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Abstract
An understanding of the mechanisms and functions of animal migratory behaviour
may provide insights into its evolution. Furthermore, knowledge about migration
may be important for conservation of rare species and may help to manage species
in a rapidly changing world. Upstream migration is common in riverine animals,
but little is known about proximate cues and functions of the upstream migration
in aquatic macroinvertebrates. In Ubon Ratchathani, Thailand, locals have observed
a synchronous mass migration of freshwater shrimps on land. This so-called ‘parading behaviour’ occurs annually during the rainy season and has become a large
ecotourism event. Yet, we know little about the natural history, proximate causation
and function of this extraordinary behaviour. Here we describe the natural history
of parading behaviour and report the results from a series of experiments and
observations to address its mechanisms and functions. Parading behaviour is not
associated with breeding and spawning; rather, shrimps leave the water to escape
strong currents. Conditions promoting shrimps to leave the water include low light,
high water velocity and low air temperature. In addition, there is variation
explained the speciﬁc location. River topology that creates hydrological variability
and turbulence plays a role in triggering the shrimps to move out of water. Furthermore, turbidity and water chemistry were associated with shrimp activity. Finally,
our results support that parading behaviour in freshwater shrimps is a mass movement upstream due to hydrological displacement. This study highlights the mechanisms that stimulate parading behaviour; a common activity in Macrobrachium and
other decapod crustaceans.

Introduction
How animals move through their habitat plays a critical role in
shaping ecosystems, and inﬂuences all levels of ecological
organization from individuals to the community (Holyoak
et al., 2008; Nathan, 2008). Investigation of movement patterns
in different groups of animals may help to understand the role
of movement in generating and maintaining biodiversity as
well as its inﬂuence on population and species evolution
(Holyoak et al., 2008; Duckworth, 2009). The ﬁeld of movement ecology studies both proximate and ultimate causes of
movement, ranging from individual to group movement, and
aims to understand how movement is inﬂuenced by environmental heterogeneity (Nathan & Giuggioli, 2013). Three major
areas of movement ecology research consist of: (1) investigating
internal and external factors driving motion, (2) understanding mechanisms of navigation and orientation and (3)
examining the physiology and motivation of movement
(Holyoak et al., 2008). However, due to the limitation in technology and ﬁeld study (Katzner & Arlettaz, 2019), we still
Journal of Zoology 313 (2021) 87–98 ª 2020 The Zoological Society of London

lack the understanding of the movement ecology in many species (Nathan et al., 2008), especially invertebrates — organisms that play major roles in their ecosystems.
The knowledge from movement ecology studies also sheds
light on conservation and management. For example, ﬂyingfox bats (Pteropus spp.), a reservoir for Nipah virus, can
migrate over 1000 km across Southeast Asia and Australia. An
understanding of bats’ spatial and temporal dynamics may
inform management to control disease dispersal (Robert et al.,
2012). Similar to ﬂying-foxes, mass migration of locusts has
destroyed food crops since the Ancient Egyptians (2470 BC)
until now (Krall et al., 1997; Zhang et al., 2019). By studying
the mechanisms and functions of locust migration, we may be
able to better control future locust outbreaks (Buhl et al.,
2006; Bazazi et al., 2008). Similarly by increasing of our
knowledge about migratory behaviour in iconic species that are
associated with tourism, such as monarch butterﬂies (Danaus
plexippus), grey whales (Eschrichtius robustus) or birds provides vital information on their conservation and management
(Fraser et al., 2018; Lemelin and Jaramillo-L
opez, 2019).
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The Crustacea is one of the subphyla in the phylum Arthropoda. Members of this subphylum can be found from deep
seas (e.g. benthesicymid prawns (Benthesicymus crenatus)
(Jamieson et al., 2009)) to alpine peaks (e.g. freshwater copepods (Manca et al., 1994)) illustrating remarkable adaptability.
Many crustaceans engage in mass migrations after hatching
(Macrobrachium ohione Bauer, 2011a, 2011b), or during mating (Christmas Island red crabs Gecarcoidea natalis
Adamczewska & Morris, 2001). However, the mechanisms
underlying crustacean aggregation, cues that trigger group formation, and how individuals navigate during migration are
poorly known. Moreover, due to an extreme diversity of crustacean lifestyles (Bauer, 2004; Benvenuto et al., 2015), the pattern of migration and group movement of many crustaceans,
traits crucial for their survival, requires substantially more
study.
Macrobrachium (Crustacean: Decapoda: Palaemonidae) is a
genus of freshwater shrimp comprised of more than 200 species (Zheng, Chen & Guo, 2019). Even though some species
can be found in estuaries or marine habitats, most of their life
cycle occurs in freshwater habitats (hereafter referred to as
‘amphidromous species’). Many amphidromous Macrobrachium species engage in round-trip migration in which the
gravid females migrate downstream from a river to the ocean
to spawn at a river mouth or the gravid females spawn at the
upstream area and the larvae drift downstream to the ocean.
After larvae develop to the juvenile stage in the marine environment, juveniles migrate back upstream by swimming
against the current to settle in freshwater habitat (Bauer, 2013).
Some aspects of the proximate causation of migration, such as
what environmental cues stimulate the migratory behaviour,
have been studied (Bauer & Delahoussaye, 2008; Kikkert,
Crowl & Covich, 2012), but much remains to be known.
A long time ago, a group of indigenous people in northeastern Thailand discovered synchronous mass terrestrial migration
of ‘completely freshwater shrimps’ in the genus Macrobrachium (Fig. 1; Video S1). Called ‘parading behaviour’, it is
a phenomenon in which freshwater shrimps collectively leave
the water and walk upstream on land for a distance before
returning to the river. This phenomenon occurs annually during
the rainy season (the end of August to early October) and only
at night.
Local lore was that parading was associated with spawning
and breeding (hereafter reproduction). However, this hypothesis
has never been tested. To date, only three notes from Lee &
Fielder (1979), Fievet (1999), and Torkkola & Hemsley (2019)
reported a similar migratory behaviour in M. australiense in
Queensland, Australia and M. faustinum on Guadeloupe Island.
While the behaviour was described in previous studies, causation was not formally studied. Thus, we lack a fundamental
understanding of the biology of this extraordinary phenomenon.
Since 1999, shrimp parading has been promoted as an ecotourism event in Thailand and draws >100 000 visitors annually. The lack of knowledge of the shrimps is problematic
because recent evidence suggests that these shrimps may be
decreasing in number and body size (W. Maiphrom, 2017,
unpubl. data). Alarmingly, there are no strategies for habitat
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Figure 1 Parading shrimps synchronously walking on land at night at
the Lamduan Rapids, Ubon Ratchathani, Thailand. Photo:
Watcharapong Hongjamrassilp. [Colour figure can be viewed at
zslpublications.onlinelibrary.wiley.com.]

and ecotourism management. Thus, to conserve this natural
resource that can beneﬁt local community (in terms of food,
education and business), the fundamental biology of the
shrimps, including life histories and movement behaviour,
requires study.
Here we study the proximate causation and functions of the
parading behaviour by: (1) describing the natural history of
parading, (2) investigating whether parading is associated with
reproduction (breeding or spawning) and (3) identifying environmental factors and habitat structure that triggers parading.
Finally, we discuss whether parading is simply upstream
migration of juveniles, as seen in most amphidromous Macrobrachium species, or whether it is a mass upstream movement
triggered by hydrological displacement.

Materials and methods
Site of study
Parading shrimps were studied in Nam Yuen district, Ubon
Ratchathani province, Thailand from August to September of
2018 and 2019. We surveyed nine sites along the Lamdom
river where parading was observed in the past (Fig. S1). However, we only found two locations with active parading behaviour: (1) the Lamduan rapids and (2) the Yang weir.
The Lamduan rapids (1426’07.0’’N; 10506’17.0’’E) are
located on the Lamdom River (Fig. 2a); a river that ﬂows
down from a headwater located in the D^angr^ek Mountains
between Thailand and Cambodia. The distance from the headwater to the Lamduan rapids is about 25 km and the distance
from the Lamduan rapids to the river’s mouth, in the Mekong
Delta in Vietnam, is about 900 km. During the summer (late
March–May), the Lamduan rapids are dry, disconnecting the
headwater and downstream portions. The upstream and downstream join back again during the rainy season (July–October).
Journal of Zoology 313 (2021) 87–98 ª 2020 The Zoological Society of London
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(a)

(b)

Figure 2 (a) Lamduan rapids. (b) Yang weir. White arrows indicate the area where the shrimps perform parading behaviour during the nighttime.
Photos: Watcharapong Hongjamrassilp. [Colour figure can be viewed at zslpublications.onlinelibrary.wiley.com.]

The highest precipitation in this area occurs in August and
September (Fig. S2). The second site is Yang weir which is an
inﬂatable rubber dam (1429’35.5’’N; 10508’06.5’’E)
(Fig. 2b). This site is located 14 km downstream from the
Lamduan rapids.

be associated with parading in the two study sites by documenting hydrological variability that is a consequence of variation in river topology.

Study 2 Do the shrimps perform parading
behaviour for reproduction?

Species identification
We collected 30 shrimps from Lamduan rapids and Yang Weir
(almost all parading shrimps were juveniles) while they were
walking on land and identiﬁed them to genus using a morphological key (Cai, Naiyanetr & Ng, 2004), and to species with
molecular identiﬁcation techniques. We collected abdominal
muscle tissues from ten shrimps (ﬁve from each site) and
extracted total genomic DNA with a PureLink Genomic DNA
Mini Kit (Carlsbad, CA, USA). We sequenced 16S ribosomal
RNA (16S rRNA) and Cytochrome c oxidase I (COX1) for
species identiﬁcation (detailed methods regarding gene ampliﬁcation and sequencing are in Supplementary Material S1).
We blasted all sequences in the National Center for Biotechnology Information (NCBI) database to search for species and
conﬁrmed the results by conducting a phylogenetic analysis
with eight species of Macrobrachium, which are found in the
Lamdom river and other places in Thailand, as an outgroup
(Accession numbers in Table S1). We reconstructed the phylogeny using a maximum likelihood method with rapid bootstrap algorithm using 1000 replicates under Generalized Time
Reversible (GTR) model (Yang, 2006).

Study 1 Behavioural observations
We observed parading behaviour using time-lapse night cameras (Victure trail camera HC200) and in situ observations.
The night cameras use infrared LEDs, which should minimize
shrimp disturbance. To determine when shrimps moved out of
the river, we set up time-lapse night cameras c. 30 cm from
the river to take photos every ﬁve minutes within a
20 x 20 cm quadrat between 17:00 to 08:00 h the next day.
We quantiﬁed (1) the time that the shrimps started and stopped
parading; (2) the distance over which shrimps travelled on
land; and (3) the density of shrimps every hour during which
they paraded. Moreover, we observed river structure that might
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Population demography and reproductive cycle of
parading shrimps
Our hypothesis was that if parading behaviour was associated
with reproduction (breeding or spawning), we would ﬁnd more
adults than juveniles. To test this hypothesis, we studied the
population demography of the shrimps by collecting 30
actively parading shrimps, weekly, from the ﬁrst week of
August to the last week of October of 2018–2019 using a
hand net (i.e. 12 collections/year; N = 24 collections). We
measured carapace length, a proxy of body size, and plotted a
frequency histogram of carapace length. In addition, to study
the reproductive cycle of the adult shrimps, we used an underwater trap to collect female adults at the Lamduan rapids from
2018–2019. We aimed to collect 30 individuals each month.
However, we caught fewer shrimps during the summer dry
season. We counted the number of ovigerous females and
compared them over months.

Study 3 Environmental factors associated
with parading behaviour
Prior studies suggested that underwater migration in amphidromous shrimps was triggered by several environmental factors
including water velocity, moonlight intensity, salinity and
cloud cover (Kikkert et al., 2009). Therefore, we collected six
environmental variables: (1) water velocity, (2) moonlight
intensity, (3) air temperature, (4) water temperature, (5) humidity and (6) cloud cover (in okta units) in the vicinity of the
parading site from the end of August to early October in 2018
and 2019. We measured all environmental variables at 20:00 h
which is about one hour after the shrimps start to migrate from
both the Lamduan rapids and the Yang weir site. We measured
water velocity using a digital ﬂow metre ﬁtted with 60 mm
impellers (Flowatch, JDC Electronic, Switzerland). We used a
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hygrometer and thermometer to measure humidity and temperature, respectively. To quantify cloud cover, we estimated it
using eight sector square grids following Llusia et al. (2013).
We obtained the moonlight illumination data from an online
source (https://www.mooncalc.org). To estimate a number of
shrimps that paraded each night, we counted shrimps in 180
photographs per day collected at each location using the timelapse cameras as described above.
We conducted all statistical analyses using R 3.5.3 (R Core
Team, 2019). We regressed environmental variables (including
water velocity, moonlight intensity, air temperature, water temperature, humidity, cloud cover and site study) against the
number of parading shrimps to explain variation in a number
of shrimps per night. Prior to ﬁtting the model, we calculated
correlation coefﬁcients among all environmental variables; only
humidity and the air temperature were highly correlated
(r = 0.694, N = 95, P < 0.001). Therefore, we omitted
humidity from our model. Since the independent variable
(number of parading shrimps) is a count, we ﬁtted a negative
binomial regression model using the function glm.nb in package MASS (Venables & Ripley, 2002). We calculated the
model’s pseudo R2 with the likelihood-ratio-based method for
the generalized linear model (Maddala, 1983; Cox & Snell,
1989; Magee, 1990) using rsq.lr function in package rsq
(Zhang, 2018). To estimate partial pseudo R2 of each independent variable, we subtracted Pseudo R2 of the full model from
Pseudo R2 of the full model without the speciﬁc independent
variable and used this value to explain effect size of each environmental variable.

Study 3.1 Does water velocity cause the parading
shrimps to leave water?
Based on results from study 3, we hypothesized that parading
behaviour functions to help the shrimps escape strong water
currents. To test this hypothesis, we created an artiﬁcial stream
that consisted of an upper tank and a lower tank. The bottom
of the upper tank contained a valve to adjust ﬂow velocity.
The upper tank and lower tank were connected by a semicircular concrete pipe (Fig. S3). We placed 106 shrimps (carapace
length ranged from 4.06–16.04 mm) by putting a shrimp on
the centre of the concrete pipe and turning on the water from
the upper tank. To quantify the maximum water velocity that
the shrimp could tolerate, we increased the water velocity by
adjusting the valve until the shrimp was washed down the
pipe. Following this experiment, we measured each shrimp’s
carapace length as a proxy of body size. Finally, we calculated
the Pearson correlation between maximum water velocity the
shrimps could tolerate and carapace length.

Study 3.2 Does water chemistry, turbidity or
turbulence cause the parading shrimps to leave
water?
Based on the results from study 1, we hypothesized that turbulence might cause the shrimps to leave the water. Moreover, Kikkert et al. (2009) suggested that water chemistry
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(e.g. plant exudates from leaf litter and sediment) and turbidity were negatively correlated with migration activities in
other freshwater shrimps (genus Atya and Xiphocaris). To
determine whether turbulence, water chemistry and turbidity
inﬂuenced shrimps activity and ultimately potentiated parading, we conducted experiments. However, we were not able
to simulate the difference between chemical compounds in the
water in the same way as Kikkert et al. (2009). Rather, we
varied the source of our water. Groundwater was clear water
that we sourced from an underground fountain, and river
water was turbid water that we collected from the Lamduan
rapids. Water from the Lamduan rapids was murkier, and we
assumed that river water contained a greater diversity of
chemicals than groundwater.
We divided the experimental aquaria into four conditions
(hereafter treatment): (1) turbulence with river water, (2) no
turbulence with river water, (3) turbulence with groundwater
and (4) no turbulence with groundwater. To generate turbulence, we created an artiﬁcial stream where water was pumped
uphill with aquarium pumps and ﬂowed down to the holding
tank (Fig. S4A). We used ToxTrac software (Rodriguez et al.,
2018) to track the shrimp movement speed as a proxy of
migration activity. However, shrimps are transparent and could
not be detected under normal conditions. Therefore, we fed
shrimps with rice that was stained with black food colouring
(Fig S4B,C).
We collected actively parading shrimps and acclimated them
in the aquarium with groundwater and no turbulence for
5 days to standardize shrimp activity. On the sixth day, we
moved the shrimp into one of the four experimental aquaria
(30 individuals per treatment). Then, every 12 h, we took each
shrimp from each treatment to an observational aquarium and
ﬁlmed it with a video camera for 3 min. After that, we took
the shrimps back to the experimental aquarium and waited for
the next 12 h. We ran all experiments for 24 h. After ﬁnishing
the experiment, we measured swimming speed of each shrimp
in each treatment using ToxTrac tracking software. We analysed the difference between mean rank of swimming speed
among four treatments with Kruskal–Wallis test and compared
the difference among signiﬁcant groups using a Mann–Whitney
U test.

Results
Species identification
The morphological analysis suggests two species of parading
shrimps: Macrobrachium lanchesteri (Decapod: Caridea: Palaemonidae) comprised 1% of the sample (N = 709) and another
unidentiﬁed Macrobrachium species that comprised 99% of the
samples. We resolved this unidentiﬁed species with molecular
techniques. We obtained a total of 408 base pairs (bp) from
16S rRNA and 692 bp from COXI from ten parading shrimps.
After examining the protein-coding COXI, we found that every
sequence consisted of several stop codons inside the
sequences. This means that the sequences were pseudogenes
and could not be included in the phylogenetic analysis. Thus,
we only used sequences from 16S rRNA for species
Journal of Zoology 313 (2021) 87–98 ª 2020 The Zoological Society of London
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Figure 3 Estimated number (Average  SEM) of parading shrimps from time-lapse night cameras from 2018–2019. Migrating pattern of
parading shrimps at the weir (N = 40 days) is represented in black bars and at the Lamduan Rapids (N = 55 days) is represented in white bars.

identiﬁcation. The result from the phylogenetic analysis reveals
that all unknown specimens were clustered inside the M. dienbienphusense clade with M. eriocheirum as a sister group
(Fig. S5). De Grave & Fransen (2011) synonymized M. eriocheirum with M. dienbienphuense, but Hanamura et al.
(2011) recognized it as valid. Even though there is some difference of the opinion on the taxonomic validity of M. eriocheirum, 99% of the unknown Macrobrachium individual
belonged to a single species, M. dienbienphuense Dang and
Nguy^en, 1972.

Study 1 Behavioural observations
The time-lapse cameras revealed that the shrimps started to
leave the river and paraded on land at around 19:00 h; ca.
30 min after dusk. We observed the shrimps aggregated
underwater at the start point of the parading site around
18:00 until the sun completely set at around 18:45. After that,
they climbed out of the river and continued to walk throughout the night (Fig. 3). While on land, they mostly walked
inside the splash zone which was about 20–40 cm from the
river’s edge (Fig. 4). The movement ceased around 06:00–
07:00 h when the sun started to rise. While moving, we
found that most shrimps preferred to walk around 22:00–
03:00 h at the weir and around 03:00–05:00 h at the rapids.
Shrimps walked on land for 5–20 m depending on river
velocity and riverbank structure. The average walking speed
while moving on land was 85.2  43.82 (Mean  SD) cm/
min (N = 30).
Observations among nine locations along the Lamdom river
suggested that the Lamduan rapids and the weir had unique
characteristics that could not be found elsewhere. We deﬁned
four zones based on topology and hydrology: (1) downstream
zone (ﬂow velocity = 5–10 cm/s), (2) turbulent zone (ﬂow
Journal of Zoology 313 (2021) 87–98 ª 2020 The Zoological Society of London

Figure 4 Parading shrimps migrate on land mostly in the splash zone
along the Lamdom river. Photo: Watcharapong Hongjamrassilp. [Colour
figure can be viewed at zslpublications.onlinelibrary.wiley.com.]

velocity = 10–20 cm/s), (3) running water zone (ﬂow velocity = 120–200 cm/s) and (4) upstream zone (ﬂow velocity = 60–100cm/s) (Fig. 5). After sunset, shrimps began to
swim upstream underwater. They swam from the downstream
zone to the turbulent zone. Shrimps aggregated there until the
sky was dark. Once dark, the aggregated shrimps climbed out
of the river and walked past the running water zone to the
upstream zone. When the shrimps reached the end of the
upstream zone where the ﬂow velocity was sufﬁciently low
(less than 60 cm/s), they returned to the river. The walking
pattern varied depending on the number of migrants each night
and the size of the splash zone. We observed shrimp walking
in several rows when the splash zone was small. However,
when the splash zone was sufﬁciently wide, the shrimps spread
out and did not form a line.
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Figure 5 Four unique zones at the Yang weir, which are also found in the Lamduan rapids. Zone 1 is a downstream zone (flow velocity = 5–
10 cm/s). Zone 2 is a turbulent zone (flow velocity = 10–20 cm/s). Zone 3 is a running water zone (flow velocity = 120–200 cm/s). Zone 4 is an
upstream zone (flow velocity = 60–100 cm/s). Graphic credit: Boontigan Kuhasubpasin and Watcharapong Hongjamrassilp. [Colour figure can be
viewed at zslpublications.onlinelibrary.wiley.com.]

Study 2 Do the shrimps perform parading
behaviour for reproduction?
Population demography and reproductive cycle of
parading shrimps
Parading shrimps varied in their carapace length (CL) from
1.72–12.55 mm (Mean  SD: 6.0  1.439, N = 706) (Fig. 6)
(relationship between CL and total length is in Fig. S6). 92%
of the shrimp (CL = 1.72–7.80 mm) did not have an enlarged
chela (a secondary sexual characteristic, Fig. 7a) and we did
not observe eggs inside their abdomen. From this, we conclude that 92% of the parading shrimps were juveniles. Moreover, year-round data collection of adults M. dienbienphuense
in the Lamdom River revealed that most ovigerous females
were found in June to September with the peak number of
ovigerous females in June (Fig. 7b). Finally, we found that
within ovigerous females, eggs in their abdominal cavity were
not at the same developmental stage. Some eggs already had
eyes developed inside while some did not. Together, these
observations suggest asynchronous spawning of M. dienbienphuense and suggest that parading was not associated with
spawning.

Study 3 Environmental factors associated
with parading behaviour
In 2018 and 2019, we quantiﬁed data from a total of 55 days
at the Lamduan rapids and 40 days at the weir. More shrimps
paraded at high water velocities (P < 0.001) and at low air
92

Figure 6 Histogram illustrating the frequency of parading shrimps
with different carapace lengths (N = 706). Pie chart represents
proportion of juvenile and adult Macrobrachium dienbienphuense
which were collected while parading. [Colour figure can be viewed at
zslpublications.onlinelibrary.wiley.com.]

temperatures (P = 0.006; Table 1), and more shrimps paraded
at the weir than at the Lamduan rapids (P = 0.002). Even
though the shrimps tended to parade more with high precipitation, low moon illumination, low cloud cover and low water
temperature, these independent variables were not statistically
signiﬁcant.
Journal of Zoology 313 (2021) 87–98 ª 2020 The Zoological Society of London
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Figure 7 (a) Adult male Macrobrachium dienbienphuense with enlarged hairy claws. (b) The bar graph shows the percent of ovigerous females
(ovigerous females in each month/ total females in each month) in different months. Top right is a female M. dienbienphuense with a cluster of
eggs inside its abdominal cavity. Photo: Watcharapong Hongjamrassilp. [Colour figure can be viewed at zslpublications.onlinelibrary.wiley.com.]

Table 1 Results from negative binomial regression describing the variation in a number of parading shrimps by environmental parameters

(Intercept)
Precipitation
Moon illumination
Cloud cover
Water temperature
Air temperature
Water Velocity
Location (Weir)

Estimate

SE

9.227
0.010
0.003
0.008
0.072
0.082
0.012
0.620

2.185
0.005
0.003
0.026
0.078
0.030
0.002
0.195

Z value

P value

Partial Pseudo R2

4.222
1.818
1.030
0.324
0.923
2.742
5.417
3.175

<0.000*
0.069
0.303
0.746
0.356
0.006*
<0.000*
0.002*

0.022
0.007
0.001
0.003
0.042
0.130
0.055

Pseudo R2
0.385

P-values with asterisk are considered significant.

Study 3.1 Does water velocity cause the parading
shrimps to leave water?
Larger shrimps tolerated higher water velocity than smaller
shrimps (R = 0.856, N = 106, P < 0.001) (Fig. 8). This result
suggests that the small shrimps beneﬁted from walking out of
water because they could not tolerate the high ﬂow at the
rapids. However, the largest shrimps rarely walked out of
water because they could tolerate the high ﬂow in the rapids.

Study 3.2 Does water chemistry, turbidity or
turbulence cause the parading shrimps to leave
water?
At the start of the experiment (0 h), swimming speed of
shrimps from the four treatments were not signiﬁcantly different
(v2 = 2.06, P = 0.56, N = 30 in each treatment). However, by
hour 12, shrimps started to behave differently as a function of
treatment. After 12 h, shrimps in treatment 1 (with turbulence
and river water) and 3 (with turbulence and groundwater) had
higher swimming speeds than shrimps in treatment 2 (without
turbulence and with river water) and 4 (without turbulence and
with groundwater) (v2 = 26.73, P < 0.000; Fig. 9, Table 2).
This indicates exposure to turbulence increased the swimming
speed of the shrimps during the ﬁrst 12 h. After 24 h,
Journal of Zoology 313 (2021) 87–98 ª 2020 The Zoological Society of London

Figure 8 Relationship between carapace length and maximum water
velocity that the parading shrimps can tolerate (N = 106).

swimming speed of shrimps in treatment 1, 2 and 3 were similar and were higher than treatment 4 (v2 = 11.25, P < 0.001;
Fig. 9, Table 2) suggesting that turbulence and river water
increased shrimp swimming speed. However, the turbulence
had a greater effect within a short period (the ﬁrst 12 h)
93
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Table 2 Results from Kruskal–Wallis test describing the difference in
mean ranks of swimming speed of parading shrimps in four different
treatments with Mann–Whitney U test
Mann–Whitney U test
Time

d.f.

Chi-square

0
12

3
3

2.06
26.73

0.56
<0.000*

P

24

3

11.25

<0.001*

Treatment

Group

1
2
3
4
1
2
3
4

a
b
a
b
a
a
a
b

P-values with asterisks are considered significant.
Treatment 1 is turbulence and river water. Treatment 2 is non-turbulence with river water. Treatment 3 is turbulence with groundwater.
Treatment 4 is non-turbulence with groundwater.

Figure 9 Temporal pattern of swimming speed (mean  SE) of the
parading shrimps in four different treatments. Hour in x-axis is
number of hours after the shrimps were placed in each treatment.
N = 30 in each treatment. [Colour figure can be viewed at zslpublica
tions.onlinelibrary.wiley.com.]

compared to the effect of the type of water, which was only
important at 24 h. Based on these results, we conclude that the
type of water (high turbidity and chemically complex water)
and turbulence increases shrimp activity and stimulates them to
walk out of the river.

Discussion
A number of species of freshwater caridean shrimps engage in
what is referred to as parading behaviour. Our research shows
that small shrimps leave the river and walked on land to escape
strong currents. The main factors that triggered parading were
low light intensity, high water velocity, low air temperature, high
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turbulence, high turbidity and (to date unidentiﬁed) chemicals in
the water. We discuss these below.
Virtually all of the shrimps we identiﬁed performing parading behaviour in Ubon Ratchathani, Thailand were Macrobrachium dienbienphuense; 1% of them were M. lanchesteri.
Both species are endemic to East and South East Asia (Chace
& Bruce, 1993; Hanamura et al., 2011). Other studies reported
parading behaviour in caridean shrimps (Decapoda, Caridea)
throughout the world including in Asia (Caridina japonica,
Paratya compressa and M. japonicum in Japan (Hamano
et al., 1995); M. malcomsonii in Godvari, India (Ibrahim,
1962)), Australia (M. australiense in Queenland, Australia)
(Lee & Fielder, 1979; Torkkola & Hemsley, 2019), and in the
Americas (Atyoida bisulcata, M.grandimanus and M. lar in
West Maui Mountain, Hawaii, USA (Benbow et al., 2002);
M. ohione in the Atchafalaya River, Louisiana, USA (Olivier
et al., 2013); M. faustinum, Xiphocaris elongata and Atya
innocous on Guadeloupe Island, French West Indies (Fievet,
1999)). These reports indicate that the ability to leave a river
and climb over either natural barriers (e.g. waterfalls) or manmade barrier (e.g. dams or weirs) during upstream migration is
widespread in amphidromous and freshwater caridean shrimps.
Ancestors of caridean shrimps are thought to have originated
in marine habitats (Davis et al., 2018) and some species
evolved to exploit freshwater habitats (Bauer, 2013). Upstream
migration in concert with novel reproductive strategies (abbreviated larval development (ALD) versus extended larval development (ELD)) are two main features that allow caridean
shrimp to successfully colonize freshwater habitats (Bauer,
2011a; Bauer, 2013). We suggest that parading is another
behavioural adaptation that facilitates colonization of freshwater
ecosystem by allowing shrimps to move past barriers to
upstream areas while other organisms cannot (e.g. predatory
ﬁshes). Moreover, the ability to walk on land may facilitate
overland dispersal (Torkkola & Hemsley, 2019). More observations are needed to conﬁrm this hypothesis.
Many species of amphidromous Macrobrachium parade
while travelling to headwaters with relatively fewer predators
than downstream areas (Covich et al., 2009). However, until
now, there have been no reports of upstream migration of the
completely freshwater Macrobrachium. Bauer (2013) reported
the upstream migration of M. ohione, an amphidromous species, by swimming upstream at nighttime but not at daytime.
However, we did not observe M. dienbienphuense, which are a
freshwater species (De Grave, Wowor, & Cai, 2013; WoRMS,
2020), performing upstream migration by swimming during
both the day and night. We only observed them walking at
night. After the parading shrimps returned to the river, we did
not observe them swimming upstream. Bauer (2013) proposed
that the migration between freshwater and marine system of
amphidromous Macrobrachium was related to developmental
strategy. The amphidromous species are known to have
extended larval development (ELD). ELD is a type of development where adults spawn with many tiny larvae that contain a
small amount of yolk (Mashiko, 1990; Walsh, 1993; Bauer,
2004). Because of less yolk, the larvae must drift downstream
to the ocean where there is more food and sufﬁcient salinity
that triggers their development. In some species, gravid
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females migrate downstream and spawn at a river mouth (Olivier & Bauer, 2011; Bauer, 2011a). By contrast, completely
freshwater species are known to exhibit a direct or abbreviated
larval development (ALD), which is the type of development
whereby the adult spawn with fewer larvae, but these larvae
are typically in more advanced stages or, in some species,
hatching out as a juvenile (post-larvae) (Hayashi & Hamano,
1984). Because completely freshwater species hatch out in an
advanced developmental stage, the juveniles need not migrate.
While we do not have any direct evidence that the populations of M. dienbienphuense in our study sites have ALD, the
distance from our study sites to the closest estuary was about
1000 km. Most of females M. dienbienphuense in our study
sites carried eggs that were at the pigmented eye stage to prehatching stage indicating that they were ready to spawn.
Therefore, we hypothesize that M. dienbienphuense in our
study sites have ALD. Thus, we conclude that the function of
parading behaviour in M. dienbienphuense is not similar to the
upstream migration in amphidromous species, yet the parading
behaviour helps the juvenile shrimps move past the rapids.
We observed M. dienbienphuense parading after sunset; light
suppresses the behaviour. By contrast Fivet (1999) observed
shrimps (M. faustinum, X. elongata and A. innocuous) leaving
the water during the day when there was a sudden strong
release of water over an impoundment (water current >100 cm/
s). We also observed a single event in September of 2019
where M. dienbienphuense continued to migrate after sunrise
on a day of exceptionally heavy rain and extremely rapid ﬂow
(c. 220 cm/s). These anecdotes suggest that the decision to
parade involves multiple drivers including at least ambient
light and water velocity.
The number of parading M. dienbienphuense was positively
correlated with water velocity and negatively correlated with
shrimp size. Lee & Fielder (1979) also reported a similar pattern of smaller M. australiense being more likely to parade.
Together, parading behaviour is a way that small shrimps can
continue to move upstream where water velocity exceeds about
120 cm/s. In addition to velocity, our experiments revealed that
turbulence also potentiates parading. Since most migrating
shrimps make use of positive rheotaxis during the upstream
migration (Lee & Fielder, 1984), turbulence might eliminate or
modify ﬂow direction (Benstead et al., 1999). The Lamduan
rapids and the Yang weir have the turbulence zone following
the running water zone (Fig. 5). Therefore, by moving on land,
shrimps, especially small individuals, avoid turbulent areas.
We also observed that while moving on land, shrimps often
walked near the splash zone and put their legs into the river.
We speculate that the shrimps sensed ﬂow direction using
setae on their legs. However, how the shrimps navigate while
on land requires formal study.
Covich (1988) proposed that chemicals from leaf litter might
contain toxic compounds that drive shrimps to migrate to
another habitat, while Olsson et al. (2006) proposed that chemicals in the water could trigger the shrimps to collectively
move because chemicals from leaf litter might be a food cue.
Kikkert et al. (2009) demonstrated that Atya and Xiphocaris
shrimps avoided swimming in a river with high leaf litter and
high turbidity consistent with the hypothesis that they avoided
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toxic leaf litter. While we also found that activity was
increased when shrimps were in river water compared to
ground water, we cannot conclude why. Regardless, our results
illustrate the potential that both chemicals and turbidity stimulate parading.
Parading behaviour was not associated with reproduction in
M. dienbienphuense because almost all were juveniles. Several
riverine species such as Atlantic salmon (Salmo salar) and
aquatic insects migrate upstream to mate (Bagliniere et al.,
1990; Higler, 2004). Furthermore, studies in amphidromous
Macrobrachium shows that shrimps migrate downstream to
spawn in the ocean while most juveniles migrate upstream
after larval development in the sea (Bauer, 2013). This suggests upstream migration in amphidromous species may not
function for reproduction. Moreover, we found that the parading season was not associated with spawning because M. dienbienphuense has an asynchronous spawning reproductive
pattern.
Information about the mechanisms and functions of parading
behaviour allows us to improve conservation and management
strategies for freshwater shrimps. For example, dams have been
constructed throughout the world (Kaika, 2006; Zaharia et al.,
2016), and they affect upstream migration of many riverine
species including amphidromous and freshwater shrimp.
Hamano et al. (1995), Fievet (2000) and Olivier et al. (2013)
demonstrated how a fundamental understanding of climbing
performance in caridean shrimps could be applied to create
‘shrimp ladders’, which permit shrimp to move across dams.
Furthermore, an understanding of parading behaviour can be
used to limit the movement of invasive species to upstream
headwaters. For instance, red swamp crayﬁsh (Procambarus
clarkii) (Crustacea: Astacidae), a native species in the southern
United States, is an invasive predator in other parts of the
world (Loureiro et al., 2015). By understanding crayﬁsh climbing performance, scientists have designed a special type of roof
on a dam that can prevent upstream crayﬁsh movement
(Dana et al., 2011). Our results could be used to create similar
structures that can facilitate or limit the movement of decapod
crustaceans.

Acknowledgments
We are grateful for the dedicated assistance of Narong Mangsachat, Chareonsak Pongpim, Waraphon Thipauthai, Kitiwara
Paramat, Pranom Thason and other staff members from the
Ubon Ratchathani Wildlife and Nature Education Center and
the Yod Dom Wildlife Sanctuary during data collection. We
thank Drs. Natapot Warrit and Prapun Traiyasut for allowing
us to borrow lab equipment and assistance with transportation.
Special thanks to Chanan Keatsirisart and BCC Biology Laboratory in Bangkok Christian College for facilitating molecular
work, and Dr. Yixiong Cai for help with morphological identiﬁcation. We are indebted to Professors Raymond Bauer and
Alan Covich for critical comments on the manuscript and suggestions throughout this study. We thank Dr. Monchai Kooakachai and the UCLA statistical consulting centre for
providing suggestions regarding statistical analysis. W. H.
thanks Professors Greg Grether, Peter Narins and Peter Nonacs
95

Parading behaviour in freshwater shrimps

for guidance and valuable discussion. This research was supported by the Department of Ecology and Evolutionary Biology at UCLA, Sigma Xi Grants-in-Aid of Research (GIAR)
and gift from Rerngchai Hongjamrassilp.

References
Adamczewska, A.M. & Morris, S. (2001). Ecology and behavior
of Gecarcoidea natalis, the Christmas Island red crab, during
the annual breeding migration. Biol. Bull. 200, 305–320.
Bagliniere, J.L., Maisse, G. & Nihouarn, A. (1990). Migratory
and reproductive behaviour of female adult Atlantic salmon,
Salmo salar L., in a spawning stream. J. Fish Biol. 36, 511–
520.
Bauer, R.T. (2004). Remarkable shrimps: adaptations and
natural history of the carideans. Norman: University of
Oklahoma Press.
Bauer, R.T. (2011a). Amphidromy and migrations of freshwater
shrimps. I. Costs, beneﬁts, evolutionary origins, and an
unusual case of amphidromy. In New frontiers in crustacean
biology: 145–156. Leiden: Brill.
Bauer, R.T. (2011b). Amphidromy and migrations of freshwater
shrimps. II. Delivery of hatching larvae to the sea, return
juvenile upstream migration, and human impacts. In New
frontiers in crustacean biology: 157–168. Leiden: Brill.
Bauer, R.T. (2013). Amphidromy in shrimps: a life cycle between
rivers and the sea. Lat. Am. J. Aquat. Res. 41, 633–650.
Bauer, R.T. & Delahoussaye, J. (2008). Life history migrations
of the amphidromous river shrimp Macrobrachium ohione
from a continental large river system. J. Crust. Biol. 28, 622–
632.
Bazazi, S., Buhl, J., Hale, J.J., Anstey, M.L., Sword, G.A.,
Simpson, S.J. & Couzin, I.D. (2008). Collective motion and
cannibalism in locust migratory bands. Curr. Biol. 18, 735–
739.
Benbow, M.E., Orzetti, L.L., McIntosh, M.D. & Burky, A.J.
(2002). A note on cascade climbing of migrating goby and
shrimp postlarvae in two Maui streams. Micronesica 34, 243–
248.
Benstead, J.P., March, J.G., Pringle, C.M. & Scatena, F.N.
(1999). Effects of a low-head dam and water abstraction on
migratory tropical stream biota. Ecol. Appl. 9, 656–668.
Benvenuto, C., Knott, B. & Weeks, S.C. (2015). Crustaceans of
extreme environments. In The Natural History of the
Crustacea: 379–417. Thiel, M. & Watling L. (Eds.). New
York: Oxford University Press.
Buhl, J., Sumpter, D.J., Couzin, I.D., Hale, J.J., Despland, E.,
Miller, E.R. & Simpson, S.J. (2006). From disorder to order
in marching locusts. Science 312, 1402–1406.
Cai, Y., Naiyanetr, P. & Ng, P.K.L. (2004). The freshwater
prawns of the genus Macrobrachium Bate, 1868, of Thailand
(Crustacea: Decapoda: Palaemonidae). J. Nat. Hist. 38, 581–
649.
Chace, F.A. Jr & Bruce, A.J. (1993). The caridean shrimps
(Crustacea: Decapoda) of the Albatross Philippine expedition

96

W. Hongjamrassilp et al.

1907–1910, part 6: superfamily Palaemonoidea. Smithsonian
contributions to zoology. Washington D.C: Smithsonian
Institution Press. https://repository.si.edu/handle/10088/5469
Covich, A.P. (1988). Geographical and historical comparisons
of neotropical streams: biotic diversity and detrital processing
in highly variable habitats. J. N. Am. Benthol. Soc. 7, 361–
386.
Covich, A.P., Crowl, T.A., Hein, C.L., Townsend, M.J. &
McDowell, W.H. (2009). Predator–prey interactions in river
networks: comparing shrimp spatial refugia in two drainage
basins. Freshwat. Biol., 54, 450–465.
Cox, D.R. & Snell, E.J. (1989). The analysis of binary data,
2nd edn. London: Chapman and Hall. https://www.google.c
om/books/edition/Analysis_of_Binary_Data_Second_Edition/
QBebLwsuiSUC?hl=en
Dana, E.D., Garcıa-de-Lomas, J., Gonzalez, R. & Ortega, F.
(2011). Effectiveness of dam construction to contain the
invasive crayﬁsh Procambarus clarkii in a Mediterranean
mountain stream. Ecol. Eng. 37, 1607–1613.
Davis, K.E., De Grave, S., Delmer, C. & Wills, M.A. (2018).
Freshwater transitions and symbioses shaped the evolution
and extant diversity of caridean shrimps. Commun. Biol. 1,
1–7.
De Grave, S. & Fransen, C.H.J.M. (2011). Carideorum
catalogus: the recent species of the dendrobranchiate,
stenopodidean, procarididean and caridean shrimps
(Crustacea: Decapoda): 195. Leiden: NCB Naturalis. http://
www.vliz.be/imisdocs/publications/ocrd/231051.pdf
De Grave, S., Wowor, D. & Cai, Y. (2013). Macrobrachium
dienbienphuense (errata version published in 2019). The
IUCN Red List of Threatened Species 2013:
e.T197821A147789329. doi: 10.2305/IUCN.UK.20131.RLTS.
T197821A147789329.en.
Duckworth, R.A. (2009). The role of behavior in evolution: a
search for mechanism. Evol. Ecol. 23, 513–531.
Fievet, E. (1999). Daylight migration of freshwater shrimp
(Decapoda, Caridea) over a weir during water release from the
impoundment. Crustaceana 72, 351–356.
 (2000). Passage facilities for diadromous freshwater
Fievet, E.
shrimps (Decapoda: Caridea) in the Bananier River,
Guadeloupe. West Indies. Regul. Rivers Res. Manage. 16,
101–112.
Fraser, K.C., Davies, K.T., Davy, C.M., Ford, A.T., Flockhart,
D.T. & Martins, E.G. (2018). Tracking the conservation
promise of movement ecology. Front. Ecol. Evol. 6, 1–8.
Hamano, K., Yoshimi, K.-I. Hayashi, Kakimoto, H. & Shokita, S.
(1995). Experiments on ﬁshways for freshwater amphidromous
shrimps. Nippon Suisan Gakkaishi 61, 171–178.
Hanamura, Y., Imai, H., Lasasimma, O., Souliyamath, P. & Ito,
S. (2011). Freshwater prawns of the genus Macrobrachium
Bate, 1868 (Crustacea, Decapoda, Palaemonidae) from Laos.
Zootaxa 3025, 1–37.
Hayashi, K.I. & Hamano, T. (1984). The complete larval
development of Caridina japonica De Man (Decapoda, Caridea,
Atyidae) reared in the laboratory. Zool. Sci. 1, 571–589.

Journal of Zoology 313 (2021) 87–98 ª 2020 The Zoological Society of London

W. Hongjamrassilp et al.

Higler, L.W.G. (2004). Migration of aquatic invertebrates. In
Biological resources and migration. Werner, D. (Ed.). Berlin:
Springer. https://doi.org/10.1007/978-3-662-06083-4_18
Holyoak, M., Casagrandi, R., Nathan, R., Revilla, E. & Spiegel,
O. (2008). Trends and missing parts in the study of
movement ecology. Proc. Natl. Acad. Sci. 105, 19060–19065.
Ibrahim, K. (1962). Observations on the ﬁshery and biology of
the freshwater prawn Macrobrachium malcolmosonii Milne
Edwards of River Godavari. Indian J. Fish. 9, 433–467.
Jamieson, A.J., Fujii, T., Solan, M., Matsumoto, A.K., Bagley,
P.M. & Priede, I.G. (2009). First ﬁndings of decapod
crustacea in the hadal zone. Deep-Sea Res. PT I. 56, 641–647.
Kaika, M. (2006). Dams as symbols of modernization: The
urbanization of nature between geographical imagination and
materiality. Ann. Am. Assoc. Geogr. 96, 276–301.
Katzner, T. & Arlettaz, R. (2019). Evaluating contributions of
recent tracking-based animal movement ecology to
conservation management. Front. Ecol. Evol. 7, 1–10.
Kikkert, D.A., Crowl, T.A. & Covich, A.P. (2009). Upstream
migration of amphidromous shrimps in the Luquillo
Experimental Forest, Puerto Rico: temporal patterns and
environmental cues. J. N. Am. Benthol. Soc. 28, 233–246.
Krall, S., Peveling, R. & Diallo, B.D. (Eds.). (1997). New
strategies in locust control. Basel: Birkh€auser. https://
www.google.com/books/edition/New_Strategies_in_Locust_
Control/EsvzBwAAQBAJ?hl=en&gbpv=1&dq=New+strategie
s+in+locust+control&pg=PA93&printsec=frontcover
Lee, C.L. & Fielder, D.R. (1979). A mass migration of the
freshwater prawn, Macrobrachium australiense Holthuis, 1950
(Decapoda, Palaemonidae). Crustaceana 37, 219–222.
Lee, C.L. & Fielder, D.R. (1984). Swimming response to water
current stimulus in the freshwater prawn, Macrobrachium
australiense Holthuis, 1950. Crustaceana 46, 249–256.
Lemelin, R.H. & Jaramillo-Lopez, P.F. (2019). Orange, black,
and a little bit of white is the new shade of conservation: the
role of tourism in Monarch Butterﬂy Conservation in Mexico.
J. Ecotourism 1–13.
Llusia, D., Marquez, R., Beltran, J.F., Moreira, C. & Do
Amaral, J.P. (2013). Environmental and social determinants of
anuran lekking behavior: intraspeciﬁc variation in populations
at thermal extremes. Behav. Ecol. Sociobiol. 67, 493–511.
Loureiro, T.G., Anastacio, P.M.S.G., Araujo, P.B., SoutyGrosset, C. & Almer~ao, M.P. (2015). Red swamp crayﬁsh:
biology, ecology and invasion-an overview. Nauplius 23, 1–
19.
Maddala, G.S. (1983) Limited-dependent and qualitative
variables in econometrics. Cambridge: Cambridge University.
Magee, L. (1990). R2 measures based on Wald and likelihood
ratio joint signiﬁcance tests. Am. Stat. 44, 250–253.
Manca, M., Cammarano, P. & Spagnuolo, T. (1994). Notes on
Cladocera and Copepoda from high altitude lakes in the
Mount Everest Region (Nepal). Hydrobiologia 287, 225–231.
Mashiko, K. (1990). Diversiﬁed egg and clutch sizes among
local populations of the fresh-water prawn Macrobrachium
nipponense (De Haan). J. Crust. Biol. 10, 306–314.

Journal of Zoology 313 (2021) 87–98 ª 2020 The Zoological Society of London

Parading behaviour in freshwater shrimps

Nathan, R. (2008). An emerging movement ecology paradigm.
Proc. Natl. Acad. Sci. 105, 19050–19051.
Nathan, R., Getz, W.M., Revilla, E., Holyoak, M., Kadmon, R.,
Saltz, D. & Smouse, P.E. (2008). A movement ecology
paradigm for unifying organismal movement research. Proc.
Natl. Acad. Sci. 105, 19052–19059.
Nathan, R. & Giuggioli, L. (2013). A milestone for movement
ecology research. Mov. Ecol. 1, 1. https://doi.org/10.1186/
2051-3933-1-1
Olivier, T.J. & Bauer, R.T. (2011). Female downstream-hatching
migration of the river shrimp Macrobrachium ohione in the
lower Mississippi River and the Atchafalaya River. Am. Midl.
Nat 166, 379–393.
Olivier, T.J., Handy, K.Q. & Bauer, R.T. (2013). Effects of river
control structures on the juvenile migration of Macrobrachium
ohione. Freshw. Biol. 58, 1603–1613.
Olsson, I.C., Greenberg, L.A., Bergman, E. & Wysujack, K.
(2006). Environmentally induced migration: the importance of
food. Ecol. Lett. 9, 645–651.
R Core Team (2019). R: A language and environment for
statistical computing. Vienna: R Foundation for Statistical
Computing, https://www.R-project.org/
Roberts, B.J., Catterall, C.P., Eby, P. & Kanowski, J. (2012).
Long-distance and frequent movements of the ﬂying-fox
Pteropus poliocephalus: implications for management. PLoS
One 7, e42532.
Rodriguez, A., Zhang, H., Klaminder, J., Brodin, T., Andersson,
P.L. & Andersson, M. (2018). ToxTrac: a fast and robust
software for tracking organisms. Methods Ecol. Evol. 9, 460–
464.
Torkkola, J.J. & Hemsley, D.W. (2019). Prawn parade: notes on
Macrobrachium australiense Holthius, 1950 climbing vertical
concrete overﬂow steps at Gold Creek Reservoir. Queensland.
Mar. Freshwater Res. 70, 1480–1483.
Venables, W.N. & Ripley, B.D. (2002). Random and mixed
effects. In Modern applied statistics with S: statistics and
computing: 271–299. Chambers, J., Eddy, W., Hardle, W.,
Sheather, S., & Tierney, L. (Eds). New York: Springer-Verlag.
Walsh, C.J. (1993). Larval development of Paratya australiensis
Kemp, 1917 (Decapoda: Caridea: Atyidae), reared in the
laboratory, with comparisons of fecundity and egg and larval
size between estuarine and riverine environments. J. Crust.
Biol. 13, 456–480.
WoRMS. (2020). Macrobrachium dienbienphuense Ðang & B.Y.
Nguy^en, 1972. Accessed at: http://www.marinespecies.org/
aphia.php?p=taxdetails&id=582149 on 2020-08-11
Yang, Z. (2006). Computational molecular evolution. Oxford:
Oxford University Press. http://abacus.gene.ucl.ac.uk/CME/
Zaharia, L., Ioana-Toroimac, G., Cocosß, O., Ghitßa, F.A. &
Mailat, E. (2016). Urbanization effects on the river systems in
the Bucharest City region (Romania). Ecosys. Health Sust 2,
e01247.
Zhang, D. (2018). rsq: R-squared and related measures. R
package version 1.0.1. Available from https://CRAN.R-project.
org/package=rsq

97

Parading behaviour in freshwater shrimps

Zhang, L., Lecoq, M., Latchininsky, A. & Hunter, D. (2019).
Locust and grasshopper management. Rev. Entomol. 64, 15–34.
Zheng, X.Z., Chen, W.J. & Guo, Z.L. (2019). The genus
Macrobrachium (Crustacea, Caridea, Palaemonidae) with the
description of a new species from the Zaomu Mountain Forest
Park, Guangdong Province, China. ZooKeys 866, 65–83.

Supporting Information
Additional Supporting Information may be found in the online
version of this article:
Figure S1. Location of surveyed sites. Parading shrimps
were only detected at sites 4 and 9. Number 4 is Lamduan
rapids and number 9 is Yang weir. Table on the bottom left
indicates the latitude and longitude of surveyed sites.
Figure S2. Monthly averageSEM rainfall at Phon thong
village (ca. 3 km away from out study site), Nam Yuen district,
Ubon Ratchathani, Thailand. Data from http://hydro-4.com/.
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Figure S3. Artiﬁcial stream to study the decision to parade.
Yellow arrow illustrates ﬂow direction. Shrimps were put in
the lower tank. During the experiment, the shrimp walked up
from lower tank to an upper tank.
Figure S4. (a) Experimental aquarium with turbulence creating system. (b) Rice stained with black food coloring (white
arrow) contrasted with a shrimp in the top right which has not
eaten the rice. (c) Close-up photo of shrimp fed black rice.
The white arrow points its stomach stained with black color.
Figure S5. Ultrametric phylogeny of some members of
shrimps in genus Macrobrachium found in Thailand. S1–S5
are samples collected from the Lamduan rapids and S6–S10
are samples collected from the Yang weir. The values represented on this phylogeny are bootstrap values.
Figure S6. Relationship between total length and carapace
length of Macrobrachium dienbienphuense with regression
equation.
Table S1. Accession numbers used for phylogenetic analysis.
Video S1. Parading behaviour of parading shrimps (M. dienbienphuense) at Lamduan Rapids, Ubon Ratchathani, Thailand.

Journal of Zoology 313 (2021) 87–98 ª 2020 The Zoological Society of London

