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RESEARCH ARTICLE

Wetland biodiversity in Aotearoa New Zealand: an eDNA 
perspective on exotic and non-exotic species
Starsha Bird a, Shaun Wilkinsonb and Angela McGaughrana

aTe Aka Mātuatua School of Science, University of Waikato, Hamilton, New Zealand; bWilderlab New Zealand 
Ltd, Wellington, New Zealand

ABSTRACT  
Invasive species threaten biodiversity in Aotearoa New Zealand. In 
wetlands − significant sites that provide an array of ecosystem and 
cultural services but represent <10% of their original extent − 
invasive species can affect hydrological function, nutrient regimes 
and overall ecological functionality. Environmental DNA (eDNA) 
has emerged as a valuable biomonitoring technique for 
cataloguing biodiversity and detecting biological incursions, but 
little is known about how biodiversity varies in wetlands over fine 
and broad spatial scales. Here, we examined the publicly 
available eDNA database of Wilderlab New Zealand, retrieving 
data from 26 sites across the country to characterise taxonomic 
diversity patterns, including the extent of exotic and non-exotic 
(native and endemic) species. We found significant spatial 
variation in biodiversity – even among neighbouring sites – and a 
pattern whereby all sites had ≥50% exotic species in their total 
species tally. Our results provide new information on the current 
state of wetland biodiversity in Aotearoa New Zealand and 
highlight the value of eDNA databases for generating new 
insights from publicly shared data. They also emphasise an 
urgent need for greater resource allocation to conservation and 
restoration initiatives in Aotearoa New Zealand that will ensure 
the persistence of treasured native and endemic wetland species.
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Introduction

Concern regarding global change and alarming associated declines in biodiversity is esca
lating (Hohenlohe et al. 2021). Many species face numerous threats, including habitat loss 
and fragmentation, invasive species, disease, hunting and climate change (Hohenlohe et al. 
2021; Forsdick et al. 2022). Among these, invasive species – organisms that expand demo
graphically and spatially beyond their native range – pose a significant threat (Goldson 
et al. 2015), with a recent report from the United Nations Intergovernmental Science- 
Policy Platform on Biodiversity and Ecosystem Services estimating their global economic 

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 
(http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any 
medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way. The terms on which 
this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent. 

CONTACT  Angela McGaughran angela.mcgaughran@waikato.ac.nz
Supplemental data for this article can be accessed online at https://doi.org/10.1080/03014223.2024.2359685.

NEW ZEALAND JOURNAL OF ZOOLOGY 
https://doi.org/10.1080/03014223.2024.2359685

http://crossmark.crossref.org/dialog/?doi=10.1080/03014223.2024.2359685&domain=pdf&date_stamp=2024-06-04
http://orcid.org/0009-0006-3510-9964
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:angela.mcgaughran@waikato.ac.nz
https://doi.org/10.1080/03014223.2024.2359685
http://www.tandfonline.com


impact in 2019 at US$423 billion (Roy et al. 2023). Though this included management costs 
of just 8% (with the remaining 92% incurred from other factors, such as disease trans
mission and agricultural crop losses) early detection of invasive species increases successful 
control, minimises spread and ecological impact, and is more cost-effective than long-term 
management of established and widespread populations (Vander Zanden et al. 2010). 
Thus, methods that facilitate early detections of new incursions are important (Reaser 
et al. 2020), particularly in isolated landmasses with unique biodiversity.

The isolation of Aotearoa New Zealand from other significant landmasses resulted in a 
distinctive flora and fauna with high levels of endemism (Wallis and Trewick 2009). 
However, an initial absence of mammalian predators left native animals and plants ill- 
equipped for their later invasion (Atkinson 2001; Gibbs 2009). Over contemporary time 
scales (1968–2020), biological invasions in Aotearoa New Zealand have resulted in an esti
mated US$69 billion in economic damage and management costs (Bodey et al. 2022).

Among Aotearoa New Zealand’s unique ecosystems, wetlands are areas that encompass 
the interface between land and a water body and harbour specialised flora and fauna (Sorrell 
and Gerbeaux 2004; Ausseil et al. 2011b). They provide numerous ecosystem services, such 
as maintaining water quality and flood control (Clarkson et al. 2013), and provide cultural 
and recreational resources (Harmsworth 2021). With their shallow water bodies located in 
depressions, wetlands are sensitive to shifts in nutrient and sediment inputs. Consequently, 
they are prone to rapid transformations in response to hydrological and nutrient disturb
ances (Sorrell and Gerbeaux 2004) that alter both species’ compositions (Ausseil et al. 
2011b) and ecological processes (Ausseil et al. 2008). For example, floodplain habitats 
serve as spawning grounds for invasive fish, such as common carp (Cyprinus carpio) and 
goldfish (Carassius auratus), that are notorious for disturbing and mobilising fine sediment 
and thereby altering freshwater ecosystems (Wu et al. 2013).

Invasive species are a pervasive issue in the wetlands of Aotearoa New Zealand. 
Coupled with a reduction of >90% in the original extent of wetland coverage (Ausseil 
et al. 2011a), invasives pose a significant threat to the persistence of indigenous species 
– altering ecosystem composition, structure and function (e.g. the grey willow, Salix 
cinerea; Griffiths et al. 2018). Introduced mammals are also frequently reported to depre
date wetland birds (O’Donnell et al. 2015).

Quantifying the effects of invasive species in wetlands requires an ability to character
ise broader aspects of the ecosystem’s intactness and resilience (Hill et al. 2022). One 
metric is the ecological integrity (EI) index, which quantifies human pressures on 
wetland ecosystems by considering the wetland’s drainage, naturalness of catchment 
cover and extent of artificial impervious cover, nutrient enrichment and introduced 
fish and woody plants (Ausseil et al. 2008). However, the EI index does not include 
the effects of mammalian pests, herbaceous weeds, or exotic invertebrates due to a 
lack of spatial data of this nature, and obtaining information on all of the relevant pre
dictor variables that are included in the EI calculation can be challenging. For example, 
little is known about how distributions of both exotic and non-exotic (i.e. native and 
endemic) species vary in wetlands over fine and broad spatial scales. Other resources, 
like the Wetland Restoration Handbook (Peters and Clarkson 2010) and the Wetland 
Cultural Health Indicator (Robb 2014), offer comprehensive guidelines that support 
monitoring and restoration efforts in wetlands. However, environmental DNA (eDNA; 
genetic material shed by organisms into the environment) is a time-efficient 
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biomonitoring technique that is gaining popularity for monitoring and surveying biodi
versity (Beng and Corlett 2020).

eDNA can detect rare and endangered species – even when their populations are rela
tively sparse – and can out-perform traditional survey methods in detection capability 
with less associated time and labour (Franklin et al. 2019; Shelton et al. 2019; Takahara 
et al. 2020; Neice and McRae 2021). It is also useful for detecting invasive species. For 
example, the gold clam (Corbicula fluminea) was later found to have been detectable 
in reanalysed eDNA samples collected prior to its recent discovery in Aotearoa New Zeal
and’s Waikato River (Wilderlab New Zealand 2023). Finally, the relative ease of collect
ing makes eDNA amenable for use by citizen scientists, fostering community 
engagement with the environment (Goldson et al. 2015).

In this study, we examined a publicly available eDNA database established by Wild
erlab New Zealand (https://www.wilderlab.co.nz/explore) − a commercial provider of 
eDNA services − and contributed to by academic and citizen scientists since 2019. 
Our objectives were to: (1) demonstrate the value of repurposing public data; (2) identify 
spatial biodiversity patterns across the country; and (3) examine the proportion of exotic 
and non-exotic species across each wetland site.

Material and methods

Site selection and data generation

Multi-species DNA metabarcoding data from 18 wetland locations (as classified by the 
sample submitter) were downloaded from Wilderlab New Zealand’s public database. 
eDNA for all samples was extracted from water and samples were obtained between 
2019 (Wilderlab New Zealand Ltd) and August 2022. Seven of these wetland locations 
included >1 sampling site, bringing the total number of individual sites to 28. The geo
graphic location for all sites was cross-checked using Google Earth’s aerial imagery and 
roadside view to ensure the eDNA samples were taken from a wetland environment. The 
wetland type (e.g. bog, fen, swamp, marsh, dune) was determined based on client self- 
reporting, Google Earth’s aerial imagery and roadside view, or websites established by 
government bodies or trusts. The Wilderlab dataset included DNA matches from all 
taxonomic ranks, which were filtered to retain only those sequences for which species 
and/or genus level identification could be determined. After reviewing the locations 
against this criteria, two sites were removed, leaving a final total of 16 locations (26 
sites; Tables 1 and 2). This included a single site that we were unable to confirm the 
precise location of (located in the upper North Island and referred to as ‘ANO’ for anon
ymous hereafter). Notably, we analysed public data that we did not collect ourselves, thus 
iwi consultation prior to research and sample collection lies with individual researchers 
and/or with Wilderlab.

Because samples were collected by many different individuals or groups, there are 
naturally differences among sites in collection aspects, including the number of sampling 
sites, the number of replicate samples taken, the volume of water filtered, and the type of 
eDNA metabarcoding assay performed (see Table 1). In the latter case, six sites used the 
‘basic’ assay panel while the rest used the ‘comprehensive’ metabarcoding assay panel. 
These two assay panels differ in the number of primer combinations used, with 
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Table 2. The wetland type, a brief site description, and ecological integrity (EI) index values (if known) 
observed from Ausseil et al. (2008) for wetland locations used in this study, presented in geographical 
order (from the north of the North Island to the south of the South Island).

Location name
Location 

code Wetland type Site description
Site EI 
index

Anonymous ANO Coastal No information available.
Te Ahu Ahu Rd TAA Riparian wetland 

complex
Mānuka-kiokio-Machaerina wetland (0.06 ha) 

transitioning to an Eleocharis-Schoenoplectus- 
Machaerina (0.09 ha) wetland, surrounded by 
exotic and tōtara forest, degraded by stock 
access.a

Te Henga Wetland Freshwater swamp The 168 ha freshwater wetland contains a mosaic 
of cabbage trees, flax, mānuka, kuta, swamp 
millet, with patches of Machaerina and large 
areas of raupō reedland.b

0.66
HEN 1
HEN 2

Matarangi Wetland MAT Coastal Unmodified wetland reserve, fed by natural 
springs and run off.c

Opuatia Wetland A mosaic of wetland types surrounded by 
farmland.d,e

0.23
OPU 1 Marsh
OPU 2 Fen
OPU 3 Opuatia Stream 

(Wetland Outlet)
Rangiriri RAN No information available. Aerial imagery/ 

roadside view suggests constructed or 
modified wetland.

Pongakawa Wetland PON A 1.5 ha restored wetland.f

Waikahu Wetland WKU The 15 ha constructed wetland.g

Ngatotora Lagoon Dune lake-wetland The dune lake is surrounded by a nationally 
vulnerable wetland ecosystem exhibiting a 
transition from wet to dry vegetation zones. 
The wetland includes areas of raupō reedland 
and flaxland. Although it is small, fragmented, 
and unfenced, the area provides habitat for 
several vulnerable and at-risk species.h

NTT 1 Open water
NTT 2 Wetland
NTT 3 Drain

Kawakahia Wetland/ 
Te Harakeke 
Swamp

Dune Kawakahia Wetland (58.2 ha) stands as the 
largest surviving dune swale wetland in a 
relatively unaltered conditioni, comprising 
several vegetation communities, such as 
sedgeland, raupō reedland, flaxlandj, and 
providing a high-quality habitat for threatened 
and at-risk avian speciesi.

0.32

KAW 1
KAW 2
KAW 3

Ngā Manu Nature 
Reserve

NGĀ Lowland swamp 
forest

The 14 ha reserve comprises a diverse range of 
high-quality habitats for freshwater species, 
particularly threatened and at-risk avian 
species, with extensive raupō reedlands and 
flaxlands and contains 400 year old kahikateak,i. 
Samples were taken from the reserve’s stream 
outflow.

Old State Hwy 1 OLD No information available. Aerial imagery 
suggests riparian area.

Queen Elizabeth 
Park

Peat The area transitions from farmland into newly 
formed native forest, with regenerating native 
bush and newly established natural wetlands. 
Further peat restoration projects are planned.l

QEP 1 Drain outlet
QEP 2 Drain

Wetland inlet and 
outlet

No information available. Aerial imagery 
suggests area is a drain/channelised.

INL
OUT

Hororata HOR No information available. Aerial imagery 
suggests a riparian area.

Redcliff Wetland 
Reserve

RED Swamp and riverine 
wetland complex

Redcliff is part of a series of spring-fed wetlands, 
including the Rakatu Wetland system. The 50  

(Continued ) 
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different primers targeting different taxonomic groups and four primer pairs (targeting 
aquatic insects, vertebrates and fish) common to both assays (Table A1). We took steps in 
our analyses to examine or account for these differences among sites (see below). Follow
ing sample collection, the DNA extraction, amplification procedures and the bioinfor
matic pipeline – i.e. to convert sequence reads to amplicon sequence variants (ASVs): 
effectively zero-radius operational taxonomic units or OTUs, which allow the assignment 
of taxonomic identity to sequence reads – were performed consistently across samples 
by Wilderlab. For further details on laboratory and computational methods, see 
Wilkinson (2023).

Determination of species’ status

To understand how native and non-native species are distributed across Aotearoa New 
Zealand wetlands, we first classified all species (n = 319) identified from the Wilderlab 
database that formed our dataset. We used the classifiers ‘exotic’ or ‘non-exotic’ for 
consistency with public databases and to minimise the anomalies in invasion biology 
terminology (Blackburn et al. 2011). Here, we consider an exotic species to be an organ
ism that was introduced by humans to Aotearoa New Zealand from outside its native 
geographic range, and non-exotic species to include both native and endemic species. 
The former classification encompasses both invasive species, which have economic 
(Diagne et al. 2021) and environmental impacts (Doherty et al. 2016), and non- 
native species, which have become naturalised with possible benign effects (Schlaepfer 
et al. 2011). We primarily used the New Zealand Organisms Register (NZOR; https:// 
www.nzor.org.nz/search) and iNaturalistNZ (https://inaturalist.nz/) to make these 
classifications. Additional databases used included Biota of New Zealand (https:// 
biotanz.landcareresearch.co.nz/), Plants of the World Online (https://powo.science. 
kew.org/), New Zealand Birds Online (https://www.nzbirdsonline.org.nz/) and New 
Zealand Plant Conservation Network (https://www.nzpcn.org.nz/). In cases where the 
species could not be classified initially, broader search terms that included the 
generic name and the term ‘native range’ were employed in Google’s search engine 
to further attempt to define exotic/non-exotic status. We were ultimately able to classify 

Table 2. Continued.

Location name
Location 

code Wetland type Site description
Site EI 
index

ha of open water, native wetland vegetation 
and regenerating shrubland support a diverse 
range of bird and fish species.m

Rakatu Wetland RAK Swamp/constructed 
wetland

The 278 ha flood plain area was developed to 
enhance habitat for fish and wildlife in the 
region.n A total of 90 wetland habitats have 
been interconnected.o

aWong et al. (2020); bTiaki Tāmaki Makaurau Conservation Auckland; cRings Beach Wetland Group; dBarnes et al. (2001); 
eBrowne and Campbell (2005); fWestern Bay of Plenty District Council (2021); gTuia Pito Ora New Zealand Institute of 
Landscape Architects (2019); hKapiti Coast District Council (2022); iWaka Kotahi NZ Transport Agency (2012); jSmale and 
James (2014); kNgā Manu Nature Reserve lGreater Wellington Regional Council (2022); mNational Wetland Trust of New 
Zealand; nFutter (2008); oMcCulloch (2019).
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the biostatus of 264 species, leaving 55 with an unknown status, which we excluded 
from the majority of our analyses (see below) (Table A2).

Data analysis

Because the total volume of water filtered and the total number of replicates taken varied 
per site, we first wanted to understand if either of these variables were correlated with (i) 
the number of taxa detected at the species level at each site; and (ii) the number of absol
ute eDNA read count at each site. Thus, we performed four separate Pearson’s product 
correlation tests using the cor.test function in R v.2023.06.1 + 524 (R Core Team 2023). 
Sites MAT, KAW 1–3, and OLD were excluded from the former analyses due to their 
unknown total volumes of water filtered.

To examine differences in biodiversity across three broad Aotearoa New Zealand 
regions [defined as: ‘upper North Island’ (locations TAA – PON) and ‘lower North 
Island’ (WKU – OUT) – based on relative position being above or below Lake Taupō, 
and ‘South Island’ (HOR – RAK)] and at the finer scale of 26 wetland sites, non- 
metric multidimensional scaling (nMDS) plots were generated using the vegan:: 
metaMDS function from the vegan v.2.6-4 package (Oksanen et al. 2022) in R. We 
used default parameters, including Bray–Curtis dissimilarity with autotransform =  
FALSE. Subsequently, permutational multivariate analysis of variance (PERMANOVA) 
and permutational multivariate analysis of dispersion (PERMDISP) were performed 
using the adonis function from vegan to examine statistical support for differentiation 
among the different wetland regions/sites.

To understand variation in taxonomy across space, we used the eDNA read count to 
calculate the proportion of counts for each phyla relative to the total counts at that site for 
each site. We also examined the presence of non-exotic species across Aotearoa New 
Zealand by mapping the proportion of exotic and non-exotic taxa (i.e. the number of 
exotic/non-exotic species divided by the total number of species) at each site. In the 
latter case, to account for differences in sampling across sites (see above), we first 
subset the full dataset into two additional datasets: (i) only sites for which the compre
hensive assay panel was performed; (ii) only taxa from the three groups that both meta
barcoding assay panels detected (i.e. aquatic insects, vertebrates and fish). We then 
identified the top 10 exotic and non-exotic species across all datasets, ranking species 
according to their eDNA read count to calculate the percentage of each species 
present relative to the total eDNA read count for each site. We present the results of 
the comprehensive-only dataset in the main text, and provide the results for the other 
datasets in the Supplementary.

Results

Sampling effects

The total volume of water filtered was not positively correlated with either the number of 
taxa detected at the species level (r = 0.394; d.f. = 19; P = 0.077) or the number of absolute 
eDNA reads (r = 0.249; d.f. = 19; P = 0.277). However, the number of replicates taken per 
site was positively correlated with these variables (r = 0.445; d.f. = 24; P = 0.023 for 
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number of taxa detected at the species level; r = 0.708; d.f. = 24; P < 0.001 for the number 
of absolute eDNA reads).

Spatial biodiversity differences

nMDS analysis identified spatial differences in DNA sequence composition among 
wetland sites, with the upper North Island showing more variation than the lower 
North Island, and South Island wetlands clustering outside the main group 
(Figure 1A). These differences were statistically significant (F2,23 = 1.4104; P =  
0.001; PERMANOVA; F2,23 = 13.572; P = 0.001; PERMDISP) for all pairwise com
parisons among the three regions (P < 0.001 for upper North vs. lower North 
Island, P < 0.001 for upper North vs. South Island and P < 0.001 for lower North 
vs. South Island).

For individual sites, the nMDS plot showed a general pattern in which samples 
from wetlands in close geographical proximity (e.g. KAW, OLD, NGĀ and NTT) 
typically clustered together (Figure 1B). Exceptions to this included RED and 
RAK wetlands (1.6 km apart), which clustered separately despite their neighbour
ing locations (Figures 1B and A1). Multiple samples collected from the same 
wetland system exhibited high similarities for some sites (e.g. KAW 1 and KAW 
2; QEP 1 and QEP 2), and significant dissimilarities for others (e.g. OPU 1–3) 
(Figure 1B).

Analyses of the proportions of taxonomic phyla at each wetland showed high overall 
variation in biodiversity among sites (Figures 2 and A2). The top five phyla across all 
sites were Annelida, Arthropoda, Chordata, Cnidaria, and Streptophyta. However, a 
notable difference when comparing the North and South Islands was that none of 
the South Island wetlands contained Streptophyta, while HOR (South Island) was 
the only wetland where the proportion of Bacillariophyta exceeded 1%. Moreover, 
ANO and MAT (upper North Island) showed the highest proportions of annelids 
(84.4% at ANO) and chordates (99.7% at MAT), while RAK (South Island) had the 
highest proportion of arthropods (94.3%). A difference among the North Island clus
ters was the greater variation of phyla in the lower North Island compared to the 
upper North Island when considering proportions >1%. For example, the primary 
phyla within the upper North Island wetlands were Annelida, Arthropoda, Chordata, 
and Streptophyta, while the lower North Island included these phyla but also har
boured Mollusca and Cnidaria.

Even samples from wetlands in close geographical proximity demonstrated subtle 
differences when considering phyla proportions >1%. For instance, RAN and OPU 
1–3 (6 km apart, upper North Island) displayed varying proportions of Chordata, 
Arthropoda, and Annelida but the OPU sites included Streptophyta, while RAN had 
Cnidaria and Mollusca. Similarly, NGĀ and OLD (2.9 km apart, lower North Island) 
had varying proportions of Annelida, Arthropoda, Chordata, and Cnidaria but only 
NGĀ contained Nemertea and Streptophyta. In the South Island, RAK was dominated 
by Arthropoda (as outlined above) and Chordata (5.7%), while the neighbouring RED 
wetland (1.6 km away) had a much higher proportion of Chordata (69.7%), only 6.2% 
Arthropoda, and low representation from Annelida (21.2%) and Nemertea (1.6%) 
(Figure 1B).
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Figure 1. nMDS plot comparing DNA sequence composition among wetland sites: (A) For broad 
Aotearoa regions – upper (locations TAA – PON) and lower North Island (WKU – OUT), and South 
Island (HOR – RAK); and (B) For all 26 individual sites. Locations are presented in the key in geographi
cal order (from the north of the North Island to the south of the South Island).
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Biostatus and invasive species extent

We were able to classify biostatus for 264 species, including 102 non-exotic species (48 
endemic and 54 natives) – note that one DNA sequence was identified as either Anas 

Figure 2. Map of each wetland location, with pie graphs indicating the proportion of each phylum 
represented (phyla proportions <1% were merged into a single ‘other’ category; these are described 
in full in Table A3). Note that the ANO site was left off (see Methods) and is presented in Figure A2.
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chlorotis or A. gracilis (brown or grey teal), with the former classed as endemic and the 
latter as native; therefore, these species were excluded in the full dataset count – and 161 
exotic species (Table A2). Annelida and Arthropoda accounted for over half of the 55 
species we were unable to confirm biostatus for (n = 15 and 16, for Annelida and Arthro
poda, respectively) – suggesting that we may know less about those groups – while the 
remaining unclassified phyla included Bacillariophyta, Chlorophyta, Cnidaria, Discosea, 
Gastrotricha, Nemertea, Oomycota, Platyhelminthes, Rhodophyta and Rotifera, and the 
class Chrysophyceae (Table A2).

All locations harboured ≥50% exotic species (Figure 3A). ANO and OPU 2 completely 
lacked any non-exotic species, though the number of species differed between the two 
wetlands, with eight and 17 exotic species at ANO and OPU 2, respectively. Samples 
from spatially distant wetlands HEN 1 (n = 15), NGĀ (n = 66), HOR (n = 48) and RAK 
(n = 9) each exhibited 67% exotic species and 33% non-exotic species. PON (n = 20) 
and NTT 1 (n = 40) samples were dominated by 75% exotic species (Figure 3A).

In the comprehensive dataset, the top 10 exotic species across all sampled sites 
included worms (n = 3), crustaceans (n = 2), a fish, a bird, a cnidarian, a plant, and a 
mammal. (Figure 3B). Among these, Acanthocyclops robustus (copepod), Gambusia 
affinis (mosquito fish), and Anas platyrhynchos (mallard duck), were present at 17, 
five, and 14 of the 20 sites, respectively. Interestingly, the highest eDNA read count 
(for mosquito fish; n = 97,470 reads) was detected at OPU 3, while the remaining four 
sites that detected this species had much lower read counts (ranging from 2356– 
11,906). The top 10 list of non-exotic species (native and endemic) included five fish, 
two birds, a crustacean, a cnidarian, and an insect (Figure 3C). Anguilla australis 
(tuna/short-finned eel), Mesocyclops leuckarti (copepod), and Porphyrio melanotus 
(pūkeko/swamphen) were observed at all, 11, and 15 of the 20 sites, respectively; Neo
channa apoda (waikaka/hauhau/brown mudfish) and Triplectides obsoletus (New 
Zealand caddisfly) were each detected at only a single site (NTT 2 and NGĀ, respectively) 
(Figure 3C). Comparing these results with the other two datasets (i.e. the ‘full’ and 
‘aquatic insect/vertebrate/fish’ datasets; see Methods), we found that the top four or 
five species remained unchanged regardless of dataset, though there were some minor 
changes in the remaining species (Figure A4), with the latter dataset returning the 
same top 10 non-exotics species as the comprehensive dataset (i.e. Figure 3B, C). Inter
estingly, P. melanotus was not detected in the South Island wetlands, despite it being 
found throughout the country near fresh or brackish waters (https://nzbirdsonline.org. 
nz/species/pukeko).

Discussion

We explored public eDNA records obtained from 16 locations to better understand 
spatial biodiversity patterns and the extent of exotic species across Aotearoa New 
Zealand wetlands. We found that patterns of phyla composition differed spatially and 
exotic species were present at all sites.

Environmental differences among sites are likely a key driver for signals of spatial bio
diversity among wetlands, with variation in environmental features – such as water 
regime, substrate, nutrient status and pH (Clarkson and Peters 2012) – ultimately deter
mining the composition of resident flora and fauna by selecting only those species that 

NEW ZEALAND JOURNAL OF ZOOLOGY 11

https://nzbirdsonline.org.nz/species/pukeko
https://nzbirdsonline.org.nz/species/pukeko


Figure 3. (A) Map of each wetland location, with pie graphs indicating the proportion of exotic versus 
non-exotic species. See Figure A3 for pie graphs of exotic versus native versus endemic ratio. Additional 
panels show the top 10 (B) exotic and (C) non-exotic (i.e. native or endemic) species across all wetland 
locations from the comprehensive dataset. Note that the ANO site was left off (see Methods) and is pre
sented in Figure A3.
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can tolerate the local abiotic conditions (Johnson and Gerbeaux 2004; Clarkson and 
Peters 2012). For example, certain plant species have specialised for wetland environ
ments by adapting to wet and oxygen-deprived conditions (Sorrell and Gerbeaux 
2004; Ausseil et al. 2011b). Also of importance is the extent of restoration and/or man
agement operations, which can vary significantly among sites in both extent and effec
tiveness (Denyer and Peters 2020). In our study, eDNA samples collected from various 
wetland types (from swamp to coastal) and broad environmental regions showed 
spatial differences in biodiversity, even among proximate sites. For example, sites con
tained varying proportions of the top five phyla (i.e. Annelida, Arthropoda, Chordata, 
Cnidaria and Streptophyta), with some dominated by a specific phyla and others contain
ing a plethora of phyla diversity. The composition and distribution of the top 10 exotic 
and non-exotic species also varied, with certain species found at all or most sites (e.g. 
Acanthocyclops robustus, Anguilla australis), and others detected at only one or a few 
locations (e.g. Neochanna apoda, Triplectides obsoletus).

Although we identified clear biodiversity differences among sites, there are some impor
tant caveats to consider. First, samples were collected by different individuals and groups 
who used different field sampling methodologies and different laboratory assay panels in 
their experimental designs – a potential shortcoming of meta-analyses that draw from 
different research teams, including citizen scientists. This restricted our inference scope, 
because sites where a greater volume of water was filtered and/or a greater number of repli
cates were taken may have detected a greater number of taxa. Though we found no signifi
cant correlations between these sampling variables and the number of taxa detected at 
species level or absolute eDNA read counts at each site, we did find significant correlations 
between these variables and the number of per-site replicates taken. These patterns are con
sistent with other research, where the volume of water within a single replicate did not sig
nificantly impact species detectability, but the number of replicates did have an impact (e.g. 
Willoughby et al. 2016; Melchior and Baker 2023). Nevertheless, we caution the reader that 
certain species may not have been detected at certain sites due to sampling extent. Perhaps 
exemplifying this, the pūkeko was unexpectedly only detected in eDNA samples from the 
North Island in this study.

Species presence/absence patterns emphasise a second important caveat in eDNA data 
that forms part of a wider ongoing discussion in the field regarding technical sampling 
limitations and eDNA’s explicit ‘snapshot’ nature. In particular, detection of in situ 
eDNA can be affected by different DNA degradation and shedding rates, diffusion, trans
port and spatiotemporal dynamics (Ratsch et al. 2020; Ely et al. 2021; Troth et al. 2021), 
potentially leading to false negatives (failing to detect species of interest when they are 
present) and false positives (detecting species when they are absent) (Larson et al. 
2020). There is also a strong reliance on reference databases to match unknown 
genetic sequences to taxonomic identifications, and these have gaps associated with 
cryptic, rare, and unsampled species, including those that only interact in a limited 
way with water bodies (Hotaling et al. 2021). Finally, eDNA is not (yet) generally 
capable of being translated into estimates of biomass or abundance, though this is an 
active area of research (e.g. Rourke et al. 2021).

While best practice eDNA collection guidelines are frequently becoming available (e.g. 
De Brauwer et al. 2022; Smith et al. 2023) and help to address some of the outlined limit
ations, the use of eDNA in wetland environments is less developed due to additional 
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challenges associated with increased turbidity (with more filter clogging and therefore 
lower volumes of water often processed; Goldberg et al. 2018). Recent work has shown 
that the total volume of water processed, filter size, number of eDNA replicates and 
sampling sites, and timing of collection all impact biodiversity detection in wetlands 
(Bird et al. 2024); these factors may also reflect to some extent the similarity and dissim
ilarity identified between sites in this study.

Despite the noted limitations, our research suggests that wetlands of Aotearoa New 
Zealand are under serious threat. Indeed, > 60% of wetlands across the country had an 
EI index <0.5 in a 2008 study (Ausseil et al. 2008), and all of the 26 studied sites had 
at least 50% exotic species proportions in our study. With biological invasion forecasted 
to increase with climate change (Mainka and Howard 2010; Chown et al. 2014), the 
urgency for effective and efficient biodiversity monitoring measures that go alongside 
wetland restoration is clear. We have shown that, with due consideration to the associ
ated caveats, eDNA is a promising addition to the biomonitoring toolbox. Our work 
highlights the potential of citizen science in eDNA to generate new insights into biodi
versity dynamics and specific foci, such as the extent of invasive species presence across 
broad and fine geographic scales. Recent work has extended the application of eDNA 
data towards the development of a taxon-independent community index (TICI) for 
Wilderlab eDNA samples collected from Aotearoa New Zealand streams and rivers 
(Wilkinson et al. 2024). This index associates the presence of certain amplicon sequence 
variants (ASVs) with a ‘more’ or ‘less’ healthy ecosystem and is based on ecological 
approaches, such as the macroinvertebrate community index, or MCI (Stark and 
Maxted 2007). Using the TICI, the ecological health status of sites can be assessed, and 
before-versus-after eDNA sampling can elucidate the effects of restoration and manage
ment efforts using a single user-friendly metric (Wilkinson et al. 2024). Development of a 
TICI optimised for wetland environments is an additional advance we look forward to.
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