BryophytesAbroad

There and back again: an
eagerly awaited journey to a
primitive paradise
The authors, William Rimington,
Jeff Duckett and Katie Field, recount

rA visit to Milford Sound provided great views and
fantastic bryophytes. W Rimington

their 2013 expedition to New Zealand

T

he seemingly endless variety of
landscapes combined with the cool,
temperate climate in the South and
warm, subtropical conditions in the North
make New Zealand a destination dream-cometrue for bryologists. The two islands that form
New Zealand are part of the partially-submerged
microcontinent of Zealandia which broke away
from the supercontinent of Gondwana nearly
25 million years ago. The precipitous mountain
ranges and glaciers, picturesque mirror lakes
(Fig. 17), otherworldly thermal vents and
trenches, which all variously form backdrops to
Hollywood blockbusters like The Lord of the
Rings Trilogy are a direct result of the historical
activity of Earth’s tectonic plates. These plates are
still on the move, generating disturbances today
32
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as evidenced through the recent catastrophic
earthquakes in Christchurch. While geologically
ancient, New Zealand is one of the most recently
colonised countries on Earth and subsequently
retains areas with relatively little anthropogenic
disturbance. These factors combine to make
New Zealand one of the Earth’s hotspots for
bryophyte diversity that includes probably
the richest assemblage of some of the most
evolutionarily ancient land plants on the planet.
“There is nothing like looking, if you want to find
something. You certainly usually find something, if
you look, but it is not always quite the something
you were after”
Our three week expedition to New Zealand in
November and December 2013 formed part of

a collaborative NERC-funded project between
bryologists at the Natural History Museum in
London, molecular biologists at Kew Gardens
and Imperial College London and physiologists
at the University of Sheffield investigating the
early evolution of plant-fungal symbioses and
how they shaped terrestrial ecosystems at the
dawn of land plant terrestrialization some 470480MYA. It was also an essential component of
Jeff’s Leverhulme Emeritus Fellowship exploring,
together with Silvia Pressel and Juan Carlos
Villarreal, hornwort biology and evolution across
the world (Pressel et al., 2013). Variously crawling
through swamp forests, hiking up mountains
and clambering over innumerable roadside
banks, with the very occasional swim in thermal
pools, our principal targets for the physiological
studies were Treubia and Haplomitrium at the
foot of the land plant tree plus Allisonia cockaynei
(Steph.) R.M.Schust. and Neohodgsonia mirabilis
(Perss.) Perss. basal genera in the simple

and complex thalloid liverworts respectively
(Crandall-Stotler et al., 2009a, b; Forrest et al.,
2006) (Figs. 1-4). We were also seeking more
collections of Treubia and hornworts to add to
the 26 already analysed (Bidartondo et al., 2011)
to gain a fuller understanding of the molecular
diversity in their fungal endophytes. A further
priority was more collections of Monoclea forsteri
Hook. and Fossombronia spp. since previous
analyses of their fungi have revealed surprising
heterogeneity in their fungal endophytes and
more targeted sampling of hornwort fungi
following the discovery of unexpected endophyte
diversity within this group (Desirò et al., 2013).
In addition, two very specific aims were to try to
find Anthoceros muscoides Colenso and Phaeoceros
delicatulus E. Campbell & Outred (Campbell &
Outred, 1995) the two of the 12 New Zealand
hornworts (Glenny, 1995) that had eluded Jeff
on his five previous visits and thus enabling these
to be re-examined from fresh material, sequenced

r Top, left to right: Fig. 1. Treubia lacunosa. JG Duckett. Fig. 2. Haplomitrium gibbsiae with sporophyte. JG Duckett.
sBottom, left to right: Fig. 3. Allisonia cockaynei, note the antheridia along the midribs. K Field. Fig. 4. Neohodgsonia
mirabilis, with its dichotomoulsy-branched carpocephala. JG Duckett
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and incorporated into the hornwort tree of life
(Duff et al., 2007; Renzaglia et al., 2008).
The vast majority of land plants harbour
symbiotic fungi within their roots. The fungi
provide the plants with mineral nutrients
from the soil in return for sugars fixed through
photosynthesis. It is thought that these associations
played a key role in the initial invasion of land by
plants by increasing the nutrient supply to the
first rootless, bryophyte-like colonists. Until very
recently it was generally assumed that the first
fungal symbionts in plants were members of the
Glomeromycota, the same as those found in 90%
of extant land plants including pteridophytes
and the primitive liverwort clades (Ligrone
et al., 2007; Pressel et al., 2010). However,
recent molecular data now show that liverworts
in the Haplomitriopsida (Haplomitrium and
Treubia) exclusively harbour endophytes in the
Mucoromycotina, a fungal lineage predating
the Glomeromycota (Bidartondo et al., 2011).
Thus, the Mucoromycotina are one of the oldest
phyla of fungi and as such their colonisation
of liverworts of the ancient Haplomitriopsida
(Carafa et al., 2003; Duckett et al., 2006) may
have played a crucial role in the evolution of
the Earth as we know it today. These primitive
fungus partners have subsequently been found
within many other thalloid liverworts and most
hornworts and have recently been identified
in Rhynie chert fossils (Strullu-Derrien et al.,
2014). Thus the need to uncover their precise
anatomy and functioning becomes ever more
pressing and all the more so since the most recent
34
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vLeft, anticlockwise: Fig. 9. The participants of the John Child Bryophyte and Lichen Workshop had a
much more impressive makeshift lab than we did. JG Duckett. Fig. 5. 11,000 miles from Rhynie but
407 million years ago they could have been easily confused: Terraces at Orakei Korako. JG Duckett. Fig.
6. Anthoceros muscoides with its characteristic pale colour. JG Duckett. Fig. 7. Our portable lab which we
set up in 11 different motels. JG Duckett. Fig. 8. T. pygmaea growing in association with Heteroschyphus
billarierei (Schwagr.) Schiffn. Unlike T. lacunosa which invariably grows on mineral soils, T. pygmaea is
always found growing over other bryophytes. JG Duckett

molecular analyses (Cox et al., 2014) now shed
considerable doubts on the currently accepted
view of bryophyte phylogeny (viz liverworts
basal, hornworts sister to tracheophytes).
“Far over the misty mountains cold, to dungeons
deep, and caverns old”
We arrived in the evening of 22 November
2013 at our first destination, Lake Taupo on the
North Island after 40 hours travelling on four
flights, the last being a 19 seater which arrived
without Jeff’s bags and portable laboratory (Fig.
7). With only two hours of daylight remaining
Jeff insisted on dragging Katie and William into
the field immediately to leave them singularly
unimpressed as the only thalloid things found
at the Huka Falls were Lunularia cruciata,
Fossombronia pusilla and Phaeoceros carolinianus.
Jeff perked up later when his luggage arrived at
our hotel.

For our full first day we had decided that R
& R was essential (= visiting thermal tourist
attractions) to recover from the journey, but
it didn’t quite turn out like that as we found
ourselves working long into the night processing
over 20 specimens on our hit list variously
collected from roadside banks including; 2
collections of Treubia lacunosa (Colenso)
Prosk., the 2 New Zealand Asterella species, A.
australis (Hook.f & Taylor) Steph. and A. tenera
(Mitt.) R.M.Schust. plus the large dioicious
Fossombronia reticulata Steph. (Campbell, 1988)
and our first Anthoceros muscoides (Fig. 6). The
day was all the more poignant since the thermal
terraces and siliceous springs at Orakei Korako
have strong parallels with the environment at the
Scottish village of Rhynie some 407MYA when
the Rhynie chert was formed (Fig. 5).
By sheer coincidence our short visit to the
North Island coincided with the annual meeting

s Below, left to right: Fig. 10. Phaecoeros delicatulus resembles a small P. carolinianus but it is dioicious and produces large
ventral tubers like those in P. himalayensis Prosk. (see Fig. 5 in Pressel et al., 2013). JG Duckett. Fig. 11. Maori guide
admiring Bartrama halleriana Hedw. JG Duckett
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of the antipodean bryologists and lichenologists
so the next day we made the short journey to
the skiing resort of Ohakune (which we couldn’t
pronounce and still can’t) on the Southern
slopes of Mt Ruapahu (= Mt Doom in Lord
of the Rings) to be welcomed by the local
organizer Graham Pritchard and the 50 or so
participants in the 28th John Child Bryophyte
and Lichen Workshop (Fig. 9), including Allison
Downing and Pina Milne who were last seen
enthusiastically compiling an Australia-bound
Welsh herbarium at the IAB field meeting in
North Wales (Bosanquet, 2013). En route more
banking yielded our first Haplomitrium gibbsiae
(Steph.) R.M.Schust. and Allisonia cockaynei and
more Treubia lacunosa.
The 25th November was the high point of the
expedition with an accent to the snow line on
Mt Ruapahu accompanied by Maori guides who
first gave a moving homage to the mountain
and subsequently greatly enjoyed seeing things
they had never seen before (Fig. 11). The highest
site provided a fungal sample of Haplomitrium
ovalifolium R.M.Schust. to compare with the
previous one from dolines on Mt Arthur on
the South Island, whilst in the Nothofagus
36
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forests lower down we found lots more Treubia
including T. pygmaea R.M.Schust. (Fig. 8)
and plants intermediate between this and T.
lacunosa, and our first of many collections of
Monoclea forsteri. To round off the excursion we
found Phaeoceros delicatulus (Fig. 10), growing
with Anthoceros muscoides on a roadside bank to
complete Jeff’s set of New Zealand hornworts.
The day ended with seminars by Allan Fife
updating us on progress with the New Zealand
moss flora and Jeff explaining why we are fungal
endophyte freaks.
For our final full day on the North Island (26
November), at Katie’s insistence, we headed back
to the thermal areas (Fig. 12) to discover that the
Waimangu Volcanic Valley is a hornwort hotspot
(literally) with both Phaeoceros delicatulus and
Anthoceros muscoides all along the paths. On the
last morning before leaving for Dunedin, Jeff
still hadn’t seen enough of these two hornworts
so got up before dawn to search for Phaeoceros
delicatulus where it was last collected in 1934
and 1935 by K.W. Allison, the father of New
Zealand hepaticology, in the “Kaingaroa State
Forest, east of Taupo, near the road to Napier”.
So excited he was on refinding it he forgot that

rAbove, left to right: Fig. 12. No matter how hard we searched we couldn’t find any thalloids on the very edges of the
thermal pools at Wai-O-Tapa. K Field. Fig. 13. Megaceros pellucidus. K Field. Fig. 14. Wall to walll T. lacunosa on old gold
mining workings on the ross Water Race Walkway. JG Duckett. sBelow: Fig. 15. Jeff couldn’t persuade William and
Katie to take a GPS reading. JG Duckett

New Zealand has speed limits and immediately
picked up a ticket! So our brief visit to the North
Island, which yielded 69 collections including 12
of Treubia and the two missing hornworts, more
than fulfilled our expectations.
But, the South Island was probably even better.
Our route from Dunedin, south to Invercargill
then up the west coast from Milford Sound to
Karamea at the western end of the Abel Tasman
National Park enabled us to add to previous
sampling from the Mount Arthur region around
Nelson, and thus complete a set of collections
of Treubia and Haplomitrium right across their
range in the South Island. Our excursions began
along the Leith Valley just outside Dunedin where
Megaceros spp. were first seen in abundance (Fig.
13) and we made our last collection of Phaeoceros
delicatulus. Unlike our highly productive thermal
bryotourism on the North Island, visits to the
Royal albatross colony on the Otago Peninsula
and the nearby Penguin Palace for yellow-eyed
penguins were a dead loss unless you like Bryum
argenteum.
Following Ray Tangney’s tips (he was brought
up in Omaru), from Dunedin to Invercargill we
made numerous stops including the McLean,
Purakanui and Matai Falls and Lake Wilkie
with a brief detours to see the Jurassic Forest on
the beach at Curio Bay and the most southerly

point on the South Island, Slope Point. At all
of these we found Asterella, Haplomitrium,
Treubia, Megaceros, Monoclea and Fossombronia
in abundance. Before leaving Invercargill we
ventured west into the Longwood Range, which
appears to have been very poorly explored
bryologically and, despite being somewhat
thwarted by a mixture of private roads and lack
of signage still found the usual suspects. Perhaps
most interesting was the abundance of Treubia
lacunosa in an old gold mining area at Round
Hill, the same is also true for abandoned gold
workings further north at Ross (Fig. 14).
“You might try over the Hill or Across the Water.”
The bryological success of visiting Te Anau
and Milford Sound (probably New Zealand’s
most famous tourist destination) was only
outweighed by their natural beauty (Jeff wanted
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to put this sentence the other way round as
he had been there before but was outvoted by
Katie and William who had not. He also slept
a lot when not driving but had the uncanny
knack of waking up at the approach to any
and every likely looking collecting bank). We
observed numerous populations of Treubia and
Haplomitrium and picked up Neohodgsonia for
the first time (at the start of the Routeburn track)
and quantities of Megaceros growing right on the
45° South Latitude line en route to the Sound
(Fig. 16). Around the portals to the Homer
Tunnel we were treated to the Mount Cook
Lily (Ranunculus lyallii) the largest buttercup in
the world and also the National flower of New
Zealand, in full bloom. Despite being one of the
wettest places on earth with an annual rainfall
of nearly seven metres and over 180 wet days we
experienced sunny weather which stayed with us
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vLeft: Fig. 16. A lucky sighting of the Mount Cook lily
at its best. JG Duckett. sBelow: Fig. 17. A mirror
lake - for the real southern hemisphere feel this image
is printed up side down! JG Duckett. wNext page, top
left to right: Figs. 18 and 19. The two NZ species of
Phaeomegaceros. Left P. coriaceus, right P. hirticalyx. At a
new site near Blackball. JG Duckett. wBottom left to
right: Fig. 20. Awestruck at the Costellow Scenic Reserve
hornwort wall. JG Duckett. Fig. 21. William failed to
notice the warning signs. JG Duckett

for the rest of the expedition. One of the most
striking features we noted in the Treubia lacunosa
populations were major differences in the size
of thalli often growing side-by-side suggesting
either enormous phenotypic plasticity or more
than one taxon. High rainfall appears to be a
prerequiste for another hornwort, the highly
gemmiferous Phaeomegaceros coriaceus (Steph.)
(Duff et al., 2007), also seen for the first time
but which became a daily find throughout our
journey up the west coast (Fig. 18). This eventually
finished at the end of the road at Karamea
with accommodation in the aptly named ‘Last
Resort’. A similarly daily find was Tmesipteris

growing on tree ferns in both Nothofagus and
mixed podocarp forests and carpets of the
dendroid Dendroligotrichum dendroides (Hedw.)
Broth. but we only saw the largest moss in the
world Dawsonia superba Grev. with sporophytes
on a single occasion near Karamea. The same site
also had quantities of Dendroceros validus Steph.
and D. granulatus Mitt. growing on Nikau palms
and on twigs of Coprosma and podocarps with
Ephemeropsis trentepohlioides (Renn,) Sainb (Fig.
22).
Needless to say we had to call in at Fox Glacier
whose retreat at over 1 metre per week is marked
by ever increasing hornwort-covered lateral
moraines whilst further north we had to pay
our respects to the vertical roadside bank at the
Costello Scenic Reserve which supports no fewer
than 6 hornworts (Anthoceros laminiferus Steph.,
Megaceros leptohymenius (Hook.f. & Taylor)
Steph., M. pellucidus (Colenso) E.A.Hodgs.,
Phaeoceros carolinianus, Phaeomegaceros coriaceus
and P. hirticalyx) including the type locality and
only well documented site for the last species (Fig.
20). We went on to find two similar hornwort

walls with P. hirticalyx thus trebling the world’s
records for this rare hornwort (Fig. 19). We
rewarded ourselves with a day off from lunches
of vegemite and cheese sandwiches in favour of
the best homemade sausage New Zealand has to
offer at the ‘Formerly the Blackball Hilton’. On
our return journey we stayed at Hokitika, famed
for jade and possum memorabilia, too tasteless
to mention for family readers of FB, to admire
a glow worm grotto after dark and to visit the
shores of Lake Brunner where a population of
Neohodgsonia stretches along a forest track for
nearly 100 metres.
The morning of our final day in the field was
spent along the Cockayne trail at Kelly Creek first
visited by Jeff on his first trip to New Zealand in
1999 for final sightings of Dendroceros, Allisonia
and our last hornwort wall with Phaeomegaceros
coriaceus growing with Megaceros pellucidus.
Lunchtime entertainment at Arthur’s Pass was
provided by the Kea (Nestor notabilis), the world’s
only alpine parrot (Fig. 24). Though beautiful,
these highly intelligent birds had absolutely no
qualms in stealing and eating William’s steak
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r Above left to right: Fig. 22. Dendroceros, the only
epiphytic hornwort genus. K Field. Fig. 23. Nothoceros
giganteus completed sightings of all 12 New Zealand
hornworts. JG Duckett. wNext page: Fig. 24. Arthurs
pass: a boulder covered with Rhacocarpus purpurascens
(Brid.) Paris. W Rimington

and cheese pie (Fig. 21)! Afterwards our traverse
of the Punchbowl Falls track completed our
full complement of New Zealand hornworts
with several populations of Nothoceros giganteus
(Lehm. &Lindenb.) J.Haseg. (Fig. 23) growing
alongside lots of Treubia pygmaea, but not in the
spots where Jeff had seen it on previous visits.
Even more surprising was our inability to find
a single plant of Haplomitrium gibbsiae: in 1999
it was common all along this track, but in 2012
had declined to a handful of small colonies.
These chance observations highlight the fragility
of New Zealand bryophyte communities and
how even minor changes might lead to their
demise.
We left New Zealand with over 240 specimens
all variously prepared for scanning electron
microscopy and molecular analysis, alongside
herbarium vouchers for the Natural History
Museum with duplicates for New Zealand
National Herbarium at Lincoln and living samples
for culturing and fixing for transmission electron
microscopy. These included 18 Fossombronia
collections, 17 of Monoclea, 41 of Treubia and no
fewer than 79 hornworts including 4 gatherings
each of Anthoceros muscoides and Phaeoceros
delicatulus. Treubia, Haplomitrium, Allisonia
and Neohodgsonia are now thriving in axenic
40
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cultures at the Natural History Museum and are
about to be reunited with their mucoromycote
endophytes, isolated for the first time as part
of the NERC programme. Back in Sheffield
these liverworts are now being grown under
four times ambient atmospheric carbon dioxide
concentrations mimicking the conditions under
which their symbioses arose in the Palaeozoic.
Our work with these incredible plants is
on-going. Already, we are learning more and
more about how the relationship between basal
liverworts and their fungal partners functions,
how it is distributed throughout the bryophytes
and even how it may have evolved in the first
place. We hope this exciting work will continue
to yield fascinating results and that our departure
from New Zealand is only temporary.
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