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Conservation introduction of the parasitic plant 
dactylanthus at Waipapa, New Zealand 
  

Sebastian (Avi) Holzapfel 1 & John Dodgson 2 

  
1 – Department of Conservation, Research & Development Hamilton, P.O. Box 516, 

Hamilton 3240, New Zealand (aholzapfel@doc.govt.nz) 
2 – 71 C Waiwera Street, Kawhia, New Zealand (dodgson@ihug.co.nz) 

  
Introduction 
Dactylanthus (Dactylanthus taylorii (Balanophoraceae), pua-o-te-reinga, wae-wae
-atua) is New Zealand’s only fully parasitic native flowering plant. A root parasite, 
it lives as a usually subterranean tuber attached to the root of several native 
angiosperm tree and shrub host species often associated with secondary 
(regrowth) broad-leaved forest (Moore, 1940; Ecroyd, 1996 & Holzapfel, 2001). 
Fossil records dating back 23 million years show the species in the past 
distributed over both main islands of New Zealand and some off-shore islands; 
today it is only found in ~85 populations on the North Island and one offshore 
island, though still over a wide range of climates and altitudes (Ecroyd, 1996 & 
Holzapfel, 2001). Dactylanthus is listed in New Zealand as nationally vulnerable 
(de Lange et al., 2009); populations have severely declined mainly because fruit 
production is prevented by introduced browsers, in particular brush-tailed 
possums (Trichosura vulpecula Kerr), kiore (Rattus exulans Peale) and ship rats 
(R. rattus L.) (Ecroyd, 1996). Conservation management is guided by a recovery 
plan (La Cock et al., 2005) and includes the establishment of new populations at 
sites where introduced browsers are managed or absent. Here we describe the 
first fully monitored and quantified experimental establishment trial at Waipapa, 
central North Island. 

  
Goals 
x� Goal 1: Establishment of 
dactylanthus from seed.ȱ
x� Goal 2: Robust evaluation 
of the effectiveness of two 
different sowing densities.ȱ
x� Goal 3: Preliminary 
evaluation of the effect of 
dominance of host species 
and site exposure.ȱ
 
Success Indicator 
x� Indicator 1: Dactylanthus 
established and flowering 
long-term in at least one 
experimental plot.ȱDactylanthus habitat in the ecotone between 

open area & mature forest © S. Holzapfel/DoC 
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x� Indicator 2: Key data of 
sufficient quality and 
quantity collected and 
analyzed annually to allow 
robust evaluation of 
success and effect of 
variables.ȱ

  
Project Summary 
Preliminary trials had 
indicated that dactylanthus 
could be established from 
seed, provided a suitable host 
tree was present (Ecroyd, 
1996 & Holzapfel, 2001). In 
1999 we established trial 
plots at Waipapa, central 
North Island, in the ecotone 
between mature podocarp 
forest and open frost flats, at sites with suitable host species but no natural 
population of dactylanthus. Twenty-four permanently marked seeding plots (50 x 
50 cm) were established across four sites differing in host species dominance (3 
main hosts), host age, and exposure (‘open’ or ‘closed’ canopy). Each plot 
received about 1,500 seeds of the same seed mix, the equivalent of a single 
fruiting head with moderate fruit set. Seeds were either sown over the entire plot 
area (‘broad’ sowing) or all seeds sown into a single, central 5 x 5 cm grid 
(‘central' sowing). Three plots of each sowing density were established at each 
site. Over ten years, monitoring was undertaken annually late in the flowering 
season, when most inflorescences had emerged through the forest floor. Data on 
the total number of inflorescences, their position and their sex were recorded. 
Dactylanthus is considered dioecious, i.e., each individual plant produces only 
inflorescences of one sex. Because dactylanthus individuals are long-lived, 
establishment within each plot was largely cumulative over the monitoring period. 
To ensure that establishment could only occur from the initial seed sown, plots 
were kept covered throughout the year with fine mesh cages to prevent entry by 
known pollinators, i.e., native short-tailed bats (Mystacina tuberculata Gray), and 
introduced ship rats (Ecroyd, 1996) or mice (Mus domesticus Sage & Sage). 
See Holzapfel & Dodgson (2004) for further details on methods. 
 
Establishment of dactylanthus was confirmed for the first time four years after 
sowing, at one plot in each of two sites. The number of plots with dactylanthus 
increased steadily in the following years; ten years after sowing dactylanthus had 
established at all four sites and in 22 of the 24 plots. Total number of 
inflorescences and mean number of inflorescences per plot increased each year 
for most years, though successively smaller increases each year indicated that 
plots were nearing their maximum flowering capacity.  
 

Maturing fruit head of dactylanthus  

© S. Holzapfel/DoC 
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Central sown plots established plants earlier, while inflorescence numbers (and, 
by proxy, number of plants) per plot were higher for broad sowing, probably due 
to lesser crowding of plants compared to central sown plots. Inflorescence 
numbers per plot were as high or higher as in wild populations. A striking result 
was the high proportion of female inflorescences compared to males, ranging 
from 100 % to 69 %. This was in direct contrast to wild populations where on 
average males outnumber female inflorescences five to one (Ecroyd, 1996). The 
male proportion increased, however, each year for the four most recent years of 
monitoring and it is conceivable that over time the sex ratio at the trial site would 
become similar to that of wild sites. Whether these skewed and changing sex 
ratios mean that individual plants change sex, or that the species is not dioecious 
but monoecious and plants produce both male and female inflorescences in 
varying proportions over time, is an area of ongoing research. Establishment 
rates and inflorescence numbers were similar at the three sites that had closed 
canopy but different host species dominance and age. The open canopy site 
showed delayed establishment and only about a tenth of the number of 
inflorescences per plot compared with the closed canopy sites, and contained the 
only two unsuccessful plots. This might indicate that exposure influences 
establishment of dactylanthus, e.g., drier soil leading to higher seed mortality or 
fewer host roots being available for establishment. Because this particular site 
was the first of all four sites to be set up, however, it cannot be discounted that a 
suboptimal sowing technique at that early stage of the project (‘starterͲeffect’) 
rather than site conditions was responsible for the lesser success. 
 
Major difficulties faced 
x� Ensuring that monitoring was carried out late in the flowering season each 

year so that most inflorescences could be counted. As flowering times varied 
from year to year this necessitated repeat visits in some years. 

x� The unexpectedly high number of inflorescences developing in the latter years 
of the study meant monitoring effort increased four-fold over the time of the 
project, putting pressure on resources and capacity required to maintain the 
same level and quality of data acquisition. 

x� The inability to distinguish whether the lesser success at the open-canopy site 
was due to micro-site conditions or because the sowing technique had not 
been optimized when the site was sown. 

  
Major lessons learned 
x� Dactylanthus can be successfully established in the wild from seed, both 

through broad and central sowing. 
x� Establishment success was not correlated to a particular host species or -age 

but might be correlated to microclimate or other microhabitat conditions at the 
site. 

x� Sex ratio of inflorescences was opposite to that of wild populations, but similar 
to those in earlier pilot trials. Understanding this difference and the observed 
trend towards increasing ‘maleness’ over time is an important area for ongoing 
research. 
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x� Success at this site has so far not been replicated at other sites using the 
same methods, meaning that not all conditions required for establishment 
have yet been identified. 

  
Success of project 

Reason(s) for success/failure: 
x� Establishment occurred at all sites and in most plots, with the overall 

population vigor, size and flowering output comparable to or exceeding that of 
wild populations. 

x� Data of sufficient quality were obtained to robustly analyze the key 
components of the trial. 

x� Results have further advanced our understanding of the establishment and 
reproductive biology of dactylanthus. 

x� The success at the specific site has not been able to be replicated to the same 
extend at other sites, therefore a description of required standards for its use 
as a conservation management technique is still incomplete. 
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