealbata and one less than C.australis
at one mononucleotide run, and three more thymine bases
than C.dealbata and six more than C.australis at a second
mononucleotide run.

Discussion
Cyathea kermadecensis and C. milnei from the Kermadec
Islands have long been recognised as separate species. On
Raoul Island, they are easily distinguished from one another
(Brownsey & Perrie 2015a): C. kermadecensis has hood-
shaped mature indusia and lacks obvious curly hairs on the
abaxial surface of the lamina, while C.milnei has cup-shaped
mature indusia and abundant curly hairs on the abaxial
surface of the lamina. Further differences include stipe
colour (Figs 2 and 7), the form of the trunks (including the
general persistence of dead fronds as a skirt on C.milnei,
although this is not evident on the cultivated plant in Fig.7)
and ecology, as previously noted. However, the status of
C.kermadecensis and C.milnei with respect to species from
elsewhere has received little critical examination. Our study
is the first comprehensive account of how they compare
with the species to which they are each most closely related.

Substantial differences between the DNA sequences of
the Kermadec Islands plants and the mainland plants could
have been taken as support for their recognition as distinct
species. However, in both pairs of species the DNA

sequences are nearly invariable, and variation is of a level
consistent with both infraspecific and interspecific
differences that have been reported previously in ferns,
particularly in the context of the deceleration of molecular
evolution observed in tree ferns (Korall et al. 2010). These
genetic data are therefore inconclusive as to whether the
Kermadec Islands populations should be segregated as
distinct species; however, they do reinforce the close
relationships inferred from the morphology.

Morphological examination indicates that, in both cases,
the Kermadec Islands populations can be distinguished
consistently (Tables 3 and 4). The critical question then is
whether the Kermadec Islands populations should be
segregated taxonomically from their allopatric relatives, and,
if so, at what rank – subspecies or species? In the case of
Cyathea cunninghamii and C.kermadecensis, the former is a
widespread species occurring in Australia from Tasmania
to southern Queensland, and in New Zealand from

Fiordland to North Cape and on the Chatham Islands.
Cyathea cunninghamii, or an ancestor, has evidently in the
past also spread to the Kermadec Islands, where it has
evolved in isolation some minor, but consistent, variation.
The Kermadec Islands plants are morphologically more
distinct from either the Australian or New Zealand plants
than the latter two are from each other. With C.dealbata and
C. milnei, it seems that morphological divergence has
similarly occurred as a result of geographic isolation on
Raoul Island.

In conclusion, the Kermadec Islands plants in both species
pairs are morphologically distinct. However, we have no
informative data as to their precise relationship to their main-
land relatives, in particular as to whether they are reciprocally
monophyletic or metaphyletic/paraphyletic (see Brownsey
& Perrie 2014). Consequently, with no definitive evidence 
to the contrary, we adopt the taxonomically conservative
approach of retaining both Cyathea kermadecensis and 
C. milnei as separate species in our treatment for the 
electronic Flora of New Zealand (Brownsey & Perrie 2015a).
This includes full descriptions, based on specimens at AK,
CHR and WELT (all annotated as seen for the Flora), and an
identification key for all New Zealand Cyathea. We note,
nevertheless, that future analyses that provide a more detailed
understanding of the genealogy of the Raoul Island Cyathea
may see their taxonomic rank revisited.

Cyathea kermadecensis and C.milnei are noteworthy in
being among the c. 25 species of vascular plants endemic to
the Kermadec Islands (Sykes 1977; West et al. 2010). The
two Cyathea species nevertheless conform to a general
pattern where most of the indigenous vascular plants of the
subtropical Kermadec Islands are closely related to, if not
conspecific with, those of temperate mainland New Zealand
(Sykes & West 1996). This likely reflects the geological
youthfulness (Pleistocene), instability (volcanism) and small
size of the Kermadec Islands (Sykes 1977).
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