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Abstract
Background: The use of environmental DNA analysis has revolutionized biodiver-
sity monitoring. Initially, eDNA monitoring surveys in aquatic environments utilized 
a targeted approach, but there has been a steady shift toward whole community 
assessments (eDNA metabarcoding). Both approaches can increase the detection 
sensitivity for rare and elusive species, compared to more conventional methods. 
However, it is important to understand the benefits and limitations of targeted and 
whole community eDNA monitoring to tailor surveys to research questions and man-
agement objectives.
Aims: Here, we aimed to test the relative merits of targeted eDNA analysis versus 
eDNA metabarcoding in an intermittent river system.
Methods: First, samples collected during different seasons were used to assess the 
influence of seasonality on the detection probabilities of both methods. Second, de-
tection probabilities from the two monitoring approaches for one focal species were 
compared to evaluate the sensitivity of both methods. Finally, the data from an eDNA 
metabarcoding survey conducted across the outer distribution limits of an invasive 
species were used to evaluate whether species interactions can be inferred by this 
method.
Results: Analyses showed that sampling intermittent river systems during low 
flow events increases the performance of the targeted eDNA surveys, while sam-
pling season does not influence the performance of eDNA metabarcoding surveys. 
Environmental DNA metabarcoding was found to be less sensitive than a targeted 
monitoring approach, thus making the latter more suitable for generating detailed 
distribution data. Nevertheless, eDNA metabarcoding survey data can be interpreted 
in a semiquantitative manner and can provide insights into biological interactions.
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1  | INTRODUC TION

DNA derived from environmental samples, commonly referred to 
as eDNA, can be detected and used for biodiversity monitoring 
(Deiner et al., 2017; Yoccoz, 2012). Environmental DNA monitor-
ing can entail a targeted assay, where the presence of a particular 
species is assessed using species‐specific primers, or a more gen-
eral approach (eDNA metabarcoding), where entire communities are 
characterized by amplifying DNA barcode regions for multiple taxa 
of interest coupled with high‐throughput sequencing (HTS) of ampli-
con libraries (Baird & Hajibabaei, 2012; Cristescu, 2014; Thomsen et 
al., 2012; Valentini, Pompanon, & Taberlet, 2009). Both approaches 
have been found to be more sensitive than conventional monitor-
ing methods (Jerde, Mahon, Chadderton, & Lodge, 2011; Lopes et 
al., 2017; Sigsgaard, Carl, Møller, & Thomsen, 2015; Valentini et al., 
2016). However, selecting the most suitable approach to best meet 
monitoring objectives requires a good understanding of their ben-
efits and limitations (Nichols & Williams, 2006; Yoccoz, Nichols, & 
Boulinier, 2001).

Biodiversity surveys aim to characterize species present in the 
environment, and the data are used to understand the biotic and 
abiotic factors that influence the distribution and abundance of spe-
cies (Nichols & Williams, 2006; Yoccoz et al., 2001). Surveys can seek 
to monitor entire communities, although it is a common practice to 
focus on a limited number of species (indicator species) to evalu-
ate ecosystem health or inform environmental management prac-
tices (Siddig, Ellison, Ochs, Villar‐Leeman, & Lau, 2017; Simberloff, 
1998). Targeted eDNA analysis, using species‐specific primers, 
can be a highly effective method for monitoring rare or elusive 
species (Ficetola, Miaud, Pompanon, & Taberlet, 2008; Goldberg, 
Pilliod, Arkle, & Waits, 2011; Jerde et al., 2011) and is highly suit-
able to accurately map the distribution of the species of interest 
(Bylemans, Furlan, Pearce, Daly, & Gleeson, 2016; Sigsgaard et al., 
2015; Takahara, Minamoto, & Doi, 2013). Additionally, targeted as-
says can be used to quantify eDNA concentrations within a water 
body and provide indicators of species abundance (Doi et al., 2017; 
Lacoursière‐Roussel, Côté, Leclerc, & Bernatchez, 2015; Takahara, 
Minamoto, Yamanaka, Doi, & Kawabata, 2012). Recent studies have 
demonstrated that multiplexing of species‐specific assays can de-
tect multiple species simultaneously but a rigorous evaluation is 
needed to test the specificity of each assay and the potential neg-
ative interactions between primers and probes (Tsuji et al., 2018; 
Wozney & Wilson, 2017). Consequently, targeted eDNA monitoring 
of a large number of species can become both time consuming and 
costly to develop. Furthermore, a targeted approach is by definition 
restricted and requires prior knowledge and assumptions of species 
present within a system, and so is unsuitable for the detection of 
species novel to the survey area.

In contrast, eDNA metabarcoding can be used to character-
ize entire species assemblages (Cilleros et al., 2019; Deiner et al., 
2017; DiBattista et al., 2017; Yamamoto et al., 2017). Environmental 
DNA metabarcoding can be used to simultaneously determine 
species distributions, ecologically important patterns of species 

diversity, and detect novel species (Blackman et al., 2017; Elbrecht, 
Vamos, Meissner, Aroviita, & Leese, 2017; Harper et al., 2019). 
Metabarcoding surveys are able to provide comprehensive pres-
ence/absence data, although sampling, laboratory, and analytical 
protocols can influence biodiversity estimates (Alberdi et al., 2018; 
Deiner, Walser, Mächler, & Altermatt, 2015). One well‐recognized 
bias in metabarcoding analyses is preferential amplification of a 
few target sequences, that is, those that are relatively abundant or 
have few primer‐template mismatches (Bylemans, Gleeson, Hardy, 
& Furlan, 2018; Elbrecht & Leese, 2015). Amplification biases can 
increase the chance of false‐negative detections (failure to detect 
a species even when it is present) compared to a targeted approach 
(Harper et al., 2018; Lacoursière‐Roussel, Dubois, Normandeau, 
Bernatchez, & Adamowicz, 2016; Schneider et al., 2016). Concerns 
also remain as to whether eDNA metabarcoding data can be inter-
preted in a quantitative manner. Some recent studies have suggested 
that eDNA metabarcoding can produce semiquantitative data and 
can be used to monitor species interactions (Hänfling, Handley, 
Read, Hahn, & Li, 2016; Ushio et al., 2018). However, the nature of 
the community (i.e., richness and evenness) and the PCR primers/
polymerases used during the amplification step can have a profound 
influence on quantitative estimates derived from metabarcoding 
analyses (Elbrecht & Leese, 2015; Nichols et al., 2018; Piñol, Senar, 
& Symondson, 2018).

A complicating factor for any eDNA‐based monitoring approach 
is that eDNA concentrations vary seasonally and spatially which 
in turn influences the detection probabilities (De Souza, Godwin, 
Renshaw, & Larson, 2016; Furlan, Gleeson, Hardy, & Duncan, 2016). 
Seasonal fluctuations in eDNA concentrations have been reported 
for both targeted eDNA and eDNA metabarcoding surveys (Bista et 
al., 2017; Buxton, Groombridge, Zakaria, & Griffiths, 2017; De Souza 
et al., 2016; Takahashi et al., 2017), while spatial variations in eDNA 
concentrations have been reported for both lentic and lotic fresh-
water systems (Furlan et al., 2016; Handley et al., 2019; Hänfling et 
al., 2016; Takahara et al., 2012). Nonetheless, no information is cur-
rently available on the eDNA dynamics in intermittent streams even 
though large fluctuations in water flow are likely to have strong influ-
ence on the abundance and distribution of eDNA in these systems.

Blakney Creek catchment is an intermittent river system in New 
South Wales (NSW, Australia) and is one of four systems in NSW 
to hold a self‐sustaining population of the endangered southern 
pygmy perch (Nannoperca australis). The presence and continued 
spread of two invasive fish species, common carp (Cyprinus carpio) 
and redfin perch (Perca fluviatilis), is threatening the long‐term per-
sistence of this population (Pearce, 2015). A survey conducted in 
the autumn of 2015, using both traditional and targeted eDNA 
monitoring, has shown that the upper reaches in this catchment 
have not yet been invaded by redfin perch, and this information 
was used to determine the optimal location of a redfin perch exclu-
sion barrier (Bylemans et al., 2016). The previous work conducted 
in the Blakney Creek system has provided solid background infor-
mation on the distribution and impact of the present invasive fish 
species (Bylemans et al., 2016; Pearce, 2015). Consequently, this 
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system provides a unique opportunity to evaluate and compare the 
advantages/disadvantages of both eDNA monitoring approaches. 
More extensive eDNA surveys were conducted in Blakney Creek 
with the aim of testing three hypotheses. First, if water flow re-
gimes in intermittent streams are the primary factor influencing 
the abundance and spatial distribution of eDNA, it can be expected 
that during high flow events eDNA concentrations would be lower 
(due to a higher dilution effect) and eDNA would be more heter-
ogeneously distributed (due to increased mixing). Second, if the 
preferential amplification of the DNA from a few species strongly 
influences eDNA metabarcoding surveys, this monitoring approach 
is likely to be less sensitive compared to a targeted monitoring 
approach. Finally, if there truly is a correlation between species 
abundance and the read counts obtained from eDNA metabarcod-
ing analyses, the read abundance data would be able to reveal the 
potential negative impacts of the invasive species on the native fish 
community. Here, these three hypotheses will be tested and the re-
sults will be used to assess the suitability of both eDNA monitoring 
approaches to address question relevant for both ecologists and 
environmental managers.

2  | MATERIAL S AND METHODS

2.1 | eDNA sampling and sample processing

Environmental DNA sampling was conducted at 19 sampling sites 
within Blakney Creek (BC) and the adjoining Urumwalla Creek (UC) 
(Figure 1). Sites were selected based on the most up‐to‐date redfin 
perch distribution data (Bylemans et al. 2016) to ensure that eDNA 
samples were collected across the redfin perch invasion front and 
thus varied in the abundances of this invasive species. Samples 
were collected over two spring sampling seasons (2015 and 2016) 
(Figure 1). Eight 2 L water samples were collected for each site and 

sampling event. All subsequent analyses were performed using eight 
eDNA samples per site apart for three instances where only seven 
samples were available per site (Appendix S1).

Prior to sample collections, all equipment was cleaned using 
a 20% bleach solution and thoroughly rinsed with UV‐treated tap 
water to remove any contaminant DNA. Each site consisted of a 
sampling pool, and surface water samples were collected along the 
entire length of the pool. A blank field control (BFC) was included 
for each site and consisted of a 2‐L sampling bottle filled with UV‐
treated tap water which was opened on site, closed and submerged 
in the water. Samples were stored on ice immediately after collection 
and transported back to the University of Canberra (ACT, Australia). 
A 1.2‐µm glass fiber filter (Sartorius) was used to capture the eDNA 
contained in the 2 L samples. Potential contaminant DNA was re-
moved from all filtering equipment as described previously. Negative 
equipment controls (NEC) were obtained by filtering 500 ml of 
UV‐sterilized water prior to processing the eDNA samples. Filters 
were stored at −20°C and transferred to a trace DNA laboratory at 
the University of Canberra where eDNA was extracted using the 
PowerWater DNA Extraction Kit (MoBio Laboratories). During batch 
extractions, all BFCs and a subset of the NECs (i.e., one for each 
sampling site) were processed together with the eDNA samples to 
monitor for potential cross‐contamination arising from the eDNA 
processing workflow. Environmental DNA extracts (100 μl) were 
stored at −20°C until required.

2.2 | Targeted eDNA monitoring

The eDNA samples collected from eight sites (i.e., BC01, BC03, 
BC06, BC09, BC10, UC01, UC03, and UC05) during autumn 2015 
were previously screened for the presence of redfin perch eDNA 
(Figure 1) (Bylemans et al., 2016). Additional samples were col-
lected from these sites during spring 2015 and analyzed for the 

F I G U R E  1   Map of sites sampled within 
Blakney Creek (BC) and Urumwalla Creek 
(UC) (NSW, Australia) during spring of 
2015 and 2016. Sites also sampled during 
autumn are indicated by an asterisk
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presence of redfin perch eDNA following the same procedure 
(Bylemans et al., 2016). Briefly, three real‐time PCR replicates 
were conducted using 8 µl of template eDNA and a redfin perch‐
specific TaqMan® real‐time PCR assay (Furlan & Gleeson, 2016a). 
A generic fish assay was included as a positive control, and PCR 
replicates were only considered valid when amplification was ob-
served in at least one assay (Furlan & Gleeson, 2016b). If all rep-
licates from a sampling site failed to amplify for the redfin perch 
assay, an additional three PCR replicates were performed for all 
samples. The total PCR replication for eDNA samples thus ranged 
from 3 to 6 (see Appendix S1 for full details). For all negative con-
trols (i.e., BFCs and NECs), six PCR replicates were performed to 
test for potential cross‐contamination. Samples were considered 
positive for the presence of redfin perch DNA if at least one out of 
all the PCR replicates showed positive amplification for the redfin 
perch assay.

2.3 | eDNA metabarcoding

All available eDNA samples were used in the eDNA metabarcoding 
analyses. The MiFish‐U fish primers (Miya et al., 2015) were used for 
the amplification and the construction of the HTS libraries as they 
were found to perform well in terms of their specificity to fish spe-
cies and the potential impact of primer biases (Bylemans et al., 2018). 
Furthermore, the MiFish amplicons are able to distinguish between 
most fish species occurring in the Murray–Darling Basin (MDB), with 
the only exception being the Galaxias species complex (Bylemans et 
al., 2018). Sequencing libraries were constructed following the gen-
eral protocol described in Bylemans et al. (2018) with some minor 
modifications. Firstly, negative control samples were screened for 
contaminant fish DNA by performing three PCR replicates per sam-
ple. Next, for all eDNA samples and those negative control samples 
testing positive for fish DNA, HTS libraries were constructed for 
unidirectional sequencing. A one‐step real‐time PCR amplification 
with fusion tagged primers (FTP) was used for library construction. 
Forward FTP consisted of the P5 sequencing adaptor, a custom for-
ward sequencing primer, a 7 bp Multiplex Identification (MID) tag, 
and the MiFish‐U forward primer. Reverse FTP contained the P7 se-
quencing adaptor, a 7 bp MID‐tag, and the MiFish‐U reverse primer. 
Amplicon libraries were created using three PCR replicates per sam-
ple to account for the stochasticity in the PCR amplification.

For all samples used in the targeted monitoring survey, 4 µl of 
template eDNA was used for each PCR replicate and unique combi-
nations of MID‐tags were used for each sample. As template eDNA 
volumes used during library construction were half the volumes 
used during the targeted detection, the results obtained from both 
approaches may not be directly comparable. Consequently, for a 
subset of the samples (i.e., samples collected from the BC01, BC03, 
and BC06 sites) HTS libraries were also constructed using 8 µl of 
template eDNA per PCR replicate and the results were used to de-
termine whether the eDNA template volumes influences the species 
detection probabilities derived from eDNA metabarcoding analyses. 
For all remaining samples (i.e., the samples not used in the targeted 

survey), HTS libraries were constructed using 4 µl of template eDNA 
per PCR replicate and unique combinations of MID‐tags were used 
for each site.

The average Ct values for each sample obtained from the real‐
time PCR analyses were used to quantify and pool equal amounts 
of amplicon libraries from 8 to 10 samples prior to conducting a 
library clean‐up using the Agencourt AMPure XP Beads (Beckman 
Coulter) in a 1.2 volume ratio. The presence of a single amplicon 
with the expected length was confirmed by agarose gel electropho-
resis, and band intensities were used to pool approximately equal 
amounts of each primary pool into a super pool. Two super pools 
were constructed and sent to the Ramaciotti Centre for Genomics 
(University of New South Wales) for additional quality checks and 
unidirectional sequencing with the MiSeq v2 1x300bp sequencing 
kit. The first sequencing run (MiSeq01) contained the amplicon 
libraries from the eDNA samples used in the targeted survey, 1 
NEC and 3 BFCs. The second sequencing run (MiSeq02) contained 
the uniquely labeled libraries from all remaining samples together 
with seven NECs, five BFCs, and five negative PCR controls. Both 
sequencing runs were conducted as to achieve an approximate 
sequencing depth of 50,000–60,000 reads per sample or 400,000–
480,000 reads per site.

Raw sequencing reads were processed following previously 
published workflows with some modifications (Bylemans et al., 
2018; De Barba et al., 2014). First, technical sequences (sequenc-
ing adaptors and primers) were removed using Trimmomatic v.0.36 
while simultaneously removing low quality bases (trimming of bases 
at the end of reads with a quality below 3 and trimming of reads 
with a sliding window of four bases with an average quality thresh-
old of 15) (Bolger, Lohse, & Usadel, 2014). Two processing pipe-
lines were used for subsequent filtering of the sequencing reads 
using the obitools software package (Boyer et al., 2016). Firstly, 
the data from the MiSeq01 run were processed to obtain fish com-
munity data on a per‐sample basis. The sequencing reads were 
binned to their respective samples, and subsequent filtering was 
done for each sample separately. Short (<150 bp) and low abun-
dance (<100) reads were removed before discarding reads aris-
ing from PCR and sequencing errors. Filtering thresholds for low 
abundance sequences were determined experimentally to ensure 
that all fish sequences present in the negative controls, likely to 
arise from spill‐over or low levels of contamination, were removed. 
Taxonomic information was assigned to the sequences using the 
taxonomic database for vertebrate sequences from the EMBL data 
repository (release 132) and 12S sequence from all fishes of the 
MDB (Bylemans et al., 2018). Second, the combined data from the 
MiSeq01 and MiSeq02 run were used to obtain community data on 
a per site basis for all sites sampled during the spring surveys. Only 
those sequences arising from consistent libraries preparations 
(4 µl of template eDNA per PCR replicate) were binned to their re-
spective sampling sites followed by quality filtering and taxonomic 
assignments as described previously.

A final clean‐up of the eDNA metabarcoding data was done 
in R version 3.4.1 using the tidyverse package (Appendix S2) (R 
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Development Core Team, 2010; Wickham, 2016). This additional 
quality check revealed that some sequences were assigned to 
commonly consumed fish which are not present within the system 
(i.e., Scomberomorus sp., Gadus sp., Pollachius virens, Seriola lalandi, 
and Salmo salar). These occurrences could be the results of PCR 
and/or sequencing errors or may have arisen from secondary con-
tamination of the samples and were thus discarded. Additionally, 
sequence records assigned to the Hypseleotris genus (ca. 0.14% of 
all fish sequences) and Hypseleotris sp. Murray‐Darling carp gud‐
geon (ca. 0.04% of all fish sequences) were identified at only one 
sampling site. A closer inspection of the sequences revealed that 
these are likely to be chimeric sequences and were thus removed 
(i.e., combination of Hypseleotris sp. Midgley's carp gudgeon and 
Hypseleotris sp. Lake's carp gudgeon sequences). Finally, while only 
Nannoperca australis species occur in the system, some sequences 
were assigned to the Nannoperca genus or to N. obscura. As N. aus‐
tralis sequence records were highly abundant in the samples giv-
ing rise to the ambiguous assignments, the latter are thus likely to 
result from PCR and/or sequencing errors and were reassigned to 
N. australis.

2.4 | Data analyses

2.4.1 | Seasonal influences

The detections of redfin perch eDNA in the Blakney Creek system 
were used to evaluate the effect of seasonality on the performance 
of targeted eDNA monitoring surveys. A Bayesian hierarchical 
model was used to estimate the concentrations of redfin perch 
eDNA at each sampling site, evaluate the dispersion of eDNA during 
the different seasons, and determine the overall sensitivity of the 
targeted eDNA monitoring survey (Furlan et al., 2016). As the mod-
eling framework relies on between replicate variation in the detec-
tion of redfin perch eDNA, sites for which all replicates consistently 
amplified or failed to amplify redfin perch DNA were excluded. Only 
the data obtained for four sites (i.e., BC06, BC09, BC10, and UC01) 
were thus retained for the analyses (Table 1) (see Appendix S1 for 
further details). Model specifications were as described in Furlan et 
al. (2016) but with the estimates of the dispersion parameter (r) vary-
ing dependent on the sampling season. The R package jagsUI was 
used to fit the models in JAGS using three chains with 20,000 itera-
tions per chain and discarding the first 10,000 iterations as a burn‐in 
(Kellner, 2015). A detailed description of the analyses can be found 
in the Appendix S1 and S2.

The eDNA metabarcoding data from all samples used in the 
targeted survey were used to evaluate the impact of the sampling 
season on the performance of the eDNA metabarcoding survey 
(Table 1). For each season and site, the data were used to calculate 
the detection probabilities for each species (i.e., the proportion of 
samples indicating the presence of a species' DNA). A paired sample 
t test was subsequently used to determine if the detection probabil-
ities differed significantly between the two sampling seasons (i.e., 
autumn vs. spring).

2.4.2 | Detection sensitivity

The redfin perch detection data obtained from the eight sampling 
sites surveyed during autumn and spring 2015 were used to evaluate 
whether the overall detection sensitivity differed between the tar-
geted monitoring and eDNA metabarcoding (Table 1). However, as 
different volumes of template eDNA were used in the targeted and 
metabarcoding survey the impact of the amount of template eDNA 
on the eDNA metabarcoding results was evaluated first. Using the 
eDNA metabarcoding data for the BC01, BC03, and BC06 sites, the 
detection probabilities for all species were calculated when 4 or 8 µl 
of template eDNA was used. Next, a paired sample t test was per-
formed to assess if the volumes of template eDNA influence the de-
tection probabilities for redfin perch.

The relative performance of the targeted eDNA and the eDNA 
metabarcoding surveys were evaluated by comparing the redfin 
perch detection probabilities. For all sampling sites (n = 8) sur-
veyed during autumn and spring 2015 (Table 1), the redfin perch 
detection probabilities were calculated as the proportion of sam-
ples producing a positive detection for this species. The detection 
probabilities obtained from the targeted survey were compared to 
those from the eDNA metabarcoding survey using a paired sample 
t test.

2.4.3 | Species interactions

The impact of the two invasive fish species present in the sys-
tem (i.e., common carp and redfin perch) on the native species was 
evaluated using the proportional read abundances for each site for 
both the spring 2015 and 2016 sampling season (Table 1). The data 
obtained for Urumwalla Creek and for Macquaria ambigua were 
excluded from the analyses as no invasive species were detected 
in the UC system and M. ambigua was only detected once (see 
Appendix S1). The proportional reads for the remaining native fish 
species (y) were transformed to avoid zero values using Equation 1 
with a sample size (N) of 8 samples per site (Smithson & Verkuilen, 
2006). A logit‐transformation was subsequently used to achieve 
normality (Equation 2).

As the number of species detected per site will influence the 
proportional abundance data, the relationship between the logit‐
transformed data and the total number of species detected was 
evaluated first. The R package nlme was used to fit linear mixed 
effect models to the data for each native species (Pinheiro, Bates, 
DebRoy, Sarkar, & R Core Team, 2019). The logit‐transformed pro-
portional abundance data were set as the response variable, the 
total number of species as the fixed effect and sampling season 
as a random effect to account for temporal pseudo‐replication. 
The impact of the invasive species was evaluated by fitting a linear 
mixed effect model for each combination of native and invasive 

(1)y� = (y× (N−1)+1∕2)∕N

(2)log it
(

y�
)

= log (y�∕(1−y�))



     |  407BYLEMANS Et AL.

species. Model specifications were as described previously but 
with the proportional read abundances of the invasive species set 
as the fixed effect.

3  | RESULTS

3.1 | Seasonal influences

Based on the results of the targeted survey, redfin perch eDNA 
concentrations were found to be generally higher during autumn 
(Figure 2). The estimated eDNA concentration from the BC10 site, 
however, deviated from this pattern with higher eDNA concentra-
tion observed during the spring sampling season (Figure 2). The 
mean estimates of the dispersion parameter were 17.04 and 18.57 
for the autumn and spring sampling season, respectively (with 95% 
credible intervals of 1.93–35.98 and 3.90–36.03, respectively). 
The high mean estimates for r and the large credible intervals in-
dicate that during both seasons, redfin perch eDNA is essentially 
randomly distributed (i.e., mean r values > 10 indicate random dis-
persion). Finally, the modeling showed a detection likelihood of 
95% or greater for our targeted eDNA survey (eight 2 L samples 
and six PCR replicates per sample), provided redfin perch eDNA 
concentrations were equal or higher than 2.5 molecules per liter 
(Appendix S1). The analyses of the detection probabilities derived 
from the eDNA metabarcoding data showed that even though 
detection probabilities in the autumn sampling season tend to 

be higher, the difference between the sampling seasons was not 
statistically significant (t = 0.77, df = 46 and p‐value = .4459) (see 
Appendix S1).

3.2 | Detection sensitivity

The MiSeq01 run generated a total of 12,315,650 sequences with an 
average sequencing depth of ca. 47,000 reads per sample, an overall 
Phred Q30 score ≥91.17, and on average 28,918 (±6,638) reads per 
sample were assigned to fish species.

Increasing the volume of template eDNA used during the con-
struction of HTS libraries in the PCR amplification step did not 
significantly affect the detection probabilities (t = −1.81, df = 38, 
p‐value = .0779) (Appendix S1). By contrast, redfin perch detec-
tion probabilities were significantly higher in the targeted survey 
than the eDNA metabarcoding results (Figure 3). For example, 
when the detection probability of the targeted survey ranged 
from .1 to .9 the eDNA metabarcoding analyses failed to detect 
redfin perch DNA in six out of eight sites by season combinations 
(Figure 3).

3.3 | Species interactions

A total of 17,050,364 sequence reads were obtained from the 
MiSeq02 run with a Phred Q30 score ≥79.40. The lower quality score 
of the MiSeq02 run is likely due to the inclusion of shorter amplicons 

TA B L E  1   Summary of the data used for the different analyses

Site

Seasonal influences Detection sensitivity Species interactions

Autumn 2015 Spring 2015 Autumn 2015 Spring 2015 Spring 2015 Spring 2016

BC01 HTS HTS PCR/HTS PCR/HTS HTS HTS

BC02     HTS HTS

BC03 HTS HTS PCR/HTS PCR/HTS HTS HTS

BC04     HTS HTS

BC05     HTS HTS

BC06 PCR/HTS PCR/HTS PCR/HTS PCR/HTS HTS HTS

BC07     HTS HTS

BC08     HTS HTS

BC09 PCR/HTS PCR/HTS PCR/HTS PCR/HTS HTS HTS

BC10 PCR/HTS PCR/HTS PCR/HTS PCR/HTS HTS HTS

BC11     HTS HTS

BC12     HTS HTS

BC13     HTS HTS

UC01 PCR/HTS PCR/HTS PCR/HTS PCR/HTS   

UC02       

UC03 HTS HTS PCR/HTS PCR/HTS   

UC04       

UC05 HTS HTS PCR/HTS PCR/HTS   

UC06       

Note: HTS: eDNA metabarcoding using MiFish‐U amplicons and high‐throughput sequencing; PCR: use of a redfin perch‐specific PCR assay.
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from a different study. On average, 294,826 (±42,500) reads per site 
were assigned to fish species after the bio‐informatics filtering of the 
combined MiSeq01 and MiSeq02 data. A summary figure of the fish 
community data for each site surveyed during spring 2015 and 2016 
can be found in the Appendix S1.

Linear regression analyses based on the proportional read abun-
dance data revealed a negative correlation between the logit‐trans-
formed proportion abundances of N. australis and the number of 
species detected per sampling site. For all other native species, no 
correlation or a slight positive correlation was observed (Figure 4). 
Regression analyses performed to evaluate the impact of the inva-
sive species showed a similar pattern. Only the proportional read 
abundance data of N. australis showed a negative correlation with the 
proportional abundance data of both invasive fish species (Figure 4).

4  | DISCUSSION

Seasonal patterns in eDNA abundance were observed for the tar-
geted eDNA survey while no significant effect of sampling season was 
observed for the eDNA metabarcoding results. The estimated con-
centrations of redfin perch eDNA were lower during the spring sam-
pling season (Figure 2). The only site that deviated from this (BC10) is 
located on the edge of the redfin perch distribution, and the increased 
eDNA concentration may reflect an increased colonization of this site 
by redfin perch. The observed lower eDNA concentration during 

spring may be due to an increased water flow during this time and/or 
a reduction in the metabolic rates due to lower water temperatures 
(autumn and spring water temperatures were 21.19°C (±1.06°C) and 
12.81°C (±2.08°C), respectively). Previous studies have also found 
that flow rates influence eDNA concentrations and detection prob-
abilities (Jane et al., 2015; Shogren et al., 2018), while the effects of 
water temperature are less well understood (Buxton et al., 2017; Jo, 
Murakami, Yamamoto, Masuda, & Minamoto, 2019; Klymus, Richter, 
Chapman, & Paukert, 2014). The eDNA metabarcoding results did not 
reveal a significant effect of sampling season. Overall, eDNA sampling 
during periods of low flow in intermittent river systems is recom-
mended to maximize the detection probability of eDNA surveys.

Direct comparisons of the detection probabilities for redfin 
perch, through either a targeted approach or eDNA metabarcod-
ing, confirmed our hypothesis that targeted eDNA analyses have a 
greater detection sensitivity than eDNA metabarcoding (Figure 3). 
This is consistent with other studies that have shown that a tar-
geted eDNA monitoring approach is more sensitive compared to 
eDNA metabarcoding (Harper et al., 2018; Lacoursière‐Roussel et 
al., 2016). Metabarcoding analyses are thus more prone to false‐
negative detections which are supported by the observation that 
eDNA metabarcoding failed to detect redfin perch at six sampling 
sites while targeted eDNA monitoring indicated their presence 
(Figure 3). Replication levels at various stages of the workflow can 
influence the detection probabilities of eDNA analyses (Ficetola 
et al., 2015; Furlan et al., 2016). Here, sampling replication per site 

F I G U R E  2   Estimated concentrations of redfin perch (Perca fluviatilis) eDNA for four sites within the Blakney Creek catchment sampled 
during spring and autumn of 2015. Estimates are based on the targeted analyses and are shown as the mean eDNA concentrations (solid 
points) and the 50% and 95% credible intervals (thin and thick lines respectively)
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and, for most site by season combinations (i.e., 11 out of 16), the 
level of PCR replicates used to generate the data were consistent 
(Figure 3). Furthermore, detection probabilities were calculated as 
the proportion of samples testing positive for redfin perch eDNA 
to standardize the data and reduce the impact of varying levels of 
PCR replication. The differences in the replication levels in the un-
derlying data are thus unlikely to be the main cause of the observed 
differences. A more plausible reason for the inability to detect red-
fin perch through the eDNA metabarcoding analyses is preferential 
amplification of sequences from other fishes present in the eDNA 
sample (Bylemans et al., 2018; Nichols et al., 2018; Piñol et al., 2018). 
A reduced amplification efficiency can be due to a relative high num-
ber of bp mismatches between the primers and the redfin perch tem-
plated DNA (Bylemans et al., 2018; Pinol, Mir, Gomez‐Polo, & Agusti, 
2015) or the low relative abundance of redfin perch eDNA compared 
to that of other fish species (Vestheim & Jarman, 2008). When eval-
uating primer mismatches for all fish species observed in this study, 
it is clear that the number of bp mismatches between the primers 
and the redfin perch template DNA is low relative to other species 
(Appendix S1). The low abundance of redfin perch eDNA relative to 
all other fish species thus seems the most likely explanation for the 
reduced detection sensitivity in the eDNA metabarcoding analyses. 

Although the detection of rare taxa may be improved by increasing 
the level of replication (Ficetola et al., 2015), use of unique MID‐tag 
combination for each PCR replicate and increasing the sequencing 
depth (Grey et al., 2018); all these measurements will increase the 
costs for eDNA metabarcoding surveys. Overall, the results show 
that eDNA metabarcoding will be less suitable for the fine‐scale 
monitoring of distribution patterns than targeted eDNA analyses.

The eDNA metabarcoding data and the linear regression analyses 
showed a negative interaction between the proportional read abun-
dances of N. australis and the invasive species common carp and red-
fin perch. However, several biases need to be taken into consideration 
to conclude that these invasive species are having a negative impact 
on N. australis. Firstly, species‐specific differences in amplification ef-
ficiency (i.e., due to primer‐template mismatches) will influence pro-
portional read abundances (Bylemans et al., 2018; Elbrecht & Leese, 
2015). Nonetheless, multiple studies have indicated that read abun-
dances correlate with species biomass (Evans et al., 2015; Hänfling 
et al., 2016). Second, differences in the number of species detected 
per sampling unit inherently bias proportional abundance data (i.e., as 
the total number of species increases, the proportional abundance is 
expected to decrease). Finally, as invasive species spread, establish, 
and increase in abundance, they will contribute more toward the total 
eDNA pool. A relative increase in invasive species DNA may, by itself, 
reduce the proportional read abundances of the native species even if 
their absolute abundance remains unchanged. Relatively few primer‐
template mismatches are present for the species in Blakney Creek for 
this to impact the eDNA metabarcoding, although patchy detections 
of one species (Retropinna semoni) by eDNA metabarcoding could be 
attributed to a reduced amplification efficiency from multiple primer‐
template mismatches (see Appendix S1 for full details) (Bylemans et 
al., 2018). The absence of any negative correlation for the propor-
tional read abundances of other native species, excluding N. australis, 
suggests that the number of detected species and the relative in-
crease in invasive species eDNA are not inherently reducing the pro-
portional abundance data (Figure 4a,b). Consequently, the negative 
correlation found between the proportional reads of N. australis and 
the invasive species provides evidence of a real negative impact by 
common carp and/or redfin perch. Although the relative contribution 
of the two invasive fish species cannot be assessed from the eDNA 
data, previous surveys within this catchment have found that preda-
tion by redfin perch is the most likely cause (Pearce, 2015). Common 
carp may also exert additional negative pressure by increasing water 
turbidity, through their feeding behavior, which in turn reduces the 
abundance of aquatic macrophytes (i.e., the preferred habitat for 
N. australis) (Price, Stoffels, Weatherman, O’Keefe, & Müller, 2016; 
Vilizzi, Thwaites, Smith, Nicol, & Madden, 2014).

Finally, a highly unexpected finding of the eDNA metabarcod-
ing results was the exclusive presence of Hypseleotris sp. Lake's carp 
gudgeon in the upstream sites in Urumwalla Creek. It was previously 
believed that this species only occurred as a F1 hemi‐clone which 
requires the presence of a sexually reproducing species to carry 
on their lineage (Bertozzi, Adams, & Walker, 1997; Schmidt, Bond, 
Adams, & Hughes, 2011). The data obtained from the current survey 

F I G U R E  3   Detection probabilities for redfin perch obtained 
from the targeted eDNA analyses (y‐axis) plotted against the 
detection probabilities obtained from the eDNA metabarcoding 
analyses (x‐axis). Detection probabilities were calculated for 
each site (n = 8) by season (n = 2) combination as the proportion 
of samples testing positive for redfin perch. The size of the solid 
circles indicate the number of site by season combinations, and the 
dashed blue line represents the perfect fit if detection probabilities 
were identical between methods and the shading shows the 
underlying PCR replication levels of the data (PCR data/eDNA 
metabarcoding data). The text box shows the results of the paired 
sample t test
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F I G U R E  4   Estimated regression slopes showing the relationship between the logit‐transformed proportional read abundances for: (a) 
native species and the number of species detected; (b) proportional read abundances of the two invasive species, common carp (Cyprinus 
carpio) and redfin perch (Perca fluviatilis), and (c) relationship between the logit‐transformed abundance data for southern pygmy perch 
(Nannoperca australis) and both invasive species. The 95% confidence intervals around the mean estimated regression slopes are shown as a 
line (a and b) and by dashed lines around the best fitting model (c)
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and an extensive sampling survey for the Hypseleotris species com-
plex have now provided evidence that sexually reproducing popu-
lations of Hypseleotris sp. Lake's carp gudgeon are still persisting in 
the MDB although they are restricted in their range (for full details 
see Unmack et al. 2019). This finding clearly illustrates the ability 
of eDNA metabarcoding to uncover cryptic diversity. However, it is 
important to note that the ability to detect cryptic taxa will depend 
strongly on the taxonomic resolution of barcoding region used.

5  | CONCLUSION

Comparison between eDNA detection methods reveals that a 
targeted eDNA survey is more sensitive than a whole community 
metabarcoding approach. This means that management and re-
search questions that focus on indicator species (e.g., invasive and 
threatened taxa) are best served by adopting a targeted eDNA ap-
proach. This would ensure better allocation of time and financial 
resources to obtain the detailed distribution data required to an-
swer research questions and/or achieve the desired management 
outcomes (Bylemans et al., 2016; Harper et al., 2018). However, 
when prior knowledge of the study system is limited, eDNA meta-
barcoding surveys have the ability to provide baseline information 
on biodiversity patterns (e.g., cryptic species and novel incursions 
of invasive species) (Blackman et al., 2017). The obtained informa-
tion would then allow for the design of more sensitive targeted 
eDNA surveys designed to address the research and/or manage-
ment needs. Finally, when surveys are required to study biological 
interactions, an eDNA metabarcoding survey is most suitable as it 
has the potential to quantify biotic responses to disturbances (e.g., 
the impact of invasive species) provided that all biases in the data 
can be identified.
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