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Abstract
Around the globe biodiversity has been at threat due to changes in ecosystems, of which most
are anthropogenic in origin. One area of biodiversity that has been impacted gravely is the flora
and fauna of small lakes and wetlands, as these areas have suffered large amounts of historical
modification, and are at threat from further being modified negatively in the future, by
agriculture, forestry and invasive species. Utricularia australis is a species of free floating
aquatic bladderwort that inhabits such areas and has therefor suffered a significant decline of
greater than 70% in the last 10 years making this species now nationally critical in threat status.
In Northland of 22 lakes it used to inhabit that are regularly surveyed it now only persists in 3.
To protect species like U. australis we must understand how these changes to the environment
are effecting the species, what factors are the most influential and at what level of interaction
may they cause harm or loss. The protection of this species in New Zealand and globally is
also shadowed by taxonomic uncertainty and recruitment issues.
This thesis investigates firstly the phylogenetic relationship between New Zealand populations
of U. australis and those in Australia as well as Europe. Using ITS markers from samples taken
in New Zealand and sequences provided from other countries it was possible to determine that
New Zealand populations of U. australis were indeed within that taxon which had been
historically disputed.
Using historical records of lake vegetation and water quality, analysis were carried out to
determine the relative importance of each water quality factor on the presence or absence of U.
australis in Northland lakes. This investigation was made difficult by the rapid loss of U.
australis from study lakes, however, a negative relationship between Trophic Level Index and
the presence of U. australis was observed despite no factors showing significant impacts alone.
Relationships between land use and presence were significant with U. australis now only found
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in lakes with indigenous or native forested catchments. Aerial images matched with time also
highlighted the risk between sedimentation from logging events and loss of U. australis in lake
Te Kahika. A threat that needs to be further investigated an mitigated in the future.
Species distribution modelling techniques allowed the prediction of the total range of the
invasive Utricularia gibba could inhabit in New Zealand based of climate information from its
Australian range. A greater range was predicted that what is currently inhabited including
populations of U. australis that have been unaffected by the species. Modelling of future
climate showed the species to have a small increase in potential range suitability in areas with
increased temperature.
Summarising the information in the prior chapters conservation recommendations have been
made to prevent further decline or loss of the species, as well as the environments they live in.
These include further research into potential low genetic diversity and genetic caused
recruitment failure, the interactions between U. gibba and U. australis, and he management of
land around lakes to prevent degradation. Further recommendations include, strategic riparian
areas to protect lakes and staggered logging to prevent mass sedimentation events that may
cause loss.
The information presented is a useful beginning into understanding this unique species in New
Zealand and trying to protect it before it is lost.
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Chapter one: Introduction
1. Introduction
The loss of biodiversity has been recognised as one of the greatest issues of the Anthropocene
(Cardinale et al. 2012; Turvey and Crees 2019). World-wide, species are being lost due to a
wide range of effects, most of these are in some way are directly or partially human induced.
Hooper et al. (2012) proposed that biodiversity loss like that occurring currently, has similar
or greater negative effects on ecosystem productivity and decomposition rates than other
negative impacts such as climate change, ocean acidification and pollution. Biodiversity loss
also has the potential to have many negative impacts on the way we live our lives this includes
a rise in zoonotic pathogens such as the recent COVID-19 global pandemic (Keesing and
Ostfeld 2021).
Aotearoa/New Zealand is one of many countries whose biodiversity is at great risk. It is
estimated that there are over 4000 threatened species in New Zealand, and that there is a greater
proportion of threatened species here than anywhere else in the world (Bradshaw et al. 2010;
Department of Conservation 2019). New Zealand’s threatened species are spread across all
kingdoms of organisms including plants. Of 2786 vascular plant species described as native to
New Zealand in 2017, 1302 are at risk or threatened. The proportion of New Zealand plants
that are threatened species has increased from 44.4% to 47.7% since 2012 showing the threat
to native species is ever increasing in our changing world (de Lange et al. 2013; de Lange et
al. 2018).
Wetland plant species suffer from potentially the greatest loss of habitat among any group (de
Lange et al. 2010). It is estimated that since human settlement New Zealand may have lost as
much as 90% of its original wetland extent (McGlone 2009). Even today despite greater
protections being in place, wetlands are still being heavily degraded and removed, for
agriculture, mineral extraction and by habitat modification of exotic species (Robertson et al.
2019; Manaaki Whenua 2020). Due to the dramatic and rapid loss of wetland environments in
New Zealand, many of the plants and animals that live in these environments have become
increasingly endangered. When taking into account the small and cryptic nature of some of
these species, some may have also gone extinct unnoticed.

11

One of the plant species facing potential extinction is Utricularia australis, the southern
bladderwort. This species has experienced an estimated 70% decline over the last 10 years,
making it now highly vulnerable to being lost for good in New Zealand, and meaning it has
been classified as nationally critical, the highest threat classification that an organism can
receive in the New Zealand system (de Lange et al. 2018).

1.1 Thesis aims
This aim of this thesis is to investigate the factors affecting the decline of this rare and
intriguing species. In particular, this thesis will examine the role of habitat degradation and
spread of the invasive U. gibba in U. australis decline, and also use molecular genetic methods
to investigate the distinctiveness of U. australis. Finally, this thesis will make
recommendations on conserving the species in the future.

1.2 Utricularia
Utricularia, in the family Lentibulariaceae is the most diverse and one of the most widespread
genera of carnivorous plants. Known as Bladderworts, Utricularia species are present in
freshwater, wetland and even epiphytic environments across the globe with few exceptions
including Antarctica and a few small islands (Taylor 1989). It is estimated that the genus
Utricularia appeared 39 million years ago (MYA), and has radiated rapidly since, with around
240 species currently and many new species still being described (Silva et al. 2018). The fast
rate at which this genus has diversified has been attributed to several potential effects. IbarraLaclette et al. (2011) proposed that a high percentage of guanine-cytosine content in the
genome is responsible for higher than normal levels of nucleotide shifts in the genus, which
increases the rate of mutation, in turn increasing the potential for favourable mutations that
allow diversification. Adding to this, it has been suggested that higher levels of metabolic
respiration in utricle tissue creates higher levels of reactive oxygen species which could act as
possible mutagens in the tissue, potentially having a similar effect of increasing mutation rate
(Adamec 2006). The presence of trapping mechanisms in the genus also allows for access to
resources that other plants cannot utilize. This allows members of the genus to diversify further
by using the trapping of prey to survive in novel environments that may be unfavourable for
other species. This is particularly apparent in oligotrophic environments in which trapping may
become the only way to acquire sufficient nitrogen (Adamec 2012; Rutishauser 2016;
Westermeier et al. 2017).
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Utricularia traps are known as utricles, referring to their small pouch/sac like structure and are
the origin of the name of the genus. These traps are one of the most complex of any plant
structure and have allowed the genus to become one of the most successful and widespread

Figure 1: Schematic longitudinal section through a trap of Utricularia with glands and other
structures 1, trap door; 2, quadrifid glands; 3, bifid glands; 4, stalked mucilage glands; 5,
spherical sessile glands; 6, trigger hairs; 7, rostrum; 8, antennae. Prepared by J. Vrba.
Reproduced from (Adamec 2011)
flowering plant genera (Taylor 1989; Adamec 2011). The utricles are modified leaf structures
that, in most species, consist of a round inflated opening less than 2mm long and 1mm wide.
At the entrance to the bladder there is a mechanically unstable trap door with trigger hairs
protruding from it. The sequence of trapping starts with the plant sucking water from the
internal part of the bladder using modified cells called trichomes. Removing water from the
trap creates elastic potential energy on the walls of the trap, putting pressure on the
mechanically unstable door, which sits in a state of stability while no movement is observed.
When a prey animal comes into contact with the trigger hairs on the trap door this breaks the
stability of the door and it buckles inwards. The subsequent suction force pulls the prey animal
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into the trap. The force of the water swirling in the trap closes the trap door. The prey animal
either dies from the rapid acceleration and related force, which is as much as 2800g, or from
asphyxiation as the respiration required by the trap to pump water depletes oxygen within the
trap quickly (Adamec 2006, 2007, 2011; Vincent et al. 2011; Poppinga et al. 2017). Once the
prey item is dispatched, enzymes secreted by specialised glands called trichomes break apart
prey making nutrients available. Similar glands then take in these nutrients (Sydenham and
Findlay 1975; Adamec 2008). Specialized and diverse microbial communities aid in prey
breakdown and nutrient acquisition in some species. These microbial communities are thought
to break apart food structures to make nutrients more available(Wells K et al. 2011; Caravieri
et al. 2014; Sirová et al. 2017; Lima et al. 2018). The traps likely originated as open-ended
subterranean structures that trapped soil microbes similar those present in the closely related
genus of the same family, Genlisea. Over time these traps became more complex and diverse
to suit a range of environments and prey, allowing the genus to spread and diversify (Müller et
al. 2008; Silva et al. 2018).
1.2.1 Utricularia in New Zealand
Like many cosmopolitan groups of plants the genus Utricularia is represented by fewer species
in New Zealand than in other countries. New Zealand has three native species and five
introduced species of Utricularia (Schönberger et al. 2019). Utricularia deliculata Cheeseman,
a small terrestrial species which inhabits wetlands in the far north of New Zealand, is the only
endemic species in New Zealand. Utricularia dichotoma Labill. is also terrestrial but can be
found across New Zealand including Rakiura/Stewart Island, making it one of the most
southernly distributed Utricularia species. U. dichotoma has eight recognised subspecies, of
which Utricularia dichotoma subsp. monanthos (Hook.f) R.W.Jobson is found in New Zealand
as well as New Caledonia. Both these species are part of the Utricularia subgenus
Polypompholyx (Cheesman 1925; Webb and Sykes 1997; Silva et al. 2018; Jobson Richard W.
and Baleeiro 2020). Utricularia australis R.BR is the only native fully aquatic bladderwort and
is the only native member of the subgenus Utricularia. This species has a cosmopolitan
distribution, and is found in northern parts of New Zealand (Brown 1810; Taylor 1989; Salmon
2001). Of the introduced species, the most common is Utricularia gibba L., which is found
throughout the Northern parts of the North Island. It is in the same subgenus as U. australis
and occupies similar habitats. Utricularia geminiscapa Benj., like U. gibba, is free floating and
in the same subgenus as U. australis. It occupies a much smaller range than U. gibba, and is
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only known from a few sites on the west coast of the South Island. At one point U. geminiscapa
was confused with U. australis before it was found to be an introduced species (Webb and
Sykes 1997; Salmon 2001; Heenan et al. 2004). The other three introduced Utricularia species
are Utricularia arenaria A.DC., Utricularia livida E.Mey., and Utricularia sandersonii Oliv..
These species are all terrestrial and part of the subgenus Bivalvaria. They are all locally
restricted to the Auckland and Coromandel areas with limited spread occurring due to the
emphasis put on the control of these species by local authorities (Auckland Council ; Silva et
al. 2018).

1.3 Utricularia australis
Utricularia australis is an aquatic, carnivorous, free floating, herbaceous species sometimes
referred to by the vernacular name southern bladderwort: “southern” referring to its understood

Figure 2: U. australis growing in shallow water amongst Eleocharis acuta in the Lake
Ohia wetland complex.
15

distribution when initially described, and “bladderwort” being the common name for members
of the Utricularia genus due to their specialised vegetative structures that are used to capture
prey (Taylor 1989).
Globally the distribution of U. australis is cosmopolitan, being found across Europe, parts of
Africa, Asia and Oceania. The species lives in low nutrient wetlands, lakes, ponds and in some
countries, storm water drains and ditches, suggesting phenotypic or genotypic plasticity that
allows it to survive in certain environments like drains in some areas, but only pristine wetlands
and lakes in others (Taylor 1989; Ellison and Adamec 2018).
In New Zealand, U. australis is found in eutrophic, acidic waters with pH commonly as low as
5, and is most commonly associated with semi-coastal dune lakes and peat bogs (Salmon 2001).
Historic records have shown it to exist across the entire North Island wherever favourable
wetlands or lakes existed. There is one record from the South Island, however the herbarium
sheet is presumed lost or potentially never accessioned despite being on the database (Allan
Herbarium 2002).

Figure 3: Distribution of U. australis globally. Data from GBIF (accessed on[12/2/2019]).
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It was not located during the course of this study. The observation was made in 1996 prior to
the discovery that the population of what was thought to be U. australis on the west coast was
in fact Utricularia geminiscapa that had naturalized (Webb and Sykes 1997; Heenan et al.
2004). So it is possible that this record was wrongly identified as U. australis at the time, as it
took microscopic analysis of the seeds to determine the West Coast population was U.
geminiscapa. No other records of the species from the South Island have ever been made, and
given the concentration of observations in the northern parts of the North Island, it is likely

Figure 4: Distribution of U. australis in New Zealand. Data from GBIF (accessed
on[12/2/2019]). South Island record based on unconfirmed herbarium sample.

this species is range restricted by temperature. However, its global distribution suggests it can
live in a much wider range of climates that observed in its New Zealand range.
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Figure 5: Variety of U. australis habitats. A: U. australis growing amongst meadow of
Chara australis, Lake Kihona; B: U. australis growing near shore amongst Typha orientalis,
Lake Kihona; C: U. australis growing amongst Sphagnum sp. in shallow water, Lake Te
Kahika outflow ; D: U. australis growing amongst Eleocharis acuta, Lake Ohia wetland
complex
In New Zealand, U. australis is closely associated with other plant species in its environment;
being free floating in nature these other species provide suitable anchorage to grow between or
on. Near-shore associated species are Eleocharis sphacelata (kuta), Schoenoplectus
tabernaemontani (kāpūngāwhā), and Eleocharis acuta. These large sedges (all in the family
Cypercaeae) provide complex habitat for U. australis to grow amongst, preventing the species
from changing in position in the water column or being moved around lakes by winds and
currents. U. australis can also be found amongst a range of other plant species including Chara
australis and Chara sp. aff. muelleri in deeper water which provides a meadow in which U.
australis can grow. In some cases, U. australis can also be found growing with sphagnum
species in shallow water (Figure 5).
1.3.1 Taxonomic history of U. australis in New Zealand
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Utricularia australis R.Br. was first described from material collected in Australia in 1810 by
Robert Brown (Brown 1810). The first specimens of the species collected in New Zealand were
given separate identifications: Utricularia protrusa Hook.f. was described from a Hawkes bay
population and Utricularia mairii Cheeseman for a localised population in Lake Rotomohana
near Rotorua (Hooker 1844; Cheesman 1925). The original type specimen for U. protrusa has
been lost and a neotype was gathered from a Northland locality in 1909 (Allan 1961). U. mairii
is only known from the type specimen as not long after the population’s discovery in 1872, it
was completely destroyed by the 1886 Mount Tarawera eruption. No records of this species
exist past this point. Original notes on the species suggested it looked very similar
morphologically to Utricularia intermedia Hayne but with multiple differences including the
arrangement of the bladders and the flower colour (Allan 1961). Webb et al. (1988) grouped
these two New Zealand species within the cosmopolitan species U. australis based on
morphological characteristics. In his comprehensive review of the genus, Taylor (1989) also
listed these two species as synonyms of U. australis. Webb and Sykes (1997) reinstated the
name Utricularia protrusa Hook.f. for New Zealand U. australis. This research was based on
comparing Australian and New Zealand seed material and found sufficiently significant
differences to separate the species. However, due to the unusual characteristic of non-flowering
in the New Zealand population, seeds could only be used from one localised population from
the West Coast of the South Island discovered in 1975 that flowered regularly, which is unusual
for New Zealand populations of U. australis (Moar and Mason 1975). Peter Salmon followed
up on comments in Webb and Sykes (1997) that the plants used in their study were quite similar
to Utricularia geminiscapa L. Benjamin. he concluded that they were in fact a naturalised
population of this North American species (Salmon 2001). Recent genomic work carried out
by Dr Richard Jobson, National Herbarium of New South Wales, has confirmed this,
suggesting this population is from east coast United States (R. Jobson, pers. comm [17/11/19]).
Salmon’s identifications were confirmed by Heenan et al. (2004), in a study directly comparing
the isolated West Coast, New Zealand population to those in North America. They concluded
that the species present is in fact U. geminiscapa that had been misidentified since its discovery.
This discovery makes the reinstatement of the name U. protrusa suggested by Webb and Sykes
(1997) invalid, and therefore U. australis should be kept. As a result, U. protrusa was treated
as U. australis in Salmon’s book reviewing the carnivorous flora of New Zealand (Salmon
2001). Landcare Research’s New Zealand plant name data base states that currently Utricularia
australis
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R.Br

is

the

preferred

name.

Utricularia protrusa Hook.f.

and

Utricularia mairii Cheeseman, are recognised synonyms in New Zealand listed under U.
australis the plant name database (Maanaki Whenua - Landcare Research ; Heenan et al. 2004)
Salmon (2001) reported two separate subtypes of U. australis in New Zealand. U. australis and
U. sp. aff. Macrorhiza, the latter being undescribed and not officially recognised. He reported
the taxonomic differences to be that U. sp. aff. macrorhiza tends to have a more robust
appearance with a stolon between 1-1.8 mm across compared to 0.4-1.2 mm. U. sp. aff.
macrorhiza also has two leaf setae per tooth rather than one, and it is observed to produce aerial
shoots where U. australis is rarely observed to do so.

1.4 Utricularia gibba.
Utricularia gibba L. is a species of free-floating bladderwort of the same subgenus as U.
australis (Silva et al. 2018). The species has a wide pantropical distribution including Australia
with its native range overlapping with U. australis (Taylor 1989). It grows submerged in
shallow, still or slow-moving water in a range of habitats, from small pools to drains to lakes.
It can also be present in deeper water but will not flower unless near to the surface (Taylor
1989; Salmon 2001). It doesn’t seem to have a preference for low nutrient environments like
some other members of its genera (Taylor 1989).

Figure 6: Distribution of U. gibba globally showing its wide distribution. Darker colours
indicate greater number of observations in the GBIF database in that laocality. Data from
GBIF (accessed on[12/2/2019])
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Figure 7: Top: U. gibba pulled from the water in the lake Ohia wetland complex showing it's
matting nature. Below: Flower of U. gibba appearing from water in lake Ohia wetland complex.
U. gibba was first introduced into New Zealand in the 1970s, and first discovered in 1978
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near Auckland growing in a small swamp. It is likely that this initial introduction was a result
of release from aquaria, or an intentional introduction by carnivorous plant enthusiasts which
have been known to attempt establishment for a variety of reasons. These include a
misguided attempt to increase native biodiversity, or to establish a species so that its
importation regulations are reduced (Webb et al. 1988; Russell 2019). This population has
had very little spread since its discovery, still remaining in the small area of original release.
Potentially this could be due to this being an ecotype with less vigorous growth being used in
the aquaria trade, or years of inbreeding and low genetic diversity causing inbreeding
depression. In the late 1990s, a second population of U. gibba was discovered in Northland.
This population cannot be proven to be separate from the Auckland population. However, it
has been observed to be considerably more vigorous in growth and has rapidly spread across
Northland. It is possible that the gap between the first record and this second observation is
an artefact of a lag phase, a common phenomenon of invasive species where very little
occurrence is observed followed by a period of increased spread and occurrence. This is
often the effect of plants acclimatising to a new environment (Crooks et al. 1999; Mashhadi
and Radosevich 2004; Aikio et al. 2010).
Salmon (2001) suggested that the Northland population, that has quickly spread across the
region and then further south to Waikato, could be a new introduction. He wrote that it could
even be an independent natural introduction with seeds being transported by waterfowl from
Australia. This hypothesis does raise the question as to why this natural introduction has not
occurred in the past. Certainly in New Zealand, the species distribution is facilitated by
waterfowl movements between lakes (deWinton et al. 2009; Compton et al. 2012; Champion
and Wells 2014).
Howell (2008) reviewed some of New Zealand’s worst weed species and when they were first
recognised as such. U. gibba was first recognised as a weed by Williams et al. (2002). The
Aquatic Weed Risk Assessment Model (AWRAM), which uses characteristics such as
potential range, displacement ability, dispersal, potential environmental and economic impact
and potential ease of control, gives U. gibba a score of 54 out of 100. This is comparable to
Myriophyllum aquaticum which is considered a very disruptive weed in NZ and has a score of
56. Other plants of similar ratings can also have large negative impacts (Newfield and
Champion 2010; Champion et al. 2014). U. gibba has been an unwanted organism on the New
Zealand Pest Plant Accord since 2008 (Ministry for Primary Industries 2012).
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Table 1: Key features of U. australis and U. gibba including those which distinguish the two
species.
Feature
U. australis
U. gibba
Stem
Glabrous aquatic; stems floating, up Filiform, a few centimetres long,
to 40 cm or more long, filiform,
0.2-0.4 mm thick bearing few
sparingly branched.
branches.
Leaves
Leaves numerous, submerged,
Leaves are filamentous, up to 1 cm
multifid, 3–(4) cm long; segments
long, usually entire but occasionally
capillary, to ± 1 cm long.
branched.
Bladders
Bladders numerous, (1)–2–3–(4) mm Bladders are up to 1.5 mm long and
long, obliquely ovoid, attached by
obliquely ovoid, situated on the
short stalk to near base of lf
leaves on short stalks.
segments; mouth usually with 2 long
setae.
Flowers
Scape rather stout, to c. 17 cm long,
Small (c. 1 cm across) yellow
erect, 2–4–(5)-flowered; bracts c. 3
flowers, with red stripes on the
mm long, broad; pedicels to 17 mm
lower lip are commonly produced
long, slender. Calyx lobes oblong to above the water surface either
elliptic. Corolla yellow; upper lip 3- individually or in groups of up to 5
lobed; lower entire, 7–9 mm wide,
(8) on stems 3-20 cm long.
broad; palate protruded; spur short,
Cleistogamous flowers are also
obtuse. Capsule c. 1.5–2 mm
produced on submerged stems.
diameter., globose.
Capsules green, globose 2.5-3 mm
across.
Seed
Seed not observed in New Zealand
Seed ovate, flattened with wing
0.75-1 mm x 0.7 mm.

1.5 Conservation status of U. australis
1.5.1 International threat classification
Due to the cosmopolitan nature of U. australis, the international status of the species is valuable
when assessing its conservation priority in New Zealand, as stable populations may mean the
species is protected elsewhere even if lost from another area. In its 2011 assessment the
International Union of Conservation of Nature (IUCN) ranked U. australis as least concern,
the least priority status (Champion 2014b). The grounds for this low risk assessment were based
on the large distribution of the species, and the apparent health of the majority of the
populations documented. Most of these “healthy” populations were in Europe where the
species is most common and seems to grow in the widest range of conditions.
However, this global IUCN ranking contradicts many of the local threat lists. Data from the
National Red List (NRL) shows that of areas that have data available only five of 22
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Country/Region

Threat Classification

Publication

Austria

Endangered

Bulgaria

Critically Endangered

(Niklfeld and Schratt-Ehrendorfer
1999)
(Abeli et al. 2011)

Carpathian Mountains*

Critically Endangered

(Witkowski et al. 2003)

Czech Republic

Lower risk – near threatened (NT)

(Grulich 2012)

Estonia

Vulnerable

(Mäemets 2016)

Germany (Baden-Wuerttemberg)

Currently not threatened

(Abeli et al. 2011)

Germany (Berlin)

Threatened with extinction

(Abeli et al. 2011)

Germany (Nordrhein-Westfalen)

Endangered

(Abeli et al. 2011)

Hungary

Near Threatened

(Barina et al. 2007)

Ireland

Least Concern

(Wyse Jackson et al. 2016)

Israel

Regionally Extinct

(Sapir et al. 2003)

Italy

At Risk of Extinction

(Abbate et al. 2005)

Japan

Near Threatened

(Environment 2012)

Netherlands

Least Concern

(Sparrius et al. 2014)

New Zealand

Nationally Critical

(de Lange et al. 2018)

Norway

Vulnerable

(Kålås et al. 2010)

South Africa

Least Concern

(Foden and Potter 2005)

Spain (Valencia)

Endangered

(i Palasí et al. 2010)

Sri Lanka

Data Deficient

(Yakandawala et al. 2012)

Switzerland

Near Threatened

(Abeli et al. 2011)

Taiwan

Critically Endangered

(Wang et al. 2012)

United Kingdom

Least concern

(Stroh et al. 2014)

Table 2: Threat classifications of U. australis in different countries and territories globally.
*Hungary: Vulnerable (VU); Poland: species present but not threatened; Romania:
Vulnerable (VU); Slovakia: species present but not threatened; Ukraine: Vulnerable (VU).
show no threat to the species within that country. In fact seven lists rank U. australis as
endangered or critically endangered, and one list even states a localised extinction in Israel
(Brockie 1986). Concerningly, this data is mostly from older reports and given the rate of
decline in New Zealand it is possible the threat classification of this species in other countries
may be more severe if more recent reports were available. Some of these countries also have
less protection in place for wetland environments compared with New Zealand, meaning
further decline is very likely. The large discrepancy in threat classification across its range adds
complexity to giving U. australis a global ranking. This, combined with the cosmopolitan

24

distribution of the species, may have contributed to the least concern IUCN ranking. IUCN
also uses different criteria to local lists and therefore it is possible that national lists or IUCN
are under or overstating the threat the species is facing. Either way, given the information
available about the other threatened species lists, it seems the IUCN ranking needs adjusting.
In Australia, U. australis is not ranked nationally on the threatened species list. The website
Atlas of Living Australia show the states of Tasmania and South Australia rank the species as
near threatened. Northern Territories ranks the species as data deficient and the other states
rank it as least concern (Atlas of Living Australia).
Thus, the majority of countries that have available data classify U. australis in some form of
decline or threatened nature. This inconsistency between international and regional
classifications highlights the important nature of work to further understand the decline of the
species. If major bodies like IUCN are reporting the species as least concern this could affect
local efforts in protecting the species, which could lead to localised extinctions of the species
in the future.

1.5.2 Conservation status of Utricularia australis in New Zealand
In New Zealand U. australis is classified as nationally critical by the New Zealand threat
classification system (de Lange et al. 2018). This is the most severe rank a species can have
before it is lost. By looking at historic threatened species publications it is possible to gain an
understanding of the observed speed at which this species declined. The New Zealand decline
of the species was first reported in the Auckland regional threatened plant species list in 1995.
In this publication U. australis was given the rank of rare, a rank qualified by a small population
at threat of further decline (Cameron et al. 1995). In the Auckland region it was then ranked
nationally threatened by de Lange and Cameron (1997) in their Auckland regional threatened
plant list. Due to the small cryptic nature of the species it is possible that the original decline
of U. australis may have been underestimated or under observed due to survey bias that selects
against small cryptic species, and the remote habitats it prefers (Rich and Woodruff 1992). It
is also reasonable to expect that the species experienced enormous decline during the
destruction of 90% of New Zealand’s wetlands, that has occurred since human settlement of
New Zealand at the start of the last millennium (McGlone 2009). This practice had reduced
dramatically by the 1990s, therefore it is likely what was being observed was the beginning of
the decline of an already greatly reduced population.
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The first of the Threatened and Uncommon Plants of New Zealand lists in 1999 listed U.
australis as vulnerable (de Lange et al. 1999). This ranking was changed to gradual decline in
the 2002 report (de Lange et al. 2004). The threat status of the species was elevated to nationally
endangered in 2008 by de Lange et al. (2009), the qualifying factors being a reduced range and
predicted large decline. The 2012 and 2017 lists both ranked U. australis as nationally critical,
the most severe threat classification in the New Zealand system before extinction. The
qualification for this ranking is the predicted 70% decline of the species in the last 10 years.
Both these lists also reference the great reduction in range of the species as an additional factor
to the severity of the ranking. However, both lists mention the apparent stability of overseas
populations as a counter to this severity (de Lange et al. 2013; de Lange et al. 2018).
In the Northland region of New Zealand, where U. australis is still relatively common, further
research and monitoring has been carried out on the rapid decline in recent years. A report
prepared for the Northland Regional Council (NRC) by The National Institute of Water and
Atmospheric Research (NIWA) in 2015, details this decline using information from regular
vegetation surveys of the Northland lakes. The report by Champion (2015) although not
published, is likely the most up to date and detailed account of U. australis in New Zealand
and its recent decline. The report discusses how surveys carried out from 2001 to 2014 found
U. australis originally present in 22 of the 90 lakes surveyed, whereas it was only found to be
present in three lakes surveyed by 2014. The surveys have their limitations in that only a subset
of the lakes were sampled in any year. Due to this, the resolution of the decline is quite low
and some assumptions about the status of U. australis between survey years were required. The
surveys also do not encompass all of Northland’s lakes that may contain U. australis.
Regardless of this, the surveys give a worrying indication of a dramatic decline of U. australis
in recent years. Overall, these reports show an accelerated decline from at least 1995 to present.
Perhaps the decline has slowed in some respects as an artefact of the species distribution being
reduced to those few areas which are least affected by possible factors of U. australis decline.

1.6 Factors affecting the decline of U. australis in New Zealand
The rapid decline of U. australis in New Zealand is notable and has been reflected in a steady
increase of the severity of the threat classification status applied to the species, as discussed in
section 1.5.2. In New Zealand the species is now ranked Nationally Critical, the most severe
ranking a species can have under the New Zealand threat classification scheme (de Lange et
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al. 2018). Previous studies of U. australis and similar species in New Zealand and around the
world suggest that change in land use is likely to be a contributing cause of this decline, as
modifications to or loss of habitat of the species has been significant (McGlone 2009; de Lange
et al. 2010). Many of these changes are in some way anthropogenic in origin, with the largest
contributors to habitat modification or destruction being linked to agriculture and forestry
(McGlone 2009). More recently the introduction of weed species has been suggested to be
affecting the decline of the species. Any one of these factors alone or together may at any time
contribute to the decline of U. australis. Here I introduce some of the suspected environmental
causes of decline for U. australis in New Zealand, and in other countries where the species
persists.
1.6.1 Land use changes
Any species that has narrow habitat requirements has an increased vulnerability to habitat loss;
over all it is generally agreed that specialisation of niche increases a species’ vulnerability to
loss and extinction (Colles et al. 2009; Clavel et al. 2011; Gallagher et al. 2015). The specific
nature of the habitat of U. australis makes it acutely vulnerable to loss of such habitat via
changes that are most often anthropogenically caused, or heavily influenced by anthropogenic
activities.
The key driver in the evolution of carnivorous plants is the need to acquire nutrients in novel
ways in very nutrient poor environments. Most commonly, carnivory serves to supplement a
lack of environmental nitrogen and phosphorus (Ellison and Gotelli 2001; Müller et al. 2008;
Ellison and Adamec 2018). This has meant many carnivorous plants worldwide inhabit
dystrophic waters of wetlands and lakes that are very low in nutrients, or analogous habitats
with similar nutrient deficiencies. The challenging conditions of these habitats decreases
competition, preventing shadowing by larger species and allowing the trade-offs with
photosynthetic ability required for carnivory to be a viable strategy (Ellison and Gotelli 2001;
Adamec 2012). U. australis is known in New Zealand to grow in shallow lowland wetlands
and lakes, particularly sandy bottomed dune lakes and acidic gum land wetlands (Allan 1961;
Salmon 2001; de Lange et al. 2010).
Much potential habitat loss of U. australis in New Zealand can be directly attributed to
anthropogenic causes and has been occurring since people settled in New Zealand. Wetlands
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were seen as places of great importance by early Māori in New Zealand due to their importance
in mahinga kai, i.e. the harvesting of food from the environment in and around them. This was
due to the concentration of fish, birds and edible plant species that wetlands held. Māori
particularly in more recent times have moved towards doing more to protect wetlands through
the principle of kaitiakitanga, which among any things acknowledges local people as guardians
or stewards of the land (Harmsworth and Awatere 2013; Harmsworth et al. 2016). Despite the
respect for these areas, many wetlands have still been destroyed or degraded through
intentional and accidental burning during clearing of land and hunting practices (McGlone
1989; McWethy et al. 2010). Due to the very wet nature of New Zealand’s forest and its
relatively mild climate caused by the oceanic influence, prior to settlement natural fire
incidence was very low. This meant that the native vegetation was not evolutionarily equipped
for burning, and was very slow to recover after fire, or did not recover at all, in some cases
(Ogden et al. 1998; Perry et al. 2014). During European settlement further wetlands were
cleared and drained, primarily to make way for agriculture. Removal of wetlands has been
lessened in recent times, due to local and national government regulations to protect areas of
significant ecological value. However, while removal of wetlands has been reduced, this has
not prevented degradation of these remaining wetland habitats, particularly through
neighbouring land use, neglect by landowners and the introduction of weed species, or in some
cases a combination of all these. The most recent land use cover data base released by Manaaki
Whenua shows that wetland decline continued between 2013-2018, with a further loss of 1660
hectares. There are now only 220,000 hectares of wetland remaining nationally, making up
around 10% of original extent (McGlone 2009; Manaaki Whenua 2020).
It is hard to accurately reconstruct the original distribution of U. australis, as many of the
wetlands it could have inhabited may not have existed for hundreds of years. It is therefore
difficult to reconstruct the nature of these old wetlands, so it is hard to know whether U.
australis would have even existed in them if they had survived. One common method of
determining historic presence of species in lakes and wetlands are sediment cores that are
investigated for the presence of pollen of species that may have been historically present
(Prentice 1988). This seems to be unlikely to work for U. australis with its very low incidence
of flowering (Salmon 2001). Therefore, it is almost impossible to quantify the amount of
population loss in the species caused by the direct removal of suitable habitat, but it is certainly
reasonable to say that it is likely to have been large.
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Anthropogenic use of land surrounding wetlands and lakes has also had a significant
detrimental impact on the habitat of U. australis. World-wide, eutrophication has been
classified as one of the largest threats to freshwater environments, causing habitat loss and
species loss. Most commonly this detrimental impact is related to run off from agricultural
activities such as fertiliser use and closely associated with nitrogen and phosphorus levels
released from nearby land (Smith V. H. et al. 1999; Smith Val H. 2003; Thornton et al. 2013;
Cook et al. 2018; Le Moal et al. 2019). Eutrophication is the increase of productivity of a body
of water, most commonly caused by increased nutrients causing flow-on effects for the growth
of photosynthetic organisms such as macrophytes and algae. More rarely, water bodies are
naturally eutrophic due to the surrounding soil and land types. Historically the majority of New
Zealand’s freshwater were naturally oligotrophic, containing low levels of nutrients and
therefore naturally having low productivity. Currently in New Zealand the largest contributor
to eutrophication of freshwater systems is intensive animal agriculture, particularly through the
practice of applying large amounts of nitrogen and phosphorus based fertilizers to pasture
(McDowell et al. 2009; Smith Val H. et al. 2016). This practice is particularly associated with
intensive dairy farming. Although practices have improved in recent times, this is still a major
contributor to degradation of freshwater environments in New Zealand, especially due to the
lag times associated with nutrients in the soil and groundwater. This means that some of the
worst effects caused by fertiliser use may be experienced in years to come (Monaghan et al.
2007; Morgenstern et al. 2014; McDowell et al. 2017). The excess nutrients associated with
eutrophication affect freshwater environments in many ways, one of these being the promotion
of the growth of algae. Algal blooms have high photosynthetic outputs, which can in turn
increase water pH, causing unfavourable conditions for species like U. australis, which prefer
acidic water conditions (Smith Val H. 2003; Adamec 2012). This change occurs because
inorganic carbon in water is most commonly present as dissolved carbon dioxide, CO2, or as
carbonic acid, HCO3-. When there are increased amounts of dissolved carbon in the water
HCO3- is more likely to form, creating acidic water conditions. Photosynthetic organisms like
algae can utilise this carbon for photosynthesis which in turn has the opposite effect of
increasing pH, creating more alkaline conditions (Lucas 1983; Wurts and Durborow 1992).
Changes in conditions could affect the preferred acidic nature of habitats for U. australis;
increasing pH may mean a loss of suitable habitat. Alternatively, this may cause a favourable
habitat for weed species that prefer more moderate pH levels to take hold and displace native
species. It is speculated that the weed U. gibba has less tolerance for acidic conditions than U.
australis. Algal blooms also can increase water turbidity preventing sufficient light from
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reaching macrophyte beds (Weisner et al. 1997). Mass die-off of algal blooms also has the
potential to create anoxic conditions where bacteria decomposing the increased dead organic
matter may starve the environment of oxygen, in turn killing other species present including
macrophytes (Diaz 2001; Anderson et al. 2002; Heisler et al. 2008). This can devastate
freshwater environments, especially systems like lakes that are more susceptible to these effects
due to their semi-closed nature with low water flux.
Non-organic turbidity can also degrade the habitat of species such as U. australis. Non- organic
turbidity is caused by erosion from surrounding land, or the presence of species in the aquatic
environment that increase turbidity. The nature of surrounding land use heavily affects the
amount of sediment that erodes off the surrounding land into the freshwater environment.
Studies show that forestry and agriculture contribute considerably more to sediment in
freshwater systems than indigenous forest. Exotic forest becomes extremely susceptible to
large amounts of sediment discharge during harvesting events (Hicks and Harmsworth 1989;
Kreutzweiser and Capell 2001; Phillips C et al. 2005; Basher et al. 2011; Hughes et al. 2012).
Some sedimentation effects can be mitigated using effective riparian buffers, but these are not
commonly used in forestry. Turbidity can have a cause and effect relationship in lakes with
macrophyte beds. Macrophytes play a role in reducing turbidity by preventing the resuspension
of sediments, as well as absorbing some nutrients as part of their growth, which can suppress
algal growth. These processes can help keep a lake in a semi-stable clear water state (Weisner
et al. 1997). However, increased turbidity can cause the loss of macrophyte beds by blocking
vital sunlight. This can, in turn, cause a change of lake status to a turbid state that is very slow
to reverse, or may never reverse. Other factors such as water level fluctuations can also lead to
changes in stable state (Barko and Smart 1986; Blindow et al. 1993).
Surrounding land use can have more direct effects on freshwater environments as well. In areas
where wetlands and lake boundaries are unfenced, browsing by agricultural animals of
emergent vegetation can cause decline in U. australis. Tanner (1992) reviewed the direct effect
of cattle grazing on the margins of Northlands dune lakes. The results showed that many species
decreased significantly in abundance when grazing pressure was present. Also discussed was
the decline of U. australis in these grazed situations, either through loss of suitable habitat
amongst the emergent vegetation, or degradation of near shore water quality through stock
suspending sediment by actively entering and moving though the water. In lakes with heavy
grazing presence U. australis had decreased to the point of absence in the near shore habitat.
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1.6.2 Invasive Species
Invasive species are generally regarded as a global threat to biodiversity, through displacement,
predation, or habitat modification and have long been linked with greater rates of extinction of
native species (Chornesky and Randall 2003; Gurevitch and Padilla 2004). Effects of invasive
species are also often intensified in the case of islands like New Zealand due to the complex
evolutionary history of the biota (Reaser et al. 2007; Vilà et al. 2011). Freshwater ecosystems
tare sometimes thought to be more vulnerable to invasive species impacts than terrestrial
systems . The reasons for this are not entirely clear but could be due to the way these

Figure 8: Number of surveyed lakes in Northland containing U. australis (blue line) and U.
gibba (red line) Adapted from (Champion 2015).
environments are often more removed from people when compared to other ecosystems
(Moorhouse and Macdonald 2015).
Several non-plant, pest species have the potential to influence the decline of U. australis, for
example Canadian geese could have negative effects on macrophytes through their heavy
grazing habits (de Lange et al. 2010). Introduced waterfowl such as geese and mallard ducks
would increase the spread of invasive plant species, either through the spread of plant material
directly, or indirectly by hunters travelling between water bodies hunting them (deWinton et
al. 2009; Compton et al. 2012).
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The invasive fish species Ameiurus nebulosus (catfish), Carassius auratus (goldfish),
Scardinius erythrophthalmus (rudd), Cyprinus carpio (koi carp), and Tinca tinca (tench) can
have negative impacts on lake systems such as those occupied by U. australis. The most
common effect is the dramatic loss in water clarity causing decline in macrophyte beds through
supressing light penetration into the water column (Zambrano and Hinojosa 1999; Rowe 2007;
Schallenberg and Sorrell 2009). Although no studies have directly investigated the effect of
invasive fish on U. australis, introduced fish species could also negatively affect the presence
of U. australis. For example, Grass carp introduced to New Zealand lakes for the removal of
invasive macrophytes may also feed on U. australis, as they are generalist herbivores and
consume most vegetation in lakes when deployed. These populations may never recover after
carp removal without human mediated re-introduction, especially in New Zealand where reintroduction would have to occur through vegetative propagules as seeds have never been
observed reliably (Salmon 2001).
Introduced pest plants, particularly macrophytes, may provide the largest potential threat to U.
australis due to the risk they pose of directly displacing the species. In early surveys of
Northland dune lakes in the 1950s very few introduced species were recorded. No species that
we now consider key pests were found in these early studies, suggesting that either they were
yet to be introduced or were in low abundance so were not discovered (Cunningham et al. 1953;
deWinton et al. 2009). Resurveys of these lakes by Tanner et al. (1986) found the majority of
Northlands lakes still contained intact native communities, with invasive species still largely
absent. Several populations of U. australis were noted in these surveys, however many of the
lakes that were later shown to have the species were not identified in this survey. This could
be due to the bottom grab method used in the survey which can miss cryptic species such as U.
australis. Tanner et al. (1986) found that lakes with higher rates of access and use by people
tended to have higher rates of weed infestation. In surveys that did contain invasive species
they were seen to be displacing native species as early as 1986. Since these initial surveys, the
prevalence of exotic species has been well documented through further research. Investigating
the spread of five of the worst invasive macrophyte species, deWinton et al. (2009) found that
across New Zealand these key species were spreading rapidly. All of the species included in
this study have the potential to modify habitats and displace native species to the point of loss.
Similarly, the study noted how access to lakes affected the level of weed infestation. Compton
et al. (2012) performed a risk assessment of weed dispersal based on human facilitated spread
of key weed species. This study supported the observations made in earlier surveys. Those
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lakes that were regularly accessed for activities such as duck shooting had significantly higher
risk of weed infestation than more remote lakes. This study did find though that the distribution
of U. gibba was more determined by temperature than access by people. This is not surprising
given that its biology is more suited to dispersal by water birds. Of the four species used in the
study only U. gibba regularly produces seeds that are easily dispersed (Taylor 1989; Compton
et al. 2012). U. gibba is not only the species that spreads most easily without human assistance,
it is also considered one of the greatest threats to U. australis in New Zealand (de Lange et al.
2010; Champion 2015). No studies have directly investigated the effect of U. gibba on U.
australis but data from the Northland lake surveys displayed a visual trend of decreases in the
abundance of U. australis populations as U. gibba spread across the region (Figure.8;
(Champion 2015). Both species are in the same subgenus of aquatic bladderworts (Section
1.2.1). Their similarities in habitat preference and lifeform make displacement of one by the
other much more likely.
Despite the observed decline of U. australis in the presence of U. gibba there are many
situations where the species is seen as coexisting without U. gibba causing nuisance growth.
The conditions that define the interaction between these two species are poorly understood;
there has been no research to date to determine what conditions allow these species to persist
together. For other species of invasive macrophyte research has shown that levels of nuisance
growth that go on to displace native species can be connected to the amount of excess nutrients
in the environment. The highly invasive species Myriophyllum aquaticum was shown to greatly
increase biomass when exposed to higher than normal dissolved nitrogen concentrations
(Wersal and Madsen 2011). Another study comparing the invasive species Hydrilla verticillata
to two native species in Florida found that while increasing nutrient load increased H.
verticillata biomass by as much as 2.75 times, it had no statistical effect on the native species
used in the study (Kennedy et al. 2009). Hofstra et al. (1999) investigated the competitiveness
of H. verticillata in New Zealand in comparison to four other major invasive macrophyte
species but not with varying nutrient level. They found that H. verticillata had the ability to out
compete other adventive macrophyte species that are present in New Zealand (Hofstra et al.
1999). Due to the restricted and highly controlled nature of H. verticillata in New Zealand its
effect on U. australis is not documented.
Given that U. gibba is in the same genus it could be assumed that it would respond very
similarly to changes in nutrients as the native U. australis. However, given the other highly
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invasive traits of U. gibba it may be able to utilize excess nutrients to form nuisance growth. It
is generally theorized that invasive species with higher growth rates often have relatively higher
demands of nitrogen and therefore cause most issues in eutrophication situations, and are much
more likely to invade in higher nutrient situations (Burke and Grime 1996). Understanding the
conditions that allow U. gibba to persist and thrive in their remaining range is crucial to future
conservation efforts, particularly in those areas where U. australis persists in the presence of
one or more of its key threats.

1.6.3 Recruitment as a factor influencing decline
As mentioned previously, U. australis in New Zealand has very rarely been observed flowering
and has never been observed to set viable seed (Cheesman 1925; Salmon 2001; de Lange et al.
2010; Champion 2015). This has the potential to dramatically decrease recruitment, dispersal
and genetic diversity of the species, as it means the plant must rely on vegetative propagules
for dispersal and reproduction. It may be that under normal conditions this method is sufficient
to ensure the persistence of the species, but it is not when U. australis is faced with the other
threats discussed above. Since its description in New Zealand in 1844 no reliable recording of
viable fruit has been made. The majority of herbarium material is sterile with a small amount
having flowers, but none with any seed material. Very few modern records of flowering exist.
Cheesman (1925) noted that flowering material was very rare and collections made just prior
to publishing were the first to be seen flowering since the original collection in 1844.
Carnivorous plant enthusiast and author Bruce Salmon noted that he had not observed
flowering since 2001 (Bruce Salmon, personal communication, March 5th, 2018). Many
suggestions have been made as to why no seed has been observed. Salmon (2001) hypothesised
that a specific pollinator is lacking in New Zealand, meaning that it is very rare or impossible
for the plant to be successfully pollinated. Some species of Utricularia are known to have
highly specific methods of pollinations such as pseudocopulation, a method of fooling
pollinators into attempting to mate with the flower, as has been observed in Utricularia
dunlopii (Płachno et al. 2016). In comparison, there is no mention of pollinator specificity in
U. australis internationally. Furthermore, it is unusual for species that have cosmopolitan
distributions to be highly specialised in pollination interactions as this could limit the possible
range of the species, unless vegetative propagation is common in the species. Richardson et
al. (2000) discussed how quickly pollinators can learn to utilize new species. As U. australis
has a similar flower structure to U. gibba, which is pollinated in NZ, it is unlikely that a lack
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of suitable pollinators is the cause for the lack of viable fruit. Alternatively, U. australis may
have lost the ability to sexually reproduce. As previously stated, very few populations
worldwide reliably produce recorded seed (Araki 2000; Araki and Kadono 2003). It is possible
that U. australis reproduces entirely or mostly by vegetative propagules throughout its range,
which is common amongst aquatic vascular plants. Aquatic plants naturally face many barriers
to successful sexual recruitment therefore reproduction by vegetative propagules is often the
most efficient method under many circumstances. However many species that display mostly
clonal reproduction suffer from loss of genetic diversity, making them possibly less resilient to
change (Barrett 2015).
1.6.4 Hybridisation
The development of viable seed may be restricted due to genetic reasons. In Japan (Kameyama
et al. 2005) observed that certain populations were able to develop viable seeds while others
were not. They found that the populations not able to produce seeds were sterile F1 hybrids;
all populations producing seeds were a variety U. australis f. tenuicaulis, with sterile
populations being U. australis f. australis. The investigation found the other parent of the
hybrid to be the closely related and morphologically similar Utricularia macrorhiza. U.
australis f. australis was completely sterile when self-pollinated or when cross pollinated with
the same species. A very low amount of seed was produced when U. australis f. australis was
the pollen donor when crossed with one of its parents. Kameyama et al. (2005) hypothesise
that the apparent lack of seed production in other populations could be due to hybrid sterility
as seen in their study, and that hybrid vigour could be responsible for the wide distribution of
the species and the lack of U. australis f. tenuicaulis in other countries. They suggested that
the hybrid could have out-competed its parent after hybridisation occurred. No research has yet
proven whether it is more likely that the hybrid had a central origin and spread clonally, or that
multiple hybridisation events occurred throughout its range. It is possible that the apparent
sterility of the New Zealand population could be caused by similar hybrid origins of the species.
However, this raises questions concerning dispersal, as natural vegetative dispersal to New
Zealand would be highly unlikely. Another suggestion is that hybridisation has occurred in
New Zealand followed by the hybrid outcompeting its parents, although it is still possible that
U. macrorhiza or a similar species remains somewhere undetected.
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1.7 Remaining habitats of U. australis in New Zealand
Due to the free-floating nature of U. australis, and the lack of the ability to develop roots or
other structures to hold it in place this species needs to grow amongst other vegetation to remain
in a favourable position, and thus it only inhabits areas of very low water movement. In New
Zealand it is very rarely found in streams unless they are very slow moving and heavily pooled;
there are no records of it being found in larger slower flowing rivers, however this may be due
to historic extinction from these habitats.
1.7.1 Dune lake hydrology and features
Remaining populations of U. australis are mostly associated with a specific lake type, being
dune lakes. These lakes are found near the coast amongst active dunes or can be found further
inland in the remains of historic dunes. Unsurprisingly these lakes are most common on the
west coast of the North Island where sand dune systems are most prevalent. These lakes can be
divided into many categories, but broadly speaking they can be classified into two main groups,
barrage and deflation lakes. Dune barrage lakes occur where an active dune blocks off a fluvial
valley or a hollow between dunes, and this then fills with water. Deflation dune lakes occur
when windblown hollows in dunes fill with water. This process can either be due to an decrease
in permeability of the lake bed, or they can be from the hollow reaching a depth where the
water table is above the lake bed. These lakes are referred to as window lakes as they act as
windows into the water table (Lowe and Green 1992). Although most dune lakes are rain fed,
and barrage lakes often have an inflow stream, dune lakes in general, and especially window
lakes, are more reliant on the movement of ground water than other types of lakes (Lowe and
Green 1992; Savoldelli 2014). The movement of water below ground in and out of these lakes
increases the difficulty of management, such as when managing run off from farms that could
have potential detrimental effects on the lake. Whereas traditional management practices rely
on riparian planting to decrease run off into streams and lakes, the distribution of nutrients
through ground water to lakes means in this case management of a much larger area would be
required.
1.7.2 Wetlands
Besides lakes the other key habitat of U. australis in New Zealand is wetlands. Johnson and
Brooke (1989) define wetlands as places where the ground is permanently or periodically wet.
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U. australis is still found in wetlands in the upper half of the North Island of New Zealand,
including the highly acidic gum fields of Northland to small wetlands connected to the margins
of Lake Taupō, and some others in the Waikato and Tauranga areas. As mentioned previously
these wetlands have suffered a great decline in number, size and quality since human
settlement. Although these habitats are incredibly important for U. australis, they are not
considered further in this thesis due to the lack of water chemistry data available for them.
However, further investigations into the preservation of this species should ensure that these
environments are also included. Due to the relative protection given to wetlands in recent times
these habitats may become more important than lakes to the future survival of U. australis.
1.8 Thesis Structure
The aim of this thesis, as stated in section 1.1 is to investigate the distinctiveness of U. australis
and examine factors implicated in its decline.
Chapter 1 introduces the species, reviews its conservation and taxonomic status internationally
and in New Zealand, and outlines factors that have been previously implicated in its decline.
Chapter 2 uses molecular genetic methods to investigate the distinctiveness of New Zealand
U. australis in relation to overseas populations.
Chapter 3 examines the role of habitat degradation and the spread of the invasive U. gibba in
U. australis decline in Northland Lakes over a period of 40 years.
Chapter 4 Investigates how U. gibba may become an increasing threat to populations of U.
australis in the future using species distribution modelling approaches.
Chapter 5 makes recommendations on conserving the species in the future, based on the
findings of the previous chapters.

Chapter two – Phylogenetic investigation of U. australis
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2.1 Introduction
Understanding the exact identity and affinities of U. australis present in New Zealand and how
closely related it is to other populations of U. australis is important not only for informing
taxonomic decisions, but also for informing conservation decisions around protecting genetic
diversity. Since its discovery in New Zealand, U. australis has been the subject of considerable
taxonomic confusion (See Section 1.3.1) involving lost populations and specimens, as well as
misidentifications. Worldwide the species has been subject to similar levels of taxonomic
instability with 18 synonyms reported (Taylor 1989). This is likely due to the similarity
between U. australis and close relatives in morphology, growth characteristics and habitats.
The taxonomic identity of U. australis has been further confused by the discovery that sterile
populations of the species in Japan were possibly hybrids between U. australis sensu stricto
and U. macrorhiza, which is also a free floating bladderwort species, similar in morphology
and ecology to U. australis (Taylor 1989; Kameyama et al. 2005; Silva et al. 2018). New
Zealand populations of U. australis are not known to produce seeds, so a hybrid origin is a
possibility. Salmon (2001) mentioned a distinctive New Zealand species he referred to as U.
sp. aff. macrorhiza, but this entity was not officially investigated or recognised. U. macrorhiza
is native to North America and Asia (Taylor 1989). The aim of this chapter is to determine
relationships between New Zealand U. australis populations and populations from elsewhere
in the world. Without a genetic census of genetic variation within this species in New Zealand
using similar methods to Kameyama et al. (2005) it is impossible to determine whether it is the
same taxon, whether hybridisation has occurred, and whether fertile populations of U. australis
survive in New Zealand.

2.2 Methods
2.2.1 Species
This phylogenetic analysis was primarily focused on U. australis, which is described in detail
in (Section 1.3). The outgroup selected was Utricularia macrorhiza due to the putative close
relationship of this species to U. australis.
2.2.2 Taxon sampling
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1-2 stems of fresh material was collected from three populations in two Northland lakes then
kept submerged in fresh water until they were frozen at - 80°C within 48 hours. An additional
sample was provided by Paul Champion and additional sequence information for Australian
and New Zealand populations was provided by Richard Jobson (Table 3). DNA from the three
samples collected by myself and one other collected by Paul Champion were successfully
extracted and sequenced for this part of my study and added to the Jobson sequences for this
phylogenetic analysis.
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Group

Taxon

Outgroup

U.
macrorhiza
U. australis
R.BR

Ingroup

Voucher

Herbarium
Voucher
TS000266
PDC18001

OTA073099A
OTA073098
OTA073099B
CHR569947A
ITV1
ITV2
ITV3
NMW943
Jobson 1617

NSW824600

Jobson 1391

NSW820754

Jobson 1591

NSW824571

Jobson 1233

NSW873193

Jobson 2270
NSW924524
Jobson 2077
NSW924675

Locality
Czech
republic
Taupō, NZ

Lake
Kihona, NZ
Lake Te
Kahika, NZ
Lake
Kihona, NZ
Lake
Whangape
NZ
Tuscany,
Italy
Tuscany,
Italy
Tuscany,
Italy
Aosta, Italy
United
Kingdom
Wattle
Range,
South
Australia
Tablelands,
Queensland
Thistle
cove,
Western
Australia
Penrith
NSW
WyndhamEast
Kimberley
WA
Guyra
NSW

Adamec
1369

NSW922546

Czech
Republic

Jobson 1580

NSW820809

Esperance
,WA

ITS
Genbank
KY689719

Source
Genbank

MH051675

Material
provided
by Paul
Champion
Collected
personally
Collected
personally
Collected
personally
Provided
by R.
Jobson
Genbank

MH051676

Genbank

MH051677

Genbank

MF543812
KX167917

Genbank
Genbank
Provided
by R.
Jobson

MT248972

Provided
by R.
Jobson
Provided
by R.
Jobson
Provided
by R.
Jobson
Provided
by R.
Jobson
Provided
by R.
Jobson
Provided
by R.
Jobson
Provided
by R.
Jobson

Table 3: Accessions used in analysis including their herbarium, genbank and source
information. PDC18001 sample did not sequence well and was excluded from the analysis.
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2.2.3 DNA Extraction, Amplification and Sequencing
Plant tissue was disrupted by adding frozen plant material to a microcentrifuge tube of buffer
and breaking this apart using a small plastic mortar tip.
DNA was extracted and purified using Qiagen DNeasy plant kit. Methods for extraction were
as instructed in the kit handbook.
PCR was carried out with a Dream Taq pre made master mix and 5mmol bovine serum
albumin. Amplifications were performed using the following PCR conditions for nuclear ITS
ribosomal gene marker. The programme was set as 95 °C for 2 minutes, followed by 34 cycles
of denaturation at 95 °C for 30s, annealing at 50 °C for 30 s extension at 72 °C for 45 s, followed
by a final extension at 72 °C for 5 min. One sample was processed with no DNA to check for
contamination
Post PCR Gel electrophoresis was utilized to check for contamination in samples.
The nuclear ribosomal Internal Transcribed Spacer region (ITS 1) was amplified using primers
(ITS5A 5’-CCT TAT CAT TTA GAG GAA GGA G ; ITS4 5’-TCC TCC GCT TAT TGA TA
TGC) described in (White TJ et al. 1990)
Post PCR clean-up of samples was carried out as specified in the Qiagen DNeasy plant kit
handbook.
Nucleotides were sequenced using Applied Biosystems Sangar sequencing. Forward and
reverse sequences were reviewed, edited, and aligned with Genious Prime 2021.1.1
(https://www.geneious.com).
2.2.4 Phylogenetic analyses
To determine the most suitable model for Bayesian phylogenetic analyses the dataset was
assessed using the software jModelTest 2.1.7 v20150220 (Darriba et al. 2012). Models were
ranked using Akaike information criterion (Akaike 1973; Wagenmakers and Farrell 2004;
Posada 2008)
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Within the Genious Prime 2021.1.1 (https://www.geneious.com) software the application
MrBayes was utilised to estimate Bayesian posterior probability (Huelsenbeck and Ronquist
2001). Five independent runs of 20 million generations, using four chains, sampling of trees
every 1000 generations were used, and the first 25% of trees were discarded as burn-in. These
trees were used to construct a 50% majority-rule consensus tree, visualised in Genious Prime
2021.1.1 (https://www.geneious.com)

2.3 Results
2.3.1 Sequence alignment and Phylogenetic relationships
The ITS matrix was 769 bp of which 18 characters (2%) were parsimony informative.
The monophyly of U. australis samples compared with the outgroup, was well supported.
Overall, there was poor resolution among U. australis samples, however, some groupings were
observable. All Australian and New Zealand samples were within a well-supported clade. This
clade does, however, contain an accession from the United Kingdom. The other European
samples all sat outside this clade. The three samples from Italy were all found within a small,
poorly supported clade. Only the Australian, New Zealand and United Kingdom clade showed
strong support for monophyly.
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Figure 9: 50% majority-rule Bayesian inference consensus tree. Posterior probability (PP) support values are shown above branches. PP = 100–95: strong support; 94–84: weak
support; <84: not supported
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2.4 Discussion
2.4.1 Low genetic diversity
The ITS marker used in this analysis did not provide the resolution necessary to comment
meaningfully on the genetic diversity of U. australis in Australia and New Zealand. Further
work should use a combination of plastid and nuclear gene regions which have been shown to
be informative at the species level in the genus (Silva et al. 2018).
Low genetic diversity could mean that U. australis is more vulnerable to environment change
(Reusch and Hughes 2006; Ehlers et al. 2008). Perhaps this could be contributing to the decline
in the species. However, further population genetics approaches, such as whole chloroplast
sequencing (Silva et al. 2018), will need to be carried out to determine with any certainty that
genetic variation is largely absent among New Zealand populations.

2.4.2 Australian, New Zealand and United Kingdom clade
It is unusual that all samples from New Zealand and Australian were in a well-supported
monophyletic clade separate from the European samples apart from the one sample from the
United Kingdom. It could be that there is separation between more western and eastern parts
of Europe in terms of populations. While it is possible that there could be a greater link between
New Zealand, Australian and United Kingdom populations it is more likely that this perceived
relationship is due to the specificity of the marker used. Another possibility could be that
Australian and then New Zealand populations of U. australis are in fact colonial in Origin and
were introduced by early migrants from England rather than natural introduction. The
distribution of U. australis shown in Figure 3 shows how the species is present through Africa,
Europe, Asia and Australasia. Distributions like this are more supportive of colonisation from
South East Asia than Europe. Without a very detailed phylogenetic study it would not be
possible to rule out either theory. Other evidence that would illuminate either theory would be
pollen or other subfossils found in lake sediment, this has not happened yet but is a possibility
for the future. However, the limited flowering of this species that has been observed in New
Zealand may mean pollen could not be relied on for this purpose.
Human mediated introduction could have occurred in a similar way to that of U. geminiscapa
on the Westcoast of the South Island. It is hypothesised that this population was introduced
from North America on mining equipment (Heenan et al. 2004; Jobson Richard W and Davies-
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Colley 2020). If U. australis had created turions and these remained damp it is feasible for long
distance dispersal of the species to occur this way.
Despite this possibility this introduction would have had to be incredibly early in terms of
European settlement into New Zealand to explain the early and widely scattered discoveries of
this plant in NZ, unlike U. geminiscapa which remains in a limited area on the West Coast
(Hooker 1844). I believe given this, it is unlikely that U. australis was introduced to New
Zealand post colonisation.

2.5 Conclusion
Population genetics of U. australis require more in-depth investigation to answer some of the
questions asked here, particularly whether lack of genetic diversity is having an effect on
recruitment.
Further genetic studies should be carried out using a range of more specific markers including
chloroplast markers such as rps16, trnD-trnT which have been successfully used in other
studies of Utricularia sp. (Jobson Richard W. et al. 2017; Silva et al. 2018). as Also, more
specific population level methods such as micro satellites or genotyping by sequencing may be
useful for examining intra-specific variation (e.g. Silva et al. 2019). A wider phylogeny of the
Utricularia species from around the world could go some way to further explain the interesting
relationships between samples in this phylogeny. Even so, with the data presented when
accompanied by other literature I believe it is possible to conclude that U. australis was not
introduced to New Zealand post colonisation but its relationship to other populations around
the world beyond this requires further investigation.
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Chapter Three – Factors associated with the presence of U.
australis in Northland dune lakes.
3.1 Introduction
Although the decline of U. australis is well documented amongst vegetation survey reports
from Northland, no research has directly linked any of the many potential factors to this overall
decline. It is imperative that the relationship between environmental changes and introduced
species that threaten rare flora like U. australis are understood, so that management of the
species and their habitat can be directed positively in the future. This chapter will focus on the
evidence that U. australis is negatively impacted by U. gibba, as well as on the impact of
changes in a range of water quality factors including nutrients.
3.1.1 Background
Most of New Zealand’s worst aquatic pest species are readily spread by human mediated
dispersal. A good example of this is Didymosphenia geminata (rock snot). This species of algae
can form large nuisance growths that can cover entire river beds and displace many native
species of animal and plants. D. geminata was first recorded blooming in Southland, New
Zealand in 2004 and it rapidly moved across the South Island in subsequent years. The spread
of the species was closely related to the movement of freshwater anglers, and therefore massive
education campaigns were put into place to prevent further spread. These campaigns were
shown to be very successful, with the species not being transported to the North Island (Kilroy
and Unwin 2011; Root and O'Reilly 2012). Some of the key species that threaten U. australis
including Myriophyllum aquaticum, are also primarily human dispersed, with boats and
waterfowl hunters being key dispersal vectors and have also been the focus of education
campaigns such as “Check-Clean-Dry”, implemented by the Ministry of Primary Industries
and associated Regional Councils. Subsequently, recent spread of human dispersed species has
decreased across many of New Zealand’s lakes (deWinton et al. 2009; Compton et al. 2012).
Human dispersal is somewhat controllable through the use of education campaigns and specific
regulations, it is possible to dramatically reduce and even eliminate the further spread of some
species. Human dispersed species such as M. aquaticum are most commonly dispersed by
vegetative propagule, as this species very rarely sets seed in New Zealand. However,
Utricularia gibba, possibly the weed species with the greatest impact on U. australis has the
ability to disperse not only vegetatively but also with seed. The small, light nature of its seeds,
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as well as the shape, makes them perfect for dispersal by waterfowl, which are a common
dispersal vector for aquatic species. Waterfowl have the potential to distribute propagules many
hundreds of kilometres (Figuerola and Green 2002).
Transportation by waterfowl is considered one of the most likely means of introduction of U.
gibba to New Zealand, with migratory birds regularly visiting from Australia (Salmon 2001).
Dispersal by waterfowl means that the spread of U. gibba has been rapid and mostly
uncontrollable. Although culling of waterfowl may reduce the speed of spread, this would be
controversial as many of the waterfowl species are native and highly endangered, and those
species that are not native have high cultural value as important gamebird species. Reducing
U. gibba dispersal by reducing waterfowl numbers could have an effect on interconnectedness
of U. australis populations although this is poorly understood. Since the suspected second
introduction of U. gibba into New Zealand, the species has spread very rapidly and in
Northland is now found in the majority of lakes (deWinton et al. 2009). As this is a potential
natural introduction, there may need to be a conversation about whether this species is
naturalised and how it should therefore be treated. For the continued purpose of this work I
will refer to it as invasive.
Control of aquatic macrophytes is very complicated, due to the nature of living under water.
Common methods in the terrestrial environment such as spraying and even simply cutting are
redundant underwater. The use of Herbivorous fish such as Ctenopharyngodon idella (grass
carp) is a common method for removing problem species, however the fish consume all
species, meaning the native U. australis would also be removed (Pipalova 2006). Herbicides
can also be used to target problem aquatic macrophytes; Endothall is commonly used to control
L. major in New Zealand. No work has been done, however, on the use of herbicides to control
Utricularia species, and due to the similarity between U. gibba and U. australis, it is almost
certain that any herbicide that would control U. gibba would also negatively affect U. australis
(Hofstra and Clayton 2001). The parasitic fungus Sclerotinia sclerotiorum was trialled on U.
gibba as a potential biocontrol but was shown to ineffective (Waipara and Hurrell 2006). As
this biocontrol was unsuccessful in controlling the species there was no need to test whether it
would negatively affect U. australis, but given the similarities between the species it is likely.
In some cases, mechanical removal of weeds is effective, however given how many lakes
contain U. gibba, the remoteness of these lakes, and their fragility, it is not feasible
economically or other wise to mechanically control this species. Removal of and further
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prevention of spread of aquatic weeds seems extremely hard to impossible, so other means
must be used to prevent the large negative effects of U. gibba on U. australis. In many of the
lakes where U. australis had existed previously, it disappeared after the introduction of U.
gibba. However, there are lakes and wetlands where both species persist. It is these conditions
of cohabitation which present the best opportunity for species protection. It is imperative to the
future survival of U. australis in New Zealand that the unique conditions that allow the
presence but not the nuisance growth of U. gibba to occur are understood, so that future
management of these habitats can be based around maintaining an environment for survival of
U. australis and U. gibba side by side when present.
3.1.2 Aims and Hypothesis
This chapter uses historic and recent data on Northland lakes to analyse the factors that allow
or inhibit the growth of U. australis either in the presence or absence of the competitor U.
gibba. The results will inform management decisions on how to conserve this species and its
valuable environment.
Due to the apparent ability to coexist in some conditions, I hypothesise that U. gibba alone
does not cause the loss of U. australis in a lake or wetland. Rather, it is a combination of
nutrients causing U. gibba to form nuisance growth in some conditions that causes loss of U.
australis. I also hypothesise that there will be links between lake productivity and the loss of
U. australis in surveyed lakes.
3.2 Methods
3.2.1 Species
This section centres around the environmental factors that might affect the presence of the
critically endangered native species U. australis in New Zealand. One of the key environmental
factors investigated was the presence of the introduced weed species U. gibba. These species
are both described in detail in sections 1.3 and 1.4.

3.2.2 Study sites
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Although U. australis is present in both lakes and wetlands in New Zealand, wetlands are
excluded from this analysis due to the lack of water quality and vegetation data available for
them. Wetlands also pose an added challenge for analyses as they present a more complex,
fragmented and less homogenous environment than lakes. Periodic vegetation surveys do occur
in some wetlands, but these are not frequent enough to permit analysis and do not coincide with
any water quality data. The lakes used as part of this research were chosen due to the historic
data available about them, and the presence of U. australis in recorded memory. Lakes included
in Northland Regional Council (NRC) and NIWA’s LakeSPI (Lake Submerged Plant
Indicators) programme met these criteria as this programme provides data on aquatic
vegetation critical in determining the status of U. australis in a lake, as well as information on
the important weed species U. gibba. For the analysis of lake water quality in relation to
presence of U. australis, only lakes that are part of the Northland Regional Council lake water
quality monitoring network were selected. These lakes have long term water quality data
collected from them and this was used in the analyses. Lakes used for the lake quality analysis
are listed in (Table 4).
Due to the data requirements described above, the lakes used in this study are all in the
Northland region of New Zealand, with the furthest south of these lakes being near the
Dargaville township and the furthest north being in Spirits Bay, New Zealand’s most northerly
point. Although U. australis persists in other locations around the North Island and allegedly
in the South Island (Allan Herbarium 2002) (but see section 1.3), these lakes were not included
in this analysis as I could not obtain reliable water quality and vegetation data for them. Despite
this, the lakes chosen here do represent a significant proportion of habitats where U. australis
still persists. Due to the habitat requirements of the species and the prevalence of this lake type
in Northland, all the lakes used in this study are dune lakes. These are lakes that formed in
ancient dune systems, they are often sandy bottomed and have complex hydrology. This lake
type is defined further in (Section 1.7)
The land use of the catchments surrounding the selected study lakes was determined using
aerial images, some of which are seen in Figure 11. Catchment type was recorded as a
categorical factor (Land) with the following levels: Pastoral, Indigenous forest, Exotic Forest,
and a mix category, where a catchment contained more than one predominant land use. A
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proportion of these classifications were ground-truthed during visits to 10 of these lakes in
August 2018 and February 2019.
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Figure 10: Locations of lakes that had U. australis present at the beginning of the study
period
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Table 4: Lakes that contained U. australis at the beginning of study period, including
information on lake location in decimal degree, Size, altitude, catchment type, and whether
water chemistry information was available for the lake due to it being part of the Lake Water
Quality Monitoring Programme(LWQMN)
Lake Name

Latitude

Longitude

Size Ha

Catchment Type

LWQMN
Data

172.832753°

Altitude
Above Sea
Level m
76

Austria

-34.569913°

12.69

N

-35.022464°
-35.016130°
-35.940245°
-35.050476°
-34.628807°
-35.039261°

173.187099°
173.190806°
173.760777°
173.193905°
172.901935°
173.194582°

58
37
91
37
57
40

3.8
1.35
7.33
12.48
9.25
3.72

Mixed Plantation
Forest and
Indigenous
Pastoral
Pastoral
Pastoral
Pastoral
Plantation Forest
Pastoral

Carrot
Forest
Freidrich
Heather
Kihona
Little Gem
(Ngatu S)
Midgley
Morehurehu
Morehurehu
S2
Ngakapua

-35.889192°
-34.642327°
-34.650555°

173.712376°
172.997029°
173.005510°

76
19
19

2
51.94
0.77

Pastoral
Plantation Forest
Plantation Forest

N
Y
N

-35.020105°

173.193266°

56

6.1

Pastoral

N

Ngakeketa N

-34.518093°

172.771695°

37

11

N

Ngatu
Rotokawau
(Sweetwater)
Te Kahika
Te Kahika S
Te Paki

-35.031979°
-35.018938°

173.197847°
173.205757°

37
56

59.3
16.33

Mixed Pastoral
and Indigenous
Pastoral
Pastoral

-34.624025°
-34.627215°
-34.531200°

173.000188°
173.002058°
172.793241°

15
17
95

16.59
1.51
1.99

Y
N
N

Te Riu
Wahakari

-35.678397°
-34.652016°

173.498616°
172.923614°

8
47

16
91.91

Waihopo
Waitahora
Lagoon
Waitahora
Pools (incl.)
West coast

-34.756240°
-34.455607°

173.042587°
172.805777°

36
7

12.16
39.47

“”

“”

“”

“”

-35.031746°

173.183671°

36

5.16

Plantation Forest
Plantation Forest
Indigenous Dune
vegetation
Plantation Forest
Mix Pastoral and
Plantation Forest
Pastoral
Indigenous Dune
vegetation
Indigenous Dune
vegetation
Pastoral
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Y
N
N
Y
N
N

Y
Y

N
Y
Y
N
N
N

Figure 11: Aerial photos of major lakes used in this analysis. A: Lake Kihona; B1: Lake
Te Kahika; B2: Lake Morehurehu; C1: Lake Ngatu; C2: Lake Heather; C3: Lake
Rotokawau; C4: Ngakapua west/Lake Carrot; D1: Lake Te Paki; E: Lake Wahakari; F:
Waihopo

53

3.2.3 Vegetation survey data
Since 1989 a mixture of organizations including National Institute of Water & Atmospheric
Research (NIWA), Northland Regional Council (NRC) and Botany Division, DSIR have
collected data on the aquatic vegetation in around 36 of Northland’s many lakes. These surveys
have used methods including grab samples and divers along transects to determine aquatic
plant cover and community composition. In recent times these surveys are part of a national
lake survey program known as LakeSPI, with surveys being conducted yearly. However due
the resource required to sample each lake, lakes are sampled on a rotation so they are only
sampled every 2-4 years. LakeSPI uses a variety of observations including relationships
between native and invasive species to determine the ecological state of a lake; the method is
used across New Zealand to create a measure of lake health and classification (Clayton and
Edwards 2006). Although the surveys primarily focus on submerged vegetation, they can also
give information on emergent and riparian vegetation, as well as animals present in or on a
lake, like birds and fish. For the purposes of this study, data from these surveys were collected
from a mixture of NIWA and NRC sources, collated and tabulated. Some of the source data
were in the format of percentage cover of species along each transect, while other records
gathered were in a simpler form or lacked formatting. To account for this variation in types of
data I converted transect percentage data to presence/absence to get the greatest coverage of
lakes and years for analysis. Surveys when U. australis was found received a value of 1
indicating presence, and surveys when the species was not found received a value of 0
indicating absence. While converting quantitative data to presence-absence lowers the
resolution of the data, and no longer shows the abundance of the species in a lake, it also
minimises some of the effects of transect placement on species records that could have been
present in the original format. Data for the weed species U. gibba was also extracted from the
source data in a similar way to be used in the analysis. This species was predicted to have the
largest effect on U. australis in early investigations and therefore it was important to include
in this investigation (deWinton et al. 2009; Champion and Wells 2014; Champion 2015).
Vegetation surveys had been carried out at varying intervals, meaning there was a limit to the
number of times survey years coincided with water quality data. When preparing for the
analysis the assumption was made that the status of a species in consecutive surveys was
consistent in the years between them. For example if a species was present in the 2006 survey
and then present again in the 2008 survey it is assumed that it is also present in 2007. Likewise,
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if a species is absent in two consistent surveys it was also assumed to be absent between them.
If the status of a species changed between two surveys, whether this was a change from
presence to absence or vice versa, no assumption was made as to the status of the species at
this time, as it would be impossible to infer at which point the status of the species change in
relation to lake water quality data.
Data were also gathered on other major events that could potentially affect the decline of U.
Australis, including logging of the immediate catchment (in the case of forested catchments),
the introduction of grass carp to control invasive species, or the use of herbicides to control
invasive species, which all have the potential to bias data against some of the predictor variables
used. These were recorded through time by NIWA and NRC.
3.2.4 Lake Water Quality Monitoring Data
Since 1989, water quality data has been sporadically collected in Northland, with a regular
monitoring programme being established in 2005 by the NRC and is ongoing. Over 400 lakes
are present in this region and 28 of the most significant were chosen by the NRC for this
programme . The methodology used to collect samples and to quantify effects is based on
Bryers (2000) guidelines for standard sampling of lake water quality (Ballinger et al. 2013). I
took part in regular lake water quality monitoring during November-February of 2015-17. This
data was provided by Northland Regional Council all lakes within the monitoring programme.
The surveys carried out by the NRC take into account a wide variety of parameters useful for
monitoring for a range of multiple outcomes. Not all of these parameters are relevant to this
investigation and not all of them were collected at regular intervals at all lakes. Because of
these reasons, I selected six water quality parameters that have biological relevance to U.
australis and have complete data sets that can be used for analysis. The six factors chosen for
analysis were;
1. total nitrogen (TN), grams of nitrogen per cubic meter (g/m3-N),
2. total phosphorus (TP), grams of phosphorus per cubic meter (g/m3-P).
These factors were selected due to their ability to cause changes in growth of competing
macrophyte species and influence algal growth levels in lakes including nuisance bloom events
(Anderson et al. 2002; Kennedy et al. 2009; Abell et al. 2010; Wersal and Madsen 2011).
3. Secchi depth (SD), depth in meters at which disk is obscured when viewing from the
surface (m).
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This measurement was chosen as good measure of turbidity which is a factor directly associated
with macrophyte growth through restriction of light though the water column reducing
irradiance to the plant (Barko and Smart 1986). A rapid increase in turbidity is also thought to
be the cause of loss in Lake Te Kahika (Wells R and Champion 2014).
4. Ammoniacal nitrogen (AN), grams of ammoniacal nitrogen per cubic meter (g/m3NH4).
While AN is a species of nitrogen that will be included in the TN measurement I have included
it do to the toxic nature of this species which has been shown to effect macrophyte growth at
certain levels in other countries(Cao et al. 2007; Cao et al. 2009).
5. pH which is a common measure for the level of hydrogen ions representing acidity.
While there is little research around how pH effects bladderworts like U. australis, due to their
observed habit of occurring in acidic peat wetlands it can be assumed that acidity is a relevant
measure of habitat preference(Salmon 2001).
TN, SD, TP, and Chla also can be used to calculate trophic level index as discusses in the next
section (Bryers 2000).
6. Chlorophyll a (Chla), milligrams per cubic meter (mg/m3) which measures the amount
of phytoplankton in the water using spectral analysis.
While this factor could have direct effects on the presence of U. australis though increasing
turbidity and increasing the potential for hypoxic events (Anderson et al. 2002; Heisler et al.
2008). Chl a is not a common parameter for such analysis but it has been included for the
calculation of Trophic Level Index and as it can allow a separation of turbidity which is organic,
caused by algal growth and that which is caused by sedimentation.
Surveys of lake water quality occurred up to four times a year from 1989 to 2019 .To match
this to the plant survey data, which is at best, annual, each water quality parameter was
averaged by year. Averaging the data by year also helped to account for temporal variation
between the time of year that the water quality samples were taken and when the vegetation
surveys were conducted, as variation in rainfall, and temperature could affect water chemistry
and algal presence.
3.2.4.1 Calculating lake trophic level
Trophic level indices (TLI) are a standardised method of estimating lake productivity in terms
of its nutrient cycles, using measures of nutrients present, algae growth or sediment
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composition. Most lakes in New Zealand have low trophic levels due to the naturally low levels
of nutrients they contain (Abell et al. 2010). Bryers (2000) described the system for calculating
TLI based on work in Burns et al. (1999). The Bryers method uses Chlorophyll (Chla) like
many methods, but also includes Total Nitrogen (TN), Total Phosphorus (TP), and Secchi
depth (SD). By normalising each of these variables against Chla yearly averages and proposed
trophic levels, it is possible to create a combined scale for trophic level index (TLI). Trophic
level is calculated by adding the lake's value from each year to its corresponding formula as
shown below.
Formula for trophic level Chlorophyll a
TLc = 2.22 + 2.54 log(Chla)
Formula for trophic level Secchi depth
TLs = 5.10 + 2.27 log(1/SD - 1/40)
Formula for trophic level total phosphorus
TLp = 0.218 + 2.92 log(TP)
Formula for trophic level total nitrogen
TLn = -3.61 + 3.01 log(TN)
By averaging the values gained from each of these formulae using the formula below it is
possible to calculate the standard trophic level index value
TLI = 1 /4 ( TLc + TLs + TLp + TLn)
This value can then be applied using the table below to determine the trophic level of a lake.
Note the table also gives the ranges for each value that will contribute to a particular trophic
level index value.
The trophic level index (TLI) was calculated for each lake in each survey year and added to
the analysis to determine its value as a predictor of the presence of U. australis.
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Table 5: Parameters that define the trophic level index from Bryers (2000).
Lake type

Trophic
level

Ultramicrotrophic

0.0-1.0

Microtrophic

1.0-2.o

Oligotrophlc

2.0-3.0

Mesotrophic

3.0-4.0

Eutrophic

4.0-S.0

Supertrophic

5.0-6.0

Chl
a
(mg
m-3)

Secchi
depth
(m)

0.130.33
0.330.82
0.822.0
2.05.0
5.012
1231

33-25
25-15
15-7.0
7.02.8
2.81.1
1.10.4

TP

TN

(mg
m-3)

(mg
m-3)

0.841.8
1.84.1
4.19.0
9.020
2043
4396

1634
3473
73157
157337
337725
7251558

3.2.5 Data analysis
3.2.5.1 Mixed models
To test the effects of the lake water quality parameters, and the presence of U. gibba on the
presence of U. australis I used a generalized linear mixed model. This type of model was
chosen due to its flexibility in handling factorial and numerical data, its ability to add random
effects, and its ability to handled unbalanced data sets. As the data used here was not collected
with this analysis in mind, model flexibility is critical (Pinheiro and Bates 2000; Bolker et al.
2009; Jamil et al. 2013; Harrison et al. 2018). The other advantage of GLMMs is their ability
to have random effects added to them. Random effects quantify the variation across levels in a
study. In this analysis multiple samples were taken over several years from the same lake. This
violates the key criteria of independence that is common in statistical analysis, and using the
data without accounting for this relationship would be pseudo replication. By using lake as a
random effect in the model we account for this lack of independence as the model takes into
account this relationship. These models are part of the lme4 package (Bates et al. 2015). Mixed
models like GLMMs have proven effective in ecological settings like this one where water
toxicology can have a direct impact on species survival (Iwasaki and Brinkman 2015).
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Hypothesis testing was carried out using log likelihood testing which tests the model against
one with the factor removed to determine significance (Bolker et al. 2009). The function lrtest
is used to carry out this test (Zeileis and Hothorn 2002).

3.2.5.2 Model selection and selecting final factors for analysis
Fixed effects were selected by their relevance to the hypothesis and their potential effect on the
presence of U. australis or U. gibba. The presence of these species, being the response
variables, were treated as binomial in distribution. Pearson’s analysis was carried out to
determine the extent of correlation between factors that might be selected form analysis, if two
factors had high levels of correlation one would be excluded. Values for exclusion were taken
from guidelines in Evans (1996). Further model assumptions were explored in R studio, and
assessed based on guidelines in Bolker et al. (2009); Schielzeth et al. (2020). Low sample size
and a skew towards absence of U. australis caused some problems at this point. However, due
to the robustness of GLMMs and the inability to increase the sample size for the analysis it was
decided to continue with this analysis.
Initially factors were selected for inclusion based on their biological relevance, hypothesised
impact, and independence from other factors. Factors were then added to a saturated model as
part of an information-theoretic approach (Burnham and Anderson 2002). This model was then
compared to models with each factor removed to determine the model of best fit. Candidate
models were assessed using Akaike’s information criterion with correction for small sample
size AICc, where lower AICc values determine models of better fit than the saturated model
(Burnham and Anderson 2002). AICc was calculated using the package AICcmodavg
(Mazerolle 2020). Following Midgley et al. (2003) estimated deviance was used to judge the
effectiveness of candidate models.
AN was not used in the analysis due to the extremely low levels of AN found in the surveys
and low variation across surveys. The average value across all surveys was 0.0355 mg/l-1. Cao
et al. (2007) found that another species of macrophyte Vallisneria natans could grow normally
in NH4+ concentrations of up to 0.3 mg L-1 and Cao et al. (2009) found that Potamogeton
crispus could tolerate NH4+ concentrations up to 1 mgL-1. Given the values represented are
much lower than these, this factor was excluded from analysis.
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Other models were also run with factors that are related to the suitability of habitat for U.
australis. These include a similar model using TLI as an effect to determine whether TLI would
be a significant predictor in selecting lakes where the species may be able to exist. Models were
also used to determine whether long term trends in lake water quality were significant, to
determine the key causes of turbidity between algal blooms and sedimentation and how much
nutrients were affecting changes in Chla.

3.2.3.3 Data visualisation
Graphics and tables were created using R and the extension packages ggplot2, ggpubr, jtools,
huxtable, officer, flextable and EnvStats (SP 2013; Wickham 2016; Gohel 2019; Kassambara
2019; Long 2019; Gohel 2020; Hugh-Jones 2020).
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3.3 Results
3.3.1 Long term trends in U. australis and U. gibba occurrence
Of the 22 lakes selected for analysis, U. australis was present in 22 at the start of the
NRC/NIWA survey period but this species had been lost from 19 (86%) over the course of the
survey period Table 6. U. gibba had appeared in 20 lakes, 18 of which had lost U. australis
since.
Table 6: Summary of survey dates when U. australis was first found to be absent and first
surveys with U. gibba present, also shown is the number of years between these two events.
*While not present in the main lake the species was recently discovered in a pool which is
part of the outflow stream, I confirmed this during my visit to the lake in February of 2019.
** U. australis lost with no record of U. gibba present
Lake Name

First survey when U.
australis absent

U. australis
thought to still be
present in 2020

First survey when U
gibba present

Carrot
West coast
Ngatu
Morehurehu S2
Waihopo
Little Gem (Ngatu
S)
Wahakari
Heather
Ngakeketa N
Waitahora Pools
(incl.)
Morehurehu
Forest
Midgley
Waitahora Lagoon
Rotokawau
(Sweetwater)
Austria
Ngakapua
Te Riu
Te Kahika S
Freidrich
Kihona
Te Kahika
Te Paki

11/9/2004
11/10/2004
3/3/2006
3/4/2006
3/4/2006
4/18/2007

N
N
N
N
N
N

09/11/2004
10/11/2004
01/11/2004
04/03/2006
03/11/2004
18/04/2007

Years
between U.
gibba
arrival and
loss of U.
australis
0
0
2
0
2
0

4/7/2008
4/8/2008
3/30/2009
3/30/2009

N
N
N
N

07/04/2008
10/11/2004
30/03/2009
30/03/2009

0
4
0
0

3/31/2009
3/23/2010
3/24/2011
5/5/2014
5/6/2014

N
N
N
N
N

05/11/2004
23/03/2010
24/03/2011
N/A
01/11/2004

5
0
0
**
10

4/28/2015
28/4/2015
5/27/2015
20/4/2016
4/3/2018

N
N
N
N
N
Y
Y*
Y

03/11/2004
09/11/2004
23/03/2011
N/A
08/03/2005
13/03/2017
09/04/2013
17/04/2007

11
11
4
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13

Table 6 shows the time delay between the first survey where U. gibba was present and the
survey in which U. australis was first recorded as absent. For the majority of lakes show the
first detection of U. gibba was the same survey as the detection of loss of U. australis.
3.3.2 Long term trends in lake water quality
Figure 12 shows long term trends in lake chemistry across lakes that have contained or still
contain U. australis. Ammoniacal Nitrogen and Total Nitrogen showed the most pronounced
increase across all lakes over the survey period, and Secchi depth showed the most pronounced
decrease, which corresponds to an decrease in water clarity. Trophic Level Index increased
across all lakes with time (Figure 13).
In Lake Te Kahika there is a rapid decrease in secchi depth readings between 2010 and 2011,
with a secchi depth of 6.125m in 2010 dropping to 2.05m in 2011. Figure 14 that logging in
the catchment of the lake corresponds in timing with the rapid decrease in secchi depth
measurements. Figure 14 also shows that over this period there is no clear trend in Chl a
measurements. Table 7 shows the results of linear mixed model with evidence that Chl a does
not have a significant relationship with turbidity in this lake over this period.
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Figure 12: Long term trends in lake chemistry plotted against year from 2003 to 2019 with
colour indicating lake and symbols representing the presence or absence of U. australis and
U. gibba A: Normalized Total Nitrogen; B: Normalized Total Phosphorus; C: Normalized
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Secchi Depth; D: Normalized pH; E: Normalized Ammoniacal Nitrogen; F: Normalized
Chlorophyll A

Figure 13: long term trend in Trophic Level index from 2003 to 2019 with colour indicating
lake and symbols representing the presence or absence of U. australis and U. gibba.
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Figure 14: Top: Aerial photos of Lake Te Kahika between 2007 and 2015 showing logging
of forestry in catchment. Middle: Secchi depth value per sample period between 2005 and
2018. Lower: Chlorophyll a value for Lake Te Kahika per sample period between 2005 and
2018.
Table 7: Results of linear mixed model of the effect of Chlorophyll a (Chla) on Secchi depth
in Lake Te Kahika between 2005 and 2018.
Estimate
St Error
Lower
Upper
P value
Intercept

-0.04983

0.145597

-0.34102

0.241367

0.734

Chla

-0.00363

0.146967

-0.29756

0.290305

0.98
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3.3.4 Land use impacts on presence and absence of U. australis
Land use as a factor when used in analyses caused conditions of non-convergence, prohibiting
the fitting of analytical models. Table 8 lake land use shows the land use associated with each
lake catchment. Three of the 22 survey lakes still contained U. australis when surveyed in 2019
as part of this study. Of these, two had exotic forestry catchments and one had an indigenous
forest catchment. None of the lakes with pastural/agricultural catchments had extant U.
australis populations.
Table 8: Numbers of lakes of each catchment type and the corresponding number of these
containing U. australis and U. gibba. Chi Squared values indicated whether difference between
groups is significant.
Land use type
Pastoral Mixed
Plantation Indigenous
Chi Squared
Pastoral and Forest
Dune
P. Value
Indigenous
vegetation
Number of
11
2
6
3
Survey Lakes
Number of
0
0
2
1
Survey lakes
containing U.
australis
Percentage of
0%
0%
33%
33%
3.065E-14
lakes with extant
U. australis
Number of
10
2
6
2
Survey lakes
containing U.
gibba
Percentage of
91%
100%
100%
66%
0.034
lakes containing
U. gibba
Table 8 shows that U. australis has been lost in all lakes with pastoral catchments, with the
only lakes that the species persists in being those with indigenous and plantation forested
catchments. These also represent the only locations where U. australis and U. gibba are
observed to both be present. Chi Squared tests on the percentage of lakes with both U. australis
remaining and U. gibba present showed statistically significant differences between these
groups. This provides supporting evidence that lake catchment type has an effect on presence
of U. australis.
3.3.5 Model selection
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Investigation of the data including Figure 16 shows there are a very low number of incidences
where U. gibba is absent but U. australis is present, and there is only one recorded loss of U.
australis from a lake when U. gibba was absent. Because of this, including U. gibba in models
for the presence of U. australis created many singular fits. Therefore the status of U. gibba was
removed as a factor in the models for prediction, and the observations where U. gibba was
absent were also excluded. Meaning only points where U. australis was present regardless of
the status of U. gibba. The results of models with these parameters was compared with a model
that included the observations where U. gibba was absent to check the effect of the removal of
this data. For the remainder of the results section, all models presented investigate the presence
of U. australis when U. gibba is present.

Figure 15: Pearson’s correlation of water quality factors used in analysis.
Scores closer to 1 or -1 show higher correlation
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Figure 16: Boxplots showing occurrences of U. australis, U. gibba, and surveys where
both species were present with corresponding water quality parameters

68

Pearson’s correlation shows that most of the factors have correlations of less than 0.6 (Figure
15). TLI correlates at a moderate to strong rate with factors that are used in the calculation of
the value used, including TN, TP, CHL and SD. AN also has a moderate level of correlation of
0.59 with TN, as TN encompasses all N species including AN. None of the factors intended
for use in the analysis of U. australis and water quality show levels of correlation that would
warrant their exclusion.
Figure 16 illustrates the water quality parameters associated with the low number of incidences
where both U. gibba and U. australis are present. It does show some interesting trends where
surveys with U. gibba alone having a larger mean Total Nitrogen than those with U. australis
as well or by itself. This trend among others displayed on the graphs are speculative due to the
small amount of data available for analysis.
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Table 9: candidate and average models for U. australis presence. Explanatory variables were Total Nitrogen (TN), Total Phosphorus (TP), Secchi
Depth (SD), and pH. Estimators of the association with the explanatory variable, standard error of the estimator (SE), explained deviance (ED),
the maximized log-likelihood, Akaike’s information criterion corrected for small sample size (AICc), difference between the AICc of the best
model and the AICc of modeli (DAICc) Estimator values in Bold implies an important explanatory variable (the CI 95% of the estimator excluded
zero). Null model DAICc = 45.38
Candidate models
Saturated Model

1

2

3

Estimator

SE

Estimator

SE

Estimator

SE

Estimator

SE

Estimator

SE

Estimator

SE

Intercept

-2.5767

0.8878

-2.794

1.320

-2.3272

0.7566

-3.40851

1.63030

-2.0229

1.3694

-2.65

1.13

TN

-3.1362

1.3566

-3.310

1.912

-2.089

0.8652

-4.38872

-1.982

-3.08

1.67

TP

1.8249

1.8249

1.819

1.325

1.91645

1.17308

SD

4.4294

4.4294

3.357

1.903

pH

-0.9919

-0.9919

ED

.61

0.57

0.53

0.46

0.41

Log-

-9.18

-10.36

-11.30

-12.84

-14.05

32.19

32

33.88

36.96

39.39

-0.19

1.88

4.96

7.38

3.3869

1.5718

-0.5984

0.5705

-0.01912

4

0.95041

1.4491

1.1528

1.82

1.18

3.9858

2.0297

3.79

2

-0.4724

1.3519

-0.82

0.75

Likelihood
AICc
DAICc
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Average model

As seen in Table 9 the saturated model performed only marginally worse than candidate model
one with pH removed and candidate model two with TP removed. As there are two models
with >2 DAICc of the AICc minimum model, model averaging of these three models will be
used for inference.
Table 10: Results of log likelihood test significance of each variables inclusion. Explanatory
variables were Total Nitrogen (TN), Total Phosphorus (TP), Secchi Depth (SD), and pH.
Factor
Log likelihood
Chisq
P Value
TN

-14.0545

9.7446

0.001798

SD

-12.8426

7.3208

0.006816

TP

-11.3033

4.2422

0.03943

pH

-10.3628

2.3611

0.1244

The final model selected contains all of the parameters included in the model selection process.
The results of Table 9 and 10 suggest Total Nitrogen and Secchi depth are the most important
factors in this model as their loss from the candidate model showed the greatest increase in
AIC value. They are also the only factors to show significance in the log likelihood test for
being important to the model.

3.3.6 Environmental effects on presence of U. australis.
Analysis of none of the key factors provided evidence to reject the null hypothesis that these
factors have no effect on U. australis presence. However TN and SD have large estimates
compared to their relative standard errors and confidence intervals. TP and pH have much
lower estimates relative to their confidence intervals with larger overlaps with zero within these
confidence intervals. TN and pH have negative effects, while SD and TP have positive effects
one the model.
Table 11: Average coefficients of models with >2 DAICc. Explanatory variables were Total
Nitrogen (TN), Total Phosphorus (TP), Secchi Depth (SD), and pH.
Estimate
St Error
Z Value
P Value
Intercept
-2.5526
1.0224
2.436
0.0149
TN
-2.7857
1.5310
1.816
0.0694
SD
3.5377
1.9041
1.780
0.0751
TP
1.1488
1.2878
0.880
0.1340
pH
-0.3752
0.6221
0.596
0.2113
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3.3.6.1TLI data
The Generalised linear mixed model and associated log likelihood ratio test (Table 12, Table
13) revealed that trophic level index (TLI) is significantly negatively associated with the
presence of U. australis. Lakes with low TLI, which is associated with low nutrient levels, are
more likely to contain U. australis. The estimate for TLI effect on the presence of U. australis
is relatively high compared to the confidence intervals, suggesting that this effect is real and
unlikely to be zero.
The variance of the random lake effect lake was 0, meaning it is having a negligible effect on
the outcome of the model.
Table 12: coefficients of generalised linear mixed model for effect of Trophic Level Index
(TLI) on presence of U. australis
Parameter
Estimate
Lower-95
Upper-95
SD of random
lake effect
Intercept
0
12.571
3.599
21.543
TLI
0
-3.683
-6.077
-1.289
Table 13: Results of log likelihood test for significance of Trophic Level Index (TLI) compared
to a null model.
Loglik
Chisq
Pr(Chi)
Null
-17.045
TLI
-20.571
7.0516
0.007919

3.3.7 Key causes of turbidity
The model to account for lake turbidity shows the relationship between Secchi depth (SD) and
the two major suspected causes of increased turbidity, land use and Chlorophyll content (CHL)
(Table 14, Table 15). The estimated effect for CHL is negative where a decrease in CHL causes
an increase in SD. The effect size is more than twice that of land use. This is supported by the
log likelihood test where p<0.05 indicating this is a significant factor for the model. Catchment
type was not a significant factor in predicting changes in SD.
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Table 14: Coefficients of generalized linear mixed model for effect of Chlorophyl a (Chla) and
catchment type on Secchi Depth
Estimate
St Error
Lower
Upper
SD of random lake
effect
Intercept
-0.04938
0.28019
-0.60976
0.511
0.5265
Chla
-0.27674
0.09671
-0.47016
-0.08332
0.5265
Catchment -0.11679
0.49726
-1.11131
0.87773
0.5265
Type

Table 15: Results of log likelihood test significance of factors Chlorophyll a (Chla) and
Catchment Type when compared to models with factors removed
Loglik
Chisq
Pr(Chi)
Null
-75.181
Chla
-77.711
5.0607
0.02447 *
Catchment type
-75.840
1.3179
0.251

3.3.8 Effect of nutrients on Chlorophyll A levels
Changes in Total Nitrogen (TN), Total Phosphorus (TP) and pH all had significant positive
effects on CHL in the monitored lakes (Tables 16 and 17).

Table 16: Coefficients of linear mixed model for effect of Total Nitrogen (TN), Total
Phosphorus (TP) and pH on Chlorophyll a.
Estimate

St Error

Lower

Upper

Intercept

-0.00879

0.23909

-0.48697

0.46939

SD of random
lake effect
0.5193

TN

0.23031

0.18294

-0.13557

0.59619

0.5193

TP

0.19695

0.16083

-0.12471

0.51861

0.5193

pH

0.49405

0.19501

0.10403

0.88407

0.5193
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Table 17: Results of log likelihood test significance of factors Total Nitrogen (TN), Total
Phosphorus (TP) and pH when compared to models with factors removed.
Loglik

Chisq

Pr(Chi)

Null

-133.22

TN

-136.11

5.7862

0.01615 *

TP

-138.52

10.609

0.001125 **

pH

-136.66

6.8907

0.008665 **

3.4 Discussion
This chapter aimed to determine whether particular water chemistry conditions alongside the
presence of U. gibba were influencing the presence of U. australis and its subsequent loss in
22 of Northlands lakes
The loss of U. australis from 86.3% of lakes during the survey period of 2004 to 2018 made it
difficult to fit conclusive models to the data. However, some factors showed significant
relationships.
3.4.1 Overall data quality and sample size issues
As a preface to further discussion of the results here I would like to acknowledge that this data
set did not turn out to be as conducive to analysis as I had hoped when I embarked on this
study. The number of points that were included in the final analysis were significantly lower
than hoped due to poor compatibility between the datasets used. This analysis would have been
more informative with many more datapoints if the datasets used were more fit for purpose. It
is because of this that the results discussed here, while still interesting, should be thought of as
foundations for future investigation.

3.4.2 Effect of water quality on U. australis
The hypothesis was that U. australis would decline in lakes where water quality had declined.
This prediction was based on the extant distribution of U. australis only inhabiting high quality
wetlands and lakes. As well as research showing that U. australis and similar species prefer
low nutrient environments, as a lack of available nutrients is a key selection pressure allowing
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carnivorous species to compete effectively against other species (Ellison and Gotelli 2001;
Müller et al. 2008; Adamec 2012).
(Kibriya and Iwan Jones 2007) investigated how another species Utricularia vulgaris changed
its investment in carnivory based on nutrient regimes by manipulating Nitrogen and
Phosphorus availability. Their results showed a decrease in investment in carnivory under
increased phosphorus but found no noticeable change in biomass or growth.
Total Phosphorus showed no significant evidence for a relationship with the presence or
absence of U. australis. However while not significant there is some evidence that Total
Nitrogen had an effect on the presence of U. australis in Northland lakes. This relationship
between TN and the presence of U. australis may shows some support of the original
hypothesis that a cause of the decline was increased TN influencing nuisance growth of U.
gibba as seen with other invasive macrophyte species (Hofstra et al. 1999; Kennedy et al. 2009;
Wersal and Madsen 2011). There is the possibility that U. gibba has a higher tolerance to these
changes in water chemistry and therefore persists in situations where U. australis is lost.
While the relationship was not significant there was also some evidence to suggest an effect of
SD on the presence of U. australis. This is most likely due to U. australis being lost through
increasing turbidity (low SD) creating unfavourable conditions for growth. Due to the medium
they live in, submerged macrophytes like U. australis require clear water to allow the light they
require to reach their leaves for photosynthesis to occur. In (Wells R and Champion 2014) it is
discussed how rapid declines in SD in lake Te Kahika caused a dramatic decline in all aquatic
macrophytes with U. gibba being the only species seen in the lake at a later time. Research has
shown that in other lakes in New Zealand and internationally increased turbidity caused by a
variety of factors can cause the collapse of macrophyte beds(Hayes et al. 1992). What is
interesting is that research also suggests that the presence of macrophytes has a direct impact
on reducing turbidity through regulating the suspension of solid particles (Barko et al. 1991;
Schallenberg and Sorrell 2009), and that once vegetation is lost through sedimentation or other
effects, a semi stable turbid state can reduce the ability of macrophyte beds to recover (Weisner
et al. 1997).
The relationship between TN and the presence of U. australis shows some support of the
original hypothesis that a cause of the decline was increased TN influencing nuisance growth
of U. gibba as seen with other invasive macrophyte species (Hofstra et al. 1999; Kennedy et
al. 2009; Wersal and Madsen 2011). There is the possibility that U. gibba has a higher tolerance
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to these changes in water chemistry and therefore persists in situations where U. australis is
lost.
A recent investigation by Ceschin et al. (2020) was carried out on an Italian population of U.
australis. They found compared to my results a greater tolerance for Nitrogen finding U.
australis present in levels up to 1.600 g/m3 considerably more than the highest level observed
in this study of under 600 g/m3 . Interestingly they found a much greater sensitivity to
Phosphorus with the maximum values they observed being >0.01 g/m3 compared to as high as
0.1 g/m3 seen in observations within my data. They also found a median pH value of 8.3 which
is considerably higher that what the data suggests Is correct for populations within the data I
observed. However this could be support for why there was a positive relationship observed
between pH and presence of U. australis. Overall the disparities between these findings and
my own suggest that different populations of U. australis globally have varying habitat
preferences and this should be taken into account for future conservation actions. No significant
variation in the phylogenetic analysis carried out in Chapter two – Phylogenetic investigation
of U. australis was observed that would explain this. So perhaps it is a relationship with another
environmental factor that causes this variation.
It is likely that no single factors is causing loss alone and the model selection process
suggests that all factors have the ability to contribute to loss when accompanied by another
factor or factors, or on their own in the right circumstances. Some of these relationships are
explored further here such as the relationship between nitrogen and turbidity, and nutrients
and shifts in pH.
3.4.3 Trophic level index as a predictor for decline of U. australis
As TLI represents an indicator of lake productivity it seems likely that higher TLI values would
represent a degradation of habitat for U. australis. Carnivorous plants have evolved to live in
low nutrient environments where carnivory gives them the advantage over other species, this
advantage has to be large enough for the loss of photosynthetic ability to be compensated for
(Ellison and Gotelli 2001; Müller et al. 2008; Adamec 2012). Oligotrophic lakes are an
example of this habitat therefore eutrophication of these lakes through the factors that
contribute to trophic level index could cause habitat degradation for U. australis, either singly
or in combination. Increases in nutrients as discussed previously could displace the species
through facilitation of weeds as suggested in my original hypothesis. Alternatively, increases
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in nutrients could cause algal blooms that have impacts on water clarity and chemistry. This in
turn also represent increases in Chl a which can lead decreases in Secchi depth restricting light
to U. australis (Anderson et al. 2002; Heisler et al. 2008; Abell et al. 2010). TLI was found to
be a significant predictor of the presence of U. australis. Trophic level index is a general
measure used for lake health, particularly in New Zealand where lakes have naturally low
trophic level index values, therefore it could be a useful overall measure for lake suitability for
U. australis that encompasses Secchi depth and Total Nitrogen, factors that I believe to be
shown here to be important for U. australis. As trophic level index is calculated of an average
across the four factors, low Total Phosphorus or Chl a could skew the trophic level index
values. Because of this it would be worth considering the relative values of all contributing
factors when using TLI.
3.4.4 Land use and its effects on U. australis presence
Many studies have suggested that certain land uses like intensive agriculture or forestry can
have detrimental effects on streams and lakes through run off of nutrients or sediment (Hicks
and Harmsworth 1989; Monaghan et al. 2007; Hughes et al. 2012; McDowell et al. 2017). The
resulting detrimental impacts to the freshwater environment can include nutrification or
changes in turbidity that could cause the decline of species like U. australis (White E 1983;
Thornton et al. 2013). In this study not all lakes that contained U. australis had water quality
data available for them. Land use data could be collected for all lakes through ground truthing
and investigation of aerial imagery.
Lakes with agricultural catchments are likely to have higher levels of nitrogen than forested
lakes which would be expected to have higher than or similar levels to lakes with indigenous
vegetation(Monaghan et al. 2007; McDowell et al. 2009). This is supported in the lake water
quality monitoring data where lakes with agricultural catchments (e.g., Ngatu, Heather, and
Waihopo) showed the highest relative TN, TP and TLI rankings . In contrast, Te Kahika and
Morehurehu, which have catchments of exotic forestry, showed the lowest relative TN, TP and
TLI. Unfortunately no study lakes with U. australis from indigenous forested catchments were
included in the lake water quality monitoring network so comparisons cannot be drawn
between exotic and indigenous forest effects. The proportion of lakes with indigenous
vegetation that loss U. australis during the survey period is higher than expected. This could
be due one lake, Waitohora, having an undue influence with a small sample. Saltwater
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incursion into Waitohora lagoon may have caused localised extinction of the species which is
not saltwater tolerant (Wells R and Champion 2014). Apart from lakes, U. australis still persists
in wetlands with indigenous vegetation, as confirmed by site visits and communication with
local botanists during this study.
3.4.5 Nutrients and U. gibba
All lakes that contained extant U. australis populations also contained U. gibba, supporting the
hypothesis that U. gibba only causes issues under other influencing conditions that are not
present in these lakes. The main hypothesised method for U. gibba to displace U. australis
would be by creating matts of biomass that would smother other plants species, and in some
cases floating to the surface covered in periphyton blocking sunlight to the lake bed (Champion
2015). It is likely that elevated levels of nutrients are key triggers of this nuisance growth. U.
gibba matts have been observed in Lake Ngatu, which had an average total nitrogen level of
730.5 g/M3 during 2015-19 while Lake Te Kahika, which is the only LWQMN lake where the
species co-exist, had an average total nitrogen level of 399.75 g/M3 for 2015-2019. In visits to
these lakes I also noted that U. gibba in Lake Ngatu was forming matts while in Lake Te Kahika
no matts were observed, only individual plants growing alongside U. australis. U. australis
was last recorded in this lake in 2008, so it is possible conditions around the time of species
loss were different to those seen more recently. Wahakari has only recently become part of the
lakes water quality monitoring network so no water chemistry data is available over time period
in which U, australis was lost. As discussed in later sections the only other lakes apart from
Te Kahika in which U. australis occurs are not part of the lake water quality monitoring
network so do not have water chemistry data available; these lakes are in non-agricultural
catchments and this is commented on in section 3.4.3.
3.4.6 Timing of U. gibba arrival and U. australis loss
The difference in time observed between the arrival of U. gibba and the loss of U. australis
could be due to the gaps in surveys, where U. australis was lost then U. gibba arrived before it
could be noted. The only discernible pattern in the timing data is that the only lakes where U.
gibba and U. australis have coexisted as previously said are all in exotic or indigenous forested
catchments. There are not enough lakes with water quality data and information of timing of
U. gibba arrival and U. australis loss to construct a statistical model for this relationship and
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whether it was affected by lake water chemistry. However, if modelled it would be expected
that lakes with longer times between arrival of U. gibba and loss of U. australis would have
lower levels of TN than lakes where detection of arrival and loss occurred simultaneously.
3.4.8 Environmental factors causing the loss of U. australis not in relation to U. gibba
One of the main hypotheses of this thesis was that U. gibba is a factor in the decline of U.
australis in Northland lakes. However, many other factors could cause U. australis to decline
individually or together regardless of the presence of U. gibba. Here the potential for these
effects to contribute to the decline of U. australis is explored further.
3.4.8.1 Effect of water chemistry on Biological turbidity
Biological turbidity can have a range of potential negative effects on lakes and the species in
them like U. australis. Turbidity, measured as secchi depth, was a significant factor in
predicting the presence of U. australis. The key cause of changes in turbidity was change in
CHL rather than land use. While turbidity caused by sedimentation can be severe in certain
circumstances, the majority of lakes have catchments with gentle topography which would not
promote sedimentation. Total Nitrogen, Total Phosphorus and pH all influence Chl a as
hypothesised. This relationship between nutrient levels and Chlorophyll A is well documented
across New Zealand and the world (Anderson et al. 2002; Heisler et al. 2008). In other countries
phosphorus is of most concern in causing large algae blooms, however in New Zealand, due to
the lower base nitrogen levels, nitrogen can be the limiting factor that then influences large
blooms (White E 1983; Abell et al. 2010).
For submerged macrophytes like U. australis suspended particles blocking light is critically
detrimental Studies on this concept have shown that sediment density rather than composition
has the greatest impact on macrophytes (Barko and Smart 1986). Therefore it is likely that
increases in Chl a that represent large blooms could have a similar negative effect as sudden
influxes of sediment. Due to the oligotrophic nature of the lakes that U. australis historically
inhabits they naturally would have only very rarely had algal blooms, and the water clarity in
them is usually very high as seen in Figure 12. Specimens of U. australis grown in artificial
ponds during this study have suppressed growth when algae growth is high.
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Due to the high photosynthetic rate of algae they have the ability to increase the pH of water,
with the speed of change influenced by the size of the system and algal concentrations. When
algae photosynthesise they draw carbon from the water which can be in the form of carbonic
acid. This reduces the water’s carbon concentrations and increases the pH to become more
basic (Lucas 1983; Wurts and Durborow 1992). So the relationship between increased CHL
and pH may be due to increases in algal activity driving up lake pH through photosynthetic
activity.
Increases in pH caused by algal activity could create a more favourable environment for
invasive species like U. gibba as this species is thought to be pH restricted and may not thrive
in low pH conditions. Many of Northland’s dune lakes and wetlands are naturally acidic due
to their associations with peat and ancient kauri forest. U. australis seems to prefer these highly
acidic environments (Salmon 2001). So increases in pH caused by algae may facilitate the
invasion of U. gibba, which could in turn cause the loss of U. australis.
Increases in pH caused by other factors, such input from groundwater or changes in water
chemistry due to minerals washed into the lakes, could also cause the observed increase in lake
pH that could lead to increased Chl a (Lucas 1983; Bayley et al. 1992; Wurts and Durborow
1992; Renberg et al. 1993; Korhola et al. 1996). While many studies argue over the exact
manner in which pH effects algal growth or whether pH has an effect on dissolved inorganic
carbon concentrations (Maberly 1990), most studies show that pH levels of >7 are most
commonly associated with higher levels of algal growth with many species preferring even
higher values (Goldman et al. 1982; Hansen 2002; Hinga 2002). Many algal species are
specialised to grow in low pH conditions but these are not commonly bloom forming species.
3.4.8.2 Ammoniacal nitrogen
Another potential explanation for the loss of U. australis under certain conditions is that
nitrogen at certain levels can be toxic to the species. Ammoniacal nitrogen (AN) is most
commonly associated with nitrogen toxicity as most organisms find it toxic or damaging in
some way. While no work has been carried out on any members of the genus Utricularia, some
research suggests that at a certain point macrophytes can become stressed by ammoniacal
nitrogen concentrations (Cao et al. 2009). In some conditions ammonium stress could be
responsible for the decline of some macrophyte species. It is suggested that high ammonium
levels, e.g. 0.56 mg NH4-N mg L–1, represent the upper limit of growth of Vallisneria natans
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a native macrophyte of China. (Cao et al. 2007). Although levels of ammoniacal nitrogen only
very rarely reach levels around the 0.50 mg NH4-N mg L–1, Cao et al. (2007) suggest that any
levels above 0.30 mg NH4-N mg L–1 could cause stress in V. natans. The level at which NH4+
causes stress is variable though with Cao et al. (2009) showing that in another macrophyte
species, Potamogeton crispus, the level of NH4+ that is required to cause stress is 1 mg NH4-N
mg L–1. Although as stated similar research has not been carried out on any species of
bladderwort, we know that the habitat most commonly preferred by aquatic carnivorous plants
is generally oligotrophic suggesting that they would have a lower tolerance to nutrients like
NH4+ than other species of macrophytes (Adamec 2012). U. australis in New Zealand is
naturally found in oligotrophic lakes and wetlands with naturally low nutrient levels suggesting
that like other aquatic carnivorous plants it would be more sensitive to increasing levels of
ammonia (Salmon 2001; Abell et al. 2010). It is also possible that even a small amount of extra
stress caused by ammonium toxicity could be more strongly detrimental when combined with
other stressors such as increases in turbidity or invasive species pressure.
While the levels of ammoniacal nitrogen reported in my results were low enough to justify
excluding this factor from the analysis, AN still has the potential to cause loss in specific
conditions. Other factors such as Total Nitrogen and Secchi Depth would have longer effect
periods, so short term spikes may not cause the loss of U. australis if not sustained. However,
due to the mode of action of ammoniacal nitrogen toxicity a spike could cause loss of the
species that may not be picked up by quarterly monitoring as the spike may dissipate in severity
before the next survey.
3.4.8.3 Non organic turbidity
The results show that turbidity, measured as secchi depth, was an important factor in predicting
the presence of U. australis. As previously discussed, macrophytes are susceptible to increases
in turbidity due to their light requirements (Barko and Smart 1986), and carnivorous
macrophytes may be more susceptible than other species. Carnivorous plants tend to be found
in environments without light restrictions were they expend energy on the development of
trapping structures rather than photosynthetic surfaces, as trade-offs in light collection are often
made in the development of structures used in carnivory (Ellison and Gotelli 2001; Müller et
al. 2008). It is possible U. australis could acclimatise to small changes in irradiance levels, but
it is also likely that it would be less effective at trapping due to the previously mention trade-
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offs often found in carnivorous plants (Ellison and Gotelli 2001; Müller et al. 2008; Ellison
and Adamec 2018). Turbidity can come from either organic sources like algal blooms as
previously described or from inorganic sources such as tannins or sediment particles. Some
lakes showed a very rapid decrease in secchi depth over time and in these lakes the next survey
shows the loss of U. australis. Using aerial photos it is possible to make strong inferences
concerning the causes of these rapid changes in turbidity such as that which occurred in Lake
Te Kahika.
Dune lakes seems to recover very slowly or not at all from disturbance events such as logging.
When areas are logged generally there is an initial charge of sediment during preparation
works, then again during harvesting, followed by increased sediment load which steadily
decreases as vegetation covers the logged areas. The amount of discharge depends heavily on
the topography, soil type, vegetation cover and rain events that occur during and post-harvest
(Hicks and Harmsworth 1989; Phillips C et al. 2005; Basher et al. 2011). The soil around lake
Te Kahika and Morehurehu is sandy, made up of older sand with sandstone rhyolite and
greywacke present (Leathwick et al. 2003), so is prone to high levels of erosion especially in
the steep catchments surrounding these lakes. Most research on the impacts of forestry
sediment focus on its effects on smaller streams, which have more consistent flux and therefore
recover from sedimentation with time. Dune lakes like Te Kahika and Morehurehu have very
small ephemeral outlet streams and some lakes do not have outlet streams at all, and when
present these streams have very low discharge even when at peak flow. Therefore sediment
that is deposited in the lakes cannot be flushed out effectively and the lakes take much longer
to recover. There is even the possibility that once heavily sedimented, lakes like Te Kahika and
Morehurehu will not recover to their pre harvest state in a meaningful timeframe, meaning that
they may not return to being suitable habitat for endangered species such as U. australis.
Research has shown that while sediment has a negative effect on macrophytes, macrophytes
can also have a controlling effect on sediment. This means that some lakes can sit in alternate
stable states between highly turbid and clear with macrophytes, with transition back to a clear
state slow and uncommon (Schallenberg and Sorrell 2009). NRC has suggested investigations
into these effects to better manage this issue in the future. For example, Lake Kihona, which
currently contains U. australis, is surrounded by mature plantation forest so may be logged in
the near future. Further research on the specific effects of heavy sedimentation events on these
small lakes is required and then recommendations should be made to manage this event to
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prevent the destruction of further habitat for U. australis and other rare species that it shares
these unique environments with.

3.4.9 Increases in nutrification of non-agricultural catchments
It is unsurprising that long term increases in nutrient levels have been detected in lakes with
mainly agricultural catchments, e.g. Lake Ngatu (Figure 11). However, nitrification,
particularly increases in TN, can be observed even in lakes for which none of the immediate
catchment is agricultural. This is a concern given the evidence that TN is a significant predictor
of absence of U. australis. Lake Te Kahika has a catchment that was almost 100% exotic Pinus
radiata plantation until logging began in 2011. A review comparing nitrogen leaching from
exotic forests found that levels of leaching were significantly lower than those of pastoral land,
when the planted land had not been used for agriculture prior. The forest surrounding Lake Te
Kahika was sand dune prior to planting so fits into this category (Figure 22, Appendix 1).
Nitrogen leaching from plantation forests was also no different from that of indigenous forests.
However, leaching increases following harvesting as any soil nitrogen is transported with
eroded soil into water ways. Levels of leaching depend heavily on terrain and soil type as well
as how quickly bare soil was covered in either weeds or re growing forestry post-harvest (Davis
2014). In Lake Te Kahika there is a general trend of increasing levels of TN with time. There
appears to be a significant jump in levels between 2010 and 2011 during the harvest period.
Figure 14 shows that following logging areas green quickly showing plant coverage. Nitrogen
levels in the lake continue to rise after this greening though. Magesan et al. (2012) suggested
that these post-harvest weeds can be potential sources of nitrogen leaching. For example, the
pest species Ulex europaeus (European Gorse, Fabaceae), which is widespread in New Zealand
is able to fix atmospheric nitrogen using root nodules. The amount of Nitrogen found in the
leaf litter under a stand of gorse could be 137 kg ha-1 (Egunjobi 1969). Despite being a usual
early coloniser of recently logged forestry plantations in New Zealand, in the area around Lake
Te Kahika U. europaeus is not so prevalent. Therefore it is unlikely to be a contributing source
of Nitrogen to the lake. However, another legume, Paraserianthes lophantha (Brush Wattle,
Fabaceae), is common in the area and was observed to be a dominant species in the regrowth
around the lake following harvesting when I visited during data collection. Although similar
studies like those done on U. europaeus have not been carried out on P. lophantha it is possible,
given its faster growth rate, that it could contribute to nitrogen input to the lake in a similar
way, through build-up of nitrogen rich leaf litter which could then be washed into the lake.
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3.4.10 Issues with presence absence data
The vegetation data used in this analysis was presence absence data, only indicating whether
the species was present or absent during any particular survey. Some of the data available to
be used in the analysis was of greater detail giving a coverage rating for the transects used in
the lake SPI survey program. However, as not all the data that was retrieved from organisations
was at this level of detail to get the largest representation of survey dates and locations all data
was reduced to the presence absence level.
The availability of only presence/absence data restricts the level of analysis and therefore
prediction that can be made in terms of the relationship between nutrients, land use, U. gibba
and their effects on U. australis. Density information for each species would potentially show
this interaction in much greater detail but would require modification of existing survey
methods, which may be not practical in terms of large scale monitoring. Lakes like those
studied are also incredibly complex natural systems. While most significant factors are
included, the factors used in this analysis represent only a small portion of those that could
exist in the natural setting.
Presence absence (PA) data does represent some challenges and issues when used to describe
a species’ decline. Like all data PA is only as reliable as the method used to collect it, and
whether this method is suitable for detecting the desired species. Lake SPI, the survey program
that produced the data used in this study, does not explicitly search for U. australis. Instead it
records all species present along survey transects. Rare and sensitive species such as U.
australis are of great interest to surveyors as they are important contributors to the overall score
of a lake. Due to the cryptic nature of the species and its tendency to grow in pockets of specific
vegetation at certain parts of the lake or wetland it means that this survey method may be
inefficient in determining presence or absence of U. australis in lakes with any accuracy.

3.5 Conclusions
It is unfortunate that once collated the data representing lake water quality and the presence of
U. australis and U. gibba was not as fit for purpose as hoped. This meant that I was unable to
test the main hypothesis of this study as to whether U. gibba and changes in nutrient levels
were a significant factor in the decline of U. australis in New Zealand lakes. Although I was
unable to model the direct effects of U. gibba on the presence of U. australis there was evidence
to support the hypothesis that U. gibba could cause the loss of U. australis in some conditions.
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Increases in TN had a negative effect on the presence of U. australis. The only survey lake that
contained both species without the loss of U. australis had the lowest TN values of the lakes
used in this study. Also, all of the lakes in which U. australis still persists are in catchments
that are either plantation forest like Te Kahika or indigenous forest, which also likely have
lower nutrient levels due to their catchment land use. These results justify the importance of
carrying out further investigation on the competitive performance of U. gibba under changes
in water chemistry, for example via competitive mesocosm experiments (Hofstra et al. 1999;
Kennedy et al. 2009; Wersal and Madsen 2011). If this relationship between nutrients and
problem growth of U. gibba is present as expected, understanding it may be important for the
protection of more species than U. australis as discussed in the following chapter.
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Chapter Four – U. gibba and changing impacts into the future
4.1 Utricularia gibba as a wider environmental threat for New Zealand freshwater
environments and species
This chapter addresses the potential threat of U. gibba to other aquatic species and
environments in New Zealand, as well as U. australis outside the Northern New Zealand area
where U. gibba is currently most common. While U. gibba is recognised as a problem species
on New Zealand’s pest plant accord as well as other lists (Williams et al. 2002; Howell 2008;
Ministry for Primary Industries 2012), most conservationists are more concerned with other
species. This is potentially due to the smaller range that U. gibba currently inhabits, as well as
its comparatively lower impact compared to some of the other macrophyte species that have
larger displacement effects due to their growth habits.
To date, U. gibba has been confined to the northern part of the North Island. Understanding
the range this species could survive in could allow for preventative measures to be taken to
protect fragile species or habitats. Many of New Zealand’s most intact aquatic environments
are naturally distanced from areas of high human use as this is often what has kept them in
good condition. Therefore, the ability of U. gibba to spread via waterfowl movement without
the need of a human vector could put these environments at risk. Due to the now limited range
of U. australis, the impact that U. gibba can have on this species is limited to these areas and
circumstances. However, its growth habits and ability to spread mean that U. gibba could have
wider impacts on aquatic biodiversity. As discussed in 1.4 and 1.6 the primary impact of U.
gibba is displacement of other species through nuisance growth, similar to other invasive
macrophyte species. The potential for negative habitat modification by these other species is
well documented, particularly in Northlands lakes (deWinton et al. 2009; Compton et al. 2012;
Champion and Wells 2014). Given the ability for U. gibba to form nuisance growth and to
spread long distances via seed. This may mean that U. gibba could spread to areas currently
unaffected by other pest species and displace natives.
Compton et al. (2012) suggested that temperature could be restricting the distribution of U.
gibba in New Zealand. Following on from this, I will use climate modelling to investigate the
potential climate and geographic range of the species for New Zealand. If temperature is the
key factor influencing the current range of U. gibba in New Zealand as discussed in (Compton
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et al. 2012) then climate change may have an undesirable effect on the species distribution. The
Ministry for the Environment predicted an increase in mean temperature of as much as 1.0°C
by 2040 and 3.0°C by 2090 due to the effects of climate change (Ministry for the Environment
2016). In light of this and the prediction that temperature restricts the range of U. gibba in New
Zealand I will also apply appropriate climate change scenarios to my models to examine likely
outcomes.
4.1.1 The use of climate modelling for invasive species
Although science has always been interested in the distribution of species, in recent years the
use of Species Distribution Modelling, or Environmental Niche Modelling has become
increasing popular, with hundreds of published papers using these techniques annually (Lobo
et al. 2010). One of the potential uses of these models is to predict the area of a new country or
region that a species could potentially inhabit if it was introduced to this area, which can help
quantify a species invasion risk (Higgins et al. 1999; Thuiller et al. 2005). However, arguments
over the type of model to use occur regularly with a major concern being these models’ ability
to define or represent an organisms’ niche (Peterson and Soberón 2012). Invasion is an
extremely complicated process and (Peterson 2003) argues it relies heavily on the invasive
species niche remaining constant across time and when in a new location. However, niche shifts
are common in many invasive species, with species in their introduced range expanding to
occupy disturbed habitats, or having the ability to expand its range due to adaptive flexibility
(da Mata et al. 2010; González-Moreno et al. 2015). This affects how useful ecological niche
modelling would be for invasive species. Niche shifts are most commonly associated with a
species changing its realized niche, which often represents only a proportion of its fundamental
niche. In a species’ home range many factors, such as complex interspecific relationships,
seasonal variation of climate, or even intra species interactions, could limit a species’ realised
niche. During the invasion process, changes in any one of these factors can allow a species to
shift its niche and become more invasive, or spread further than a model could predict (Shwartz
et al. 2009; Tingley et al. 2014). In some cases, though, release from a herbivore may provide
no benefit to an invasive plant as allocation of resources from plant defences may not be
favourable in a new invasive range, particularly if the soil is nutrient poor, meaning speed of
growth may not be an advantage (Zhang and Jiang 2006). While niche shifts do occur in
invasive species, how regularly these occur has been contested. Petitpierre et al. (2012) showed
that in analogous climates niche shifts are rare, however this study used a relatively small
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number of examples. Atwater et al. (2018), using a considerably larger data set, found that
niche shifts occurred in 65-100% of the plant species in their study. This result means that in
terms of modelling species’ invasion risk, rigidity of its niche should be treated with caution to
avoid underestimates of the invasive species’ potential niche in a novel environments. Despite
these limitations, species distribution models remain a good tool for estimating the potential
range and niche of an invasive species before it spreads, however, they should be treated with
the necessary caution associated with the above risks.
Environmental niche (EN) modelling not only has the ability to predict a species niche or
geographical range in space, but also how these might change with time, particularly in the
face of broad scale climatic change (Pearson Richard G et al. 2002). EN models can be used to
map historic range of a species using historic climate data (Nogués-Bravo 2009; You et al.
2018), or to investigate how the range of a native species might be effect under a variety of
climate scenarios. EN models often show dramatically different predictions under different
future climate scenarios depending on an organisms’ ecology and habitat, with some species
expanding their ranges, others migrating with their climate envelope, and some species that
already inhabit narrow climatic envelopes predicted to go extinct (Berry et al. 2002; Hannah et
al. 2005; Thuiller et al. 2006; You et al. 2018). Similar models can also be adapted to
investigate how an invasive species may react to changes in climate (Jeschke and Strayer 2008;
Clements and Ditommaso 2011; Cunze et al. 2013). This is particularly of interest in terms of
U. gibba as temperature may be a greater influence on the range of U. gibba than human related
transport like other invasive macrophytes (Compton et al. (2012).
Due to the aquatic nature of U. gibba there are potential limitations of using air temperature
niche modelling when modelling distributions. Recent studies have shown large differences
from modelling the potential ranges of aquatic species when using air and water temperature
models (Walsh et al. 2020). These techniques are made complicated by the way lakes respond
to changes in ambient temperature. While higher air temperatures do cause increased lake
temperatures, lake size, shape, depth and clarity can all contribute to differences in lake
temperatures (Rose et al. 2016).
Scale is important when EN models are used and given how future climate models are often
broad scale, the limitations of such scale must be taken into consideration when interpreting
results (Pearson Richard G. and Dawson 2003). Particularly for models for invasive species,
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careful consideration of use of data from both its native and invasive range is critical to avoid
over fitting (Jiménez-Valverde et al. 2011).
4.1.2 How climate change affects invasive species like U. gibba
It is generally thought that climate change will be beneficial to many invasive species. This
comes back to the key traits that invasive species tend to have that allow them to be problem
causing in new environments. Locality of origin seems to be important with a larger proportion
of weeds in Asian countries originating in the Americas (Liu et al. 2006; Srivastava et al. 2014).
Other factors such as life history are also critical to predicting the extent to which a plant might
be invasive (Liu et al. 2006). Despite some shared traits across multiple invasive species it is
unlikely that climate change will affect all invasive species in the same way, as climate change
will affect each environment and each species in different ways. Some research suggest that
invasive species’ increased ability to adapt quickly may allow these species to make the most
of the changes under future climate conditions (Clements and Ditommaso 2011; Cunze et al.
2013).
In the aquatic environment climate change is likely to benefit invasive species in many ways
including, increased temperatures allowing tropical species to colonise higher latitudes,
reduction of winter extremes increasing survival, impacts on local species, and potential for
increased high intensity rainfall events to encourage dispersal of invasive species (Rahel and
Olden 2008). However, there are limitations to predicting these impacts as the complexity of
natural systems, with many complex unstable interactions, means that models would need
much more information to accurately make predictions, and this inherent uncertainty should be
expected and planned for accordingly (Dukes et al. 2009).
Climate change has the potential to influence rainfall along with temperature. Prolonged
drought caused by climate change could potentially have an important influence on species like
U. gibba and U. australis (Rahel and Olden 2008), particularly in already dry areas, or in
ephemeral wetlands.
4.1.3 Potential impacts of U. gibba beyond the loss of U. australis
4.1.4 Hypothesis and aims
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U. gibba has the potential to have an effect on biodiversity in New Zealand beyond U. australis
as discussed in the previous section. Due to this potential impact and a still unclear relationship
between the species and nutrients, it is important that the potential range of the species in New
Zealand is estimated so the species can be managed to prevent harm to other species or
ecosystems. This chapter develops a species distribution model to predict the current potential
range of U. gibba based on its Australian and New Zealand ranges. I will also use a variety of
future climate scenarios to model the potential future distribution of the species in New Zealand
to determine if climate change may allow a greater distribution and a greater impact of the
species.

4.2 Methods for species distribution modelling
4.2.1 Utricularia gibba
Utricularia gibba is described in detail in section 1.4
4.2.2 Presence data
Species presence data was gathered from GBIF (GBIF.org 2020), using the dismo package
(Hijmans et al. 2020), and was sorted to remove any observations that did not have location
data attached.
Although the species has a cosmopolitan distribution, being native to many countries across
the world (Taylor 1989) and many more now as an invasive, I only selected observations from
its New Zealand and Australian range for presence data. New Zealand U. gibba most likely
arrived from Australia so using data from only within this range best corrects against small
differences between population’s habitat preferences. 1100 observations were used in total,
405 from New Zealand and 695 from Australia.
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Figure 17: Presence data used in model training. Points represent locations of U. gibba.

4.2.3 Climate data
Climate data was gathered from worldclim data base, at a resolution of 5 minute grid squares
(Fick and Hijmans 2017). This resolution was determined to be sufficient for model predictions
over the New Zealand wide scale . (Fick and Hijmans 2017) Future climate data was gathered
from the CIMP5 database at a resolution of 5 minute grid squares for the year 2070 and is based
off of Intergovernmental Panel on Climate Change (IPCC) predictions. RCP 8.5 predictions
were selected for this analysis as this provides the greatest chance of detecting change as it is
the most extreme of the predicted scenarios. CMIP5 model output data was provided by the
WHOI CMIP5 Community Storage Server, Woods Hole Oceanographic Institution, Woods
Hole, MA, USA from their website at http://cmip5.whoi.edu/.

These raster and dismo

packages type datasets were acquired and managed using tools from the raster and dismo
packages while using R studio (R Core Team 2019; Hijmans 2020; Hijmans et al. 2020). Model
predictions were based on 5 bioclimatic variables: Annual Mean Temperature; Max
Temperature of Warmest Month; Min Temperature of Coldest Month; Annual Precipitation;
and Precipitation of Driest Quarter. These variables were selected based on their ability to
directly affect the presence of U. gibba. To check that rainfall wasn’t skewing the results
models were run without rainfall as a factor, these models were so similar to those shown that
this was disregarded. Temperature is thought to be important as discussed in deWinton et al.
(2009). Precipitation is important as some of the areas U. gibba could inhabit including smaller
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lakes and wetlands that could be affected or lost due to reduced rainfall. Training climate data
was trimmed to an area of between 111° 9' and 180° 19' East, - 51° 24' and - 11° 7' South.
4.2.3.1 Air temperature modelling for aquatic species
For aquatic species like U. gibba some studies have shown that water temperature rather than
air temperature should be used in climates models. This has been shown to cause some
disparities between models using these different factors for the same species (Walsh et al.
2020). In the case of U. gibba as much of its habitat is shallow water bodies the difference
between air temperature and water temperature would be less that in the larger water bodies
describe by Walsh et al (2020). In this instance the information for water temperature for this
model for both the presence data and the predicted distribution were not available, meaning the
models had to be developed using air temperature. Therefore, variations in lake type and
structure, and location can and likely will affect the true potential range of U. gibba compared
to the distribution predicted here (Benson et al. 2000; O'Reilly et al. 2015; Rose et al. 2016).
4.2.4 Modelling method
For climate modelling Maximum entropy or the MaxEnt method was used (Phillips SJ et al.
2006). MaxEnt is widely used for species distribution modelling in ecology and works with
presence only values. MaxEnt has also been shown to outperform some simpler methods like
Bioclim when predicting a species’ current range (Elith et al. 2006).
As part of modelling 500 background points were created using the MaxEnt package.
Models were evaluated using the area under the receiver operating characteristic curve (AUC)
where values closer to 1 show good models and values less than 0.5 represent models no better
than random (Hanley and McNeil 1982). For the production of presence absence outputs from
the continuous maxent models, thresholds were applied that had maximized Kappa values
(Cohen 1960). Models were created using r studio (R Core Team 2019)

4.3 Results of species distribution modelling Analysis
Models of the potential range of U. gibba under current and future climate models predicted a
wider distribution than what is currently observed for the species in New Zealand.
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4.3.1 Species distribution modelling under current climate
Variable contribution analysis showed that Rainfall contributed the most to the model with
minimum temperature being the second most important variable in predicting the distribution
of U. gibba.

Figure 18: Relative importance of each climate variable on model. BIO12 = Annual
Precipitation, BIO6 = Min Temperature of Coldest Month, BIO1 = Annual Mean
Temperature, BIO17 = Precipitation of Driest Quarter, BIO5 = Max Temperature of Warmest
Month
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Figure 19: Climate suitability for Utricularia gibba in New Zealand. A: Raw maxent values
of probability, Higher values represent great likelihood of U. gibba presence. B: Presence
threshold calculated with maximum kappa values, visualised by green grid squares. Points
indicated current U. gibba records. AUC = 0.944
Figure 18 shows the species distribution modelling for U. gibba under current climatic
conditions. The majority of the points indicating current locations of observation for the species
overlap with areas of high suitability shown in Figure 18A with the probability values as well
as Figure 18B with threshold values. The AUC value for this model of 0.944 suggests that it is
much better than a random model. There are some current observations that fall outside the
likely presence threshold located in the upper Waikato, Lake Taupō area, and Christchurch.
The model also shows areas of high suitability on most coastal areas of the North Island of
New Zealand where there are no current observations.
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4.3.2 Species distribution under future climate scenarios
Figure 19 shows the raw maxent values for a 2070 climate prediction for U. gibba. When
comparing this with Figure 18 we can see small increases in suitability in the upper South
Island and lower North Island.

Figure 20: Climate suitability for Utricularia gibba based on 2070 climate scenario. A: Raw
maxent values of probability, Higher values represent great likelihood of U. gibba presence.
B: Presence threshold calculated with maximum kappa values, visualised by green grid
squares. Points indicate current records.
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Figure 21: Change in climate suitability for U. gibba between current and 2070 climate
models. A: Raw maxent values of probability, Higher values represent great likelihood of U.
gibba presence. B: Presence threshold calculated with maximum kappa values, visualised by
green grid squares Points indicate current U. gibba presence.
Figure 20 shows the difference between raw maxent values for the species distribution models
for U. gibba under current and 2070 climate models. It shows small increases in suitability for
much of New Zealand. It does show decreases in suitability on the South Eastern coast of the
North Island and to a smaller extent the North Eastern coast of the South Island. Figure 20
displays the difference in threshold values with green square indicating area that has become
suitable due to climate change. These areas are minimal and mostly are adjacent to areas of
current threshold suitability.
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4.4 Discussion
4.4.1 Current climate
The model accurately predicted the current New Zealand distribution of Utricularia gibba with
only a few exceptions, being points in cooler areas in the central plateau of the North Island
and near Otautahi/Christchurch. These points may represent inaccuracy in the model, or may
suggest that this model predicts a narrower range for the species than its actual distribution,
alternatively this could represent niche shifting or expansion. Species outside their native range
often occupy wider niches due to release from predation or competition (Olsson et al. 2009;
Higgins and Richardson 2014). The training data may have predicted a more reduced range
than the species is able to inhabit as the training data may be representative of the species under
greater competitive pressures. These points may also represent observations of individuals that
have been spread by human means and do not represent natural spread or habitat of the species.
U. gibba may not persist and may not form nuisance growth in these areas.
The current climate models also indicate many areas where there have been no observations of
U. gibba yet but the model predicts suitable habitat for this species. These areas include coastal
parts of the North Island and some areas of the Marlborough region. As these areas are all
geographically distanced from the suspected introduction sites, it could be hypothesised that
these areas will be colonised with time.
Temperature correlating with Latitude may also be contributing to the current distribution of
the species in New Zealand when compared to the potential suitable distribution. Areas of
predicted suitability that contain no current observations are all south of the initial suspected
introduction site. Compton et al. (2012) found that temperature was likely the largest factor
affecting the species’ distribution at the time. This finding could have been influenced by the
introduction site being in the far north of New Zealand meaning that the only way the species
could spread is southwards, skewing any analysis of this type. Fig 12 supports this showing
that minimum temperature of the coldest month is the second most important variable behind
rainfall.
While past works and Figure 18 suggest temperature is important, Figure 18 shows that rainfall
was the most important factor contributing to the model. Rainfall discrepancies across the
Australian range of the species may cause this. Australian rainfall varies from a median high
of 7950mm/yr in Bellenden Ker, North Queensland to only 125mm/yr for Lake Eyre, South
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Australia (Australian government 2021). Comparatively New Zealand varies between 335
mm/yr for Alexandra and 6715mm/yr for Fiordland (NIWA). This is important as in Northern
Australia where the majority of records that were used to train the model are from temperature
is not likely to be restrictive as temperatures would be on average considerably higher that what
is thought of as restrictive in NZ, In these areas rainfall would be the limiting factor for the
distribution. It is likely that the lower suitability of predicted habitat near Napier is
representative of the low rainfall in this area.
Within the predicted suitable range where the species has not yet been observed are areas where
U. australis is still present. This is a concern given the conclusions of Chapter Three, where
there is evidence to suggest that in some conditions U. gibba could be a factor in the loss of U.
australis.
4.4.2 Future climate
The increase in suitable areas of New Zealand under future climate scenarios was less than
anticipated. This may be due to the model’s reliance on rainfall as a factor, which may become
less predictable under future climate scenarios affecting aquatic species. All the areas that show
increases in suitably for U. gibba are South of or near the southern extent of the main current
range of the species, suggesting that temperature is the primary factor for increasing range as
suggested by (deWinton et al. 2009).
There was also loss of suitable areas in some parts of New Zealand under the future climate
scenario, which wasn’t anticipated. The loss of suitable areas would likely not be due to
changes in temperature but rather the model’s use of rainfall data. The area that suffered the
greatest predicted loss of suitability was the south eastern coast of the North Island from Te
Tairāwhiti, East Cape down to the bottom of Te Wai Pounamu, the South Island This area is
naturally dry compared to other parts of the country (Chappell 2016). It is predicted that eastern
areas like these will become drier under climate change (Ministry for the Environment 2016).
This would potentially remove habitat for U. gibba as well as, unfortunately, native species.
Lower annual rainfalls would cause ephemeral wetlands to be drier for longer or completely.
Significant reductions in rainfall may also effect larger wetlands and small lakes, causing them
to be dry out. While this may restrict the spread and impact of U. gibba, as stated above this
would be disastrous for many native species in these areas. However, larger lakes may be less
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effected by decreases in rainfall and that would allow the species to colonise these habitats
even under drier climate change scenarios in these areas.
4.4.3 Potential for U. gibba niche widening and increased plasticity
While the predicted range of U. gibba modelled is less that what was initially hypothesised, it
is worthwhile considering the potential that U. gibba could acclimatise, or niche wider than
what can be predicted from modelling using data from U. gibba’s native range. Due to the high
phenotypic plasticity of invasive species, particularly macrophytes, it is possible for “more
invasive” versions of a species to exist, particularly when a species has a wide distribution. A
study carried out in New Zealand found that Ceratophyllum demersum from New Zealand had
a faster growth rate and grew over a larger temperature range than individuals from a native
population in Denmark (Hyldgaard and Brix 2012). This is consistent with other work in
invasive species ecology showing exotic species tend to have broader physiological niches
(Higgins and Richardson 2014). This theory may explain why the first introduction of U. gibba
did not spread and become a nuisance to the same extent as the second introduction. U. gibba
possesses the greatest threat to displace U. australis when it produces large nuisance growth.
Under these circumstances large swamping mats of the species can develop, smothering other
species including U. australis. These mats can grow periphyton on them and eventually become
buoyant to the point at which they rise to the surface blocking light to the communities below.

4.5 Conclusions of species distribution modelling
The Environmental Niche models developed here show that under the current climate there is
the potential for U. gibba to expand its range into other environments where U. australis still
occurs, and it could also potentially displace other native species elsewhere. This is also true
under future climate scenarios with a small range expansion possible. Neither of these models
account for niche expansion that is common for invasive species. With these results in mind it
would be pertinent to consider how U. gibba might affect other environments and species.
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Chapter Five - Conservation recommendations for U. australis and
Northland lakes
5.1 U. australis as an indicator of ecosystem health
Due to its sensitivity, U. australis could be used as an indicator species for aquatic ecosystem
health in the north of New Zealand. Indicator species are generally used as a qualitative, or in
some cases quantitative, measure of ecosystem health based on the presence or composition of
a species or group of species. Generally species are good indicators if they are relatively easy
to identify, of interest to the public, respond to disturbance and can be measured at low cost
(McGeoch and Chown 1998; Niemi and McDonald 2004). In New Zealand freshwater ecology
macroinvertebrates are the most common bio indicator used (Stark 1985, 1993; Wright‐Stow
and Winterbourn 2003). The use of macroinvertebrates is, however, limited in its application
to some lakes and wetlands, and functions best in stony streams and rivers. While U. australis
does not meet all the criteria mentioned above, such as ease of identification, the species does
meet some of the other criteria. It does respond to environmental changes, and due to the
charismatic nature of carnivorous plants it does have potentially more interest to the public
than other wetland plant species. Chapter 3 discussed the sensitivity of U. australis to changes
in habitat conditions. The only persisting populations of U. australis live in lakes and wetlands
of significant quality. Therefore, U. australis could be used as an indicator species for the health
of the environments it lives in. However, it paints a grave picture of the health of wetlands and
lakes across Northland and New Zealand.

5.2. Climate change and the conservation of Utricularia australis
5.2.1 Temperature effects on U. australis
It is unlikely that increased temperature on its own would have a large negative effect on U.
australis. Its distribution world-wide suggests it can withstand temperatures much greater than
those suggested in projected climate scenarios for New Zealand (Ministry for the Environment
2016). Increasing temperature may even increase the range of U. australis further southwards
or decrease the severity of winter and therefore increasing the length of the summer growth
season.
5.2.2 Changes in rainfall and effect on wetlands and lakes
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Of the predicted effects of climate change in New Zealand variability of rainfall will most
likely have the largest effect on U. australis in New Zealand. The Ministry for the Environment
(2016) suggests that rainfall variability will not affect all of New Zealand equally. Rather, areas
such as eastern coastal parts of New Zealand will likely receive less rainfall on average. This
includes parts of Northland that currently contain U. australis. Lower amounts or less
consistent rainfall could have a variety of detrimental impacts on the habitat of U. australis.
Many of the wetlands the species still inhabits are ephemeral, and without consistent rainfall
patterns these wetlands could stay drier longer, reducing the length of the growing season for
species like U. australis. Longer periods of drying could kill off dormant U. australis that have
formed turions to survive these periods. Though Wager (1928) suggests turions can survive
periods of desiccation, it is unlikely they would survive extended periods of dry especially as
these would correlate with summer; most Utricularia species develop turions at the end of the
growing season in autumn or winter.
The dune lakes U. australis occurs in, which are discussed in section 1.7.1 would be vulnerable
to changes in rainfall depending on their type. Window lakes may become vulnerable to the
water table lowering or even sea water incursion removing suitable habitat. Other lakes that
have small catchments may dry out under extended periods of low rainfall, removing habitat.
Macrophytes, both native and invasive, will likely be vulnerable to climate change induced
droughts (Rahel and Olden 2008; Bornette and Puijalon 2011).
Anecdotally, during visits to Northland wetlands personally and by others, the severity of
drought in recent summers causing drying out in wetlands has been noted. The effect that this
has had on the species may not yet be apparent.

5.3 Recommendations to prevent further decline of U. australis
5.3.1 Preventing further loss due to extreme sedimentation events
Regardless of any link between rapid sedimentation and subsequent loss of water clarity in
lakes with the loss of U. australis, there is recognised value in preventing these events. The
most common and severe driver of these events is the management of exotic forestry in the
direct catchment of lakes.
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At least one lake that still contains U. australis is surrounded by maturing Pinus radiata
plantation that will be logged within the next 10 years. If this lake is subjected to similar levels
of water quality degradation as Lakes Te Kahika and Wahakari, then it is very reasonable to
expect that U. australis would be lost here as well.
Much research into the mitigation of effects of logging on water bodies is centred around forest
streams, justifiably as these are the most common aquatic habitats effected by forestry
operations (Hicks and Harmsworth 1989; Kreutzweiser and Capell 2001; Phillips C et al. 2005;
Basher et al. 2011; Hughes et al. 2012). Streams differ in many ways in how they respond to
sedimentation and many of these are linked to the flow of water through a stream, that is not
present in lake and wetland environments. Even with this in mind, there are some techniques
that have shown merit in stream environments that could be applied to protect the lakes that U.
australis inhabits.
Riparian planting may have already helped to protect Lake Kihona from sedimentation from
logging. Around 10 years ago the northern side of the lake was logged, but when I visited the
lake in February 2019 it did not show signs of increased turbidity. I believe that the large
riparian buffer of scrub vegetation on the northern edge of the lake (Figure 21 A) would have
had a significant effect in reducing the levels of sediment that reached the lake. In comparison
figure 13 shows a relatively much smaller riparian area around Lake, which could have
contributed to its extreme sedimentation. The southern edge of Lake Kihona does not have a
riparian boundary- I observed plantation pine trees within a few metres of the lakes edge. This
could mean that when this section is logged it could be much more susceptible to sediment flux
into the lake. While there is significant debate about the effectiveness of riparian plantings in
general as well as the required width of riparian buffers to be successful, studies have shown
that wider buffers tend to provide better protection to water bodies as well as habitats for
indigenous fauna (Parkyn et al. 2003; Boothroyd et al. 2004; Collins et al. 2013).
The intensity of harvesting could be a contributing factor to sedimentation that could be
managed in future operations to protect lakes. Lake Te Kahika, which appears to be the worst
effected by sedimentation, had its entire catchment harvested over a short period of only a few
years. In comparison, Lake Kihona was harvested on one boundary, with a delay of 10 or more
years before the boundary will be harvested. This could mean that the sediment flux into the
lake is manageable and emergent riparian vegetation can trap it protecting the lake.
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For forests surrounding lakes, staged harvesting where the catchment is logged in smaller
sections, would decrease the sediment load into the lake. For sensitive and rare environments
like these dune lakes this practice should be adopted to protect these habitats and the many
species they provide refuge to. Differences in soil composition needs to be taken into account
when managing the harvesting of exotic forests as each site may require more or less
intervention based on how susceptible it is to sedimentation. Potentially the soil around Lake
Kihona was less likely to cause sedimentation problems as it was more sandy with a larger
grain size than that near lake Te Kahika. This could result in soil particles being more likely
settle rather than becoming suspended and causing issues.
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Figure 22: A: Arial view of riparian margin of lake Kihona; B: View of riparian margin of
lake Kihona from outlet stream
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5.3.2 Reducing the threat of increased eutrophication
Issues with the discharge of nutrients to water bodies come under the jurisdiction of regional
councils. In some cases councils have taken action such as subsidising land uses for lost
productivity to use less fertilizer in areas of significance, such as those around lake Taupō in
the centre of the north island(Petch et al. 2003). Though this strategy has been ecologically
successful and has greatly reduced the amount of harmful nutrients reaching the lake and
causing damage, it is expensive as it requires subsidisation of lost productivity (Duhon et al.
2011; Duhon et al. 2015). Therefore this method would be best utilized in small areas of
ecological significance such as protecting small lake catchments. Such a strategy may not be
economically feasible over the large areas required to protect wetlands and lakes that U.
australis inhabits, or freshwater in New Zealand generally. The strategic plan for northland
lakes states that if management goals cannot be achieved through management of existing land
use, than strategic purchase of land would be an option (Champion 2014a). Again this strategy
may be appropriate as an intervention tool in some areas but is not a viable solution across U.
australis habitat or freshwater generally. These methods also struggle with ground water
catchments as these can be large and harder to predict in terms of land needed to protect specific
bodies of water. Selective strategic riparian planting may be able to mitigate the effect of some
nutrient input (Dosskey et al. 2010; Vidon et al. 2010). However, riparian planting works best
for mitigating surface run of and some shallow groundwater nutrient flux (McKergow et al.
2016). Therefore, as for the methods mentioned above, for complex catchments or those with
a large groundwater component riparian planting may be hard to implement and considerably
less effective.
If habitat for U. australis across New Zealand is to be protected into the future changes beyond
those mentioned here must occur, these likely include wider changes to the type, intensity,
mitigation methods and location of agriculture in New Zealand. A discussion of these changes
would be large and beyond the scope of this work.

5.4 Summary of key recommendations
The decline of U. australis in New Zealand has proven to be so rapid that there is the potential
that if changes are not made the species could be lost all together. Here I will summarize the
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key recommendations discussed in the previous sections as a tool for anyone managing this
species and their fragile habitats.
I firstly recommend further research be carried out into the phylogenetic relationships between
New Zealand and Australian populations of U. australis as this will help inform future
conservation statuses and actions. Population genetics could be having an effect on recruitment
or fitness of the species so an understanding of this would be beneficial to conservation.
I recommend that the Northland Regional Council carries out an investigation of all dune lakes
with exotic forest catchments to firstly determine the lakes’ potential susceptibility to
sedimentation caused by logging. This should include, catchment size, catchment topography,
catchment soil type and age of trees/potential harvest times. This information should then be
used to help landowners make better decisions on how they manage harvesting events to
prevent lake degradation and therefore further loss of U. australis.
If the catchment is deemed susceptible to lake sedimentation during harvesting the following
recommendations could be made to landowners to limit damage to the lakes. These should be
considered on top of current regional and national forestry management guidelines, and
therefore I have not mentioned anything that is already present in these guidelines such as the
forest practice guides (New Zealand Forest Owners Association 2018) and Regional Council
guidelines (Northland Regional Council). Already it could be argued that the National Policy
Statement for Freshwater and the National Environmental Standards for Plantation Forestry set
expectations that forestry operations should not cause a noticeably change in water colour or
clarity (Parliament New Zealand 2017; NZ Ministry for the Environment 2020). This would
likely have been enough to prevent the loss seen in some lakes already. These recommendations
hopefully provide advice to help prevent this and loss of U. australis.
1. Establish significant riparian boundaries on the edges of the lakes. Buffers should be
no less than 10m but >50m would provide better protection and other ecosystem
services. These boundaries should be of indigenous species, which would provide
benefits in sediment capture but also increasing biodiversity of the lake edges.
2. Harvest the catchment in small stages with a time delay between each harvesting event
to prevent sediment release in amounts which could have a large negative effect on
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lakes (Testing would need to be done to work out optimal harvest size for sediment
minimization).
3. Consider not harvesting parts of the catchment that are extremely likely to cause large
amounts of sedimentation, these could become permanent carbon forest and/or thinned
and underplanted with indigenous species.
4. Create new dune lake specific guidelines for sediment flux and implement these for
designated fragile lakes like those discussed.
In catchments with high levels of agriculture, the following recommendations would be made
to prevent any further reduction in suitable habitat of the species, perhaps even creating habitat
that the species could be re-introduced into in the future.
1. Setting total nitrogen, total phosphorus and sedimentation budgets in lakes, more
stringent than those being proposed by the ministry for environment, as mentioned
above.
2. Creating large riparian boundaries to mitigate the effect of any surface run off into the
lakes, these should be comprised of native vegetation to increase habitat for other
species.
3. Carry out an in depth investigation into groundwater flow across key lakes and make
recommendations for broad landscape scale nitrogen and phosphorus control. This will
ensure the protection of these lakes and the vital groundwater resource.
Research will be critical in the prevention of further loss of the species, and further degradation
of its valuable habitat which is shared by many other species. Here I outline the key future
research foci I see as being of highest priority.
1. Mesocosm experiments assessing how nutrients effect the growth and competitive
ability of the invasive weed Utricularia gibba. This should include physiological
measurements of plant health beyond growth, such as chlorophyll a florescence, carbon
uptake.
2. Research to understand the comparative physiology of U. australis and U. gibba could
also inform future management actions.
3. Further population genetic studies should be carried out to determine the extent of
genetic diversity among populations.
4. Further investigation of the limitations to recruitment of U. australis in New Zealand.

107

5. Map available habitats for U. australis and consider reintroduction translocations and
the potential for ex situ conservation action if required.
Utricularia australis is a species of plant that, despite its incredible carnivorous lifestyle,
remains relatively unknown to the public. More worryingly this extends to the threats the
species and its habitat face. If nothing is done there is the potential that this species could be
lost from New Zealand within the next 10 years, and its loss would almost certainly signal the
loss of other species due as this would represent degradation of the high quality environments
U. australis inhabits alongside many other threatened and fragile species.

General conclusion and closing statements
The purpose of this thesis was to investigate the wide range of factors that I hypothesised were
influencing the decline of the critically endangered bladderwort species Utricularia australis.
Parts of this investigation, such as the links between Trophic Level index, sudden
sedimentation events and the loss of U. australis, provide good insights into the management
of the species moving forward. The phylogenetic component of this thesis raises more
questions regarding how population genetics may be affecting the species now or in the future.
While the rapid loss of U. australis from study lakes limited my ability to complete an analysis
of the direct impacts of U. gibba, I think there is evidence to show that this species is a concern
for U. australis and other species within similar environments, particularly when coupled with
compounding environmental pressures. Through modelling we can see that the potential range
for U. gibba is significantly greater than its currently observed range, meaning that planning
for the future management of this species should be done sooner rather than later. There is
much more to research and learn about Utricularia australis and it’s fragile environment,
especially if we are to halt the decline before the New Zealand population is lost. An
underwater plant that eats meat might represent the last bastions of truly wild wetland
environments in New Zealand, an environment that is still being lost to this day. I hope the
information of this thesis can go a small way to keeping these wild places and plants around
for years to come.
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Appendix
Appendix 1

Figure 23: Aerial photo of lake Te Kahika taken on 26/05/1947
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Appendix 2
Table 18: Average values of key water quality parameters over the study period.
Row Labels

Chlorophyll a
(mg/m3)

Secchi depth
(m)

Total Nitrogen
(g/m3-N)

pH

Heather

Ammoniacal
nitrogen (g/m3NH4)
0.083483333

Trophic Level
Index

7.159

Total
Phosphorus
(g/m3-P).
41.2

19.75433333

2.07054

678.4833334

Morehurehu

0.09493

3.405666667

2.127946667

428.9

6.292966667

23.35

4.003518694

Ngakapua west

0.009283333

7.251333333

3.0849

496.5166666

6.396533333

27.1

4.256444454

Ngatu

0.259986667

9.3434

3.239846667

730.5

6.96322

20.9666666

4.199610815

Rotokawau
(SW)

1.3118

7.972

2.9152

595.15

6.4804

38

4.422741138

Te Kahika

0.446233333

1.750333333

1.937121667

399.75

4.79035

19.7

3.460146968

Wahakari

1.004333333

3.005555556

4.343888889

356.6666667

6.8625

9.777777667

3.384890283

Waihopo

0.415506667

4.559733333

2.694361333

543.1166666

6.89058

24.6333334

4.124349451
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