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Abstract

Finless porpoises (Neophocaena asiaeorientalis) currently face population decline caused by significant human activities
and are categorized as endangered on the International Union for Conservation of Nature (IUCN) Red List; however,
information on their habitats is currently insufficient. Although conducting visual surveys to determine the distribution
of cetaceans is common, visual observation of finless porpoises is challenging owing to their specific morphological and
ecological characteristics. In this study, we developed an environmental DNA (eDNA) assay for species-specific detec-
tion of finless porpoises. To test the utility of the assay, we conducted a visual survey in parallel with an eDNA survey
by collecting water samples from 50 sites throughout Osaka Bay. We visually found a finless porpoise at one location
and detected eDNA at nine sites, including sites near the visual observation site and those with rare sightings of finless
porpoises. Therefore, in this study, we suggest that the use of eDNA analysis for distribution surveys of finless porpoises
will enable more efficient surveys. The proposed eDNA technique can not only be applied to the distribution surveys fin-
less porpoises but also to those of other cetacean species.
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Introduction

The finless porpoise (Neophocaena asiaeorientalis) is a
cetacean species that belongs to the family Phocoenidae
(Amano 2009) (Fig. 1a). It is primarily distributed in the
warm waters of the Middle East and Asia, particularly
along the coasts of Iran, India, Indonesia, China, Korea, and
Japan. In Japan, it is mainly distributed in the following five
regions: Sendai to Tokyo Bay, Ise and Mikawa Bays, Seto
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Inland Sea, Omura Bay, Ariake Sea, and Tachibana Bay
(Shirakihara et al. 1992). They form genetically distinct
local populations in these areas, as suggested by differences
in their mtDNA sequences (Yoshida et al. 2001), breeding
seasons (Shirakihara et al. 1993), and skull shapes (Yoshida
et al. 1995).

The main known habitat of finless porpoises lies within
coastal waters at depths shallower than 50 m (Shirakihara
et al. 1994). As a top predator in coastal ecosystems, finless
porpoises are known to have a significant impact on the entire
food chain in coastal areas. Nevertheless, human activities
have threatened the habitat of this species, and its popula-
tion has declined (Jefferson and Hung 2004; Shirakihara et
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Fig. 1 (a) Finless porpoises (Neophocaena asiaeorientalis) in an aquarium. (b) A finless porpoise at the sea surface. Only a portion of the finless
porpoise’s back is visible; thus, it is more challenging to visually inspect, especially during high waves

al. 2007). The eastern part of the Seto Inland Sea, including
Osaka Bay, is subject to significant human activity, such as
commercial fisheries, vessel traffic, and coastal develop-
ment, because this area, particularly Osaka Bay, is adjacent
to the mega-city of Osaka (Kinki Major Metropolitan Area),
with a population of over 19 million (UN 2018). As reported
by Kasuya et al. (2002), over a period of 20 years, from
the 1970s to 2000, the population of finless porpoises in
this area was estimated to have reduced by approximately
one-third. Finless porpoises are classified as endangered on
the International Union for Conservation of Nature (IUCN)
Red List (IUCN 2017), and ongoing human activities in
the area have raised concerns regarding their population
decline. However, data on the habitat of finless porpoises
are insufficient as their visual observation is challenging
owing to their morphological and ecological characteristics
(Akamatsu et al. 2008; Kimura et al. 2009). Many cetacean
species exhibit large body sizes, dorsal fins, and form large
pods; thus, visual surveys are a frequently employed method
for monitoring their distribution (Swartz et al. 2003; Barlow
and Taylor 2005). In contrast, finless porpoises are one of
the smallest cetaceans, measuring 1.5 to 2.0 m in length and
50 to 60 kg in weight, and they lack dorsal fins, with only a
small portion of their backs visible when they are at the sea
surface (Fig. 1b). Additionally, they do not form large pods,
and do not exhibit porpoising behavior on the sea surface.
For these reasons, visual surveys of finless porpoises are
challenging. Therefore, a distribution survey method that is
independent of morphology and ecology is crucial.
Environmental DNA (eDNA) analysis for the detection
of DNA fragments in the environment, including oceans and
inland waters, is an emerging tool for the biomonitoring of
underwater species. eDNA surveys have been reported to be
simpler and more cost-effective than conventional methods,
such as visual and capturing surveys (Burian et al. 2021),
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and an increasing number of studies have employed eDNA
analysis to survey species, especially rare ones that can-
not be directly observed through visual surveys (Wada et
al. 2020; Bonfil et al. 2021). eDNA analysis can serve as a
helpful supplement or possibly a more effective alternative
to conventional methods for studying the distribution of fin-
less porpoises. However, studies that have applied eDNA
analysis to cetaceans are scarce compared with those to fish,
terrestrial mammals, and birds (Foote et al. 2012; Pinfield
et al. 2019; Tang et al. 2019; Székely et al. 2021; Robinson
et al. 2023). In this study, we aimed to establish an eDNA
assay specific to finless porpoises and confirm the capability
of eDNA analysis to detect finless porpoise DNA in marine
environments.

Materials and methods

Development of a species-specific assay for finless
porpoise

The DNA sequences of the mitochondrial cytochrome
b (Cytb) gene of the finless porpoise and two other ceta-
cean species identified in Osaka Bay (Indo-Pacific bottle-
nose dolphin [Tursiops aduncus] and common dolphin
[Delphinus delphis]) were downloaded from the National
Center for Biotechnology Information (NCBI) (Table S1).
Sequences of target and related species were aligned and a
single set of primers containing target-specific bases within
5 bases of the 3’ end were designed (Nas-Cytb-F, Nas-Cytb-
R) (Table 1). A probe containing target-specific bases was
designed using the Primer Express software (version 3.0;
Applied Biosystems) with default settings (Nas-Cytb-P)
(Table 1).
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Table 1 Sequences of primers and the probe designed for this study

Target species Ampli-  Primer/probe Sequence (5'>3")
con name
length
Finless porpoise 128 bp  Nas-Cytb-F TACGTTCTACC
(Neophocaena CTGAGGGCAAA
asiaeorientalis)
Nas-Cytb-R GCTTTGTCTAC
AGAGAACCCGC
Nas-Cytb-P FAM-TGTCAGC
AATCCCTTATAT
TGGCAGCACA
C-TAMRA

The specificity of the designed assay was validated in
vitro using DNA from target and related species. The DNA of
finless porpoise was extracted from muscle tissue preserved
in the Suma Marine Aquarium (a by-caught individual in the
Harimanada Sea in the eastern part of the Seto Inland Sea),
and that of Indo-Pacific bottlenose dolphin was extracted
from muscle tissue provided by the Okinawa Churashima
Foundation using the DNeasy Blood & Tissue Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruc-
tions. Each extracted DNA sample was diluted in 10 mM
Tris HC1 [pH 8.0] and 1 mM EDTA (TE) buffer at a concen-
tration of 20 pg/uL.

Real-time polymerase chain reaction (PCR) was con-
ducted using a QuantStudio3 real-time PCR system (Thermo
Fisher Scientific, Waltham, MA, USA) with muscle-derived
DNA as the template. The limit of detection (LOD), which
is defined as the lowest concentration of the template for
which any of the replicates were positive (Feist et al. 2018;
Robinson et al. 2024), was determined using 100 pg/reac-
tion to 1 fg/reaction of the DNA of the target species as the
template. Positivity was determined by whether an expo-
nential increase in DNA was observed. The composition of
the PCR reaction solution was 1x TagMan Environmental
Master Mix 2.0 (Thermo Fisher Scientific), 900 nM each of
primers, 125 nM TagMan probe, 0.1 pL AmpErace Uracil
N-glycosylase (Thermo Fisher Scientific), 5 pL DNA sam-
ple, and ultrapure water, with a total volume of 20 uL. PCR
blanks were prepared using the same volume of ultrapure
water as the DNA samples. Real-time PCR was conducted
in four replicates, with an initial step of 50 °C for 2 min and
95 °C for 10 min, followed by 55 cycles of 95 °C for 15 s
and 60 °C for 1 min.

Field application

A field survey was conducted on July 25, 2022 to test
whether the DNA of finless porpoise could be detected. The
survey area was Osaka Bay, and sampling was conducted at
50 sites along a 120-km long line route from Kishiwada Port
to Osaka Port through the Kitan Strait, around the Kansai

International Airport, and Akashi Strait (Fig. 2). We also
conducted a visual survey during the cruise (180° forward,;
two people standing on the deck; sailing speed: 10—12 kts;
weather: clear; and wave height: 0.5 m). To prevent DNA
cross-contamination during field survey and lab experi-
ments, disposable gloves were worn and bleached consum-
ables (0.1% effective chlorine concentration) were used. For
water sampling, a single 2-L surface water sample was col-
lected at each site, using a bucket, and transferred to a bottle,
and a final concentration of 0.01% benzalkonium chloride
solution was added to preserve the eDNA (Yamanaka et al.
2017). Moreover, 2 L of purified water was used as the field
blank, and a benzalkonium chloride solution was added
onboard and then treated in the same manner as the samples.
Samples and field blanks were transported to the laboratory
in plastic cooler boxes and stored below 10 °C.

The following day, all samples and field blanks were fil-
tered through two glass-fiber filters (GF/F, Cytiva, Tokyo,
Japan) with an average pore size of 0.7 pm. The two filters
were then pooled and stored at —25 °C until DNA extrac-
tion. DNA extraction from the filters was conducted using
the DNeasy Blood & Tissue Kit (QIAGEN, Hilden, Ger-
many) according to the experimental manual published by
the eDNA Society (Minamoto et al., 2021) to obtain 100
pL of eDNA samples. Samples were stored at —25 °C until
subsequent experiments.

Real-time PCR was conducted on the extracted eDNA
samples using the finless porpoise-specific assay. The
reagent composition, thermal conditions, and number of
replicates for real-time PCR are the same as for the in vitro
test described above. Field blanks were treated in the same
manner as samples. Positive controls were prepared by
adding 5 pL of 0.2 pg/uL of finless porpoise tissue DNA,
whereas PCR blanks were prepared by adding the same
volume of ultrapure water instead of DNA samples. Real-
time PCR amplicons were purified using the Wizard SV Gel
and PCR Clean-up System (Promega, Madison, WI, USA)
and sent to Fasmac Sequencing Services (Atsugi, Japan) for
Sanger sequencing to confirm the sequence of the amplified
DNA.

To check for false negatives due to PCR inhibition,
real-time PCR with an internal positive control (IPC) was
performed. As IPC, 3000 copies/reaction of lambda phage
DNA was used. The composition of the PCR reaction solu-
tion was 1x TagMan Environmental Master Mix 2.0, 900
nM each of primers for lambda phage (lambda-7184 F and
lambda-7267R; Honjo et al. 2010), 125 nM TaqMan probe
(lambda-7210P; Honjo et al. 2010), 0.1 pL. AmpErace Ura-
cil N-glycosylase, 5 uL. eDNA sample (n=50) or ultrapure
water (n=13; for positive control), and IPC DNA, in a total
volume of 20 pL.
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Fig. 2 The field site of this study is Osaka Bay, Japan. Sampling for
eDNA analysis was conducted at 50 sites (white and blue circles)
along a 120-km long line route from Kishiwada Port to Osaka Port
through the Kitan Strait, around Kansai International Airport, and
Akashi Strait. Blue circles represent sites where the eDNA of finless

Results

To confirm the specificity of the designed assay, primers
and probe sequences were compared with those of closely
related species. When compared with common dolphin
sequences, there were two or three nucleotide substitutions
in the forward primer, two or three nucleotides in the reverse
primer and five nucleotide substitutions in the probe. Simi-
larly, with Indo-Pacific bottlenose dolphin, there were three,
three or four, and five substitutions in the forward primer,
reverse primer, and probe, respectively. For both species,
there were substitutions within five bases of the 3’ ends of
both primers. These suggest that non-specific amplification
of DNA is unlikely for either species.

In vitro specificity testing with tissue-derived DNA con-
firmed the amplification of finless porpoise DNA, and no
amplification of DNA from related species (Indo-Pacific
bottlenose dolphin) was observed. PCR blanks showed neg-
ative results. The LOD was determined to be 1 fg/reaction,
and the PCR efficiency was calculated to be 91.3% based on
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porpoise was detected, and the circle sizes correspond to the number
of amplified replicates. The small white circles represent sites where
DNA was not detected. The red square represents the site where a fin-
less porpoise was visually observed

the Ct values of 10 fg—100 pg/reaction DNA from the LOD
experiments.

During the field survey, one finless porpoise was sighted
at one site (Fig. 2, red square). In the eDNA analysis, no
DNA amplification was observed in the field or PCR blanks,
and finless porpoise DNA was detected at nine sites (Fig. 2,
blue circles). The areas of detection included Kansai Inter-
national Airport, near the visual observation site, and the
Kitan and Akashi Straits. Of all the detection sites, four,
two, and one replicates were positive at one, two, and six
sites, respectively (Fig. 2; Table S2). The closest sampling
site to where a finless porpoise was observed by visual sur-
vey was approximately 250 m away, and no DNA from fin-
less porpoises was detected at the site.

Sanger sequencing and homology searching with Blast
showed that all sequences detected in eDNA were identi-
cal and showed 97.62-98.81% identity to the finless por-
poise sequences in the database. The sequences had no more
than 94.05% identity to non-finless porpoise sequences, and
were determined to be derived from finless porpoise.
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The results of real-time PCR with IPC to confirm the
absence of PCR inhibition showed that the cycle threshold
(Ct) values of the field samples (n=50) were 29.55+0.10
(mean+1 SD) and the Ct values of the positive controls
(n=3) were 29.73 +0.11. There was no difference between
the Ct values of the samples and controls, and there was no
evidence of PCR inhibition for any of the eDNA samples.

Discussion

We established an eDNA assay specific for finless por-
poises and successfully detected eDNA in the field. To our
knowledge, this is the first study to detect of finless porpoise
DNA in marine environments. Conservation of finless por-
poises is an urgent issue that requires immediate attention,
and identifying its habitat is a top priority for promoting its
conservation. In our study, although finless porpoises were
visually confirmed at only one location, their DNA was
detected at nine sites, suggesting the effectiveness of eDNA
surveys in investigating their distribution.

In this study, water samples were collected from 50 sites,
nine of which tested positive for finless porpoise DNA.
These results are consistent with the frequent observation
of finless porpoises near Kansai International Airport. Three
possible explanations exist for the abundance of finless por-
poises around Kansai International Airport. First, the water
depth in the area is approximately 20 m. Previous studies
have reported that finless porpoises prefer water depths
shallower than 50 m, particularly those shallower than 20 m
(Shirakihara et al. 2007). Therefore, the shallow waters
surrounding the airport may be suitable habitat for these
species. Second, seaweed beds that have developed on the
seawalls of the airport offer habitat for diverse living organ-
isms (Ohno and Serisawa 2002). Finless porpoises, which
are opportunistic predators of fish and cephalopods (Amano
et al. 2017), may use seaweed beds as feeding grounds,
where they can prey on aggregating animals. Third, the area
around the airport is designated as a protected area with
minimal vessel traffic. Finless porpoises do not appear to
show a preference for vessel traffic, making the area around
the airport a potentially favorable environment.

eDNA was also detected at locations with rare sight-
ing records of finless porpoises, such as near the Kitan and
Akashi Straits, where the average water depth was approxi-
mately 70 m. This result suggests that finless porpoises
inhabit areas with a water depth of 70 m, although they pre-
fer to inhabit areas with water depths shallower than 50 m.

Although a single finless porpoise was sighted at one site
during the visual survey, its eDNA was not detected at the
sampling site, which was approximately 250 m from the
observation point. Murakami et al. (2019) suggested that the

dispersion area of eDNA in the ocean is only approximately
30 m. Thus, for eDNA analysis, finer-scale sampling is nec-
essary to accurately determine its distribution. However,
considering the detection of eDNA at locations without the
visual observation of finless porpoises, we suggest the use
of eDNA analysis as a complementary method to visual sur-
veys to assess their distribution.

Finless porpoises typically favor coastal areas; however,
eDNA was not detected in the coastal areas of Hanshin
(Fig. 2). The coastal area of Hanshin is home to vast ports of
Osaka and Kobe (Fig. 2), with heavy vessel traffic (Gao and
Shiotani 2013). Finless porpoises are extremely vigilant and
favor environments with low vessel traffic. Akamatsu et al.
(2008) recorded the vocalizations of finless porpoises using
a stereo acoustic event recorder and reported that most fin-
less porpoises were detected at night, as opposed to during
hours of heavy vessel traffic between 12:00 AM and 6:00
PM, and that the pattern of presence was possibly driven
by vessel traffic. Thus, the results of eDNA detection reflect
this behavior, and the Hanshin area may not be a suitable
habitat for finless porpoises.

One weakness of our study is that in silico and in vitro
tests have only been conducted on a limited number of spe-
cies observed in Osaka Bay. In order to apply the assay
designed in this study to other areas inhabited by finless
porpoises, it is necessary to verify their specificity for sym-
patric species in each area. However, in the present study,
sequencing of amplicons derived from eDNA confirms that
they are certainly finless porpoise DNA, and therefore, the
above weaknesses do not affect the results of this study.

Environmental DNA survey is expected to complement
conventional methods and aid in the conservation of finless
porpoises by quickly and accurately monitoring their distri-
bution. In the future, the type of habitat preferred by finless
porpoises and the extent of influence of human activities can
be determined by comparing their distribution data obtained
through eDNA analysis with the surrounding environmen-
tal data, including water depth, type of sea bottom, water
quality, presence of scaweed beds, and vessel traffic. Addi-
tionally, more frequent surveys to determine the seasonal
changes in their distribution would help clarify their ecol-
ogy, including whether they have migrated into and out of
Osaka Bay.

Furthermore, considering that eDNA analysis is a useful
tool for estimating intraspecific genetic diversity (Parsons et
al. 2018; Székely et al. 2021), it can be applied to assess the
genetic diversity of local finless porpoise populations for
conservation purposes. This study presents a unique appli-
cation of eDNA analysis for cetaceans.

Conventional distribution survey techniques for ceta-
ceans, such as visual surveys, have challenges, such as
restricted survey areas and survey difficulties resulting from
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sea conditions (Mellinger and Barlow 2003). Recently,
visual surveys have been conducted using unmanned aerial
vehicles (UAVs) (Hodgson et al. 2013); however, the use
of UAVs is restricted to the vicinity of the airport and can-
not be used in our study area. eDNA analysis overcomes
these issues and provides the advantage of determining
the distribution of other organisms after sample collection.
Therefore, eDNA analysis can be used for other cetaceans,
particularly those that cannot easily be observed by visual
surveys or bio-logging. Additionally, the proposed method
can not only be used for distribution surveys but also for
obtaining novel insights into the ecology of the target spe-
cies by studying the distribution and surrounding biological
environment across a vast expanse.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s12686-
024-01361-7.
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