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Background: Didymoplexis verrucosa is a cryptic, leafless, saprophytic ground or-
chid (~70 mm tall) growing on the coastal forest floors of southern Zululand and
classified as Vulnerable (D2). As part of a population monitoring programme, 960
man-hours of species-specific searching over five consecutive flowering seasons
were conducted, yielding only one individual plant.

Objective: The aim of this study was to increase detection rate by developing
a profile of environmental indicators for the accurate identification of suitable
habitat.

Methods: A detailed description of suitable habitat was compiled based on the
Braun-Blanquet approach.

Results: The results showed that key attributes shared by localities include similar
topographic position in the landscape, hydrology, soils, vegetation composition
and structure, forest age, leaf-litter composition of the forest floor, the co-occur-
rence of Isoglossa woodii, and a similar degree of protection from sunlight, wind
and desiccation.

Conclusion: This profile of essential habitat characteristics can be used as a sur-
rogate in the absence of actual locality data when identifying target conserva-
tion areas and compiling management strategies for this very cryptic species. A
by-product of this habitat analysis was the discovery of a long list of impacts on
the long term survival of D. verrucosa. The combination of these stochastic and
deterministic events will drive habitat change at rates beyond the species’ ability to
adapt. Managing these variables forms the crux of its successful conservation. A re-
vision of the conservation status, based on the formal IUCN criteria, indicates that
D. verrucosa should be reclassified as Critically Endangered Category B2a and D.

Keywords: habitat description, habitat fragmentation and degradation, Red Data
List, saprophyte.

Introduction

Didymoplexis verrucosa ).Stewart & Hennessy (Orchidaceae: Epidendroideae) is
a small and cryptic, leafless, saprophytic ground orchid discovery by the Dutch
botanist C.C.C.J. Van Steenis in 1975 (Stewart & Hennessey 1980). It grows
along the forest floors of the coastal dune cordon of southern Zululand (north-
ern KwaZulu-Natal, South Africa). The known distribution range is restricted to
the forests south and east of the town Mtunzini. These saprophytes obtain all
the energy they need from parasitising the network of fungal hyphae within the
leaf-litter carpet of the deeply shaded forest floors. They are therefore classified
as mycoheterotrophs (Miura et al. 2018) and do not photosynthesise their own
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carbohydrates like most plants. This parasitic dependen-
cy on fungi evolved from the normally mutualistic rela-
tionship between plants and mycorrhiza fungi, which
may have evolved many times over, independently in
many different plant families (Miura et al. 2018).

Didymoplexus verrucosa forms small tubers (up to 90 x
20 mm) within the decomposed organic matter of the
forest floor, accumulating resources from fungal hyphae
around their root system (Stewart & Hennessey 1980).
With no need to synthesise their own food, they do
not invest in leaves and chlorophyll for photosynthesis.
The accumulated resources are used in early spring to
produce a single erect, very delicate, leafless, cream-
coloured flowering stem (= 70 mm tall) bearing eight to
twelve very small (10-13 mm in diameter) white flow-
ers tinged pinkish brown (Stewart & Hennessey 1980).
The flowers open sequentially, but each flower remains
open for only a few hours for pollination before it closes
again, and no floral odour has been detected (Stew-
art & Hennessey 1980). Cross pollination has not yet
been recorded and the specific pollinating vector is still
unknown. In the absence of insect pollination, Stewart
and Hennessey (1980) observed potential cleistoga-
mous self-pollination behaviour of the flowers.

Historical perspective
of discovery and rarity

The search for D. verrucosa began long before its discov-
ery. During the 1920s and 1930s Van Steenis compiled
keys to the many saprophytic species of a wide range of
flowering plants occurring in the tropical forests of the
Malesia Floristic Region (Kalkman 1990). Based on the
knowledge that he gained regarding suitable habitat for
such species, he predicted that the coastal dune forests
of Zululand would contain saprophytic orchid species
(Stewart & Hennessey 1980). After numerous botanical
expeditions to these Zululand forests, his wife found
such a species, which he concluded belonged to the
genus Didymoplexis. Based on the warty protrusions on
the fruit capsule, it was named D. verrucosa (Stewart
& Hennessey 1980). Initially, only a single plant was
found on the Farm Twinstreams, then owned by con-
servationist lan Garland. Subsequent searches in the
following years revealed a small population numbering
approximately 15 plants. Local ecologist C.J. Ward pho-
tographed the flowers for the first time in August 1978
and Garland continued to monitor the population for a
few years. Subsequent recordings of these very cryptic
plants became more sporadic, often with decades pass-
ing between sightings (Victor et al. 2005).

In the early 2000s, orchid enthusiast Herbert Starker
from Vienna (Austria), contributed to compile pho-
tographic field guides for the orchids of Africa and in
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particular South Africa (Johnson, Bytebier & Stirker
2015). Over a period of two decades he made regular
trips to Africa to photograph orchids, including D. ver-
rucosa. After many unsuccessful attempts to find this
species, his wife joined a search expedition and redis-
covered the long-lost orchid near Mtunzini in August
2011. Additional searches were conducted, leading to
the discovery of another two plants in close proximity
to the first. Over time he revisited these plants in the
hope of photographing their fully opened flowers. No
additional plants or populations were found after that.
Due the sensitive nature of the rediscovery of these rare
plants, Starker and his colleagues kept their rediscovery
quiet until more plants and populations could be found.

Unaware of the rediscovery of this orchid, the Custo-
dians of Rare and Endangered Wildflowers (CREW) in
association with the South African Botanical Society
and the South African National Biodiversity Institute
(SANBI) contacted the University of Zululand (UniZul)
to request help to find and monitor some of Zululand’s
Red List plant species, of which D. verrucosa is one.
Due to the ethical considerations surrounding research
on such rare species, we decided that no vegetative
or reproductive material needed to be collected during
the initial stages. Therefore, no collection permits were
requested from Ezemvelo KZN Wildlife. With the help
of many students, a variety of methods were employed
during the initial searches for D. verrucosa plants and
populations. We initially followed the standard proce-
dure used by CREW, which is to visit known historical
localities and to conduct species-specific searches. All
searches were conducted during the flowering—fruiting
season of D. verrucosa, which was estimated to range
from early August to late September. In some years we
extended our searches into the month of October in the
hope of finding dried fruit capsules. We spent approx-
imately 195 man-hours in searches at known histori-
cal sites, covering approximately 6.5 ha over a period
of five flowering seasons. Failing to record any plants,
we adopted a grid-search strategy, during which ten
fieldworkers searched a one-hectare sized area along
predetermined gridlines ten metres apart, scanning the
forest floor vegetation within mature Northern Coastal
Forest (national vegetation type FOz7) (Mucina & Ruth-
erford 2006). We spent approximately 672 man-hours
in grid-searching mature forest, covering approximately
22.4 ha over a period of four flowering seasons. Failing
to find D. verrucosa, we stratified the forest into dune
crests, dune slopes and dune valleys before repeating
our grid-search technique within each stratified unit
again. This approach helped us to conduct more con-
sistent searches within the relatively homogenous veg-
etation structure of each stratified unit. This follow-up
search (90 man-hours covering 3 ha) was also done
later (October) in the flowering—fruiting season, in the
hope that a shift in search timing may lead to successful
finds. Despite a total of approximately 960 man-hours
spent searching an estimated 31.9 ha of forest floors
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south and east of Mtunzini over five consecutive flow-
ering seasons, we did not locate any plants of D. ver-
rucosa. Some of the above methods were employed
concurrently, between September 2009 and October
2013. A chance discovery of a single plant was made in
September 2013 by R.E. Mostert,

News of our discovery prompted Stirker to reveal the
locality of their discovery to pool knowledge and man-
power for more effective research and conservation
efforts. At that time, these two localities (northeastern
locality and southwestern locality) presented us with
the opportunity to potentially monitor the four plants
recorded. Three plants were recorded again the follow-
ing year (2014), one in the northeastern locality and
two in the southwestern locality. Whether these were
the same plants as those recorded the previous years
are unknown. No plants were recorded in the subse-
quent two years (2015 and 2016) at these two local-
ities, despite very careful marking and thorough fol-
low-up searches.

Objective

It was at this stage that we decided to change our strat-
egy and follow Van Steenis’ initial approach that con-
tributed to chance discovery of D. verrucosa by focus-
sing on ecosystem characteristics rather than the actual
plants themselves. The aim of this study was therefore
to produce a profile of indicators for the accurate iden-
tification of suitable habitat by analysing site character-
istics of the two most recent discoveries. Such a pro-
file could then be used to direct future search efforts
better, or as a surrogate in the absence of actual field
records when compiling conservation strategies and
identifying target areas for the conservation of D. ver-
rucosa. Whether these two localities truly represent
optimal habitat or merely marginally suitable habitat is
unknown at this stage.

Methods

The habitat descriptions were compiled from both flo-
ristic and environmental data gathered at the two most
recent known localities of D. verrucosa. The two local-
ities are approximately 2.3 km apart from one another.
Field surveys were conducted while the plants were
flowering/fruiting (2011-2012), before their subse-
quent disappearance. Due to the very sensitive nature
of locality information of rare and endangered species,
the exact localities are not provided here, with only an
approximate locality of the study area presented in Fig-
ure 1 (straddling quarter degree squares 2831DC and
2831DD) (Larsen et al 2009). Exact localities were pro-
vided to the provincial conservation authority, Ezem-
velo KZN Wildlife. For the purposes of this paper, we
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differentiate between the two localities by simply re-
ferring to them as the northeastern locality and south-
western locality. It was decided to exclude historically
known localities (1975 to 1993) from this habitat de-
scription due to the dynamic changes often associated
with the forest floor conditions of Northern Coastal For-
est (Lubke, Avis & Moll 1996; Zungu, Mostert & Mo-
stert 2018). Vegetation structure was described in terms
of the height and density of the various strata within the
forest. Stratum classes were assigned according to the
dominant height class structure system devised by Ed-
wards (1983) for South African forest vegetation struc-
ture classification: upper canopy layer 15-25 m, short
tree layer 8-15 m, tall shrub layer 3-8 m, short shrub
layer 1-3 m, herbaceous layer 0.1-1.2 m.

The floristic composition of each stratum was described
using the Braun-Blanquet approach. The Braun-Blan-
quet sampling method (Werger & Coetzee 1978) was
specifically chosen for its international recognition as
the most appropriate technique for the description of
vegetation when based on total floristic composition
(Brown et al. 2013). By using an internationally accept-
ed standard, the data and vegetation description will be
compatible and comparable with data from other re-
gions and landscapes. Such comparability and compat-
ibility are crucial for the regional and international co-
ordination of vegetation and ecosystem conservation.
Based on the recommendations by Brown et al. (2013),
plot sizes were set at 400 m? and were marked out in
the field to ensure consistency. In all sample plots, each
plant species was recorded and the cover—abundance
value of each species determined using the modified
Braun-Blanquet cover—abundance scale: r (very rare,
with a negligible cover), + (present but not abundant,
with a cover value of < 1% of the quadrat), 1 (numer-
ous but covering less than 1% of the sample area), 2a
(covering 5%-12% of the sample area), 2b (covering
13%—-25% of the sample area), 3 (covering 25%-50%
of the sample area), 4 (covering 50%—75% of the sam-
ple area), 5 (covering 75%—100% of the sample area)
(Brown et al. 2013).

A wide range of environmental parameters were re-
corded and compared at the two localities. Distance
from the average high-tide level along the nearby
beach, as a measure of exposure to salt-clipping and
wind-shearing from onshore wind and airborne sand
particles, was calculated from georeferenced aerial im-
agery. Position and orientation descriptions within the
vegetated dune cordon took into account whether a
locality was situated on a dune crest, slope or valley
and the number of dunes between it and the prograd-
ing beach. Soil texture and type was described using
the standardised South African soil classification system
(Fey 2010). Soil profile colour was described using the
Munsell soil colour chart (Brady & Weil 2004). Thick-
ness of the leaf-litter layer was measured in 10 mm
increments. Texture of the leaf-litter was determined
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Figure 1. A, Location of the province of KwaZulu-Natal within South Africa; B, northern KwaZulu-Natal showing the very limited extent
of remaining forest ecosystems shaded in black with degree grid lines for spatial reference; C, study area shaded in grey south of the
coastal town of Mtunzini with quarter degree grid lines for spatial reference.

by measuring particle size (n = 100) at T0 mm above
the soil surface. Composition of the leaf-litter on the
forest floor was determined by a morphological anal-
ysis of decaying leaf fragments based on venation and
trichome patterns. For this, 500 cm® of organic mate-
rial was collected from the upper layer leaf-litter layer
between one and two metres away from the record-
ed D. verrucosa plants, taking care not to disturb the
plants. Light penetration at forest floor level was deter-
mined by measuring the percentage of area covered in
shadow and direct sunlight at 12:00 within the 400 m?

http://abcjournal.org |

Braun-Blanquet vegetation quadrat. Hydrology was
described based on the soil profile characteristics and
the water holding capacity of the A horizon using the
soil-sausage technique (Fey 2010). Slope was deter-
mined using a clinometer, while aspect was determined
using a compass. Levels of ecosystem disturbance and
fragmentation were described based on the degree of
invasion by invasive alien plant species, the presence
and extent of human activity, extent of animal impact
on above-ground vegetation and leaf-litter movement,
extent of damage to the herbaceous vegetation along

| Open access


http://abcjournal.org

Page 50f 10

the forest floor by falling trees or branches and the ex-
tent of damage to vegetation and leaf-litter by wind
and water. The potential of localities to withstand storm
damage were described based on a visual assessment
of wind damage to plants and the redistribution of dead
organic matter along the forest floor.

In addition to recording the above-mentioned environ-
mental drivers of suitable habitat, some of the potential
threats to the survival of D. verrucosa within one kilome-
tre of the two localities were investigated and described.
This included formal protection status, illegal logging,
slash-and-burn agricultural practices, changes to natural
burning regimes, human settlement, livestock grazing
and browsing, impact of tourism, mining activities, inva-
sive alien plant species, natural resource utilisation and
management and illegal collection by traditional heal-
ers, nurseries and amateur collectors. Due to the low
number of localities investigated (n = 2), no statistical
correlation analyses were conducted on the data.

Results

Macro habitat description

The study area is located within the southernmost ex-
tremity of the Maputaland Centre of Plant Endemism
(Van Wyk & Smith 2001) and within the Maputaland-
Pondoland—-Albany Hotspot, which is listed as one of
the world’s 36 most important biological hotspots (My-
ers et al. 2000). These hotspots are areas containing
more than 1 500 endemic vascular plant species with
less than 30% of their original vegetation still intact. The
Maputaland-Pondoland—-Albany Hotspot in particular
contains approximately 1 900 endemic plant species,
with less than 25% of its original vegetation still intact
by 2004 due to anthropogenic activities (Steenkamp
et al. 2004). The rate of ecosystem transformation has
since increased (CEPF 2010).

Both sample localities fall within the Northern Coast-
al Forest vegetation type (FOz7) of the Indian Ocean
Coastal Belt Biome (Mucina & Rutherford 2006). These
forests are associated with wind-blown sand dunes that
form some of the youngest geological formations in
South Africa (<10 000 years old) (Gaugris et al. 2004).
Within the study area, this specific dune cordon is
currently expanding in the direction of the ocean at a
rate of approximately one new dune per decade (Van
Daalen et al. 1986; Weisser, Garland & Drews 1982;
Weisser & Muller 1983) and is stabilised by one of the
few examples of primary succession of vegetation in
South Africa (Todd 1994; Zungu et al. 2018).

The overall climate in the study area is subtropical with
hot, humid summers and cool moist winters (Boyes
et al. 2011; Nevill & Nevill 1995; Rawlins 1991). The
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mean minimum and maximum temperatures are 11°C
(July) and 30°C (December) respectively. Rainfall peaks
twice a year with most received in summer (60% in
November—March) and the rest in winter (40% in June—
July) with a mean annual total of T 100 mm. (Rawlins
1991; Tyson & Preston-White 2000). Relative humidity
in summer usually exceeds 80% and during winter it of-
ten ranges from 50% to 60%. Potential evaporation ex-
ceeds average precipitation for all months except Janu-
ary, February and December and varies from 190 mm
in January to 84 mm in June (Schulze 1982).

Microenvironment description

Abiotic parameters

The northeastern and southwestern localities both lie
between the third and fourth dune series, respective-
ly 370 m and 460 m from the average high-tide mark
on the beach. Both are associated with relatively flat
to slightly concave inter-dune valley topography of the
dune cordon system. These protected valleys accu-
mulate very large quantities of leaf-litter, leading to a
very thick and stable carpet (40-80 mm) of decaying
organic material on the forest floor (Moll 1972; Van
Aarde, Smit & Claassens 1998). The leaf-litter is high-
ly decomposed with a high density of fungal hyphae
binding organic material into a mat. Although organic
particle sizes range from microscopic dust to decaying
tree trunks, the general texture of this organic carpet (at
10 mm above the soil surface) is relatively fine (1-7 mm
in diameter). The morphological analysis of decaying
leaf fragments (based on venation and trichome pat-
terns) indicated that most leaf-litter comes from Isoglos-
sa woodii, which often forms monotypic stands within
the forest understorey where D. verrucosa grows.

Due to the relatively high elevation (15-25 m above sea
level) of these specific dune valleys and the deep san-
dy soils associated with D. verrucosa, water drainage is
very fast with no accumulation of free surface water,
even during very heavy rainfall events (Watkeys, Mason
& Goodman 1993). This results in relatively dry, aero-
bic conditions within the leaf-litter layer above the soil
(Van Aarde et al. 1998). The soil associated with both
sites is classified as cover sands (Fey 2010), with a mean
grain size of 330 um (Ware 2001) and highly leached
(Watkeys et al. 1993). The upper 15 mm of sand di-
rectly below the leaf litter is greatly enriched with finely
decomposed organic particles, resulting in colouration
described by the Munsell Soil Colour Chart as T0YR3/3
dark yellow brown (Munsell 1980). Sand colour at a
depth of 15-450 mm can be described as 10YR6/2
light brownish grey, while sand from 450-1 200 mm
matched 10YR8/6 yellow of the Munsell chart.

The structural complexity of these forests and their
topographic position result in a high level of protection

| Open access


http://abcjournal.org

Page 6 of 10

from wind exposure, with no evidence of wind damage
recorded within the forest understorey of the sampling
quadrats. The only disturbance recorded within the for-
est floor of the sample quadrats were tracks, commu-
nal defecation middens and browsing damage to plants
from red duiker (Cephalopus natalensis) and bushbuck
(Tragelaphus sylvaticus). However, severe disturbances
caused by indigenous bush pigs (Potamochoerus larva-
tus) and a small group of feral pigs (Sus scrofa) within
the forest floor were recorded in nearby forest patches.

Vegetation structure

Both localities fall within mature Northern Coastal For-
est vegetation with multiple strata of interlocking can-
opies resulting in a total canopy cover of 100%. The
fourth dune generally contains some of the oldest and
structurally most complex forest vegetation within this
dune cordon (Von Maltitz, Van Wyk & Everard 1996;
Zungu et al. 2018). Beyond the fourth dune, most for-
est vegetation has been transformed by anthropogenic
activities, with only very small sections of the fifth and
sixth dunes still covered by the original coastal forest.
The upper canopy on the fourth dune is approximately
20 m high and contributes to 40% of the total vegeta-
tion cover. This upper canopy interlocks with a shorter
tree layer of approximately 8-15 m tall with a 60% cov-
er. The tall shrub layer (3-8 m tall) is relatively sparse
with a sub-canopy cover of approximately 20%. A very
large number of lianas enter the canopy and an esti-
mation of their contribution to the total canopy cover
was not attempted. The herbaceous layer (0.1-1.2 m
tall) is relatively dense (40-80% sub-canopy cover) and
very dynamic. The dominant species within this layer is
the long-lived, synchronously monocarpic herbaceous
Isoglossa woodii, which grows for approximately 4-7
years before mass-flowering, setting seed and dying
(Criffiths et al. 2010). This results in extreme structural
changes within this vegetation layer at the end of each
synchronised flowering cycle.

Floristic composition of the
associated plant community

The uppermost stratum contains many old and repro-
ductively mature trees (15-20 m high, 40% canopy
cover) and is dominated by species such as Mimusops
caffra, Sideroxylon inerme, Albizia adianthifolia, Ficus
natalensis and Ekebergia capensis. Other prominent
species within this layer include Cussonia spicata, Vepris
lanceolata, Harpephyllum caffrum and Trichilia emetica.
Zungu et al. (2018) described similar vegetation within
the Umlalazi Nature Reserve as the Carissa bispinosa—
Mimusops caffra climax coastal dune forest community.

The next stratum of shorter trees (8-15 m, 60% can-
opy cover) is dominated by species such as Brachy-
laena discolor, Psydrax obovata, Dovyalis longispina,
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Gymnosporia arenicola, Protorhus longifolia, Tricalysia
sonderiana, Apodytes dimidiata, Deinbollia oblongifolia
and Clerodendrum glabrum. Other prominent species
within this layer include Maytenus acuminata, Teclea
gerrardii, Catunaregam obovata, Garcinia gerrardii, May-
tenus procumbens, Tabernaemontana ventricosa, Chae-
tachme aristata, Olea woodiana, Bridelia micrantha, Put-
terlickia verrucosa, Grewia caffra and Canthium inerme.

Below the above stratum, a sparse layer of tall shrubs
and low trees (3-8 m, 20% canopy cover) are domi-
nated by Carissa bispinosa, Monanthotaxis caffra, Och-
na serrulata, Peddiea africana, Eugenia capensis, Euclea
natalensis, Cussonia zuluensis, Pavetta revoluta, Scutia
myrtina, Allophylus natalensis, Kraussia floribunda and
Dracaena aletriformis.

The lowest stratum is dominated by the herbaceous
species Isoglossa woodii. This long-lived, synchronous-
ly monocarpic species ranges from 0.1 m tall during
its first year of life, to 1.2 m tall by the time it flowers
in mass approximately 4-7 years later. At the peak of
its growth cycle, it covers between 40 and 80% of the
forest floor, while the synchronised mass die-off event
at the end of the growth cycle renders the forest floor
almost devoid of live plant cover. Other species were
recorded only at very low densities and included the
ground orchid Cheirostylis gymnochiloides, the fern Mi-
crosorum scolopendria, the grass Oplismenus hirtellus,
and other herbaceous forbs such as Behnia reticulata
and Aneilema aequinoctiale.

Numerous woody lianas and herbaceous climbers
penetrate various strata within the forest and include
species such as Rhoicissus rhomboidea, Rhoicissus to-
mentosa, Rhoicissus sessilifolia, Dalbergia armata, Smi-
lax anceps, Landolphia capensis, Dioscorea cotinifolia,
Asparagus falcatus, Adenia gummifera, Cissampelos
torulosa, Senecio tamoides, Senesio deltoideus and
Secamone filiformis. A wide variety of epiphytes were
recorded and include the fern Microsorum punctatum,
the orchids Polystachya sandersonii, Cyrtorchis praeter-
missa, Cyrtorchis arcuata and Ansellia africana, as well
as the parasitic mistletoe Erianthemum dregei.

Some of the invasive alien species recorded within the
sample plots included Lantana camara, Chromolae-
na odorata and Rivina humilis. Although these species
were only recorded at very low densities, large sections
of adjacent forest patches have been completely invad-
ed by Chromolaena odorata and Rivina humilis, trans-
forming the forest floor conditions.

Discussion

As is the case with most taxonomic and phytosociolog-
ical research, this habitat study should be regarded as
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a descriptive study. Due to the paucity of D. verrucosa
localities (n = 2), no meaningful statistical correlation
analyses could be conducted on the data. Whether the
two sample localities represent distinct populations or
only one is not known. Unfortunately, this scenario is
all too common for many of South Africa’s rare and en-
dangered species (SANBI 2010). Suppressing the pub-
lication of such descriptive studies due to their lack of
statistical verification will result in valuable information
never being incorporated into conservation strategies
and management plans (Pierce et al. 2005).

Critical environmental factors shaping suitable habitat
for D. verrucosa are those that affect conditions along
the forest floor. Based on the limited ecological infor-
mation provided by Stewart and Hennessy (1980) and
the habitat description presented in this study, we sug-
gest that the following be considered to be critical pa-
rameters for suitable D. verrucosa habitat:

¢ Old-growth Northern Coastal Forest in pristine con-
dition. Along this pro-grading shoreline, such forest
is restricted to between the third to fourth dune from
the beach, but along a degrading beach these old-
growth forest patches may occur closer to the beach.

e High relative humidity under a dense multi-stratum
canopy (100%) that buffers daily fluctuations in ex-
treme temperature, light exposure, wind speed and
desiccation.

e The co-occurrence of [soglossa woodii (or similar pe-
rennial herbaceous species) as the dominant species
in order to create medium-term (4-7 years) stable
conditions within the lowest stratum of the forest
vegetation.

o A thick carpet of fine textured organic matter mostly
comprising of soft-leafed herbaceous material, such
as that provided by Isoglossa woodii.

¢ Topography that results in the net accumulation of
organic material with in situ decomposition.

e Low levels of disturbance within the leaf-litter mat
and protection from damage by wind, water, large
animals and invasive alien plant species.

e Fast draining sandy soil to ensure aerobic conditions,
with no free-standing water along the forest floor.
Soil texture, structure and nutrition seem to be less
important to D. verrucosa since the roots and tubers
are situated within the leaf-litter and were not re-
corded to enter the soil itself.

e High density of fungal hyphae in the soil which are
parasitised by D. verrucosa.

As a by-product of the habitat analysis, a wide range
of threats to the long-term survival of D verrucosa at
these two localities, as well as at other similarly suitable
habitats in the immediate surroundings, were record-
ed. These include:

http://abcjournal.org |

Original research

e Lack of effective protection of remaining suitable
habitat, with only one of the sites formally protected
(Umlalazi Nature Reserve).

e Habitat degradation and fragmentation of the re-
maining Northern Coastal Forests due to unlawful
logging, slash-and-burn agricultural practices, burn-
ing of adjacent rangelands to improve grazing for
cattle, formal and informal settlements, recreational
hiking trails and open-cast mining for heavy metals.

e Invasive alien plant species such as Chromolaena
odorata (Ambika 2002; Hu & Zhang 2013) and Riv-
ina humilis (Ravi et al. 2020), which are changing
the forest floor characteristics dramatically due to
competition and allelopathic effects of the second-
ary metabolites they contain.

e Increased chances of forest fires due to the forest
margin changing from being fire-proof to fire-prone
under the influence on Chromolaena odorata and
Lantana camara.

e Current efforts to mechanically eradicate Chromo-
laena odorata and Rivina humilis in the immediate
vicinity leads to the severe disruption of the leaf-litter
on the forest floor.

e The impact of a small group of feral pigs.

¢ Close proximity to footpaths, making them vulnera-
ble to accidental trampling and illegal collection.

e The negative effects of environmental stochasticity
on small populations.

It is unknown whether the dramatic changes caused
by the cyclical synchronised mass die-off of Isoglossa
woodii after flowering present D. verrucosa with critical
opportunities (e.g. easier cross pollination) or critical
obstacles (e.g. exposure to unfavourable environmental
conditions). Nonetheless, it is likely to have a profound
effect on the flowering, pollination and seeding oppor-
tunities for D. verrucosa.

It is unknown whether D. verrucosa is a long-lived in-
termittent flowering species or whether they are simply
short-lived reseeders. Autecological studies are needed
to answer such questions. The precise environmental
cues that trigger the tuber to produce a flowering stalk
is still unknown. We have been trying for the last ten
years to predict flowering times without any success.
The answer may lie in the tubers it produces, enabling
them to use previous years’ resources for reproduction
at a more flexible time frame to synchronise their phe-
nology with environmental variables, such as the emer-
gence of a suitable pollinator. The most detailed and
comprehensive visual account of D. verrucosa is still
the sketch made by E.F. Hennessy (Stewart & Hennessy
1981), based on observations made from a few plants
she grew and maintained in a shoe box.

Although a small number of Hymenoptera and Dip-
tera species have been recorded landing on the flowers
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during our surveys, no pollination behaviour was re-
corded. With flowers staying open for only a few hours
before closing again, and the recorded spatial distribu-
tion of plants, successful crosspollination by an insect
seems to be a truly herculean accomplishment. The
heavy use of insecticides, herbicides and fertilisers
within Zululand may have already had dire conse-
quences for many potential pollinator species (Rother
et al. 2008). Although the cleistogamous self-fertilisa-
tion recorded in D. verrucosa may provide a back-up
chance to ensure a next generation, regular inbreeding
as a result of continued failure to cross pollinate, will
make the species less adaptable and more vulnerable
to future environmental changes.

The combination of the many stochastic and determin-
istic events recorded in this study drive habitat change
at rates beyond the ability of D. verrucosa to adapt its
life history strategies for long term survival (Pressey et al.
2007). Managing anthropogenic degradation and frag-
mentation of suitable habitat should be our first prior-
ity when compiling conservation strategies of this very
unique and rare species (Margules & Pressey 2000).

Conservation
status revision

Raimondo et al. (2009) conducted a formal conserva-
tion status revision for D. verrucosa in 2009 and as-
signed the status of ‘Vulnerable due to a population with
a very restricted area of occupancy (less than 20 km?)
and with locations (typically five or fewer) such that it
is prone to the effects of human activities or stochastic
events within a very short time period in an uncertain
future, and is thus capable of becoming Critically En-
dangered or even Extinct in a very short time period
(VU D2)". After our own evaluation of the current situ-
ation using the formal IUCN criteria for assigning con-
servation status to species (IUCN 2020), we propose
that this species be assigned the conservation status of
Critically Endangered Category B2a and D. We base
our recommendation on the following: [IUCN Criterion
B2a — Geographic area of occupancy estimated for D.
verrucosa is less than 10 km?, and estimates indicate (a)
severely fragmented population, as well as IUCN Cri-
terion D — Population size estimated to number fewer
than 50 mature individuals. Based on the difficulty to
find and monitor these seemingly fleeting populations,
we regard the population trend as unstable.

http://abcjournal.org |

Original research

Suitable habitat for D. verrucosa is very limited within
the region and under severe threat of degradation and
fragmentation due to the long list of threats provided
above. This is exacerbated by the limited effective pro-
tection of mature Northern Coastal Forests along this
section of KwaZulu-Natal. At present, only the north-
eastern locality falls within a formally protected area
(Umlalazi Nature Reserve).

Conclusion

Traditional search techniques are inadequate for popu-
lation monitoring programmes of rare and cryptic spe-
cies such as D. verrucosa. This results in a lack of much
needed quantitative data to better analyse and under-
stand their ecology (Rouget et al. 2003). In the absence
of such data, this study provides conservation agencies
with a detailed description of its current known habitat,
presenting a profile of indicators for the accurate iden-
tification of suitable habitat. Such information can now
be used to direct future search efforts, or it can act as
a surrogate in the absence of actual field records when
compiling conservation strategies and management
plans for D. verrucosa (Hannah et al. 2002; Pierce et
al. 2005). This newly developed suitable-habitat-pro-
file search strategy is currently being implemented by
re-mapping all suitable habitat before searching for
new D. verrucosa localities and colonies.
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