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1.  INTRODUCTION

A robust monitoring program on distribution and
population size of taxa is essential not only to ecolog-
ical studies but also to the design and evaluation of
effective conservation practices (Conway 2011, Per-

rig et al. 2019). Baseline information, including an
estimate of population size, growth and extent of
occupancy, is necessary for population status assess-
ment following IUCN Red List criteria (Gärdenfors et
al. 2001). To collect relevant baseline data for evalu-
ating population status, however, can be challenging
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ABSTRACT: Baseline information on population size, trends and spatial distribution are important
for population status assessments of threatened taxa. The 3 species of Asian horseshoe crabs
(Tachy pleus tridentatus, T. gigas, Carcinoscorpius rotundicauda) are declining throughout their
geo graphic ranges, and identifying their essential nursery habitats and monitoring juvenile popu-
lation changes is necessary for conservation management. We reviewed juvenile population stud-
ies published during 2001−2019 to evaluate which sampling methods were commonly adopted and
how baseline data were presented. The applied methods included random or systematic quadrat
(35%), random visual search (41%) and belt transect (47%). Juvenile population sampling and data
reporting were generally insufficient for assessing population status and clarifying nursery habitat
configuration. We propose a conceptual framework and minimum standards for collecting and
reporting juvenile population and nursery habitat baseline information. We also outline the impor-
tance of showing population density, rather than abundance, and spatial distribution in relation to
habitat seascape or landscape satellite images. The framework and recommendations will improve
the feasibility of robust, long-term monitoring of juvenile Asian horseshoe crab population status
and nursery habitat, thus serving regional conservation management purposes.
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for widely distributed marine species, due to the
information gap across the geographic range, and
the incompatability of sampling methods. The lack of
baseline data can impede the progress of effective
conservation and management planning.

The 3 Asian horseshoe crab species, i.e. tri-spine
Tachypleus tridentatus, mangrove Carcinoscorpius
rotundicauda and coastal horseshoe crab T. gigas,
are distributed widely across the subtropical and
tropical waters from East Asia, including the Seto
Inland Sea of Japan and the southeastern coast of
China, through Southeast Asia to the Bay of Bengal
(John et al. 2018, Liao et al. 2019a). Natural popula-
tion overexploitation and shoreline reclamation have
been identified as the main threats driving apparent
population declines (Hsieh & Chen 2015, John et al.
2018, Fu et al. 2019, Liao et al. 2019b). While C.
rotundicauda and T. gigas are categorised as Data
Deficient on the IUCN Red List; T. tridentatus has
been listed as Endangered (Laurie et al. 2019). Direct
species protection and indirect habitat protection
measures at specific sites for Asian horseshoe crabs
are limited to a few countries or regions. Long-term
population monitoring and habitat baseline collec-
tion are thus essential to inform scientifically sound
conservation management.

In this Note, we summarise the sampling methods
and data presentation of juvenile Asian horseshoe
crab population studies published during 2001−2019.
Due to the differences in habitats used by horseshoe
crabs throughout their ontogeny, we did not attempt
to extrapolate the findings to feeding and spawning
habitats of adults. We tabulate common pitfalls of
sampling and data reporting that may hinder scien-
tific information transmission, and propose a concep-
tual framework and minimum standards to guide
future population monitoring and collecting of base-
line habitat data on nursery grounds.

2.  MATERIALS AND METHODS

Databases and search engines, mainly Web of Sci-
ence, Scopus, China National Knowledge Infrastruc-
ture, Scholarly and Academic Information Navigator,
Japan, and Google Scholar, were used to identify
articles relevant to population studies and nursery
habitats of Asian horseshoe crabs. Seven key words
were used in combination: horseshoe crab, Tachy-
pleus, Carcinoscorpius, juvenile, nursery, population,
and habitat. Reference searching using local names
of horseshoe crabs was also conducted using differ-
ent languages to include more studies (TableS1inthe

Supplement at www.int-res.com/articles/suppl/ n040
p369_supp.pdf). The retrieved data were screened
manually to remove duplicate references. Publica-
tions in which horseshoe crabs were sampled, but
which were not specifically designed as juvenile
population studies, were excluded. We applied 20
detailed criteria in 3 categories (Table 1; Tables S2−
S4), including population baselines, nursery habitat
baselines and sampling conditions, to assess whether
the population studies contained all important infor-
mation required for population status assessment
and nursery habitat configuration.

3.  RESULTS

We identified 17 published articles or book chap-
ters that documented the juvenile population size,
natural growth and nursery habitat conditions. The
number of studies that used the 3 different sampling
methods, i.e. random/systematic quadrat (35%), ran-
dom visual search (41%) and belt transect (47%),
was similar (Table 1). Nearly half of the studies (47%)
sampled within <5% of the total suitable habitat area
or did not justify whether the sampling area was suf-
ficient to represent the entire habitat (Table 1). Issues
regarding the comparability of studies using differ-
ent methods (29%) and the presentation of data in
terms of abundance instead of density (12%) were
also noted. Most studies included sampling condition
information such as survey period (month) and sea-
son, number of transects and quadrats, area of
quadrat, as well as length and distance between
transects. However, information which informs sur-
vey efforts, such as sampling hour, number of survey-
ors and sampled shore length, was seldom included
(Table 1).

4.  DISCUSSION

The number of studies on quantifying juvenile pop-
ulation and habitat baselines to serve conservation
management purposes has increased in recent years.
However, important baselines and survey informa-
tion are often not provided to a sufficient degree,
thus limiting the practicality of long-term juvenile
population monitoring at local nursery habitats. Con-
sidering the patchy distributions and considerable
seasonality of juvenile horseshoe crabs on nursery
grounds, direct comparisons between datasets col-
lected from different locations and times may result
in spurious conclusions and flawed management
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decisions. We therefore propose a conceptual frame-
work (Fig. 1) and recommendations (Table 2) for col-
lecting and reporting juvenile population and habitat

baseline data, based on the cur-
rent re view of existing literature
published between 2001 and
2019.

Random visual searching with -
in a predefined and representa-
tive area of nursery habitat is
recommended for the collection
of juvenile horseshoe crab oc -
currence data across wider geo-
graphic ranges (Weng et al.
2012). To sample juvenile popu-
lations in local nursery habitats,
systematic surveys with tran-
sects and quadrats are encour-
aged (Hu et al. 2009, Shin et al.
2009, Kwan et al. 2016, Lee &
Morton 2016; see Fig. S1 as an
example). Number and size of
quadrats, as well as the suitabil-
ity of applying randomly or regu-
larly spaced transects should be
assessed and decided for each
nursery shore after conducting
a pilot study. Envi ron mental
baselines, particularly surface
water temperature and sediment
physico-chemical para meters
(e.g. grain size, total organic
con  tent and chlorophyll a),
should be collected in parallel
with juvenile population deter-
mination, as these parameters
have been identified as impor-
tant environmental factors cor-
relating to juvenile densities
(Hsieh & Chen 2009,  Morton &
Lee 2010, Kwan et al. 2016).
Relative positions of man grove
forests, seagrass patches, tidal
creeks and other freshwater
inputs should also be consid-
ered when explaining habitat
use by juvenile horseshoe crabs
(Xie et al. 2019). To determine
the spatial heterogeneity of
juve niles in each habitat, we
suggest reporting the statistical
dispersion of the density data in
addition to mean values, e.g.

mean ± SD or visualising the data in box plots. Apart
from providing overall density data for monitoring
long-term trends in population growth within a spe-
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Total Percentage
count

Issues in reporting population baselines 17
Data expressed as abundance (no. of individuals)a 2 11.8
Sampling area <5% of the entire habitat/cannot be justified 8 47.1
Comparing studies using different sampling methods 5 29.4
Comparing studies with different life stages (juvenile vs. adult) 1 5.9
Polling data from different sampling methods 1 5.9

Deficiencies in reporting sampling methods 
Random visual search 7
Nursery habitat baselines
Sampling location/point coordinates 2 28.6
Total suitable habitat area 3 42.9
Sampling period/month/season 0 0.0
Habitat conditions 3 42.9
Sampling time relative to tidal level 3 42.9
Sampling conditions
Total sampling area 3 42.9
Sampling shore length 5 71.4
Sampling hour 1 14.3
No. of surveyors 5 71.4

Random/systematic quadrat 6
Nursery habitat baselines
Sampling location/point coordinates 1 16.7
Total suitable habitat area 3 50.0
Sampling period/month/season 0 0.0
Habitat conditions 1 16.7
Sampling time relative to tidal level 4 66.7
Sampling conditions
Sampling shore length 4 66.7
No. of transects 0 0.0
Transect length 0 0.0
Distance between transects 0 0.0
No. of quadrats per transect 0 0.0
Area of each quadrat 0 0.0

Belt transect 8
Nursery habitat baselines
Sampling location/point coordinates 1 12.5
Total suitable habitat area 6 75.0
Sampling period/month/season 0 0.0
Habitat conditions 2 25.0
Sampling time relative to tidal level 5 62.5
Sampling conditions
Sampling shore length 6 75.0
No. of transects 0 0.0
Transect length 0 0.0
Transect width 0 0.0
Distance between transects 1 12.5
Sampling hour 7 87.5
No. of surveyors 5 62.5

aAcceptable if the studies aimed for juvenile size structure or used random visual
search with sampling area provided

Table 1. Survey methods for populations of juvenile Asian horseshoe crabs, and
the accompanying issues and deficiencies in reporting population and habitat 

baseline data 
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cific habitat, producing density distribution maps
across the entire survey area (see Fig. S2 as an exam-
ple) is useful to identify core habitat use areas (Xie et
al. 2019). Such maps also allow visualising juvenile
distribution patterns in relation to the surrounding
landscape or seascape, such as the positions of river

mouths, mudflats, mangrove forests and shoreline.
The list of recommendations and the conceptual
framework can be used as a guideline in future pop-
ulation studies to enhance the feasibility of scientifi-
cally robust baseline information collection and long-
term monitoring.
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Fig. 1. Conceptual framework showing the structure of future studies which consider determination of baseline information,
spatial scales and survey methods, collected data, data presentation, and application to conservation of Asian horseshoe crabs. 

Parallel lines between boxes represent simultaneous consideration of the contents from the paired boxes
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Recommendations

1. Consider the size of the sampled area relative to the total suitable habitat of a shore.
2. Evaluate the suitability of applying randomly or regularly spaced  transects in preliminary studies.
3. Assess the number and size of applied quadrats along each transect in pilot trials.
4. Collect habitat baseline data, particularly water temperature and  sediment physico-chemical parameters during 

juvenile population  sampling.
5. Express the data in density instead of abundance (number of individuals).
6. Show the data dispersion of density (e.g. mean ± SD) rather than mean value only.
7. Visualise the spatial distribution of the juvenile population across the entire survey area.
8. Map the environmental characteristics across the entire survey area.
9. Consider the relative position of landscape or seascape such as  mangrove forest, seagrass patch, tidal creek and other

freshwater inputs within the survey area when explaining the habitat use distribution of juveniles.
10. Report the weather and tidal levels when sampling. Note the biological rhythm of juvenile emergence from the 

sediment.
11. Consider long-term habitat changes of the sampled shore.

Table 2. Recommendations for collecting and reporting population and habitat baseline data for juvenile Asian 
horseshoe crabs 
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