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Abstract

Spawning migration is a behavioural trait observed in various aquatic animals. Understanding this behaviour is vital for
fisheries management and the sustainability of harvested populations. Ovigerous female Giant Mud Crabs Scylla serrata
(Forskal, 1775), a valuable portunid in the Indo-West Pacific region, have been observed to undertake spawning migra-
tions in some regions. As this stage of the species’ life history remains poorly understood, this systematic review aimed to
critically analyse the literature on Giant Mud Crabs, focused on their spawning migrations. We also investigated methods
applied to studying the movement ecology of other crab species to identify techniques that could be used to address the
Giant Mud Crab spawning migration. Although ecological studies into this species have increased recently, the scarcity
of knowledge on female Giant Mud Crab behaviour between mating and spawning remains a constraint. The direct study
of wild ovigerous females remains a challenge, as they are rarely caught in estuaries where commercial and recreational
crab pots are deployed. Overall, the review identified mark-recapture (25%) and acoustic telemetry (25%) were the most
frequently employed methods utilised to study the movement ecology of at least 21 crab families, predominantly the
family Portunidac. We highlighted five approaches, including mark-recapture, acoustic telemetry, Pop-up Satellite tags,
zooplankton surveys and numerical modelling used in crab research that could be applied to track ovigerous female Giant
Mud Crabs during the spawning migration and discussed their respective strengths and weaknesses. A combination of
methods and possible collaboration with citizen science programs was identified as an appropriate strategy to elucidate
the Giant Mud Crabs spawning migration.
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that can be successful year-round and across a wider area
(Kerr et al., 2010).

Spawning migration plays a crucial role in the survi-
vorship of many marine and estuarine species that depend
on more than one habitat during their life cycle (Sheaves,
2009). Similar to many other decapod crustaceans and
fishes, Scylla serrata (hereafter referred to as “Giant Mud
Crab”) is currently understood to have a triphasic life history
that comprises (1) an offshore planktonic stage of eggs and
larvae carried by ocean advection to settlement areas, (2) a
growth stage in inshore/estuarine habitats where they stay
during most of their lifespan, and (3) a spawning migration
of females only (i.e., for egg extrusion) away from the grow-
ing habitats to complete their lifecycle (Alberts-Hubatsch et
al., 2016; Pittman & McAlpine, 2003). In Northern Austra-
lia, Hill (1994) observed that 97.1% of the 447 individuals
Giant Mud Crabs captured offshore by trawl fishing vessels
were females, and 61.5% of those females were gravid at the
time of capture. This behaviour has been observed in vari-
ous estuarine crab species, in which females migrate from
low-salinity areas towards higher-salinity waters to spawn,
potentially due to the larval requirement for stable environ-
mental conditions (Abe et al., 1999; Aguilar et al., 2005;
Carr et al., 2004; Hill, 1994; Landeira et al., 2020; Potter &
de Lestang, 2000; Robertson & Kruger, 1994; Sant’ Anna
et al., 2012). However, aspects of the Giant Mud Crab life
history remain poorly understood, particularly outside the
estuarine and inshore adult habitats.

The Giant Mud Crab is a portunid crab of high eco-
nomic, social, and cultural importance throughout much
of the Indo-West Pacific. This species inhabits estuarine
and coastal inshore areas associated with mangrove for-
ests and is generally believed to have limited movement
within and among nearby estuaries during the subadult
and adult phases (Alberts-Hubatsch et al., 2014; Bonine
et al.,, 2008; Demopoulos et al., 2008; Hyland et al.,
1984). While adult males have occasionally been cap-
tured offshore (Hill, 1994; Patterson et al., 2023), oviger-
ous females of Scylla spp., including S. serrata, have been
suggested to undertake seaward migrations to release
eggs in some regions, such as Australia and Thailand
(Alberts-Hubatsch, 2015; Hewitt et al., 2022a; Hill, 1994;
Koolkalya et al., 2006). However, little is known about
the particularities of this behaviour.

Some knowledge gaps regarding the spawning migration
of Giant Mud Crabs include whether regional environmen-
tal and demographic differences might influence spawning
behaviour, the triggers that prompt females to initiate sea-
ward movement, and the location of the spawning grounds.
The spawning season and population parameters related to
reproductive features, such as size at maturity, vary across its
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geographical distribution (Khaksari et al., 2023; Onyango,
2002; Prasad & Neelakantan, 1989; Robertson, 1996). For
example, recent studies have hypothesised that reduced
salinity during the wet season may trigger females to initiate
seaward migration in Australia (Hewitt et al., 2022a), as their
larvae would need more stable water conditions (i.e., tem-
perature and salinity) for survival (Baylon, 2010; Nurdiani
& Zeng, 2007). In this case, the spawning migration would
occur in distinct seasons across the species’ distribution, as
in some regions of the Indo-West Pacific, the rainy season
is during winter, while in others it occurs during summer. In
addition, size at maturity might affect the distance offshore
of the spawning grounds, due to the allometric relation-
ship in decapods between body size and swimming capac-
ity (Florko et al., 2021). Other questions regarding the best
conditions for egg extrusion, migration routes and whether
the spawning migration is terminal remain, partly due to the
difficulties associated to track female mud crabs when they
leave the estuarine waters towards the sea.

This systematic review focuses on the spawning migra-
tion of female Giant Mud Crabs and also considers literature
on the migratory behaviour of other crab species. We evalu-
ated various techniques previously applied to crab research
that may be used to infer the seaward migration of oviger-
ous female Giant Mud Crabs. The objectives of this study
were: (1) to provide an overview of previous efforts to eluci-
date the spawning migration of Giant Mud Crabs, and (2) to
review the techniques that have been used in crab research,
which could be applied to investigate the seaward spawning
migration of Giant Mud Crabs.

Materials and Methods

References were sourced from three scientific databases:
Scopus, Web of Science and EBSCOhost, with the search
completed on the 13th of January 2025. The literature search
comprised two steps: (1) the published research on Giant
Mud Crabs and, more specifically, on spawning migration,
and (2) what techniques have previously been used to infer
the migration and movement of crabs. The first research
question was specific to the species of interest. A descrip-
tive search for the term “Scylla serrata” was conducted to
provide background knowledge on the species, particularly
regarding spawning migration. After removing duplicates,
the search results were collated and analysed to determine
the number of publications related to the theme and their rel-
evance. Then, the publications related to Giant Mud Crabs’
spawning migration were tabulated. Publications in which
the research included multiple species (except S. serrata)
or was about an unrelated theme or species were discarded.
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The second search used the strings [Scylla OR Portunidae
AND Spawn* AND Migrat* OR mov*] in the title, abstract
and keywords, or [crab AND spawn* AND migrat* OR
mov*] in the title. The documents were imported into Covi-
dence systematic review software (Veritas Health Innova-
tion, Melbourne, Australia; available at www.covidence.org)
that uses PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses methods to systematically
review the literature) (Page et al., 2021). Each article’s title
and abstract content were analysed to check their relevance
and applicability to our research questions. The remaining
publications were used in the literature review and included
in a separate descriptive statistical analysis. The variables
used were: taxonomic family, method applied, country
where the investigation was conducted and year of publica-
tion. The publications were categorised into the following
methods: mark-recapture, acoustic telemetry, Pop-up satel-
lite tags, fishery-based surveys, observational methods in
the field, video imagery analysis, dataloggers, zooplankton
surveys, stable isotopes, laboratory experiments or captive
animals, numerical modelling, mixed methods, comparative
analysis between methods, and literature review. The publi-
cations were grouped bt decades to examine the utilisation
of the methods over time.

Results
Giant Mud Crab

The first search resulted in 1801 publications. After 795
documents were removed, the remaining 1006 documents
were categorised into subject areas. Over 35% of the pub-
lications were related to the best conditions for developing,
growing, and the grow-out phase of Giant Mud Crabs in
aquaculture facilities, which provides crucial information
for understanding spawning migration (e.g., larvae toler-
ance to environmental conditions and early benthic stages
growth). However, the number of publications in biology
and ecology has increased recently and has become the most
relevant theme in 2023 and 2024. Only 23 documents per-
tinent to the spawning migration or seaward movement of
Giant Mud Crabs were retrieved (Table 1).

Although studies on the spawning migration of oviger-
ous female Giant Mud Crabs have increased recently, some
aspects of this life stage remain unknown. After analysing
the available publications, we identified knowledge gaps
regarding this behaviour, from the time females supposedly
leave estuarine waters to egg extrusion and the possibility of
returning to estuaries. We separated the spawning migration

Table 1 Publications directly related to the spawning migration of ovigerous female giant mud crabs that were retrieved in this literature review

Authors Area of study Life history stage Country/Region Method
Charles et al. (2024) Biology & Ecology Larva Australia Numerical modelling
Khaksari et al. (2023) Biology & Ecology Subadult/adult Persian Gulf Fishery data
Patterson et al. (2023) Biology & Ecology Adult Australia Numerical modelling
Hewitt et al. (2022b) Biology & Ecology Larva Australia Numerical modelling
Pratiwi et al. (2022) Fisheries Adult Indonesia Fishery data
Hewitt et al. (2022a) Biology & Ecology Adult Australia Acoustic telemetry
Jumawan et al. (2021) Fisheries Adult Philippines Fishery data
Grubert et al. (2019) Fisheries Adult Australia Numerical modelling
Fratini et al. (2016) Biology & Ecology Adult Unspecified/ Pacific Region Genetic studies
Alberts-Hubatsch et al. (2016) Biology & Ecology All Australia Literature review
Meynecke and Richards (2014) Biology & Ecology All Australia Numerical modelling
Rezaie-Atagholipour et al. (2013) Biology & Ecology Subadult/adult Persian Gulf and Gulf of Fishery data
Oman

Nirmale et al. (2012) Socioeconomics Adult India Interviews (Tradi-

tional Ecological

Knowledge)
Ogawa et al. (2012) Biology & Ecology Adult Japan Fishery data
Webley and Connolly (2007) Biology & Ecology Post-larva Australia Laboratory studies
Onyango (2002) Reproduction Adult Kenya Laboratory studies
Robertson (1996) Biology & Ecology Adult South Africa Fishery data
Hill (1994) Biology & Ecology Adult Australia Fishery data
Robertson and Kruger (1994) Biology & Ecology Subadult/adult South Africa Laboratory studies
Prasad and Neelakantan (1989) Reproduction Subadult/adult India Laboratory studies
Heasman et al. (1985) Reproduction Adult Australia Fishery data
Hyland et al. (1984) Biology & Ecology Adult Australia Mark- recapture
Hill (1978) Biology & Ecology Adult South Africa Acoustic telemetry

Some of the earlier studies might have incorrectly identified Scylla serrata, as the genus Scylla was reclassified by Keenan et al., 1998)
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into distinct events to provide a more detailed summary of
each one (Fig. 1).

Crab Spawning Migration

In the second search, 656 documents were retrieved. After
removing duplicates, 509 documents remained. Then, 210
documents were screened and sought for retrieval. After
the studies were assessed for eligibility, 118 publications
remained. Two documents from other sources (i.e., grey
literature) were manually added, resulting in 120 docu-
ments included in this analysis (Annex 1). Twenty-one crab
families were represented, and the family Portunidae, which
includes the genus Scylla, was predominant, with 57 publi-
cations. This total represents nearly half of all publications
assessed (47.5%) (Fig. 2). Research considering more than
one family was categorised as “Multiple families”.
Mark-recapture (25%) and acoustic telemetry (25%) were
the most prevalent techniques of all publications. Mark-
recapture has been used to track crab movements since the
1960s. Acoustic telemetry and laboratory experiments have
been frequently applied since the 1990s. The use of acous-
tic telemetry in crab movement ecology research has been
increasing considerably in recent decades as the technology
has improved. Moreover, numerical modelling is one of the

Additional knowledge gaps

» Differences in regional patterns
* Spawning inshore or in coastal waters
* Best techniques to track offshore movement

most used techniques in the current decade. Stable isotopes
and pop-up satellite tags have also been used, though less
frequently, and achieved meaningful results (Fig. 3).

Most of the crab studies retrieved in the review were con-
ducted in the USA, followed in a much lower proportion by
Australia and Canada. Nevertheless, the studies were wide-
spread around the globe, including 30 countries/regions in
all continents (Annex 2). Research into the genus Scylla was
identified in studies from Australia, South Africa, Kenya,
Micronesia, Vietnam, Fiji, the Persian Gulf, the Philippines
and Malaysia.

Discussion
Spawning Migration of Giant Mud Crabs

Understanding the main biological traits and behavioural
characteristics of Giant Mud Crabs, from mating to the
period when ovigerous females are assumed to be offshore
to extrude eggs, is required to overcome the difficulties of
tracking and to determine the most appropriate methods
for researching the spawning migration. Although various
methods have been used to address questions about this
species’ life history stage, many knowledge gaps remain.

Characteristics
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Fig. 1 Schematics illustrating the knowledge gaps on the Giant Mud Crab spawning migration
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Methods used in crab movement ecology research

This literature review retrieved a relatively low number of  use of Giant Mud Crabs. Therefore, our review focuses spe-
publications (n=23) specifically related to the spawning  cifically on current knowledge of spawning migration and
migration of Giant Mud Crabs. We identified that Alberts-  suggests methods to address the gaps.

Hubatsch et al. (2016) provided a crucial contribution with a Female Giant Mud Crabs are understood to migrate off-
thorough overview of the life history, movement and habitat ~ shore to spawn, but the seaward movement might commence
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before eggs are fertilised during extrusion. The timing of
initiating the seaward movement might be driven by physi-
ological readiness and optimal conditions (Nathan et al.,
2008). After mating, female Giant Mud Crabs can retain the
sperm in their seminal receptacles for several months before
fertilising the eggs (Hay, 2009). In eubrachyuran crabs,
fertilisation happens internally when the eggs produced in
the ovaries are transported through oviducts to the seminal
receptacles, where fertilisation occurs (McLay & Becker,
2015). Hence, egg fertilisation might occur after females
have left the estuary on their way to the spawning grounds,
which could explain the difficulty of catching ovigerous
females in estuaries. For brachyurans in general, factors like
incubation period and fecundity are strongly correlated with
body size (Crowley et al., 2019; Davis et al., 2004; Fratini
et al., 2016). Therefore, the Giant Mud Crab has the longest
incubation period (up to 30 days, depending on water tem-
perature (Hamasaki, 2003) and produces the largest number
and size of eggs and larvae among all Scylla species (Ates
etal., 2012).

The triggers for ovigerous females to commence the
spawning migration, and whether this is standard behaviour
or is specific to some regions, remain uncertain, although
some progress has been made since Alberts-Hubatsch et
al. (2016) (e.g., see Hossain (2025). Ogawa et al. (2012)
hypothesised that the offshore migration by large gravid
females might even commence before the spawning season.
A recent study has observed that environmental parameters,
including temperature, salinity, pH, light and diet have a
significant impact on moulting and reproductive success in
female Giant Mud Crabs (Hossain, 2025). In the southern
half of their Australian distribution (i.e., south of latitude
27°S), the spawning migration of female Giant Mud Crabs
likely occurs during the rainy season, perhaps prompted by
reduced temperatures and increased flow (Alberts-Hubatsch,
2015; Hewitt et al., 2022a). A reduction in salinity due to
rainfall has also been hypothesised to trigger the females’
spawning migration (Alberts-Hubatsch, 2015; Hewitt et al.,
2022a). In other regions, such as the Philippines (Jumawan
etal., 2021), the Persian Gulf and the Gulf of Oman (Rezaie-
Atagholipour et al., 2013), and South Africa (Robertson &
Kruger, 1994), the spawning season seems to vary through-
out the year. It is unclear whether these variations are related
to latitude (i.e., climate zones), increased flow and reduced
salinity during the wet season, or increased water tempera-
ture during warmer months (Alberts-Hubatsch et al., 2016).

Once Giant Mud Crab eggs hatch, the planktonic zoea
is assumed to drift under ocean advection (Charles et al.,
2024; Hewitt et al., 2022b) while passing through five lar-
val stages (Z1-Z5) over about 28 days, depending on envi-
ronmental conditions (Baylon, 2010; Nurdiani & Zeng,
2007). As yet, there is no evidence of whether zoeae have
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swimming capabilities during this phase (Epifanio & Cohen,
2016), although megalopae have been observed to move
vertically through the water column, stimulated by light,
and use currents to reach the coast (Webley & Connolly,
2007). Megalopae are assumed to stay in coastal waters, but
it is still unclear whether they metamorphose into crablets
before entering the estuaries to settle (Webley et al., 2009),
or the metamorphosis into the first instar occurs in estua-
rine waters (Alberts-Hubatsch et al., 2014). This is a general
concept, but only the proportion of larvae that drift shore-
wards and reach inshore waters may successfully recruit
(Charles et al., 2024).

During the zoeal stages, Giant Mud Crabs are stenoha-
line, strongly dependent upon the optimal salinity (between
25 ppt and 35 ppt) and temperature (between 26 °C and
32 °C) to survive and grow (Baylon, 2010). Since most estu-
aries are characterised by variable salinity and temperature,
the larvae may not survive in this unstable environment
(Alberts-Hubatsch et al., 2016). Even if the variability were
not lethal, the larvae would expend considerable energy on
osmoregulation (Baylon, 2010; Ruscoe et al., 2004), which
could compromise growth and condition (Torres et al.,
2011).

However, if the spawning migration of female Giant Mud
Crabs is solely to seek adequate water quality conditions to
release eggs and enhance larval survival, it may not always
be necessary to move offshore. During the long dry sea-
son or when evaporation exceeds precipitation, the salinity
and temperature conditions in some estuaries may be suffi-
ciently stable for larval survival and development (Mattone
et al., 2022; Wolanski, 1986). Hence, females could spawn
in inshore or coastal waters in these situations without risk-
ing larval survivorship.

Notwithstanding the triggers for starting the seaward
movement or some regional differences, the spawning
migration might play a crucial role in the Giant Mud Crab’s
distribution, as this behavioural trait is a successful strat-
egy for larval dispersal (Charles et al., 2024). Giant Mud
Crabs are the most widespread species of the genus Scylla
(Keenan et al., 1998), found in tropical, subtropical, and
temperate regions throughout the Indo-West Pacific region.
Genetic studies have hypothesised that, historically, the
biogeographical spread of S. serrata originated in the west-
ern Pacific and rapidly expanded throughout the Indo-West
Pacific during the late Pleistocene (Fratini et al., 2010;
Gopurenko et al., 1999) (Fig. 4). Currently, their known
natural distribution spans from latitudes 38°S to 34°N and
longitudes between 23°W and 172°W, including the African
east coast (Fondo & Ogutu, 2021; Rumisha et al., 2017), the
Persian Gulf (Rezaie-Atagholipour et al., 2013) the Red Sea
(Keenan et al., 1998), South and Southeast Asia (Hasan et
al., 2021; Sayeed et al., 2021), and various Pacific nations
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Fig. 4 Distribution of the Giant Mud Crab Scylla serrata through-
out the Indo-Pacific region (compiled by the authors from published
accounts) highlighting the species region of origin (solid red ellipse)

(Dumas et al., 2012; Ewel, 2008). In Australia, Giant Mud
Crabs occur from the northwestern coast of Western Aus-
tralia through the Northern Territory, Queensland and the
eastern coast of New South Wales (Flint et al., 2021; Kirke
et al., 2023; Pillans et al., 2005; Robins et al., 2020). A par-
ticular subpopulation is more efficient in colonising distant
areas if they move offshore to spawn rather than staying
in inshore waters (Criales et al., 2019). As estuaries are
enclosed areas with limited access to the sea, the offshore
spawning migration would potentially enhance the chances
of recruitment success, increase genetic diversity and widen
the species range (Criales et al., 2019; Hill, 1994; Rudorff
et al., 2009). The species ability to colonise is somewhat
hinted at by its occurrence outside of its known distribution,
either intentionally for aquaculture purposes (Hurley et al.,
2021) or unintentionally as an invasive species (Lemaitre et
al., 2013; Tavares & Mendonca, 2011).

Overall, the extensive species range, in addition to low
genetic variability among most Indo-Pacific populations,
suggests that the Giant Mud Crab has efficiently colonised
different regions in a relatively short period (Fratini et al.,
2010; Gopurenko et al., 1999). Due to the allometric rela-
tionship between body size and swimming capacity, larger
females with more energy reserves could travel more effi-
ciently (Florko et al., 2021). The distance travelled by
females from their original estuary to the spawning sites
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and direction of the biogeographical spread (pointed arrows). This rep-
resentation is based on the results of genetic studies carried out by
Gopurenko et al. (1999) and Fratini et al. (2010)

might influence the extent of the larvae settlement areas,
and their larval dispersal could be extended from a local
to a regional scale, enhancing connectivity among popula-
tions (Charles et al., 2024; Criales et al., 2019; Hewitt et
al., 2022b). However, migration efficiency and the maxi-
mum distance offshore would be limited by females’ swim-
ming ability and larvae’s capacity to successfully return to
shore, which otherwise might lead to in recruitment failure
(Charles et al., 2024).

The distribution throughout tropical, subtropical and tem-
perate zones also indicates a high level of plasticity to adapt
to a wide range of environmental conditions (Gopurenko et
al., 1999). Subtle genetic differences among distinct stocks
are probably related to abiotic and biotic factors, but might
also result from variations in exploitation intensity (Fra-
tini et al., 2010). Other species of the genus Scylla do not
appear to have the same level of adaptive plasticity, as none
of them has successfully expanded their population to the
same degree as S. serrata (Gopurenko et al., 1999; Keenan
etal., 1998). This resilience and some of the biological char-
acteristics of the species, such as fast growth (Hill, 1975;
Jumawan et al., 2021) and high fertility (Paran et al., 2022),
combined with adequate management strategies (Grubert
et al., 2019), would be essential to recover intensively har-
vested or overexploited Giant Mud Crab stocks, mainly
in developing countries (Bonine et al., 2008; Ewel, 2008;
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Fratini et al., 2010; Jayamanna & Jinadasa, 1993; Rumisha
etal., 2018).

However, the spawning migration of female Giant Mud
Crabs may have some disadvantages, such as high energetic
requirements to undertake the offshore movement (Cooke
et al., 2006), the possibility of not returning to the original
habitats (Bloor et al., 2013; Cooke et al., 2006), and greater
vulnerability to predation (Boulétreau et al., 2020; Hansen
et al., 2020). Moreover, spawners may become predisposed
to incidental capture (i.e., bycatch) if their spawning areas
overlap sectors where fisheries targeting other species are
operating (Biggs et al., 2021; Hill, 1994). The incidental
capture of spawners can be detrimental both to recruitment
and fisheries stock assessments, as bycatch data are often
underreported and, therefore, rarely considered when esti-
mating spawning stock biomass and mortality rates (Charles
et al., 2020; Cook, 2019).

Knowledge Gaps on the Giant Mud Crab Spawning
Migration

Ovigerous female Giant Mud Crabs have been assumed to
actively use the prevalent ocean currents in their spawning
migration strategy (Hewitt et al., 2022a; Patterson, 2020),
similar to some marine invertebrates, including other crabs
(Bloor et al., 2013; Carr et al., 2004; Forward & Cohen,
2004). This behaviour, known as selective tidal stream trans-
port (STST), would conserve energy during the spawning
migration (Forward & Tankersley, 2001) or could assist in
orientation. The occasional use of STST to move short dis-
tances among adjacent areas for feeding in estuarine waters
has been observed for Giant Mud Crabs (Alberts-Hubatsch,
2015; Heasman, 1980; Hewitt et al., 2023). However, the
nature of the movement offshore (e.g., whether they mostly
move by swimming or crawling on the seabed) and direc-
tion (i.e., if they strictly follow the current direction or use
the current force but slightly change the direction using their
swimming capabilities) are currently unknown.

Other uncertainties include the migration duration and
distance travelled offshore before releasing eggs, the loca-
tion of spawning grounds, and whether the females form
aggregations to migrate and spawn (Davis et al., 2004),
and whether specific environmental cues trigger spawning.
Hill (1994) observed from trawl fisheries data that oviger-
ous females were recorded as bycatch up to 95 km from the
coast, and the offshore distance varied among areas. How-
ever, as the dataset was obtained from incidental capture,
female Giant Mud Crabs were found only in the sectors and
seasons which the trawler fleet operated. Data from other
areas and periods and specific information about the loca-
tion of spawning grounds are still scarce.
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Methods Applied to Track Ovigerous Female Giant
Mud Crabs

Methods that have been applied to attempt to track the
seaward movement of ovigerous female Giant Mud Crabs
include mark-recapture (Hyland et al., 1984), acoustic
telemetry (Alberts-Hubatsch, 2015; Hewitt et al., 2022a)
and fishery data (Hill, 1994; Jumawan et al., 2021; Khak-
sari et al., 2023; Rezaie-Atagholipour et al., 2013). All
rely on catching ovigerous females. However, Giant Mud
Crabs are most often captured using baited traps, and ovig-
erous females are rarely caught by this method, which has
been speculated to be because they cease feeding activity
(Heasman et al., 1985; Heasman, 1980) either to main-
tain energy for ovarian development or to start a seaward
spawning migration (Hewitt et al., 2022a). Similarly, ovig-
erous females of other crab species are rarely captured by
baited fishing gears, which may be related to behavioural
differences and reduced feeding activity compared to non-
ovigerous females (e.g., Dungeness crabs, Cancer magis-
ter (Schultz et al., 1996; Swiney et al., 2003), Edible crabs,
Cancer pagurus (Howard, 1982), Green crabs, Carcinus
maenas (Young & Elliott, 2020) and Spanner crabs, Ranina
ranina (Kennelly & Watkins, 1994). The usual behaviour of
the female crabs might be so altered during late-stage ovary
development that typical routine activities (e.g., foraging
and feeding) might cease during the spawning migration to
avoid predation, due to the higher exposure on the feeding
grounds when searching for food, or save energy (Lima et
al., 2021; Pittman & McAlpine, 2003). Hence, capturing
gravid females for tagging is challenging (Ali et al., 2020).
Researchers have tried to overcome the difficulty of
capturing ovigerous females and externally identifying if
the eggs were fertilised by targeting mature and soft-shell
females to tag (Alberts-Hubatsch, 2015; Hewitt et al.,
2022a). However, soft-shell females do not necessarily
move seaward immediately after mating. Instead, they may
remain in the estuary whilst passing through the moult cycle
stages (i.e., moving from a soft shell to a hardened cara-
pace with no flexibility). During this period, females need to
increase their food intake to develop their gonads (if it is the
pubertal moult), obtain energy and fill their internal cavities
with muscles while the new exoskeleton solidifies (McLay,
2015). Moreover, although sperm can usually be found in
the seminal receptacle of most post-pubertal moult female
Giant Mud Crabs, indicating successful insemination (Rob-
ertson & Kruger, 1994), female crabs can store sperm for
many months before eggs are fertilised (Knuckey, 1999).
So, tagging mature and soft-shell females might increase the
likelihood of tracking inseminated females, but it is uncer-
tain when they would commence the seaward migration. In
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addition, sometimes female mud crabs (Scylla spp.) may
produce unviable eggs, mainly in the first maturity instar,
and be unable to spawn (Robertson & Kruger, 1994). Hill
(1994) found mostly ovigerous female Giant Mud Crabs
offshore, but the author also reported some males and a
substantial number of non-ovigerous females. Hill (1994)
did not analyse the ovarian maturation stage to verify if the
females caught offshore had fully mature or spent ovaries
(Quinitio et al., 2007).

Suggested Methods to Investigate Giant Mud Crab
Spawning Migration

Various techniques have been applied to address crab move-
ments, depending on the species’ biological and ecological
traits (i.e., moult cycles, behaviour and geographic range).
We observed that most methods used to study migration or
movements, related or not to spawning, were applied to ter-
restrial or estuarine crab species that remain within a limited
or well-defined territory. Data collection on the movement
of these species is simpler than for migratory species, as
the animals are more accessible for capture, handling,
and observation. However, the oceanic stage of the Giant
Mud Crab’s life history constrains the use of some of those
methods.

Hereafter, we discuss the techniques with the greatest
potential to elucidate the outstanding questions regarding
the spawning migration of Giant Mud Crabs. The tech-
niques were categorised into direct and indirect methods.
Direct methods rely on capturing females and using devices
such as tags to track their movements. Indirect methods do
not require the capture or contact with the breeding stock
but are inferential rather than empirical. The selection of
techniques considered the offshore movement of ovigerous
female Giant Mud Crabs, oceanographic features and larvae
behaviour (Table 2).

Direct Methods

Mark-Recapture Mark-recapture is a relatively inexpensive
method to study the movement ecology of aquatic animals
(Darnell & Kemberling, 2018; Engelbrecht et al., 2020;
Simpson et al., 2020). The technique relies on identifying
animals with a unique tag (e.g., numbered or colour-coded)
and later recapturing the tagged individuals to estimate their
movement patterns (Fazhan et al., 2022; Johnson & Egg-
leston, 2010). The low cost and simple application mean a
large number of animals can potentially be tagged, making
this one of the oldest and most widely utilised methods in
ecological and fisheries research, including crabs (Medici et
al., 2006). Besides movement ecology, mark-recapture can
provide valuable data regarding other ecological aspects and

fisheries, like population size, abundance and recruitment
(Fazhan et al., 2022; Johnson & Eggleston, 2010; Semmler
etal., 2021).

The disadvantages include the relatively low recapture
rate of the tagged animals (Hill, 1975), accuracy is typically
dependent on the capture and tagging of a reasonable pro-
portion of the population, and the necessity for researchers
to be frequently in the field to recapture the animals (Lee
et al., 2014; Potter et al., 1991) unless the fishing commu-
nity is highly engaged in reporting recaptures. These factors
are particularly important for studies into commercially or
recreationally harvested species, as information from fishers
can increase the reporting rates (Semmler et al., 2021). As
there is no direct fishing pressure offshore for mud crabs,
mark-recapture would probably be more efficient for track-
ing the movement of gravid female Giant Mud Crabs that
spawn in estuaries, semi-enclosed bays or near coastal
waters, as there would be a greater likelihood of females to
be recaptured either by fishing gears targeting mud crabs or
as bycatch in coastal habitats than in offshore environments.
For example, in a study conducted by Darnell and Kem-
berling (2018) in North Carolina, USA, the recapture rate
of recently mated female blue crabs (Callinectes sapidus)
was relatively high (17.5%-39.7%), compared with previ-
ous studies. However, two factors might have contributed
to this outcome: (1) great fishing pressure in the study area
combined with the high reporting rate from fishers, and (2)
although female blue crabs also perform a seaward move-
ment, their spawning grounds are near the estuary mouth or
coastal areas.

To minimise the uncertainties of recapture and reduce
the efforts, a combination of methods would be appropri-
ate, including the application of citizen science and Tradi-
tional Ecological Knowledge (TEK) (Berkes, 2012). TEK
comprises the long-standing knowledge and practices based
on experiences that Indigenous groups and traditional com-
munities have developed over generations (Berkes, 2012).
Therefore, this important resource could even be used
independently to elucidate aspects of Giant Mud Crabs
spawning migration, as traditional knowledge can generally
provide valuable information about the biology and ecology
of many species (Charles, 2022; Nirmale et al., 2012).

In this context, Indigenous groups, artisanal and com-
mercial fishers, either targeting the tagged species or catch-
ing them as bycatch, can play an important role (Darnell &
Kemberling, 2018). Hill (1994) obtained data from prawn
trawlers to study the spawning migration of Giant Mud
Crabs in the Northern Territory, Australia. Although the
author applied questionnaires to interview skippers instead
of mark-recapture, this example illustrates the importance
of cooperation of commercial fishers for data collection
in remote areas. Otherwise, successful mark-recapture
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Table 2 Summary of the current knowledge gaps on the Giant Mud Crab spawning migration, explaining the rationale behind the process of selec-
tion of techniques that might be applied, based on each particular phase during a spawning event

Knowledge gap  Phase Technique Selection rationale Drawbacks
Triggers to initiate Seaward Acoustic Enclosed waters in estuaries and the use of data- -
migration movement  telemetry loggers for environmental parameters
Migratory routes  Offshore Acoustic Possible tracking with an array of receivers Expensive infrastructure. Need a large
and direction movement  telemetry offshore array of gates offshore. Otherwise,
tagged animals may remain undetected
Pop-up satellite  Fine-scale tracking (if tag recovered) or estimate -
tags tracking (if tag not recovered) and environmental
parameters
STST! and verti-  Offshore Pop-up satellite ~ Fine-scale tracking (if tag recovered) and com- -
cal movement movement  tags parison with ocean current direction and velocity.
Pressure sensor provides depth variation
Body size x Offshore Acoustic Possible tracking with an array of receivers set-  Expensive infrastructure. Need a large
Spawning movement  telemetry ting boundaries offshore array of gates offshore. Otherwise,
distance tagged animals may remain undetected
Mark-recapture  Analysis of gonadal maturation, body size and Relies upon the interaction of crabs
relationship with distance offshore with offshore fisheries and support
of stakeholders for the collection of
individuals
Characteristics Spawning Acoustic Once the spawning grounds are defined, charac-  Determination of the precise timing of
of the spawning  (i.e., egg telemetry; teristics like bathymetry, water parameters, and  the spawning event is unlikely.
grounds extrusion) Mark-recapture  other conditions may be determined
Triggers foregg  Spawning Mesocosm As determining the exact moment of egg extru-  Capture of ovigerous females using
extrusion (i.e., egg experiments sion is difficult, experiments in a controlled standard methods is not common
Multiple vs. extrusion) environment would be more appropriate Crab health deteriorates after a few
single spawning months in captivity
events
Difference in All phases  Comparison of ~Meta-analysis of spatial and temporal variation  Standardisation among studies across
regional patterns studies across the species distribution may be
and spatio- the species difficult
temporal variation distribution
in spawning
behaviour
Spawning inshore Spawning Zooplankton High abundance of zoeal stages in estuaries and  May need to be combined with genetic
or in coastal (ie., egg surveys coastal waters may indicate recent localised analysis for accurate identification of
waters extrusion) spawning activity Scylla serrata zoea
Acoustic Multiple detections over a predicted period in Determination of the precise timing of
telemetry coastal areas after leaving the estuary the spawning event is unlikely.

programs using citizen science to help track crustaceans
typically rely on a range of incentives to the public and have
a considerable amount of investments that allow the pro-
grams to be continuous over the years, such as the Florida
Horseshoe Crab Watch program, in the United States (Heres
etal., 2021).

AcousticTelemetry Acoustic telemetry is a powerful tool for
tracking movements, including larger migrations of marine
animals in coastal and continental shelf ecosystems (Barnett
et al., 2024; Matley et al., 2022). It is the most frequently
used telemetry tool for investigating crustacean movements
to date (Florko et al., 2021). Animals fitted with acoustic
transmitters can be tracked actively or passively (Barnett et
al., 2010; Crossin et al., 2017; Heupel et al., 2006). For the
active method, a mobile receiver is installed on a boat to
follow the animal’s movement. The active method is typi-
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cally labour-intensive and time-consuming; therefore, it is
mostly used for short-period tracking, for known migra-
tion paths that need to be confirmed or for planning a pas-
sive receiver array design. Hence, we considered the active
method unsuitable for tracking ovigerous female mud crabs
at sea. For the passive method, the ability to detect tagged
individuals is dependent on the detection range of receivers
(typically between ~60 and 950 m), which is affected by
environmental and physical variables and by the design of
the receiver array, e.g. number, location and configuration
of receivers deployed (Barnett et al., 2024; Hoenner et al.,
2018). This technology has been utilised to study the spawn-
ing migration of several portunid species (Carr et al., 2004;
Eggleston et al., 2015; Florko et al., 2021), including Giant
Mud Crabs (Alberts-Hubatsch, 2015; Hewitt et al., 2022a).
Some elements need to be taken into account when apply-
ing this technique in crab research. As a general guideline
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for animal research using tagging methods, the tag weight
should be considered according to the body weight to mini-
mise the impact on the animal’s behaviour (known as “tag
burden”) (Smircich & Kelly, 2014). However, tag bur-
den may vary between species, and more research is still
needed, particularly for decapod crustaceans (Florko et al.,
2021). Tag loss due to ecdysis is an unavoidable limitation,
as the acoustic tags are usually attached to the external car-
apace. Moreover, the detection of migrating female Giant
Mud Crabs in the open ocean is challenging. Given the diffi-
culty in the continuous tracking of tagged individuals in the
open ocean (Freire & Gonzalez-Gurriaran, 1998), a study
aiming to understand the offshore migration would require
an extensive offshore receiver coverage to ensure a reason-
able probability of obtaining meaningful results (Ledee et
al., 2021). An example of a large acoustic receiver array
is the one permanently installed along the Australian coast
and managed by Australia’s Integrated Marine Observing
System Animal Tracking Facility (IMOS ATF - https://ani
maltracking.aodn.org.au) in partnership with several stake-
holders (Hoenner et al., 2018). Hence, if tagged ovigerous
female Giant Mud Crabs passed within the detection range
of any IMOS receiver, they would be detected. However,
although the array has improved in recent years (a 57%
increase with 327 receivers in Queensland), the area with
receiver coverage is still small in relation to the area to be
covered (spanning 2,100 km from the border with New
South Wales to the Far North Queensland) (Barnett et al.,
2024). Therefore, the probability of a tagged migrating
female being detected offshore is relatively low, given the
vast area of Australia’s waters that migrating crabs might
move within.

Nevertheless, the method can provide useful information
for conservation and stocks management (Crossin et al.,
2017). Of 89 female Giant Mud Crabs tagged in two estuar-
ies in northern New South Wales, 47 were detected at the
mouth of the estuary, and 14 were detected in oceanic waters
(Hewitt et al., 2022a). Once female Giant Mud Crabs left
the estuary, they were detected at distances between 23 and
69 km north of the estuaries, suggesting a northward migra-
tion (Hewitt et al., 2022a). The results provided by Hewitt et
al. (2022a) give some important but still limited insight into
their offshore spawning migration. Also highlights that with
enough resources and an appropriately designed receiver
array to target possible offshore migration routes, acoustic
tracking has the potential to help better understand mud crab
migrations and find essential spawning habitats.

Pop-up Satellite Archival Tags (PSAT) Pop-up satellite archi-
val tags (PSATs) have recently been applied to study the
movement ecology of crustaceans. Depending on the stud-
ied species, PSATs are externally attached to the animal’s

body using a tether and different anchoring methods. The
tether releases after a pre-programmed time, allowing the
positively buoyant tag to reach the surface and transmit
locational and environmental data via satellite (Musyl et al.,
2011; Renshaw et al., 2023; Whitford & Klimley, 2019).

Several inherent limitations will likely prevent the migra-
tion from being clearly answered. Tag and data transmis-
sion failure and premature tag release have been reported as
common issues (Musyl et al., 2011; Renshaw et al., 2023).
When tags are not physically recovered and, consequently,
the raw data is not obtained, position accuracy is dependent
on factors like the satellite location accuracy and the inter-
val between the tag reaching the surface and the satellite
receiving the data transmission. If the conditions are not
ideal (e.g., inconstant animal surfacing and rough weather
or oceanic conditions), the position provided by PSATs can
have errors exceeding 1.5 km (Green et al., 2021). Further-
more, the reconstruction of the animal track might have a
substantial error radius, as light-based geolocation is used
to estimate the track. Hence, although this technique may
provide crucial information (e.g., movement direction,
temperature and depth data; Davidson and Hussey (2019);
Renshaw et al. (2023), the relatively low position accuracy
might be detrimental for pinpointing precise locations, espe-
cially if the animal does not perform large-scale movements
(Hussey et al., 2018).

The literature review found two published studies that
utilised this technique to analyse crab movements (Davidson
& Hussey, 2019; Green et al., 2021). Davidson and Hussey
(2019) successfully monitored the movement behaviour of
porcupine crabs (Neolithodes grimaldii) in deep waters of
the Eastern Canadian Arctic between five and 89 days using
a combination of mark report pop-up archival tags (mrPATs)
and miniPATs. Green et al. (2021) obtained crucial move-
ment data of giant spider crabs (Leptomithrax gaimardii)
in Victoria, Australia, tracking the crabs from one to 77
days using mrPATs. In both studies, a harness method was
applied to attach the tags. Both studies experienced some
technical difficulties. Green et al. (2021) reported that eight
of 15 tags were released at the programmed time, four tags
were released prematurely, and data of three tags were
unavailable, while in Davidson and Hussey (2019) study,
six of 18 tags were released at the programmed time, 11
released prematurely and data of one tag was unavailable.
The average drift error was 4.6 km (including vertical and
horizontal drift). The prematurely released tags successfully
obtained data in both studies, but this factor might have led
to misinterpretation of the animal’s behaviour (Davidson
& Hussey, 2019). The authors suggested that tag failure,
moulting, issues related to the attachment method, and the
modified crab pot might be the main causes of premature
release of tags (Davidson & Hussey, 2019).
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PSATs may allow researchers to address some questions
regarding the Giant Mud Crab spawning migrations. For
example, it might be possible to determine the movement
direction and the location of spawning grounds of tagged
ovigerous females. Depth (pressure) and temperature log-
ging by PSATs may help to elucidate behaviour during
migration, such as whether ovigerous female crabs use
STST to move towards the spawning location or when in
offshore waters or if there is vertical movement through
the water column that is related to light. However, data is
binned, and fine-scale data is only available if the tag can
be retrieved. Anecdotal reports of crabs swimming at the
surface in oceanic waters might indicate that other satellite
tag models could be used, but more research is needed to
confirm viability.

There are, however, some practical barriers to the use of
PSATs for biological studies on Giant Mud Crabs. Firstly,
the best time-until-release to program into the tag is difficult
to determine because the tags return a single location after
release. The egg incubation period of approximately 15 days
(Hamasaki, 2003) provides an estimate of the likely migration
duration, meaning that pop-off could occur before or after the
spawning, even if a known gravid female Giant Mud Crab is
tagged. As a result, it may take a considerable number of tags
to develop an accurate picture of the migration, which may be
limited by the relatively high expense and non-reusability of
PSATs (Musyl etal., 2011) unless they can be recovered. Sec-
ondly, it is unknown whether the tag could interfere with the
normal behaviour of the tagged crab, such as a change in the
swimming ability (Fisher et al., 2017). Recent improvements
in technology, which reduced the PSAT’s size and weight, are
promising for the utilisation in smaller-bodied animals like
mud crabs, as the application of this technology must always
consider minimising the tag burden. The paucity of oviger-
ous females caught in estuaries, and their recorded interaction
with other fisheries as bycatch (Hill, 1994), and the possibil-
ity for entanglement in their mangrove-lined habitat means
the ovigerous females to be tagged should ideally be caught
and released near the estuary mouth.

Indirect Methods

Particle Tracking Simulation Particle tracking simulations
have been used to estimate connectivity via larval disper-
sal for several crustaceans and to infer the potential move-
ment of ovigerous female portunids towards their spawning
grounds (Charles et al., 2024; Criales et al., 2019; Hewitt
et al., 2022b; Patterson, 2020; Rudorff et al., 2009). Our
review identified seven publications that used this technique
to respond to research questions regarding the spawning
migration of crab species. Most studies were related to lar-
val supply, recruitment, dispersal and connectivity, with the
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major limitation being that the results are model estimates,
allowing inferences that could be strengthened by empirical
validation of some form.

This technique is relatively inexpensive and versatile, as
it can be applied to investigate various ecological questions,
including, for example, the probability of Giant Mud Crab
larval settlement as a function of the offshore spawning dis-
tance and its associated value for self-recruitment or con-
nectivity among different populations (Charles et al., 2024).
However, as some parts of the Giant Mud Crab life history
are still poorly understood, one limitation of simulations is
the difficulty of precisely incorporating the species behav-
iour into the model due to the limited information available.
Previous studies used particle tracking simulations to inves-
tigate the Giant Mud Crab spawning migrations or offshore
movement (Hewitt et al., 2022b; Meynecke & Richards,
2014; Patterson, 2020; Patterson et al., 2023). These stud-
ies assumed that ovigerous female Giant Mud Crabs strictly
follow the direction of flow, either passively (Hewitt et
al., 2022b; Patterson, 2020) or actively (Patterson, 2020).
New investigations could add different scenarios in which
females use STST (Carr et al., 2004; Forward & Cohen,
2004) together with some change in the vector direction
caused by active swimming (Forward & Tankersley, 2001)
or wind during the periods when females reach the surface,
therefore potentially expanding the distribution areas.

In addition, research into the larval distribution along
the coast, larvae supply, and larval behaviour would be
advantageous in validating the simulations. For example,
a time series of larval distribution would be important to
assess where larvae successfully recruited to and from mud
crab habitats. This information could be used to populate
the model and to compare with the catch rates for a given
year, allowing researchers to determine whether the below
or above catch rates of mud crabs would be from larval drift
or habitat quality linked to the estuarine conditions post-
metamorphosis into crablets.

Zooplankton Surveys Given the challenges of tracking the
adult egg-carrying females, an alternative would be to attempt
to track the Giant Mud Crab larvae after spawning. In this
way, zooplankton surveys are another possible technique to
gather data about the spawning migration of Giant Mud Crabs.
The understanding is that areas where females had recently
spawned would have a higher abundance of the first stage of
zoea larva (Z1) than the surroundings (Eaton et al., 2003). This
abundance would decrease in samples collected further from
these sectors towards the shoreline, and, at some point, the
samples would contain only subsequent zoeal phases (i.e., Z2,
Z3,74,75) (Eaton et al., 2003; Paran et al., 2022). Neverthe-
less, two main issues would need to be solved. Firstly, the wide
study area due to the potential larvae drift from the spawning
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grounds would be a considerable limitation. Secondly, there
are difficulties in accurately distinguishing the early-stage
Giant Mud Crab larvae from other decapods, although mor-
phological differences have been specifically observed in
zoea (Z1) among distinct Scylla species (Ates et al., 2012).
Advances in molecular analysis provide one potential solution
to rapidly identify individual species in zooplankton samples,
though not to stage the larvae (Machida et al., 2009).

The very low concentrations of the larval stages mean that
surveys to detect them would necessarily be sizeable unless
the surveys are conducted in enclosed bodies of water or rela-
tively well-known spawning grounds. However, such surveys
exist. For example, regular plankton surveys are undertaken
in some countries [e.g., the Australian Plankton Survey —
Integrated Marine Observing System (IMOS) - https://imos
.org.au/facilities/shipsofopportunity/auscontinuousplanktonr
ecorder], covering large stretches of the coastal ocean. They
may potentially uncover concentrations of Giant Mud Crab
larvae serendipitously. A significant challenge is the vast oce-
anic area in which Giant Mud Crab larvae might be located
(Charles et al., 2024). If it was possible to refine the pos-
sible spawning grounds and timing through other methods,
then more focused plankton surveys could prove effective
at finding Giant Mud Crab larvae stages. If the larvae could
be located at sea and their stage of development accurately
determined, then particle tracking simulations could be used
to backtrack to the likely site of egg release (Charles et al.,
2024). While applying this method might seem unfeasible in
ocean waters, it could be effective in near coastal waters or in
investigating spawning events in bays and estuaries.

Conclusions

The oceanic life-history stage of the Giant Mud Crab remains
the most elusive part of its life. The difficulty of tracking
ovigerous females during the spawning migration is a sig-
nificant constraint to understanding this behavioural trait and
the subsequent chain of events. There are two setbacks to
overcome: (1) the difficulty in obtaining ovigerous female
Giant Mud Crabs, and (2) the selection of the most appro-
priate tracking method to be applied. Indirect approaches
like numerical modelling and zooplankton surveys might
help provide multiple lines of evidence on several ques-
tions regarding the spawning migration of Giant Mud Crabs.
However, they also have limitations, such as the unknown
behaviour of larvae during the planktonic phase (zoea).

We reviewed the spectrum of approaches that can be
used to monitor the seaward spawning migration of Giant
Mud Crabs, a problem that has evaded resolution to date.
Each method has strengths and weaknesses. Hence, decid-
ing which method to apply depends on the specific research

objectives and logistical constraints, including budget. The
continuous advancement of animal tracking technology
has widened the possibilities. Smaller electronic tags (e.g.,
PSATs and acoustic transmitters) allow the application of
these devices in smaller-sized animals, and the large net-
works of acoustic receivers increase the detection range for
animals tagged with acoustic transmitters. Adding more
acoustic receivers in strategic migratory corridors could fill
some gaps in the coverage area. Under certain conditions,
combining methods through multiple lines of evidence is
likely the most appropriate option and may lead to more
consistent outcomes. For example, electronic transmitter
(PSAT and/or acoustic tags) deployment on females in com-
bination with numerical modelling of larval dispersal might
be used to estimate the most likely spawning areas, and
systematic zooplankton surveys could then be conducted in
these areas to confirm their viability as spawning grounds.

As the deployment of baited crab pots targeting Giant
Mud Crabs in estuaries seems to be ineffective for capturing
ovigerous females, other alternatives might be attempted,
like placing the crab pots in different habitats, identifying
mature females that are not yet ovigerous but are likely to be
soon, using other fishing gears to capture the female crabs
on the way out of the estuary, or finding stakeholders who
can potentially catch them at sea (e.g., commercial prawn
trawlers or net fishers). Then, the ovigerous females could
be tagged and released immediately to continue their jour-
ney towards the spawning grounds, removing some of the
uncertainty associated with tag deployment.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s12237-026-01750-1.

Acknowledgements This research project was supported under the
Commonwealth Government’s Research Training Program. We grate-
fully acknowledge the financial support provided by the Australian
Government. The PhD research project was financially supported by
CQUniversity Australia and the Coastal Marine Ecosystems Research
Centre (CMERC) by providing an International Excellence Award
(100% tuition) and a CMERC Stipend Scholarship, respectively.

Authors’ Contributions William Dantas Charles was responsible for
the study conception and design, material preparation, data collection
and analysis. The first draft of the manuscript was written by William
Dantas Charles and all authors critically revised previous versions
of the manuscript. Nicole Flint, Christopher Aiken, Julie Robins and
Adam Barnett supervised the study. All authors read and approved the
final manuscript.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions. This PhD research project was supported un-
der the Commonwealth Government’s Research Training Program
provided by the Australian Government. The PhD research project
was financially supported by CQUniversity Australia and the Coastal
Marine Ecosystems Research Centre (CMERC) by providing an In-
ternational Excellence Award (100% tuition) and a CMERC Stipend
Scholarship, respectively.

@ Springer


https://imos.org.au/facilities/shipsofopportunity/auscontinuousplanktonrecorder
https://imos.org.au/facilities/shipsofopportunity/auscontinuousplanktonrecorder
https://imos.org.au/facilities/shipsofopportunity/auscontinuousplanktonrecorder
https://doi.org/10.1007/s12237-026-01750-1

127 Page 14 of 18

Estuaries and Coasts (2026) 49:127

Data Availability No new data or specific code were generated.

Declarations
Ethics approval and consent to participate Not applicable.

Competing interests The authors declare that they have no known
competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abe, H., Okuma, E., Amano, H., Noda, H., & Watanabe, K. (1999).
Role of free d- and l-alanine in the Japanese mitten crab Eriocheir
Japonicus to intracellular osmoregulation during downstream
spawning migration. Comparative Biochemistry and Physiology
Part 4, 123(1), 55-59. https://doi.org/10.1016/S1095-6433(99)0
0037-9

Abrantes, K. G., Barnett, A., Baker, R., & Sheaves, M. (2015). Habi-
tat-specific food webs and trophic interactions supporting coastal-
dependent fishery species: an Australian case study. Reviews in
Fish Biology and Fisheries, 25(2), 337-363. https://doi.org/10.1
007/s11160-015-9385-y

Aguilar, R., Hines, A. H., Wolcott, T. G., Wolcott, D. L., Kramer, M.
A., & Lipcius, R. N. (2005). The timing and route of movement
and migration of post-copulatory female blue crabs, Callinectes
sapidus Rathbun, from the upper Chesapeake Bay. Journal of
Experimental Marine Biology and Ecology, 319(1-2), 117-128.
https://doi.org/10.1016/j.jembe.2004.08.030

Alberts-Hubatsch, H. (2015). Movement patterns and habitat use of
the exploited swimming crab Scylla serrata (Forskal, 1775). Doc-
tor thesis. University Bremen. https://media.suub.uni-bremen.de/
bitstream/elib/814/1/00104351-1.pdf

Alberts-Hubatsch, H., Lee, S. Y., Dicle, K., Wolff, M., & Nordhaus, .
(2014). Microhabitat use of early benthic stage mud crabs, Scylla
serrata (Forskal, 1775), in Eastern Australia. Journal of Crus-
tacean Biology, 34(5), 604-610. https://doi.org/10.1163/193724
0X-00002256

Alberts-Hubatsch, H., Lee, S. Y., Meynecke, J. O., Diele, K., Nord-
haus, 1., & Wolff, M. (2016). Life-history, movement, and habitat
use of Scylla serrata (Decapoda, Portunidae): current knowledge
and future challenges. Hydrobiologia, 763(1), 5-21. https://doi.o
rg/10.1007/s10750-015-2393-z

Ali, M. Y., Hossain, M. B., Sana, S., Rouf, M. A., Yasmin, S., &
Sarower, M. G. (2020). Identifying peak breeding season and
estimating size at first maturity of mud crab (Scylla olivacea)
from a coastal region of Bangladesh. Heliyon, 6(6). https://doi.or
2/10.1016/j.heliyon.2020.e04318

Ates, M. C. D., Quinitio, G. F., Quinitio, E. T., & Sanares, R. C. (2012).
Comparative study on the embryonic development of three mud

@ Springer

crabs Scylla spp. Aquaculture Research, 43(2), 215-225. https://d
oi.org/10.1111/.1365-2109.2011.02818.x

Barnett, A., Abrantes, K. G., Stevens, J. D., Bruce, B. D., & Semmens,
J. M. (2010). Fine-scale movements of the Broadnose Sevengill
shark and its main prey, the Gummy shark. PLoS One, 5(12),
e15464—e15464. https://doi.org/10.1371/journal.pone.0015464

Barnett, A., Jaine, F. R. A., Bierwagen, S. L., Lubitz, N., Abrantes,
K., Heupel, M. R., Harcourt, R., Huveneers, C., Dwyer, R. G.,
Udyawer, V., Simpfendorfer, C. A., Miller, 1. B., Scott-Holland,
T., Kilpatrick, C. S., Williams, S. M., Smith, D., Dudgeon, C.
L., Hoey, A. S., Fitzpatrick, R., & Currey-Randall, L. M. (2024).
From little things big things grow: enhancement of an acoustic
telemetry network to monitor broad-scale movements of marine
species along Australia’s east coast. Movement ecology, 12(1),
31-31. https://doi.org/10.1186/s40462-024-00468-8

Baylon, J. C. (2010). Effects of salinity and temperature on survival
and development of larvae and juveniles of the mud crab, Scylla
serrata (Crustacea: Decapoda: Portunidae). Journal of the World
Aquaculture Society, 41(6), 858—873. https://doi.org/10.1111/j.17
49-7345.2010.00429.x

Berkes, F. (2012). Sacred Ecology (3rd ed. ed.). https://doi.org/https://
doi.org/10.4324/9780203123843

Biggs, C. R., Heyman, W. D., Farmer, N. A., Kobara, S., Bolser, D. G.,
Robinson, J., Lowerre-Barbieri, S. K., & Erisman, B. E. (2021).
The importance of spawning behavior in understanding the vul-
nerability of exploited marine fishes in the U.S. Gulf of Mexico.
PeerJ, 9, el1814. https://doi.org/10.7717/peerj. 11814

Bloor, 1. S. M., Attrill, M. J., & Jackson, E. L. (2013). A Review of
the Factors Influencing Spawning, Early Life Stage Survival and
Recruitment Variability in the Common Cuttlefish (Sepia offici-
nalis). Advances in Marine Biology, 65, 1-65. https://doi.org/10.
1016/B978-0-12-410498-3.00001-X

Bonine, K. M., Bjorkstedt, E. P., Ewel, K. C., & Palik, M. (2008).
Population characteristics of the mangrove crab Scylla serrata
(Decapoda: Portunidae) in Kosrae, Federated States of Microne-
sia: effects of harvest and implications for management. Pacific
Science, 62(1), 1-19. https://doi.org/10.2984/1534-6188(2008)6
2[1:Pcotmc]2.0.Co;2

Boulétreau, S., Carry, L., Meyer, E., Filloux, D., Menchi, O., Mataix,
V., & Santoul, F. (2020). High predation of native sea lamprey
during spawning migration. Scientific Reports, 10(1), 6122.
https://doi.org/10.1038/s41598-020-62916-w

Carr, S. D., Tankersley, R. A., Hench, J. L., Forward, R. B., & Luettich,
R. A. (2004). Movement patterns and trajectories of ovigerous
blue crabs Callinectes sapidus during the spawning migration.
Estuarine Coastal and Shelf Science, 60(4), 567-579. https://doi.
org/10.1016/j.ecss.2004.02.012

Charles, W. D. (2022). What is the Value of My Catch? Evaluating
Fishery Productivity and Socioeconomic Characteristics of a Tra-
ditional Urban Fishing Community in Brazil. Human ecology: an
interdisciplinary journal, 50(6), 1089—1101. https://doi.org/10.10
07/s10745-022-00381-x

Charles, W. D., Hazin, H., & Travassos, P. (2020). Interactions between
cetaceans and the tuna/swordfish pelagic longline fishery in the
tropical western Atlantic Ocean. Fisheries Research, 226. https://
doi.org/10.1016/j.fishres.2020.105530

Charles, W. D., Aiken, C., Robins, J., Barnett, A., & Flint, N. (2024).
Implications of spawning migration patterns of the giant mud
crab Scylla serrata (Forskal, 1775) on opportunities for larval
dispersal. Estuarine Coastal and Shelf Science, 310, 109008. http
s://doi.org/10.1016/j.ecss.2024.109008

Cook, R. M. (2019). Inclusion of discards in stock assessment models.
Fish and Fisheries, 20(6), 1232—1245. https://doi.org/10.1111/f
af.12408

Cooke, S. J., Hinch, S. G., Crossin, G. T., Patterson, D. A., English,
K. K., Healey, M. C., Shrimpton, J. M., Van Der Kraak, G., &


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S1095-6433(99)00037-9
https://doi.org/10.1016/S1095-6433(99)00037-9
https://doi.org/10.1007/s11160-015-9385-y
https://doi.org/10.1007/s11160-015-9385-y
https://doi.org/10.1016/j.jembe.2004.08.030
https://media.suub.uni-bremen.de/bitstream/elib/814/1/00104351-1.pdf
https://media.suub.uni-bremen.de/bitstream/elib/814/1/00104351-1.pdf
https://doi.org/10.1163/1937240X-00002256
https://doi.org/10.1163/1937240X-00002256
https://doi.org/10.1007/s10750-015-2393-z
https://doi.org/10.1007/s10750-015-2393-z
https://doi.org/10.1016/j.heliyon.2020.e04318
https://doi.org/10.1016/j.heliyon.2020.e04318
https://doi.org/10.1111/j.1365-2109.2011.02818.x
https://doi.org/10.1111/j.1365-2109.2011.02818.x
https://doi.org/10.1371/journal.pone.0015464
https://doi.org/10.1186/s40462-024-00468-8
https://doi.org/10.1111/j.1749-7345.2010.00429.x
https://doi.org/10.1111/j.1749-7345.2010.00429.x
https://doi.org/
https://doi.org/10.4324/9780203123843
https://doi.org/10.4324/9780203123843
https://doi.org/10.7717/peerj.11814
https://doi.org/10.1016/B978-0-12-410498-3.00001-X
https://doi.org/10.1016/B978-0-12-410498-3.00001-X
https://doi.org/10.2984/1534-6188(2008)62[1:Pcotmc]2.0.Co;2
https://doi.org/10.2984/1534-6188(2008)62[1:Pcotmc]2.0.Co;2
https://doi.org/10.1038/s41598-020-62916-w
https://doi.org/10.1016/j.ecss.2004.02.012
https://doi.org/10.1016/j.ecss.2004.02.012
https://doi.org/10.1007/s10745-022-00381-x
https://doi.org/10.1007/s10745-022-00381-x
https://doi.org/10.1016/j.fishres.2020.105530
https://doi.org/10.1016/j.fishres.2020.105530
https://doi.org/10.1016/j.ecss.2024.109008
https://doi.org/10.1016/j.ecss.2024.109008
https://doi.org/10.1111/faf.12408
https://doi.org/10.1111/faf.12408

Estuaries and Coasts (2026) 49:127

Page 150f 18 127

Farrell, A. P. (2006). Mechanistic basis of individual mortality
in pacific salmon during spawning migrations. Ecology, 87(6),
1575-1586. https://doi.org/10.1890/0012-9658(2006)87[1575:M
BOIMI]2.0.CO;2

Criales, M. M., Chérubin, L., Gandy, R., Garavelli, L., Ghannami, A.,
M. A., & Crowley, C. (2019). Blue crab larval dispersal high-
lights population connectivity and implications for fishery man-
agement. Marine Ecology Progress Series, 625, 53—70. https://do
i.org/10.3354/meps13049

Crossin, G. T., Heupel, M. R., Holbrook, C. M., Hussey, N. E., Low-
erre-Barbieri, S. K., Nguyen, V. M., Raby, G. D., & Cooke, S. J.
(2017). Acoustic telemetry and fisheries management. Ecological
Applications, 27(4), 1031-1049. https://doi.org/10.1002/eap.1533

Crowley, C. E., Shea, C. P,, Gandy, R. L., & Daly, K. L. (2019). Fecun-
dity Assessment of Stone Crabs in the Eastern Gulf of Mexico.
Marine and Coastal Fisheries, 11(1), 32—47. https://doi.org/10.
1002/mcf2.10059

Darnell, M. Z., & Kemberling, A. A. (2018). Large-Scale Movements
of Postcopulatory Female Blue Crabs Callinectes sapidus in Tidal
and Nontidal Estuaries of North Carolina. Transactions of the
American Fisheries Society (1900), 147(4), 716—728. https://do
i.org/10.1002/tafs.10058

Davidson, E. R., & Hussey, N. E. (2019). Movements of a poten-
tial fishery resource, porcupine crab (Neolithodes grimaldii)
in Northern Davis Strait, Eastern Canadian Arctic. Deep-Sea
Research Part I-Oceanographic Research Papers, 154. https://do
i.org/10.1016/j.dsr.2019.103143

Davis, J. A., Churchill, G. J., Hecht, T., & Sorgeloos, P. (2004).
Spawning Characteristics of the South African Mudcrab Scylla
serrata (Forskal) in Captivity. Journal of the World Aquaculture
Society, 35(2), 121-133. https://doi.org/10.1111/j.1749-7345.200
4.tb01068.x

Demopoulos, A. W. J., Cormier, N., Ewel, K. C., & Fry, B. (2008). Use
of multiple chemical tracers to define habitat use of indo-pacific
mangrove crab, Scylla serrata (Decapoda: Portunidae). Estuaries
and Coasts, 31(2), 371-381. https://doi.org/10.1007/s12237-00
7-9008-5

Domeier, M. L. (2012). Revisiting spawning aggregations: definitions
and challenges. In Y. S. D. Mitcheson & P. L. Colin (Eds.), Reef
Fish Spawning Aggregations: Biology, Research and Manage-
ment. (Vol. 35, pp. 1-20). Springer Netherlands. https://doi.org/
10.1007/978-94-007-1980-4 1

Dumas, P., Léopold, M., Frotté, L., & Peignon, C. (2012). Mud crab
ecology encourages site-specific approaches to fishery manage-
ment. Journal of Sea Research, 67(1), 1-9. https://doi.org/10.101
6/j.seares.2011.08.003

Eaton, D. R., Brown, J., Addison, J. T., Milligan, S. P., & Fernand, L. J.
(2003). Edible crab (Cancer pagurus) larvae surveys off the east coast
of England: implications for stock structure. Fisheries Research, 63,
191-199. https://doi.org/10.1016/j.fishres.2003.09.036

Eggleston, D. B., Millstein, E., & Plaia, G. (2015). Timing and route of
migration of mature female blue crabs in a tidal estuary. Biology
Letters, 11. https://doi.org/10.1098/rsb1.2014.0936

Engelbrecht, T. M., Kock, A. A., O’Riain, M. J., Mann, B. Q., Dunlop,
S. W.,, & Barnett, A. (2020). Movements and growth rates of the
broadnose sevengill shark Notorynchus cepedianus in southern
Africa: results from a long-term cooperative tagging programme.
African Journal of Marine Science, 42(3), 347-359. https://doi.o
rg/10.2989/1814232X.2020.1802776

Epifanio, C. E., & Cohen, J. H. (2016). Behavioral adaptations in
larvae of brachyuran crabs: A review. Journal of Experimental
Marine Biology and Ecology, 482, 85-105. https://doi.org/10.10
16/j.jembe.2016.05.006

Ewel, K. C. (2008). Mangrove crab (Scylla serrata) populations may
sometimes be best managed locally. Journal of Sea Research,
59(1-2), 114-120. https://doi.org/10.1016/j.seares.2007.06.006

Fazhan, H., Azra, M. N., Halim, S. A., Naimullah, M., Abualreesh,
M. H., Shu-Chien, A. C., Wang, Y. J., Fujaya, Y., Syahnon, M.,
Ma, H. Y., Waiho, K., & Ikhwanuddin, M. (2022). Species com-
position, abundance, size distribution, sex ratios, and movement
of Scylla mud crabs within the mangrove ecosystem at Setiu
Wetland, Terengganu, Malaysia. Frontiers in Marine Science, 9.
https://doi.org/10.3389/fmars.2022.899789

Fisher, J. A. D., Robert, D., Le Bris, A., & Loher, T. (2017). Pop-up
satellite archival tag (PSAT) temporal data resolution afects inter-
pretations of spawning behaviour of a commercially important
teleost. Animal Biotelemetry, 5(21). https://doi.org/10.1186/s403
17-017-0137-8

Flint, N., Anastasi, A., De Valck, J., Chua, E. M., Rose, A. K., & Jack-
son, E. L. (2021). Using mud crabs (Scylla serrata) as environ-
mental indicators in a harbour health report card. Australasian
Journal of Environmental Management, 28(2), 188-212. https://d
0i.org/10.1080/14486563.2021.1923579

Florko, K. R. N., Davidson, E. R., Lees, K. J., Hammer, L. J., Lavoie,
M. E,, Lennox, R. J., Simard, E., Archambault, P., Auger-Métheé,
M., McKindsey, C. W., Whoriskey, F. G., & Furey, N. B. (2021).
Tracking movements of decapod crustaceans: a review of a half-
century of telemetry-based studies. Marine Ecology Progress
Series, 679, 219-239. https://doi.org/10.3354/meps13904

Fondo, E. N., & Ogutu, B. (2021). Sustainable crab fishery for Blue
Economy in Kenya. Aquatic Ecosystem Health & Management,
24(1), 21-26. https://doi.org/10.14321/aechm.024.01.05

Forward, R. B., & Cohen, J. H. (2004). Factors affecting the circatidal
rhythm in vertical swimming of ovigerous blue crabs, Callinectes
sapidus, involved in the spawning migration. Journal of Experi-
mental Marine Biology and Ecology, 299(2), 255-266. https://do
i.org/10.1016/j.jembe.2003.09.008

Forward, R. B., & Tankersley, R. A. (2001). Selective Tidal-Stream
Transport of Marine Animals. In R. N. Gibson, M. Barnes, & R. J.
A. Atkinson (Eds.), Oceanography and Marine Biology: An Annual
Review (1st ed., Vol. 39, pp. 305-353 ). Taylor and Francis Group.

Fratini, S., Ragionieri, L., & Cannicci, S. (2010). Stock structure and
demographic history of the Indo-West Pacific mud crab Scylla
serrata. Estuarine Coastal and Shelf Science, 86(1), 51-61.
https://doi.org/10.1016/j.ecss.2009.10.009

Fratini, S., Ragionieri, L., Cannicci, S., & Zane, L. (2016). Demo-
graphic History and Reproductive Output Correlates with Intra-
specific Genetic Variation in Seven Species of Indo-Pacific
Mangrove Crabs. PLoS One, 11(7), €0158582—0158582. https:
//doi.org/10.1371/journal.pone.0158582

Freire, J., & Gonzalez-Gurriaran, E. (1998). New approaches to the
behavioural ecology of decapod crustaceans using telemetry and
electronic tags. Hydrobiologia, 371-372(1-3), 123—132. https://d
o0i.org/10.1023/A:1017066920151

Gopurenko, D., Hughes, J. M., & Keenan, C. P. (1999). Mitochondrial
DNA evidence for rapid colonisation of the Indo-West Pacific
by the mudcrab Scylla serrata. Marine Biology, 134, 227-233.
https://doi.org/10.1007/s002270050541

Green, C., Klemke, J., & Jalali, A. (2021). Defining movement char-
acteristics of Victoria’s Giant spider crab. Victorian Fisheries
Authority Science Report Series No 17. https://vfa.vic.gov.au/
_data/assets/pdf file/0010/655786/Spider-Crab-Movement-Fina
1-Report.pdf

Grubert, M. A., Walters, C. J., Buckworth, R. C., & Penny, S. S.
(2019). Simple modeling to inform harvest strategy policy for a
data-moderate crab fishery. Marine and Coastal Fisheries, 11(2),
125-138. https://doi.org/10.1002/mcf2.10068

Hamasaki, K. (2003). Effects of temperature on the egg incubation
period, survival and developmental period of larvae of the mud
crab Scylla serrata (Forskal) (Brachyura: Portunidae) reared in
the laboratory. Aquaculture, 219(1-4), 561-572. https://doi.org/1
0.1016/S0044-8486(02)00662-2

@ Springer


https://doi.org/10.1890/0012-9658(2006)87[1575:MBOIMI]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[1575:MBOIMI]2.0.CO;2
https://doi.org/10.3354/meps13049
https://doi.org/10.3354/meps13049
https://doi.org/10.1002/eap.1533
https://doi.org/10.1002/mcf2.10059
https://doi.org/10.1002/mcf2.10059
https://doi.org/10.1002/tafs.10058
https://doi.org/10.1002/tafs.10058
https://doi.org/10.1016/j.dsr.2019.103143
https://doi.org/10.1016/j.dsr.2019.103143
https://doi.org/10.1111/j.1749-7345.2004.tb01068.x
https://doi.org/10.1111/j.1749-7345.2004.tb01068.x
https://doi.org/10.1007/s12237-007-9008-5
https://doi.org/10.1007/s12237-007-9008-5
https://doi.org/10.1007/978-94-007-1980-4_1
https://doi.org/10.1007/978-94-007-1980-4_1
https://doi.org/10.1016/j.seares.2011.08.003
https://doi.org/10.1016/j.seares.2011.08.003
https://doi.org/10.1016/j.fishres.2003.09.036
https://doi.org/10.1098/rsbl.2014.0936
https://doi.org/10.2989/1814232X.2020.1802776
https://doi.org/10.2989/1814232X.2020.1802776
https://doi.org/10.1016/j.jembe.2016.05.006
https://doi.org/10.1016/j.jembe.2016.05.006
https://doi.org/10.1016/j.seares.2007.06.006
https://doi.org/10.3389/fmars.2022.899789
https://doi.org/10.1186/s40317-017-0137-8
https://doi.org/10.1186/s40317-017-0137-8
https://doi.org/10.1080/14486563.2021.1923579
https://doi.org/10.1080/14486563.2021.1923579
https://doi.org/10.3354/meps13904
https://doi.org/10.14321/aehm.024.01.05
https://doi.org/10.1016/j.jembe.2003.09.008
https://doi.org/10.1016/j.jembe.2003.09.008
https://doi.org/10.1016/j.ecss.2009.10.009
https://doi.org/10.1371/journal.pone.0158582
https://doi.org/10.1371/journal.pone.0158582
https://doi.org/10.1023/A:1017066920151
https://doi.org/10.1023/A:1017066920151
https://doi.org/10.1007/s002270050541
https://vfa.vic.gov.au/__data/assets/pdf_file/0010/655786/Spider-Crab-Movement-Final-Report.pdf
https://vfa.vic.gov.au/__data/assets/pdf_file/0010/655786/Spider-Crab-Movement-Final-Report.pdf
https://vfa.vic.gov.au/__data/assets/pdf_file/0010/655786/Spider-Crab-Movement-Final-Report.pdf
https://doi.org/10.1002/mcf2.10068
https://doi.org/10.1016/S0044-8486(02)00662-2
https://doi.org/10.1016/S0044-8486(02)00662-2

127 Page 16 of 18

Estuaries and Coasts (2026) 49:127

Hansen, J. H., Skov, C., Baktoft, H., Bronmark, C., Chapman, B.
B., Hulthén, K., Hansson, L. A., Nilsson, P. A., & Brodersen, J.
(2020). Ecological Consequences of Animal Migration: Prey Par-
tial Migration Affects Predator Ecology and Prey Communities.
Ecosystems (New York), 23(2), 292-306. https://doi.org/10.1007/
$10021-019-00402-9

Hasan, M. R., Mamun, A. A., & Hossain, M. Y. (2021). Biometric
indices of four crustaceans and two mangrove fishes from coastal
waters in Bangladesh. Thalassas, 37(2), 561-567. https://doi.org/
10.1007/s41208-021-00355-8

Hay, T. A. (2009). Methods for monitoring the abundance of the North-
ern Australian mud crab Scylla serrata. Master dissertation. Uni-
versity of Tasmania. https://eprints.utas.edu.au/20708/

Heasman, M. P. (1980). Aspects of the general biology and fish-
ery of the mud crab Scylla serrata (Forskal) in Moreton Bay,
Queensland. (PhD Thesis). University of Queensland. https://es
pace.library.uq.edu.au/view/UQ:381994

Heasman, M., Fielder, D., & Shepherd, R. (1985). Mating and spawn-
ing in the mudcrab, Scylla serrata (Forskaal) (Decapoda: Portuni-
dae), in Moreton Bay, Queensland. Australian Journal of Marine
and Freshwater Research, 36(6), 773—783. https://doi.org/10.10
71/MF9850773

Heres, B., Crowley, C., Barry, S., & Brockmann, H. (2021). Using Cit-
izen Science to Track Population Trends in the American Horse-
shoe Crab (Limulus polyphemus) in Florida. Citizen science:
theory and practice, 6(1), 19. https://doi.org/10.5334/cstp.385

Heupel, M. R., Semmens, J. M., & Hobday, A. J. (2006). Automated
acoustic tracking of aquatic animals: scales, design and deploy-
ment of listening station arrays. Marine and Freshwater Research,
57(1), 1-13. https://doi.org/10.1071/MF05091

Hewitt, D. E., Niella, Y., Johnson, D. D., Suthers, I. M., & Taylor, M.
D. (2022a). Crabs go with the flow: declining conductivity and
cooler temperatures trigger spawning migrations for female giant
mud crabs (Scylla serrata) in subtropical estuaries. Estuaries and
Coasts. https://doi.org/10.1007/s12237-022-01061-1

Hewitt, D. E., Schilling, H. T., Hanamseth, R., Everett, J. D., Li, J.,
Roughan, M., Johnson, D. D., Suthers, I. M., & Taylor, M. D.
(2022b). Mesoscale oceanographic features drive divergent pat-
terns in connectivity for co-occurring estuarine portunid crabs.
Fisheries Oceanography, 31(6), 587-600. https://doi.org/10.111
1/fog.12608

Hewitt, D. E., Johnson, D. D., Suthers, I. M., & Taylor, M. D. (2023).
Crabs ride the tide: incoming tides promote foraging of Giant
Mud Crab (Scylla serrata). Movement ecology, 11(1), 21-21.
https://doi.org/10.1186/s40462-023-00384-3

Hill, B. J. (1975). Abundance, breeding and growth of the crab Scylla
serrata in two South African estuaries. Marine Biology, 32, 119—
126. https://doi.org/10.1007/BF00388505

Hill, B. J. (1978). Activity, track and speed of movement of the crab
Scylla serrata in an estuary. Marine Biology, 47(2), 135-141.
https://doi.org/10.1007/BF00395634

Hill, B. J. (1994). Offshore spawning by the portunid crab Scylla ser-
rata (Crustacea: Decapoda). Marine Biology, 120. https://doi.org
/10.1007/BF00680211

Hoenner, X., Huveneers, C., Steckenreuter, A., Simpfendorfer, C., Tat-
tersall, K., Jaine, F., Atkins, N., Babcock, R., Brodie, S., Burgess,
J., Campbell, H., Heupel, M., Pasquer, B., Proctor, R., Taylor, M.
D., Udyawer, V., & Harcourt, R. (2018). Australia’s continental-
scale acoustic tracking database and its automated quality control
process. Scientific Data, 5. https://doi.org/10.1038/sdata.2017.206

Hossain, M. A. (2025). Female mud crabs (Scylla serrata) in
Queensland’s east coast: Investigating life history and reproduc-
tive characteristics. PhD Thesis. Central Queensland University.
253p.

Howard, A. E. (1982). The distribution and behaviour of ovigerous
edible crabs (Cancer pagurus), and consequent sampling bias.

@ Springer

Journal du conseil - Conseil international pour l’exploration de
la mer, 40(3), 259-261.

Hurley, K. K. C., Kapur, M. S., Siple, M., Kotubetey, K., Kawelo, A.
H., & Toonen, R. J. (2021). A codeveloped management tool to
determine harvest limits of introduced mud crabs, Scylla serrata
(Forskal, 1775), within a native Hawaiian fishpond. Pacific Con-
servation Biology, 27(4),418-431. https://doi.org/10.1071/Pc20023

Hussey, N. E., Orr, J., Fisk, A. T., Hedges, K. J., Ferguson, S. H., &
Barkley, A. N. (2018). Mark report satellite tags (mrPATs) to
detail large-scale horizontal movements of deep water species:
First results for the Greenland shark (Somniosus microcephalus).
Deep Sea Research Part I: Oceanographic Research Papers,
134, 32-40. https://doi.org/10.1016/j.dsr.2018.03.002

Hyland, S. J., Hill, B. J., & Lee, C. P. (1984). Movement within and
between different habitats by the portunid crab Scylla serrata.
Marine Biology, 80(1), 57-61. https://doi.org/10.1007/BF00393
128

Jayamanna, S. C., & Jinadasa, J. (1993). Size at maturity and spawning
periodicity of the mud crab Scylla serrata in the Negombo estu-
ary. Journal of the National Science Council of Sri Lanka, 21(1),
141-152. https://doi.org/10.4038/jnsfsr.v21i1.8095

Johnson, E. G., & Eggleston, D. B. (2010). Population density, sur-
vival and movement of blue crabs in estuarine salt marsh nurser-
ies. Marine ecology Progress series (Halstenbek), 407, 135-147.
https://doi.org/10.3354/meps08574

Jumawan, C., Metillo, E., & Polistico, J. (2021). Assessment of Mud
Crab Fishery in Panguil Bay. Philippine journal of fisheries,
28(1), 18-33. https://doi.org/10.31398/tpjt/28.1.2020A0002

Keenan, C. P., Davie, P. J. F., & Mann, D. L. (1998). A revision of the
genus Scylla De Haan, 1833 (Crustacea: Decapoda: Brachyura:
Portunidae). The Raffles Bulletin of Zoology, 46(1), 217-245.

Kell, L. T., Nash, R. D. M., Dickey-Collas, M., Mosqueira, 1., & Szu-
walski, C. (2015). Is spawning stock biomass a robust proxy
for reproductive potential? Fish and Fisheries, 17(3), 596-616.
https://doi.org/10.1111/faf.12131

Kennelly, S. J., & Watkins, D. (1994). Fecundity and Reproductive
Period, and Their Relationship to Catch Rates of Spanner Crabs,
Ranina ranina, off the East Coast of Australia. Journal of Crusta-
cean Biology, 14(1), 146. https://doi.org/10.2307/1549061

Kerr, L. A., Cadrin, S. X., & Secor, D. H. (2010). The role of spatial
dynamics in the stability, resilience, and productivity of an estua-
rine fish population. Ecological Applications, 20(2), 497-507.
https://doi.org/10.1890/08-1382.1

Khaksari, H., Safaie, M., & Salarzadeh, A. (2023). Population dynam-
ics and reproductive biology of Scylla serrata (Forskal, 1775) on
the shores overlooking the mangrove forest of the Persian Gulf.
Regional Studies in Marine Science, 57, 102758. https://doi.org/1
0.1016/j.rsma.2022.102758

Kirke, A., Johnson, D., Johnston, D., & Robins, J. (2023). Mud crabs.
Status of Australian fish stocks report. Fisheries Research and
Development Corporation (FRDC) - Australia. https://fish.gov.a
u/report/275-MUD-CRABS-2023

Knuckey, 1. (1999). Mud crab (Scylla serrata) population dynam-
ics in the Northern Territory, Australia, and their relationship to
the commercial fishery. PhD thesis. Charles Darwin University.
https://doi.org/10.25913/5eb246a5e2c86

Koolkalya, S., Thapanand, T., Tunkijjanujij, S., Havanont, V., & Jutag-
ate, T. (2006). Aspects in spawning biology and migration of the
mud crab Scylla olivacea in the Andaman Sea, Thailand. Fisher-
ies Management and Ecology, 13(6), 391-397. https://doi.org/10
.1111/5.1365-2400.2006.00518.x

Landeira, J. M., Liu, B. B., Omura, T., Akiba, T., & Tanaka, Y. (2020).
Salinity effects on the first larval stage of the invasive crab
Hemigrapsus takanoi: Survival and swimming patterns. Estua-
rine Coastal and Shelf Science, 245. https://doi.org/10.1016/j.e
¢ss.2020.106976


https://doi.org/10.1007/s10021-019-00402-9
https://doi.org/10.1007/s10021-019-00402-9
https://doi.org/10.1007/s41208-021-00355-8
https://doi.org/10.1007/s41208-021-00355-8
https://eprints.utas.edu.au/20708/
https://espace.library.uq.edu.au/view/UQ:381994
https://espace.library.uq.edu.au/view/UQ:381994
https://doi.org/10.1071/MF9850773
https://doi.org/10.1071/MF9850773
https://doi.org/10.5334/cstp.385
https://doi.org/10.1071/MF05091
https://doi.org/10.1007/s12237-022-01061-1
https://doi.org/10.1111/fog.12608
https://doi.org/10.1111/fog.12608
https://doi.org/10.1186/s40462-023-00384-3
https://doi.org/10.1007/BF00388505
https://doi.org/10.1007/BF00395634
https://doi.org/10.1007/BF00680211
https://doi.org/10.1007/BF00680211
https://doi.org/10.1038/sdata.2017.206
https://doi.org/10.1071/Pc20023
https://doi.org/10.1016/j.dsr.2018.03.002
https://doi.org/10.1007/BF00393128
https://doi.org/10.1007/BF00393128
https://doi.org/10.4038/jnsfsr.v21i1.8095
https://doi.org/10.3354/meps08574
https://doi.org/10.31398/tpjf/28.1.2020A0002
https://doi.org/10.1111/faf.12131
https://doi.org/10.2307/1549061
https://doi.org/10.1890/08-1382.1
https://doi.org/10.1016/j.rsma.2022.102758
https://doi.org/10.1016/j.rsma.2022.102758
https://fish.gov.au/report/275-MUD-CRABS-2023
https://fish.gov.au/report/275-MUD-CRABS-2023
https://doi.org/10.25913/5eb246a5e2c86
https://doi.org/10.1111/j.1365-2400.2006.00518.x
https://doi.org/10.1111/j.1365-2400.2006.00518.x
https://doi.org/10.1016/j.ecss.2020.106976
https://doi.org/10.1016/j.ecss.2020.106976

Estuaries and Coasts (2026) 49:127

Page 17 of 18 127

Ledee, E. J. 1., Heupel, M. R., Taylor, M. D., Harcourt, R. G., Jaine,
F. R. A., Huveneers, C., Udyawer, V., Campbell, H. A., Babcock,
R. C., Hoenner, X., Barnett, A., Braccini, M., Brodie, S., Butcher,
P. A., Cadiou, G., Dwyer, R. G., Espinoza, M., Ferreira, L. C.,
Fetterplace, L., & Simpfendorfer, C. A. (2021). Continental-scale
acoustic telemetry and network analysis reveal new insights into
stock structure. Fish and Fisheries, 22(5), 987-1005. https://doi.
org/10.1111/faf.12565

Lee, K. A., Huveneers, C., Gimenez, O., Peddemors, V., & Harcourt,
R. G. (2014). To catch or to sight? A comparison of demographic
parameter estimates obtained from mark-recapture and mark-
resight models. Biodiversity and conservation, 23(11), 2781—
2800. https://doi.org/10.1007/s10531-014-0748-9

Lemaitre, R., Campos, N., Maestre, V., E., & Windsor, A. (2013).
Discovery of an alien crab, Scylla serrata (Forsskél, 1775)
(Crustacea: Decapoda: Portunidae), from the Caribbean coast of
Colombia. Bioinvasions records, 2(4), 311-315. https://doi.org/1
0.3391/bir.2013.2.4.08

Lima, M. C., Pereira, C. A. M., Araujo, M. S. L. C., Rodrigues, G.
G., & Nicacio, G. (2021). Seasonal variation in biometric param-
eters in a population of the endangered blue land crab (Cardisoma
guanhumi): Indicators for assessment and management. Regional
Studies in Marine Science, 45. https://doi.org/10.1016/j.rsma.20
21.101804

Machida, R. J., Hashiguchi, Y., Nishida, M., & Nishida, S. (2009).
Zooplankton diversity analysis through single-gene sequencing
of a community sample. Bmc Genomics, 10(1), 438. https://doi.o
rg/10.1186/1471-2164-10-438

Matley, J. K., Klinard, N. V., Martins, B., Aarestrup, A. P., Aspillaga,
K., Cooke, E., Cowley, S. J., Heupel, P. D., Lowe, M. R., Low-
erre-Barbieri, C. G., Mitamura, S. K., Moore, H., Simpfendor-
fer, J. S., Stokesbury, C. A., Taylor, M. J. W., Thorstad, M. D.,
Vandergoot, E. B., C. S., & Fisk, A. T. (2022). Global trends in
aquatic animal tracking with acoustic telemetry. Trends in ecol-
ogy & evolution (Amsterdam), 37(1), 79-94. https://doi.org/10.1
016/j.tree.2021.09.001

Mattone, C., Bradley, M., Barnett, A., Konovalov, D. A., & Sheaves,
M. (2022). Environmental conditions constrain nursery habitat
value in Australian sub-tropical estuaries. Marine Environmental
Research, 175. https://doi.org/10.1016/j.marenvres.2022.105568

McLay, C. L. (2015). The Crustacea. Volume 9, Decapoda: Brachy-
ura - Moulting and growth in Brachyura. In P. Castro, P. Davie,
D. Guinot, F. Schram, & C. v. V. Klein (Eds.), Treatise on Zool-
ogy - Anatomy, Taxonomy, Biology - The Crustacea (Vol. 9 C,
pp. 245-316). Brill. https://doi.org/10.1163/9789004190832 007

McLay, C. L., & Becker, C. (2015). The Crustacea. Volume 9, Decap-
oda: Brachyuran - Reproduction in Brachyura. In P. Castro, P.
Davie, D. Guinot, F. Schram, & C. v. V. Klein (Eds.), Treatise on
Zoology - Anatomy, Taxonomy, Biology - The Crustacea (Vol. 9c,
pp. 185-243). Brill. https://doi.org/10.1163/9789004190832 006

Medici, D. A., Wolcott, T. G., & Wolcott, D. L. (2006). Scale-depen-
dent movements and protection of female blue crabs (Callinectes
sapidus). Canadian Journal of Fisheries and Aquatic Sciences,
63(4), 858-871. https://doi.org/10.1139/105-263

Meynecke, J. O., & Richards, R. G. (2014). A full life cycle and spa-
tially explicit individual-based model for the giant mud crab
(Scylla serrata): a case study from a marine protected area. /CES
Journal of Marine Science, 71(3), 484—498. https://doi.org/10.10
93/icesjms/fst181

Musyl, M. K., Domeier, M. L., Nasby-Lucas, N., Brill, R. W.,
McNaughton, L. M., Swimmer, J. Y., Lutcavage, M. S., Wilson,
S. G., Galuardi, B., & Liddle, J. B. (2011). Performance of pop-
up satellite archival tags. Marine Ecology Progress Series, 433,
1-28. https://doi.org/10.3354/meps09202

Nathan, R., Getz, W. M., Revilla, E., Holyoak, M., Kadmon, R., Saltz,
D., & Smouse, P. E. (2008). Movement ecology paradigm for

unifying organismal movement research. Proceedings of the
National Academy of Sciences - PNAS, 105(49), 19052—19059.
https://doi.org/10.1073/pnas.0800375105

Nirmale, V. H., Gangan, S. S., Yadav, B. M., Durgale, P., & Shinde, K.
M. (2012). Traditional Knowledge on Mud Crab; Ethnoecology
of Scylla serrata in Ratnagiri coast, Maharashtra. Indian Jour-
nal of Traditional Knowledge, 11(2), 317-322. <Go to ISI>://
WOS:000305259900015

Nurdiani, R., & Zeng, C. S. (2007). Effects of temperature and salin-
ity on the survival and development of mud crab, Scylla serrata
(Forsskal), larvae. Aquaculture Research, 38(14), 1529-1538.
https://doi.org/10.1111/5.1365-2109.2007.01810.x

Ogawa, C. Y., Hamasaki, K., Dan, S., Obata, Y., & Kitada, S. (2012).
Species Composition, Reproduction, and Body Size of Mud
Crabs, Scylla spp., Caught in Urado Bay, Japan. Journal of Crus-
tacean Biology, 32(5), 762—768. https://doi.org/10.1163/193724
012X649787

Onyango, S. D. (2002). The breeding cycle of Scylla serrata (Forskal,
1755) at Ramisi River estuary, Kenya. Wetlands Ecology and
Management, 10(3), 257-263. https://doi.org/10.1023/A:10201
63327246

Page, M. J., Moher, D., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C.,
Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan,
S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hrobjartsson, A.,
Lalu, M. M., Li, T. J., Loder, E. W., Mayo-Wilson, E., McDonald,
S., & McKenzie, J. E. (2021). PRISMA 2020 explanation and
elaboration: updated guidance and exemplars for reporting sys-
tematic reviews. Bmyj-British Medical Journal, 372. https://doi.o
rg/10.1136/bmj.n160

Paran, B. C., Jeyagobi, B., Kizhakedath, V. K., Antony, J., Francis,
B., Anand, P. S. S., Radhakrishnapillai, A., Lalramchhani, C.,
Kannappan, S., Marimuthu, R. D., & Paulpandi, S. (2022). Pro-
duction of juvenile mud crabs, Scylla serrata: captive breeding,
larviculture and nursery production. Aquaculture Reports, 22.
https://doi.org/10.1016/j.aqrep.2021.101003

Patterson, R. G. (2020). Chapter 7. Preliminary investigation of hydro-
dynamic and particle tracking modelling of female and larval
stage Giant Mud Crabs in the Gulf of Carpentaria. In J. Robins,
A.R. Northrop, M.A. Grubert, R.C. Buckworth, M. McLennan,
W.D. Sumpton, & T. Saunders (Eds.), Understanding environ-
mental and fisheries factors causing fluctuations in mud crab
and blue swimmer crab fisheries in northern Australia to inform
harvest strategies (pp. 130-143). FRDC Project No 2017/047,
Queensland Government, Australia.

Patterson, R. G., Wolanski, E., Groom, R., Critchell, K., Playford, L.,
Grubert, M., Kennett, R., Tait, H., Udyawer, V., Lambrechts, J.,
Rangers, M. L. S., & Campbell, H. A. (2023). Improving certainty
in marine ecosystems: A biophysical modelling approach in the
remote, data-limited Gulf of Carpentaria. Estuarine Coastal and
Shelf Science, 283. https://doi.org/10.1016/j.ecss.2023.108254

Pillans, S., Pillans, R. D., Johnstone, R. W., Kraft, P. G., Haywood,
M. D. E., & Possingham, H. P. (2005). Effects of marine reserve
protection on the mud crab Scylla serrata in a sex-biased fishery
in subtropical Australia. Marine Ecology Progress Series, 295,
201-213. https://doi.org/10.3354/meps295201

Pittman, S. J., & McAlpine, C. A. (2003). Movements of marine fish
and decapod crustaceans: process, theory and application. In A.
J. Southward, P. A. Tyler, C. M. Young, & L. A. Fuiman (Eds.),
Advances in Marine Biology (Vol. 44, pp. 205-294). Elsevier.
https://doi.org/10.1016/S0065-2881(03)44004-2

Potter, I. C., & de Lestang, S. (2000). Biology of the blue swimmer
crab Portunus pelagicus in Leschenault Estuary and Koombana
Bay, south-western Australia. Journal of the Royal Society of
Western Australia, 83(4), 443—458. https://researchrepository.m
urdoch.edu.au/id/eprint/17431/1/biology of the blue swimmer
_crab.pdf

@ Springer


https://doi.org/10.1111/faf.12565
https://doi.org/10.1111/faf.12565
https://doi.org/10.1007/s10531-014-0748-9
https://doi.org/10.3391/bir.2013.2.4.08
https://doi.org/10.3391/bir.2013.2.4.08
https://doi.org/10.1016/j.rsma.2021.101804
https://doi.org/10.1016/j.rsma.2021.101804
https://doi.org/10.1186/1471-2164-10-438
https://doi.org/10.1186/1471-2164-10-438
https://doi.org/10.1016/j.tree.2021.09.001
https://doi.org/10.1016/j.tree.2021.09.001
https://doi.org/10.1016/j.marenvres.2022.105568
https://doi.org/10.1163/9789004190832_007
https://doi.org/10.1163/9789004190832_006
https://doi.org/10.1139/f05-263
https://doi.org/10.1093/icesjms/fst181
https://doi.org/10.1093/icesjms/fst181
https://doi.org/10.3354/meps09202
https://doi.org/10.1073/pnas.0800375105
https://doi.org/10.1111/j.1365-2109.2007.01810.x
https://doi.org/10.1163/193724012X649787
https://doi.org/10.1163/193724012X649787
https://doi.org/10.1023/A:1020163327246
https://doi.org/10.1023/A:1020163327246
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1016/j.aqrep.2021.101003
https://doi.org/10.1016/j.ecss.2023.108254
https://doi.org/10.3354/meps295201
https://doi.org/10.1016/S0065-2881(03)44004-2
https://researchrepository.murdoch.edu.au/id/eprint/17431/1/biology_of_the_blue_swimmer_crab.pdf
https://researchrepository.murdoch.edu.au/id/eprint/17431/1/biology_of_the_blue_swimmer_crab.pdf
https://researchrepository.murdoch.edu.au/id/eprint/17431/1/biology_of_the_blue_swimmer_crab.pdf

127 Page 18 of 18

Estuaries and Coasts (2026) 49:127

Potter, M. A., Sumpton, W. D., & Smith, G. S. (1991). Movement,
fishery sector impact, and factors affecting the recapture rate of
tagged sand crabs, Portunus pelagicus (L.), in Moreton Bay,
Queensland. Marine and Freshwater Research, 42(6), 751. https:/
/doi.org/10.1071/MF9910751

Prasad, P. N., & Neelakantan, B. (1989). Maturity and breeding of the
mud crab, Scylla serrata (Forskal) (Decapoda: Brachyura: Por-
tunidae). Proceedings: Animal Sciences, 98(5), 341-349. https://
doi.org/10.1007/BF03179960

Pratiwi,R., Sukardjo, S., Widyastuti, E., & Hafizt, M. (2022). An eco-
logical study and its fishery potential of the mud crab, Scylla ser-
rata (Forskal, 1775) in Segara Anakan mangrove waters, Cilacap,
Indonesia. Jurnal pengelolaan sumberdaya alam dan lingkungan,
12(3), 404-413. https://doi.org/10.29244/jps1.12.3.404-413

Quinitio, E. T., De Pedro, J., & Parado-Estepa, F. D. (2007). Ovarian
maturation stages of the mud crab Scylla serrata. Aquaculture
Research, 38(14), 1434-1441. https://doi.org/10.1111/j.1365-210
9.2007.01650.x

Renshaw, S., Hammerschlag, N., Gallagher, A. J., Lubitz, N., & Sims,
D. W. (2023). Global tracking of shark movements, behaviour
and ecology: A review of the renaissance years of satellite tag-
ging studies, 2010-2020. Journal of Experimental Marine Biol-
ogy and Ecology, 560, 151841. https://doi.org/10.1016/j.jembe.2
022.151841

Rezaie-Atagholipour, M., Naderloo, R., Kamrani, E., & Savari, R.
(2013). Preliminary biological information of Scylla serrata (For-
skél, 1775) (Brachyura, Portunidae) in the Persian Gulf and Gulf
of Oman: a conservation priority. Crustaceana, 86(3), 322-335.
https://doi.org/10.1163/15685403-00003174

Robertson, W. D. (1996). Abundance, population structure and size at
maturity of Scylla serrata (Forskaal) (Decapoda: Portunidae) in
Eastern Cape estuaries, South Africa. South African journal of
zoology, 31(4), 177-185.

Robertson, W. D., & Kruger, A. (1994). Size at Maturity, Mating and
Spawning in the Portunid Crab Scylla serrata (Forskal) in Natal,
South Africa. Estuarine Coastal and Shelf Science, 39(2), 185—
200. https://doi.org/10.1006/ecss.1994.1057

Robins, J. B., Northrop, A. R., Grubert, M. A., Buckworth, R. C.,
McLennan, M., Sumpton, W. D., & Saunders, T. (2020). Under-
standing environmental and Fisheries factors causing fluctua-
tions in Mud Crab and Blue Swimmer Crab Fisheries in northern
Australia to inform harvest strategies Queensland Department of
Agriculture and Fisheries.

Rudorff, C. A. G., Lorenzzetti, J. A., Gherardi, D. F. M., & Lins-
Oliveira, J. E. (2009). Modeling spiny lobster larval dispersion
in the Tropical Atlantic. Fisheries Research, 96(2-3), 206-215.
https://doi.org/10.1016/j.fishres.2008.11.005

Rumisha, C., Huyghe, F., Rapanoel, D., Mascaux, N., & Kochzius,
M. (2017). Genetic diversity and connectivity in the East African
giant mud crab Scylla serrata: implications for fisheries manage-
ment. PLoS One, 12(10). https://doi.org/10.1371/journal.pone.0
186817

Rumisha, C., Mdegela, R. H., Gwakisa, P. S., & Kochzius, M. (2018).
Genetic diversity and gene flow among the giant mud crabs
(Scylla serrata) in anthropogenic-polluted mangroves of main-
land Tanzania: implications for conservation. Fisheries Research,
205, 96—104. https://doi.org/10.1016/j.fishres.2018.04.015

Ruscoe, I. M., Shelley, C. C., & Williams, G. R. (2004). The combined
effects of temperature and salinity on growth and survival of juve-
nile mud crabs (Scylla serrata Forskél). Aquaculture, 238(1-4),
239-247. https://doi.org/10.1016/j.aquaculture.2004.05.030

Sant’Anna, B. S., Turra, A., & Zara, F. J. (2012). Reproductive migra-
tion and population dynamics of the blue crab Callinectes danae
in an estuary in southeastern Brazil. Marine Biology Research,
8(4), 354-362. https://doi.org/10.1080/17451000.2011.637563

@ Springer

Sayeed, Z., Sugino, H., Sakai, Y., & Yagi, N. (2021). Consumer prefer-
ences and willingness to pay for mud crabs in Southeast Asian
countries: a discrete choice experiment. Foods, 10(11). https://do
1.0rg/10.3390/foods10112873

Schultz, D. A., Shirley, T. C., O’Clair, C. E., & Taggart, S. J. (1996).
Activity and feeding of ovigerous Dungeness crabs in Glacier
Bay, Alaska. Proceedings of the international symposium on biol-
ogy, management, and economics of crabs from high latitude
habitats: Lowell Wakefield fisheries symposium, Anchorage, AK,
USA. https://pubs.usgs.gov/publication/70186269

Semmler, R. F., Ogburn, M. B., Aguilar, R., North, E. W., Reaka, M.
L., & Hines, A. H. (2021). The influence of blue crab movement
on mark—recapture estimates of recreational harvest and exploita-
tion. Canadian Journal of Fisheries and Aquatic Sciences, 78(4),
371-385. https://doi.org/10.1139/cjfas-2020-0112

Sheaves, M. (2009). Consequences of ecological connectivity: the
coastal ecosystem mosaic. Marine Ecology Progress Series, 391,
107-115. https://doi.org/10.3354/meps08121

Simpson, S. J., Humphries, N. E., & Sims, D. W. (2020). The spatial
ecology of Rajidae from mark-recapture tagging and its impli-
cations for assessing fishery interactions and efficacy of Marine
Protected Areas. Fisheries Research, 228, 105569. https://doi.org
/10.1016/j.fishres.2020.105569

Smircich, M. G., & Kelly, J. T. (2014). Extending the 2% rule: the
effects of heavy internal tags on stress physiology, swimming per-
formance, and growth in brook trout. Animal Biotelemetry, 2(1),
16. https://doi.org/10.1186/2050-3385-2-16

Swiney, K. M., Shirley, T. C., Taggart, S. J., & O’Clair, C. E. (2003).
Dungeness Crab, Cancer Magister, Do Not Extrude Eggs Annu-
ally in Southeastern Alaska: An in situ Study. Journal of Crusta-
cean Biology, 23(2), 280-288. https://doi.org/10.1651/0278-0372
(2003)023[0280:DCCMDN]2.0.CO;2.

Tavares, M., & Mendonca, J. (2011). The occurrence of the Indo-
Pacific swimming crab Scylla serrata (Forskal, 1775) in the
Southwestern Atlantic (Crustacea: Brachyura: Portunidae).
Agquatic invasions, 6(Supplement 1), S49-S51. https://doi.org/10.
3391/ai.2011.6.S1.011

Torres, G., Gimenez, L., & Anger, K. (2011). Growth, tolerance to
low salinity, and osmoregulation in decapod crustacean larvae.
Aquatic Biology, 12(3), 249-260. https://doi.org/10.3354/ab003
41

Webley, J. A. C., & Connolly, R. M. (2007). Vertical movement of
mud crab megalopae (Scylla serrata) in response to light: doing it
differently down under. Journal of Experimental Marine Biology
and Ecology, 341(2), 196-203. https://doi.org/10.1016/j.jembe.2
006.10.001

Webley, J. A. C., Connolly, R. M., & Young, R. A. (2009). Habitat
selectivity of megalopae and juvenile mud crabs (Scylla serrata):
implications for recruitment mechanism. Marine Biology, 156(5),
891-899. https://doi.org/10.1007/s00227-009-1134-0

Whitford, M., & Klimley, A. P. (2019). An overview of behavioral,
physiological, and environmental sensors used in animal biote-
lemetry and biologging studies. Animal Biotelemetry, 7(1), 26.
https://doi.org/10.1186/s40317-019-0189-z

Wolanski, E. (1986). An evaporation-driven salinity maxi-
mum zone in Australian tropical estuaries. Estuarine
Coastal and Shelf Science, 22(4), 415-424. https://doi.
0rg/10.1016/0272-7714(86)90065-X

Young, A. M., & Elliott, J. A. (2020). Life History and Population
Dynamics of Green Crabs (Carcinus maenas). Fishes, 5(1), 4-4.
https://doi.org/10.3390/fishes5010004

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1071/MF9910751
https://doi.org/10.1071/MF9910751
https://doi.org/10.1007/BF03179960
https://doi.org/10.1007/BF03179960
https://doi.org/10.29244/jpsl.12.3.404-413
https://doi.org/10.1111/j.1365-2109.2007.01650.x
https://doi.org/10.1111/j.1365-2109.2007.01650.x
https://doi.org/10.1016/j.jembe.2022.151841
https://doi.org/10.1016/j.jembe.2022.151841
https://doi.org/10.1163/15685403-00003174
https://doi.org/10.1006/ecss.1994.1057
https://doi.org/10.1016/j.fishres.2008.11.005
https://doi.org/10.1371/journal.pone.0186817
https://doi.org/10.1371/journal.pone.0186817
https://doi.org/10.1016/j.fishres.2018.04.015
https://doi.org/10.1016/j.aquaculture.2004.05.030
https://doi.org/10.1080/17451000.2011.637563
https://doi.org/10.3390/foods10112873
https://doi.org/10.3390/foods10112873
https://pubs.usgs.gov/publication/70186269
https://doi.org/10.1139/cjfas-2020-0112
https://doi.org/10.3354/meps08121
https://doi.org/10.1016/j.fishres.2020.105569
https://doi.org/10.1016/j.fishres.2020.105569
https://doi.org/10.1186/2050-3385-2-16
https://doi.org/10.1651/0278-0372
https://doi.org/10.3391/ai.2011.6.S1.011
https://doi.org/10.3391/ai.2011.6.S1.011
https://doi.org/10.3354/ab00341
https://doi.org/10.3354/ab00341
https://doi.org/10.1016/j.jembe.2006.10.001
https://doi.org/10.1016/j.jembe.2006.10.001
https://doi.org/10.1007/s00227-009-1134-0
https://doi.org/10.1186/s40317-019-0189-z
https://doi.org/10.1016/0272-7714(86)90065-X
https://doi.org/10.1016/0272-7714(86)90065-X
https://doi.org/10.3390/fishes5010004

	﻿A Review of Giant Mud Crab ﻿Scylla serrata﻿ (Family Portunidae) Spawning Migration: The Lost Link in the Species’ Life History
	﻿Abstract
	﻿Introduction
	﻿Materials and Methods
	﻿Results
	﻿Giant Mud Crab
	﻿Crab Spawning Migration

	﻿Discussion
	﻿Spawning Migration of Giant Mud Crabs
	﻿Knowledge Gaps on the Giant Mud Crab Spawning Migration


	﻿Methods Applied to Track Ovigerous Female Giant Mud Crabs
	﻿Suggested Methods to Investigate Giant Mud Crab Spawning Migration
	﻿Direct Methods
	﻿Mark-Recapture
	﻿Acoustic Telemetry
	﻿Pop-up Satellite Archival Tags (PSAT)


	﻿Indirect Methods
	﻿Particle Tracking Simulation
	﻿Zooplankton Surveys

	﻿Conclusions
	﻿References


