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Abstract

Lack of data on population sizes and resource requirements are major impedi-

ments to the effective conservation of rare species globally. The conservation

of the Eurasian otter (Lutra lutra) in Hong Kong reflects many of these key

challenges for elusive and difficult-to-study mammals. It is a rare carnivore

that has narrowly escaped extirpation, now surviving within a human-

dominated environment. Using sign surveys and spraint analysis, we recorded

only 40 fresh spraints from 246 otter signs locations, over 4 months of intensive

sampling across 2 years. Records were restricted to the Mai Po wetlands, con-

firming this as the core area for Hong Kong's otter population. Molecular anal-

ysis and microsatellite genotyping identified a minimum of seven individuals,

two pairs of which were likely related. The genetic and sign data together

strongly indicate a small population. Fish dominated the otter diet, highlight-

ing the importance of fishpond habitats as a premium foraging resource. Given

the rapid changes surrounding the Mai Po area (especially the new Northern

Metropolis Development Strategy), maintaining quality and connected habi-

tats, in addition to sustaining commercial fishponds will be key to otter recov-

ery and long-term population viability in Hong Kong.
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1 | INTRODUCTION

The world is becoming increasingly urbanized, reducing
space for wildlife and causing reductions in population
abundance and range. Carnivores are particularly sensi-
tive to land-use changes and urbanization (di Minin

et al., 2016; McDonald et al., 2008) due to their low densi-
ties, wide spatial requirements, prey requirements, and
potential conflict with expanding human populations
(Noss et al., 1996). Eurasian otter (Lutra lutra), a
medium-sized, native carnivore, has experienced a signif-
icant decline in China (Zhang et al., 2018) and is now
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considered to be on the verge of local extinction (Li &
Chan, 2017). The fate of this species relies on the per-
sistence of scattered populations including that in
Hong Kong, which has also experienced significant his-
torical decline (McMillan et al., 2019) and is now
regarded as rare and a species of conservation impor-
tance (AFCD, 2006). However, we have limited infor-
mation about Eurasian otter in China generally (Zhang
et al., 2018), and Hong Kong specifically is under ever-
increasing pressure and threats from population
growth and development (HKSAR Government, 2021;
Yuen, 2006).

Natural history literature shows historical otter
records across Hong Kong, including wetland habitat of
Deep Bay in north-western Hong Kong, coastal habitats
of Hong Kong Island and Lantau Island (Herklots, 1951)
in the south, and Tung Ping Chau (Bunbury, 1909) in the
east. Although historically relatively widespread
(Marshall, 1967), the otter population in Hong Kong is
now restricted to wetlands in the north-west New Terri-
tories (McMillan et al., 2019; Shek, 2006). This area com-
prises a mosaic of active and abandoned fishponds,

watercourses, reedbeds, mudflats and mangal habitats,
all of which are potential habitats for otter. In 2021, the
Hong Kong Government released a plan for the Northern
Metropolis Development Strategy (HKSAR, 2021;
Figure 1) which details a combination of development
projects that would lead to an increased residential popu-
lation of 1.5 million people (in addition to the current
1 million already in the area, i.e., 2.5 million total) for an
area covering 30,000 hectares (approximately one quarter
of the land in Hong Kong). The area encompasses nearly
the entirety of the known distribution of otters in Hong
Kong and included in the plan are a series of wetland
conservation parks designed to “conserve the ecological
value of the wetlands” (HKSAR Government, 2021).
However, the current spatial distribution and population
size of Eurasian otter has not been confirmed by field
survey and how this development might affect the popu-
lation is unclear.

In the absence of natural science data, local ecological
knowledge (particularly of local fish farmers) was ini-
tially used to collect data on the historical and current
status of Eurasian otter in Hong Kong, as well as

FIGURE 1 Map of northwest new territories showing the proposed/planned change of land use in areas surrounding the core area of

the otter population in Hong Kong. The “Hong Kong Outline Zoning Plans Land Use Zonings” map produced by Esri China (Hong Kong)

Ltd. was used to map the existing urban/village and conservation area. The existing conservation area includes areas classified as “Site of
Special Scientific Interest” and “Conservation Area”, while the existing urban/village area includes areas classified as “Commercial”,
“Residential”, “Commercial/Residential”, “Comprehensive Development Area”, “Government, Institution or Community”, “Industrial”,
“Village Type Development”. The “Northern Metropolis Development Strategy” government report (HKSAR, 2021) was referenced when

mapping the proposed/planned new development areas, the proposed new conservation areas, and the HK-SZ I&T park
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determine how local fish farmers and residents perceived
management and conservation issues surrounding the
species (McMillan et al., 2019). The fish farmers revealed
a historical decline in otter numbers and distribution,
and indicated that the otter population in Hong Kong is
currently small in size and considered rare. To further
confirm this, non-invasive genetic analysis provides an
opportunity to provide insights into population size. This
approach allows the extraction and genotyping of DNA
from scats or hair collected in the field, without disturb-
ing or even observing the target species in the wild. This
technique is particularly pertinent to otters in Hong Kong
given their rarity, in addition to their solitary and territo-
rial nature and subsequent deposition of scats (hereafter
referred to as “spraints”) in prominent locations which
act as a form of scent marking and communication
(Kruuk, 2006).

The otter's presence in wetland habitats dominated
by commercial fishponds also suggests that it relies on
anthropogenic processes for its survival to some degree;
however, how these affect the population is unknown.
Eurasian otter is considered a food-limited species
(Kruuk, 1995) as prey shortage can influence otter pres-
ence (Kruuk, 2006; Ruiz-Olmo et al., 2001), as well as
breeding success and density (Ruiz-Olmo et al., 2002).
Due to their high metabolic rate (Yoxon &
Yoxon, 2014), the average otter consumes approxi-
mately 3150 Kj/day (or 400 Kj per kg of body weight per
day), equating to a food intake in the wild of approxi-
mately 15–20% of their body mass/day (Kruuk, 2006).
Therefore, the continuous availability of foraging resources
is important in influencing otter presence (Mason &
Macdonald, 1986; Melquist & Hornocker, 1983), and
hence understanding otter diet is an important aspect of
its conservation.

The conservation of Eurasian otter in Hong Kong
involves a multitude of challenges. A general lack of under-
standing of its basic ecology limits the capacity to develop
meaningful plans or protection. For example, wetland con-
servation parks designed under the Northern Metropolis
Development Strategy (HKSAR Government, 2021) will not
be able to effectively conserve otters without basic facts
regarding abundance, distribution, and resource needs.
Furthermore, its restricted distribution in Hong Kong to
wetland habitats dominated by commercial fishponds
means its survival is influenced by local people. To fill
information gaps and facilitate the development of a
conservation strategy for Eurasian otter in Hong Kong,
this study aimed to (1) confirm the current distribution
through field sign survey; (2) establish minimum esti-
mates for the number of individuals present, and
(3) determine the diet of otter and its implications on
resource use and management.

2 | METHODS

2.1 | Study area

The study area (about 1227 ha) is located in the north-
west New Territories of Hong Kong, along the east coast
of Inner Deep Bay in the Pearl River Delta (22�2905600N
114�0204500 E). Hong Kong's climate is sub-tropical with
most rainfall recorded from June to September (corre-
sponding to monthly mean minimum temperatures
>25�C) while December and January are the driest
months (corresponding to monthly mean minimum tem-
peratures ≤16�C) (HKO, 2019).

Prior to the 1920s, the area supported swamp and
marsh habitats. But by the 1940s, a large proportion of
the landscape had been converted into brackish and
freshwater paddy fields and shrimp ponds (gei wais).
Over time, the majority of the gei wais and paddy fields
were replaced, and by the mid-1980 s the landscape was
dominated by fishponds (Irving & Morton, 1988). These
ponds now form the majority of Hong Kong's pond fish
culture which covers an area of approximately 1130 ha
and produced 2516 tonnes of freshwater fish amounting
to HK$60 million in 2020 (AFCD, 2020). The farms pre-
dominantly engage in polyculture, with approximately
96% producing various carp species along with Tilapia
(Oreochromis spp.) or Gray mullet (Mugil cephalus).

Although dominated by fishponds, the study area
comprises a mosaic of wetland habitats and is of high
ecological value primarily due to the migratory and resi-
dent birds it supports. As such, parts have formal desig-
nation to provide protection and management, including
the Mai Po Nature Reserve (MPNR), which forms part of
the larger Mai Po Marshes and Inner Deep Bay Ramsar
Site (Figure 1). Other smaller fishpond areas to the south
at Pak Nai/Ha Pak Nai and east at Lo Wu/Ho Sheung
Heung were also included in the study area (see Figure 1
in McMillan et al., 2019). These ponds are used for both
commercial fish farming and recreational angling.

2.2 | Non-invasive sampling

Given Hong Kong's sub-tropical climate, surveys for otter
signs (including spraints, tracks, scratchings, resting sites;
Chanin, 2003) were undertaken during the winter (dry)
season of 2018 and 2019, thus avoiding higher tempera-
tures and humidity (affecting DNA quality of samples),
and overgrown vegetation (affecting sample detectabil-
ity). At least two surveyors experienced in otter survey
traversed the banks of all accessible fishponds, gei wai,
freshwater and tidal watercourses across the study area.
The survey was repeated at least two times each season
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to increase the probability of detection and thus decrease
the probability of false negatives (MacKenzie et al., 2006).
The location of each otter sign was recorded using a
Global Positioning System (GPS) unit (Garmin
GPSMAP 64st).

The otter distribution was determined from all otter
signs (“fresh” and “old” spraints, tracks/scratchings)
recorded, while only “fresh” spraints (deposited within
the previous 18 h) (Jansman et al., 2001; Prigioni
et al., 2006; Vergara et al., 2014) were collected for the
molecular analysis, and older (�1–3 days) but intact
spraints were collected for the diet study. Figure S1
details the identification of spraints, tracks, and scratch-
ings. “Fresh” spraints were collected in the morning
between the 600 and 1200 h, avoiding periods of rain to
limit DNA degradation. The whole “fresh” fecal sample
was collected and placed into a sterile vial containing
100% ethanol. Gloves and sterile spatulas were used to

collect samples. As the second (repeat) survey was under-
taken at least 3 weeks after the first where a fresh spraint
was recorded, and a small number of spraints were col-
lected, the removal of the whole spraint is unlikely to
have affected sprainting behavior; a potential issue asso-
ciated with species which use intraspecific communica-
tion (Brzezi�nski & Romanowski, 2006; Lampa, 2015).
Vials with samples were stored in a cool box until arrival
at the laboratory where they were frozen at �20�C until
processing.

Given the perceived low abundance of otters in Hong
Kong (McMillan et al., 2019), we opted to cover the
whole study area (see Figure 1 and detailed description
above) to increase the probability of recording otter signs
as well as determine the true distribution, as opposed to
inferred occupancy, even though it required more time
and effort. Given the challenges of finding large quanti-
ties of “fresh” spraints for the non-invasive genetic

FIGURE 2 Core area of the otter population in Hong Kong showing broad locations (precise locations of samples obscured for security

reasons) of samples collected for the seven individuals identified. Purple grids represent the locations of individuals OT-1 and OT-2; green

grids represent locations of individuals OT-3 to OT-6; and orange grids represent locations of individual OT-7. Grid areas represent surveyed

areas in the Mai Po wetlands during both the 2018 and 2019 field surveys (but note that 2019 field surveys only searched for spraints in sites

where otter signs were recorded in 2018)
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analysis, the study area for the second (2019) survey was
refined to target only areas where otter signs had been
detected during the first (2018) survey (as shown in
Figure 2 and herein referred to as the “Mai Po wetlands”)
and the number of repeat visits was increased to four
(as opposed to two in 2018). As the time period between
repeat surveys was shorter in 2019 (�1–3 weeks
vs. �3 weeks in 2018), only part of the spraint (fresh
spraint) was collected to minimize any alteration of
marking behavior (Brzezi�nski & Romanowski, 2006;
Lampa, 2015). Approximately 50–80% of the spraint was
collected depending on overall size, leaving part in-situ.

2.3 | DNA extraction and amplification

Fecal DNA was extracted using QIAamp Fast DNA Stool
Mini Kit (QIAGEN, Germany). The manufacturer's
instructions were followed except at Step 3 the sample
was incubated at 56�C overnight, and then incubated at
room temperature for 2 min at Step 14. Negative controls
were included in each extraction to monitor
contamination.

To confirm that scat samples collected were that of
otter, an initial screening stage was included in the geno-
typing approach. The presence of otter DNA in the fecal
samples was verified by PCR for a Carnivora-specific
cytochrome b fragment (232 bp, primer sequences: MustB
F 50-GAACTTGCTTAATCCTT-30 and MustB R 50-
AGTGTTTCATGTTTCAGGG-30) (Hung et al., 2004).
PCR was performed in 20 μl reactions containing 2 μl of
fecal DNA, 1� Biotechrabbit Lyo Hot-Start PCR Master
Mix, 6 μl milliQ water, and 1 mM of each primer. PCR
thermocycling was performed at 95�C for 2 min, (95�C
for 30 s, 50�C for 30 s, and 72�C for 1 min) � 35 cycles,
with a final extension of 72�C for 7 min. DNA samples
that could not successfully amplify mtDNA were
excluded from further analysis.

We selected seven microsatellite markers following
tests of amplification success from an initial set of 14 tet-
ranucleotide microsatellites (Dallas & Piertney, 1998;
Huang et al., 2005) (Appendix S1). In addition, we used
the male-specific LutSRY (Dallas et al., 2000) microsatel-
lite marker for sex determination (Appendix S1).

2.4 | Microsatellite genotyping

To overcome the main sources of genotyping errors, all
samples were analyzed multiple times. Amplifications
were regarded as positive if a PCR product of the
expected size was present, even if the genotype may not
have been correct (Lampa et al., 2013). To screen out low

quality samples, those which scored positive for <2/3 of
the total PCRs run at >50% of the microsatellites tested,
were discarded. Samples were genotyped following the
multiple-tubes approach (i.e., 3 positive PCRs for hetero-
zygotes and a minimum of 6 for homozygotes) to obtain
reliable genetic typing with a confidence level of 99%
(Taberlet et al., 1996). Genotyping success rates were
represented by the number of successfully genotyped
samples (for seven microsatellites) relative to the number
of extracted samples (Lampa, 2015).

Allelic frequencies, observed and expected heterozy-
gosity (Ho and He), mean number of alleles among all
loci, were estimated using GIMLET software v1.3.3
(Valière et al., 2002). Deviations from Hardy–Weinberg
equilibrium (HWE) were calculated with the programme
GenAlEx 6.5 (Peakall & Smouse, 2006).

The allelic dropout rate (ADO) for each locus was
estimated from the heterozygous genotypes only, by
dividing the number of observed ADO in the first positive
genotyping reaction, by the total number of heterozygous
samples (Broquet & Petit, 2004). The frequency of the
PCR artifacts (allelic dropout and false alleles) was esti-
mated using data from all successfully genotyped fecal
samples (Hung et al., 2004).

The probability of identity P(ID) was calculated to esti-
mate the number of microsatellite markers required to
distinguish between individuals. Given the historical pop-
ulation decline and perceived current small population
size (McMillan et al., 2019) the otters in the study area
are likely to be related to some extent. Therefore, the
more conservative (upper limit) probability of identity for
siblings P(ID)sib was adopted (Taberlet & Luikart, 1999).
An overall P(ID)sib, of <.05 giving a 95% confidence was
considered sufficient to discriminate between individuals
for the purpose of population estimation (Mills
et al., 2000; Waits et al., 2001). The P(ID)sib was estimated
using GIMLET software v1.3.3 (Valière et al., 2002).

2.5 | Individual identification and
relatedness

The number of unique genotypes (individuals) in the
dataset was estimated using the R package allelematch
(Version 2.5.1) (Galpern et al., 2012). Incomplete geno-
types were considered if at least four loci were success-
fully amplified (i.e., the minimum number of loci
necessary to discriminate between individuals as indi-
cated by probability of identity analysis) (Bonesi
et al., 2013). The maximum number of mismatching
alleles allowed for separating individuals without match-
ing unique genotypes was investigated with the function
amUniqueProfile and samples were analyzed using the
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feature amUnique which matches genotypes based on
dissimilarities between pairs, based on the identified
threshold.

Pairwise relatedness was calculated between the
seven individuals using ML-relate (Kalinowski
et al., 2006), which assigns familial relationships (PO:
parent-offspring, FS: full sibling, HS: half sibling, or U:
unrelated) for each dyad of individuals using maximum
likelihood relatedness estimates. Confidence sets between
dyads were generated to show the potential relationships
consistent with the genetic data at 0.05 level of signifi-
cance in 1000 simulations. For dyads with more than one
likely relationship, we tested the likelihood of the
assigned relationship against the next most likely rela-
tionship with 1000 simulations and at the 0.05 signifi-
cance level.

Sex was determined according to the results of two
successful LutSRY analyses (Ferrando et al., 2008). The
number of individuals identified was determined by
counting the number of unique genotypes (H�ajkov�a
et al., 2009). The sex typing and sample collection site
were used when considering if samples with the same
multilocus genotype belonged to a single individual
(Ferrando et al., 2008).

2.6 | Diet study

Spraints (between 1 and 3 days old) collected during the
otter sign surveys were placed in a falcon tube for trans-
porting to the lab where they were frozen at �20�C until
processing (Taastrøm & Jacobsen, 1999). Spraints were
soaked for 24 h in a diluted solution of alkaline detergent
at room temperature prior to being rinsed and air-dried
(24–48 h), and then sieved through a 1 mm mesh. Identi-
fiable hard prey-remains were separated, examined using
a dissecting microscope, and weighed to 0.01 g accuracy.
Six main food categories were considered: fish, amphib-
ians, birds, mammals, crustaceans, and other inverte-
brates, based on the following undigested remains:
bones, scales, feathers, fur, exoskeleton, antennae, articu-
late extremities, and insect wings.

Fish species were identified to the lowest taxonomic
level based on diagnostic bones (e.g., vertebrae, jawbones,
operculum, and otoliths) and scales using a personal ref-
erence collection developed (Figure S2) and existing data-
bases and taxonomic keys (Conroy et al., 2005; Groves
and Cornwall Mammal Group, 2020; University of
Nottingham, 2020). Some species-specific identification
was possible for the cyprinid species from scales; how-
ever, this was only for a proportion of spraints. This data
was therefore combined under a cyprinid category as per
Taastrøm & Jacobsen, 1999 and Britton et al., 2017.

Where present, amphibians and reptiles are typically
identified from their characteristic bones; bird prey from
feathers and beak and leg/claw remains; mammal
remains from teeth and hair; undigested integuments for
insects, and shells for crustaceans. No attempt was made
to identify non-fish categories below class level. Only
large sized invertebrates are considered to be eaten by
otters deliberately (Marques et al., 2007), with the
remaining probably occurring in the gut of fish eaten by
otters (Jenkins & Harper, 1980). In addition, plant mate-
rial was not included in the diet analysis as it was
assumed that this also occurred in the guts of prey eaten
by otters or was consumed as a by-product of
catching prey.

Two methods were used to estimate the proportions
of prey types in the otter diet: score bulk estimate (SBE)
and frequency of occurrence. The score bulk estimate
(Wise et al., 1981) is proposed to estimate the importance
of different prey categories. In each spraint the propor-
tion of each prey category was visually estimated, giving
a score from 1 to 10 (where the total content of a single
sample is 10). The scores for each prey category were
multiplied by the dry weight of the spraint to provide the
percentage of the sum of all prey category figures. Fish
scales were used to quantify each fish taxon in this analy-
sis (Theng et al., 2016). This approach has limitations
(Birkhofer et al., 2017), but is commonly applied (and
thus more easily comparable) in otter diet studies
(e.g., Lanszki & Sallai, 2006).

The otter diet at the species level was expressed as
percent frequency of occurrence (%FOO = No. of occur-
rence of a certain prey/No. of spraints examined � 100).
While using this method alone does not provide reliable
conclusions about the importance of different food cate-
gories in the diet, it can provide useful information about
rare food items, contributing information about a carni-
vore's ecology, including its role as an opportunist or spe-
cialist (Klare et al., 2011). Information about fish species
presence in the study area (Table S2) were obtained from
literature (AEC, 2019; CEDD and PlanD, 2013; CH2M
HILL, 2008; DSD, 2020; WWF-HK, 2019) and from a
questionnaire/interview survey undertaken during the
McMillan et al. (2019) study.

3 | RESULTS

3.1 | Non-invasive survey

Otter signs were collected from a range of wetland habi-
tat types including active and abandoned fishponds, fresh
and tidal watercourses, mangrove, reedbed, freshwater
ponds and gei wais managed for conservation. However,
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signs of otter were only recorded in the Mai Po wetlands
area (Figure 1). A total of 246 locations of otter signs
(locations were at least 1 m distance apart, irrespective of
sign type) were recorded during the surveys, which
included sprainting sites, tracks, and/or scratchings.
Sprainting sites, which represented the majority of
records (94%) were typically comprised of one to a few
spraints but occasionally comprised of several spraints
(e.g., a latrine).

3.2 | Molecular analysis

More than 430 spraints (mostly >1 day old) were recorded
during the surveys, including a total of 45 “fresh” scats used
in the genotyping study. In addition, a sample collected just
prior to the second survey period in 2019 for the optimiza-
tion process yielded good amplification results and was
hence included in the analysis to maximize the sample size.
Two spraint samples were exhausted during the optimization
process and hence the required quantities were not available
for inclusion in the later genotyping exercise. Therefore, after
the initial screening stage, a total of 38 spraint samples, con-
firmed as Lutra lutra by PCR, were included in the genotyp-
ing exercise (Table 1). The mean amplification success rate
ranged from 59.86% to 74.70% (mean = 67.02%; Table S1),
over the two sampling years, across the seven microsatellites
(Appendix S2). All seven microsatellite loci were polymor-
phic with the number of alleles per locus ranging from three
to five (Appendix S2 and Table S3).

3.3 | Individual identification and
relatedness

The match of consensus genotypes of samples typed with
seven loci (n = 22) revealed the presence of 10 genotypes.
Manual review of “multiple matches” identified by allele-
match, in conjunction with the sample collection loca-
tions, and the sex determination data, supported seven
genotypes, and hence a minimum of seven individuals

were identified (i.e., individuals OT-1 to OT-7) (Table S4).
The number of occurrences (i.e., positive spraint samples)
per individual ranged from one to six (mean = 3.14
± 0.8). Recaptures were recorded for three individuals
which comprised records between repeat surveys of the
same survey year. No recaptures were identified between
survey years.

Maximum likelihood relatedness between pairs of
individuals ranged from 0 to 0.63, with eight pairs poten-
tially related to some degree (Table 2), comprising two
females (OT-1, OT-4), four males (OT-3, OT-5, OT-6, OT-
7), and one undetermined (OT-2) (Table S4). Sex was
determined for 11 (50%, n = 22) samples (five female and
six male). Other samples either failed to amplify (18.18%)
and/or were exhausted (31.82%) before a sex typing could
be determined.

“Unrelated” was not a probable relationship between
OT-1 and OT-2 (p = .008), but was probable with all
other pairs. At 95% confidence, FS was the only probable
relationship between OT-3 and OT-4. After specific
hypothesis testing to test the likelihood of the putative
relationships between pairs against the next most likely
relationship, none of the other relationships were statisti-
cally significant (p > .05).

Overall, four individuals were recorded during the 2018
survey and three during 2019. Two individuals, one female
(OT-1) and one “unknown sex” (OT-2), were recorded in
the north-east of the study area and were likely to be
related. Two individuals (one male, OT-3, and one female,
OT-4, statistically likely to be siblings) were recorded from
a cluster of samples among active fishponds, in the center
of the study area. An additional three individuals (all
males) were recorded in habitats contiguous with those of
the OT-3 and OT-4 cluster (Table S5).

3.4 | Otter diet study

A total of 46 spraints were collected during the sign sur-
vey and analyzed. As the minimum number of spraints
required for most freshwater and marine systems is

TABLE 1 Summary of samples collected and used in the study

Sampling
year

Collected
fresh samples

Fresh otter
samples

Other species
samples

Samples used
in study

Genotyped
samples

Individual
genotypes

2018 32 26 6 25 14 4

2019 14 14 0 13 8 3

Total 46 40 6 38 22 7

Mean 23 20 3 19 11 3.5

Note: Fresh otter samples: samples verified with otter DNA by PCR with Carnivora-specific cytochrome b fragment. Other species samples: otter DNA could
not be verified by PCR with Carnivora-specific cytochrome b fragment. Samples used in study: verified otter samples with enough DNA extract to undertake

genotyping. Genotyped samples: samples successfully genotyped with >4 (of the seven) microsatellites.
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10–15 and 25 spraints, respectively (Mason &
Macdonald, 1986), the sample size is considered adequate
to determine the diet of otters in our study area (see also
Figure S3). A minimum of 11 taxa were recovered from
the spraint samples (Table 3). Fish represented the major
component (97%, SBE) of the otter diet, with birds, other
invertebrates, and crustaceans a very small proportion of
the diet.

Of the fish species, Tilapia and Gray mullet constituted
the largest proportion of the diet (37.35% and 40.17%, SBE,
respectively) and occurred in 78.26% and 69.57%, respectively,
of all samples (%FOO). Cyprinid species, including Grass
carp,Mud carp, and Goldfish, comprised a smaller proportion
(28.26%) of the samples, and one sample contained eel
remains. Two undetermined Cichlidae species were identified
(Table 3), which were potentially deformed Tilapia scales.

TABLE 2 Maximum likelihood

relatedness between the seven

individuals identified

OT-1 OT-2 OT-3 OT-4 OT-5 OT-6 OT-7

OT-1 – PO (0.008) U U U U U

OT-2 0.57 – U U U U U

OT-3 0 0 – FS* (0.008) U FS (0.09) U

OT-4 0 0 0.63 – U FS (0.20) PO (0.35)

OT-5 0 0 0 0 – FS (0.11) PO (0.26)

OT-6 0 0 0.42 0.25 0.41 – FS (0.12)

OT-7 0 0 0 0.5 0.5 0.27 –

Note: The bottom half of the table shows the maximum likelihood relatedness of each pair of individuals,
with 0 denoting no relationship. The upper half of the table shows the assigned familial relationship for

each pair (FS, full sibling; PO, parent-offspring; U, unrelated) and p values in parentheses for related pairs.
Pairs in bold are not likely to be unrelated at 95% confidence. The pair marked with an asterisk shows the
only possible relationship consistent with the genetic data at 95% confidence.

TABLE 3 Diet composition of Eurasian otter in the study area

Prey type/ species Origin
Number of
occurrences

Frequency of
occurrence (%)

Score bulk
estimate (%)

Fish – 46 100 97.0

Cichlidae – 38 82.61 41.81

Tilapia (Oreochromis spp.) A/F 36 78.26 37.35

Undetermined Cichlidae 1 – 7 15.22 0.56

Undetermined Cichlidae 2 – 10 21.74 3.90

Mugilidae

Gray mullet (Mugil cephalus) N/F 32 69.57 40.17

Cyprinidae – 13 28.26 11.7

Mud carp (Cirrhinus molitorella) F 4 8.70 1.76

Goldfish (Carassius auratus) N/F 9 19.57 9.87

Grass carp (Ctenopharyngodon idella) F 1 2.7 0.07

Synbranchidae

Asian swampy eel (Monopterus albus) N 1 2.17 –

Unidentified

Fish sp. 1 N/A 12 26.09 0.23

Fish sp. 2 N/A 1 2.17 2.54

Crustacean N/A 1 2.17 0.00

Bird N/A 3 6.52 0.3

Other invertebrates N/A 5 10.87 2.7

Note: Number of analyzed spraints: 46.
Abbreviations: A, alien in the wild; F, commercially farmed in ponds; N: native in the wild.
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4 | DISCUSSION

4.1 | Spatial distribution of otter in
Hong Kong

The Eurasian otter is now considered to be on the verge
of extinction in China (Li & Chan, 2017), with only a
handful of locations supporting extant populations
including the population in Hong Kong (Duplaix &
Savage, 2018). Sign surveys confirmed the Mai Po wet-
land complex to be the core area of the otter population
in Hong Kong, corresponding with the findings of
McMillan et al. (2019), where recent otter observations
by local people were also restricted to this same area.
Otters may occur elsewhere in Hong Kong but a lack of
records and small area of wetland habitat outside of the
Mai Po area further emphasize the importance of this
habitat complex.

4.2 | Hong Kong otter population
estimate

Based on the allele matching, sample collection locations,
and sex typing associated with the genotypes, a minimum
of seven individuals were identified in the study area.
That we did not detect any unique individuals in both
2018 and 2019 suggests that either our sampling was
inadequate and missed individuals that did occur in both
years, or that there is significant turnover in the popula-
tion from year to year. Both explanations are likely con-
tributing factors. However, we believe that population
turnover is particularly probable for a couple of reasons:
(1) while no recaptures were detected between years, we
did regularly detect recaptures within years and
(2) between years we detected different individuals in the
same areas (Table S4). More information is needed about
dispersal range, reproductive success, and territoriality in
Hong Kong otters to explain year to year population
dynamics.

H�ajkov�a et al. (2009) found that simply counting
genotypes obtained the same estimates of population size
as capture-mark-recapture (CMR) assessment, in simple,
linear habitats (e.g., watercourses) as they were able to
catch all individuals. However, the same approach in
complex habitats (e.g., wetland mosaics including fish-
ponds) resulted in a lower number of counted genotypes
compared with CMR assessment, due to an inability to
catch all individuals. This was attributed to high otter
density, overlapping non-linear home ranges, and occa-
sional inaccessibility for sampling. Given the Mai Po wet-
land study area also comprises a mosaic of complex
habitats that are difficult to sample it is probable that not

all individuals were caught and hence genotyped. This is
further supported by the absence of individuals success-
fully genotyped from the remaining parts of the study
area, where signs of otter were detected demonstrating
otter presence and indicating the potential for additional
individuals. Consequently, the population size of
Eurasian otters in Hong Kong is clearly higher than the
seven individuals identified here—however, without
further intensive sampling and implementation of CMR-
type approaches, the population size cannot be estimated
with confidence. Sampling otter spraints in Hong Kong
presents significant challenges including a small popula-
tion as well as high heat and humidity (which affects
DNA quality and recovery). Using the background pro-
vided here, we hope that future surveys may be con-
ducted with sufficient time and resources to generate
population size estimates.

Finding otter spraints was challenging as indicated by
the low number of fresh spraints recorded (26 in 2018,
and 14 in 2019; average of 20/2-month sampling session)
compared with other studies in fishpond habitats
(e.g., average of 212.2/5-day sampling session,
Lampa, 2015)—though these are very different habitats
(Asian vs. European) so comparison must be made cau-
tiously. While there has been debate regarding the appli-
cation of spraint counts to infer otter abundance
(Jefferies, 1989; Kruuk et al., 1986; Kruuk &
Conroy, 1987; MacDonald & Mason, 1988), the local eco-
logical knowledge of fish farmers has indicated that the
otter population size in Hong Kong is small and consid-
ered rare (McMillan et al., 2019). The same fish farmers
also identified a historical decline in otter numbers and
distribution, which was supported by the natural history
literature (Hill & Phillipps, 1981; Lance, 1976;
Marshall, 1967; Marshall & Phillips, 1965). Furthermore,
of the seven individuals identified, two pairs were likely
to be related (Table 2). Therefore, while it is probable that
not all otter individuals were identified during the signs
surveys, it is highly likely that the low number of otter
signs together with the microsatellite analysis indicates a
small population. The small population and inferred
decline highlight the need for active management and
conservation of the otter population, as the species faces
extinction in China (Li & Chan, 2017).

4.3 | Otter diet

The diet of the otter population in this area was found to
be overwhelmingly dominated by fish as represented by
the SBE of 97%. Other prey groups (bird, other inverte-
brates, and crustacean) were present in 17% of samples
(n = 46) but contributed only 3% of the SBE.
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Experiments with captive individuals have demon-
strated that fish are the preferred food source by otters
(Erlinge, 1968), due to the higher calorific value. A meta-
analysis of 24 studies of otter diet in the wild also found
fish to be the preferred food type (Krawczyk et al., 2016),
and hence the primary food source whenever abundant
(Clavero et al., 2003; Erlinge, 1968; Krawczyk et al., 2016;
Lanszki et al., 2016; Lanszki & Körmendi, 1996). The
dominance of fish observed in the otter diet likely reflects
the high availability of fish across the study area, with
the dominant species recorded in the otter diet also
stocked in greatest proportions by the fish farmers.

Eurasian otters can show high plasticity in foraging
behavior (Remonti et al., 2008) switching their main
food to other prey groups (Pagacz & Witczuk, 2010).
Amphibians are typically the second most consumed
prey, but in some circumstances can exceed the con-
sumption of fish (Jedrzejewska et al., 2001; Pagacz &
Witczuk, 2010). The switch from fish to other prey spe-
cies typically occurs during periods of low fish abundance
(Chanin, 1981; Clavero et al., 2003), and in the case of
amphibians is usually associated with increased con-
sumption of brumating or breeding amphibians during
winter or spring (Krawczyk et al., 2016). Seasonality can
affect diet and therefore surveys are typically undertaken
over extended time periods (Juhasz et al., 2014;
Lanszki & Sallai, 2006; Pagacz & Witczuk, 2010). As this
was the first attempt to collect otter spraints for ecologi-
cal analysis in Hong Kong, and because the Mai Po wet-
lands are difficult to survey given the overgrown nature
of the habitats and relatively limited sprainting features,
the current survey was undertaken during winter only
when vegetation cover is reduced thus, increasing accessi-
bility for surveyors and detectability of otter spraints for
collection. Given that observed seasonal shifts in diet in
other studies have been associated with periods of reduced
fish availability (e.g., winter in temperate regions, drought
in Mediterranean regions; Clavero et al., 2003; Lanszki &
Sallai, 2006; Pagacz & Witczuk, 2010) and that this is
unlikely in the fishpond environment in Hong Kong, sig-
nificant deviations from a dominance of fish in the diet
are not expected.

Although the study area supports a wide diversity
of fish species, a low diversity were identified from the
spraints. Otter diet is typically less diverse in the most
stable (and complex) habitats which provide high fish
availability (Clavero et al., 2003; Kruuk, 2006; Ruiz-
Olmo et al., 2001). Otter diet preferences (fish species
and sizes) reflect the available prey with the highest
frequency of occurrence (Carss, 1995; Lanszki &
Körmendi, 1996; Poledníkov�a et al., 2013). The pre-
dominance of Gray mullet and Tilapia in the otter diet
reflects the availability and higher frequency of these

species across the study area, as identified by McMillan
et al. (2019).

4.4 | Conservation and management
implications

The Mai Po wetlands is the last stronghold for the otter
population in Hong Kong. However, this area's capacity
to support a viable otter population is at a crossroads.
Incremental habitat loss over time has resulted in con-
traction in wetland extent (by 19% between 1973 and
2011; Chum, 2013), and the area is at risk of additional
loss and increased disturbance due to proposed develop-
ment (Cheung, 2004; HKSAR Government, 2021). Like
many carnivores, otters typically have large territories
and low natural densities, making them vulnerable to
land-use change and urbanization. Therefore, the long-
term survival of the otter population in Hong Kong will
rely on maintaining a large, connected wetland complex
comprising a range of foraging, resting and natal habi-
tats/resources of adequate quality and quantity. The
development of the planned Northern Metropolis in the
area (HKSAR Government, 2021) has the potential to
secure long-term viability of the otter population if ade-
quate wetland conservation parks and fishponds can be
sustained with high connectivity. However, industry and
residential pressures from the adjacent development will
result in significant challenges for the otter population.
Critically, this will require a minimum no net loss of the
Mai Po wetlands habitat and should seek to increase hab-
itat extent, quality, and connectivity where possible to
ensure the persistence of Hong Kong's otter population.
As the otter population size is already very small, if the
proposed wetland protection is unsuccessful, further loss
of overall extent and fragmentation of habitat will likely
lead to extirpation of otters in Hong Kong.

Eurasian otters in Hong Kong need the fishponds,
and therefore they also need the fish farmers. Otter pres-
ence and density is influenced by prey availability
(Lanszki et al., 2010; Ruiz-Olmo et al., 2001), and good
quality habitat with an abundance of prey increases
breeding success (Kruuk, 2006), with female otters favor-
ing home ranges with good fish availability (Ruiz-Olmo
et al., 2005). Therefore, maintaining an expansive core
area of fishponds and hence premium (fish) foraging
resources will be important for population recovery and
could be key to the long-term viability of the otter popu-
lation (i.e., supporting high otter densities and maximiz-
ing carrying capacity). However, human-otter conflict
has often been experienced in fisheries areas in Europe,
where otter populations that had previously seen signifi-
cant decline, have started to recover. “Warning signs”
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identified during the fishermen interview survey
(McMillan et al., 2019) in response to prospects for otter
protection and management, have already flagged the
potential for conflict if otter numbers increase in Hong
Kong. Equipped with the knowledge that the otter diet
comprises commercially produced fish, a timely opportu-
nity exists to engage with, and manage any potential
otter-impacts, with local fish farmers. Fish farmers
should be included from the outset in the development of
any management and conservation strategy. Further-
more, consideration should also be given to mechanisms
to sustain the fishpond industry in the area, which pro-
vides not only an important conservation, but also natu-
ral heritage resource (Cheung, 2004).

Although the Hong Kong Eurasian otter population is
now small, there is cause for hope. We know from the
UK and European experience that if the threats facing
this resilient species can be alleviated, population recov-
ery is possible (Cianfrani et al., 2010; Duplaix &
Savage, 2018; Roos et al., 2001). For example, national
surveys in England have seen Eurasian otter numbers
recover from near extinction in the 1970's (where of the
2940 sites surveyed, 6% showed evidence of otters) to
otter presence in 59% of the same surveyed sites in 2009–
2010, with prospects for full recovery across England
anticipated by around 2030 (Environment Agency, 2010).
Although expedited by some reintroductions, the major-
ity of the recovery was due to natural expansion from
remnant populations and has been in response to allevi-
ating threats and pressures including a ban on pesticides,
legal protection from hunting, and a significant improve-
ment in water quality (Environment Agency, 2010).
Armed with baseline information for Hong Kong's otter
population we too now have a critical window for action,
based on evidence and a strategy for long-term protection
and conservation—but given the identified vulnerabilities
and threats to this population (e.g., small population size,
habitat loss, land-use change of the study area), time is of
the essence. Adequate high quality habitat (i.e., a dense,
undisturbed network of aquatic and terrestrial habitats
containing abundant resources for otters year-round)
must be protected and active engagement with all stake-
holders in the area must be implemented as development
plans move ahead.
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