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Abstract

Morphological distinctions between males and females of a species are referred to by sexual dimorphism.
It may result from various selection pressures affecting either sex or both and may occur in any dioecious
species, including Green Swordtail fish, which are sexually reproductive. This study examined the different
rheotaxis responses of Xiphophorus hellerii based on different sexes and morphological features. We
analyzed ten adult males, ten gravid females, and ten non-gravid females of Xiphophorus helleri collected
down the river and transferred into the column. We counted the number of the individual that performed
positive rheotaxis (+), negative rheotaxis (-), and indifference response (0). The result showed different
rheotaxis responses shown by male, non-gravid female, and gravid female X. hellerii. The highest percentage
of positive rheotaxis response (movement against the current) was shown by non-gravid female X. hellerii,
reaching up to 89%. Morphological differences between male, non-gravid female, and gravid female X.
hellerii appear to affect the orientation and ability of X. hellerii in giving response against current and
certainly has an impact on their survival in nature.
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1. Introduction

Rheotaxis response is a form of behavioral adaptation response to the movement
of water flow in the environment. Rheotaxis response is caused by the sensory system
that is lined the lateral line along the fish body (Ge et al., 2018; Oteiza et al., 2017). A small
functional unit comprises smooth ciliated epithelia called neuromast, located along the
lateral line and acts as a hydrodynamic sensor (Liu et al., 2016). The neuromast is a
susceptible epithelium, and it will move according to the direction of flowing water that
passes along the lateral line (Herzog et al., 2015). The movement stimulates the sensory
nerves to send signals to the central nerve and responds in the form of coordinated body
movement and orientation (Hecker et al., 2020).

Rheotaxis response plays a vital role in the survival of a fish in the wild. The ability
to respond to the current is closely related to the morphological aspect and influences
habitat selection (Mogdans, 2019). Rheotaxis response could be in the form of positive
rheotaxis or negative rheotaxis. Positive rheotaxis is a movement orientation against the
oncoming current, while negative rheotaxis is a movement correspond to the direction of
water current. Rheotaxis becomes the main driving force in determining most river fish
migration(Bak-Coleman et al,, 2015). Australian fish species, silver perch (Bidyanus
bidyanus), Murray cod (Maccullochella peelii), and eel-tailed catfish (Tandanus bunch),
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their ability to move and swim orientation were influenced by body shape, depth, and
their response to the water flow velocity (Shiau et al., 2020).

Cavefish (Astyanax mexicanus) utilize high sensitivity of neuromast to efficiently
detect prey vibrating at 30-40 Hz in water (Fernandeset al., 2018). In the species,
Melanotaenia australis, the abundance of superficial neuromasts that function to facilitate
rheotaxis (body orientation into currents) in each body region varies greatly and varies
between populations and individuals (Spiller et al., 2017). Several studies have shown
that populations of guppies (Poecilia reticulata) above barrier waterfalls in the Aripo and
Turure rivers in Trinidad show positive rheotaxis (Blondel et al., 2020).

Zebrafish (Danio rerio) that live in freshwater systems with low visibility showed
strong positive rheotaxis and respond to geomagnetic fields (Cresci et al., 2017). Similarly,
zebrafish larvae (Danio rerio) respond to rheotaxis using a flow velocity gradient as a
navigation guide (Oteiza et al,, 2017). Olive et al. (2016) reported the rheotaxis behavior
of freely-swimming larval zebrafish in a radial flow assay showed clear position holding,
both angularly and radially, when visual or hydromechanical cues could be exploited.
Based on Bak-Coleman & Coombs (2014), passive fish is relying mostly on rheotaxis
response.

A preliminary study regarding the rheotaxis orientation related to different sexes
and body shape is useful to understand the pattern and barrier of sedentary fish local
migration and their survival mechanism. This study was used green swordtail
(Xiphophorus hellerii) as the observation subject, a species of sedentary freshwater fish
that is well known to have sexual dimorphism. A longer caudal fin indicates sexual
dimorphism in swordtail fish in males and it is thought to influence their rheotaxis
response in nature. The purpose of this study was to analyze the rheotaxis response in
fish based on different sexes and morphological features.

2. Material and Method
2.1 Overview

The experiment was done in March 2018, in a small river located in Cakranegara,
Mataram City (8°34'00"S, 116°08'08"E). The result of our preliminary observation (that
was done several weeks before collecting data) shows the high percentage of wild
Xiphophorus hellerii population in the river, making it easier to find an experimental
subject on site.

2.2 Sample Collection and Experimental animals

The collection of Xiphophorus hellerii was carried out using a fishing net, walking
along the river for 30 m away. The mesh diameter of the fishing net is approximately 4.760
mm (mesh size type 4). The fish that has been caught then transferred into a transparent
tank with a ruler on the bottom of the tank to facilitate the estimation of body length and
the separation of male, non-gravid female, and gravid female X. hellerii and other non-
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targeted species of fish (as shown in Figure 1). The morphological difference between
male, non-gravid female, and gravid female X. hellerii is shown in Figure 1. Only adult X.
hellerii with body length approximately 7-8 cm were taken for the experiment. The
estimation of fish body length refers to the Standard Length Measurement (SLM) method,
as explained by (Tang & Chang, 2016). The identification for male and female X. hellerii
refers to (Grzimek et al., 2004).

Figure 1. (Left) Estimation of fish body length; (Right) Morphological difference between A) non-gravid
female, B) gravid female, and C) male X. hellerii.

2.2 Measuring Water Flow Velocity

The experiment was done in-situ using a rheotaxis box. The Control column is filled
with water and then set the box cap to close the entry point so that the water can not flow
into the control column. The rheotaxis boxes were laid down until 2/3 of their height were
drowned into the clear water for easy observation.

The measurement of water flow velocity was carried out before the experiment
began using the Lagrarian method (Tang & Chang, 2016; Zhang et al., 2017). A cork ball
was released at the water's surface. The cork ball's velocity was calculated, assuming the
cork ball's velocity when moving is the same as the water current's velocity. The
measurement inside the box was carried out with three times repetitions. In contrast, the
measurement outside the box was carried out at the same point where the Xiphophorus
hellerii was taken along the river.
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Figure 2. Illustration of rheotaxis box. A) Rheotaxis box for control column (with no flowing water) and B)
Rheotaxis box for experiment column.

A total of 10 individuals for each male, non-gravid female, and gravid female of
Xiphophorus hellerii were transferred into the experiment column and control column.
Acclimatization was performed for 15 minutes, followed by counting the number of
individual of X. hellerii that showed a positive rheotaxis (+), negative rheotaxis (-), and
indifference response (0) during a time interval of 2 minutes with ten times observations
for both experiment and control column. The experiment was conducted with three times
replications for valid results.

3. Results and Discussion
3.1.Results

The water flow velocity data was taken inside and outside the rheotaxis box,
including river bodies and river banks' flow velocity data. The average water flow velocity
at each measurement position is presented in Table 1. The average water flow velocity
inside and outside the rheotaxis box.
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Table 1. The average water flow velocity inside and outside the rheotaxis box

The Measurement Positions The Average of Water Flow Velocity
. River body 0.731m/s
Inside the box
River bank 0.672m/s
. Control column 0.003 m/s
Outside the box
Experimen column 0.439 m/s

The result shows the response of Xiphophorus hellerii to the flowing water in the
form of a different response, including positive rheotaxis (against the current), negative
rheotaxis (in the direction of the current), and indifference (random orientation,
including perpendicular movement to the direction of the current). The result showed
different responses between male, non-gravid female, and gravid female X. hellerii inside
the experiment column, as indicated in Table 2. Percentage of rheotaxis response showed
by Xiphophorus hellerii in both experiment and control column. In the experiment
column, it is known that the non-gravid female X. hellerii has the highest percentage of
positive rheotaxis response, reach up to 89%, and gravid female showed the lowest
percentage of positive rheotaxis response, only reached 34.5%. The percentage of
rheotaxis responses showed by X. hellerii in the control column has a normal pattern,
where all the fish move randomly without being affected by current.

Table 2. Percentage of rheotaxis response showed by Xiphophorus hellerii in both
experiment and control column

Percentage of Rheotaxis Response (%)

Fish Type Experiment Column Control Column*

- 0 + - 0 +
Male (&) 8.5 11.5 80 33.33 34 32.67
Non-gravid Female (n-G%?) 1.5 9.5 89 32.33 33.80 33.87
Gravid Female (G®) 41.5 24 34.5 32.75 33 33.25

*Note: The direction of water flow outside the box becomes 'standard direction of water flow' in the
control column due to zero current inside the box.

3.2.Discussion

Both male, non-gravid female, and gravid female of Xiphphorus hellerii have very
different morphological features and produce different hormonal factors. The advantage
of morphological features seems to contribute to the high percentage of rheotaxis
response in non-gravid female X. hellerii. Non-gravid females of X. hellerii have more
slender and shorter bodies than their male and gravid female counterparts.
Morphological adaptation of stream fish is mostly on the locomotion part, consisting of a
variation on the abdominal shape, caudal regions, and fins (Shuai et al., 2018; Hanif et al.,
2019). The slender body of stream fish is crucial to enhance the ability to swim against
the stream (Mu et al,, 2019; Wagle et al,, 2015). Dunn et al. (2020) reported population
morphological variations of Galaxias brevipinnis, Galaxias gollumoides, and Galaxias
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Vulgaris in lotic habitats have a slender body to their lentic-habitats counterparts.
Adaptations of body shape to survive in natural habitat are also found in fish from
semiarid Australia. The population from fast-flowing has more excellent swimming
resistance against water flow than the other populations from slow-flowing (Kelley et al.,
2017).

The changes in morphological features in gravid Xiphophorus hellerii could
contribute to their low percentage of rheotaxis response. During the gravid phase, lipid
storage in the body will accumulate, so the fish body would be less slender and decrease
the fish's ability to move against the current one (Haas et al.,, 2010; Fleuren et al,, 2019).
Although the lipid storage is useful for pelagic fish, such as the great white shark
(Carcharodon carcharias) in terms of buoyancy setting as well as a source of energy during
long migration (Raye et al., 2013), it seems that the same mechanisms do not occur in
sedentary freshwater fish. Quicazan-Rubio et al. (2019) reported that the guppy fish
(family: Poeciliidae) had increased body volume up to 43%, as well, as their frontal body
area has expanded up to 69% during the gravid period, causing the fish movement in
flowing water becomes much heavier due to the greater thrust of the flowing water
against the enlarged body. Besides, the abdomen and muscles' flexibility will be decreased
during the gravid period, which results in the decreasing of the maximum speed of the
fish when swimming (Quicazan-Rubio et al,, 2019). Yan et al. (2015) and Dhurmeea et al.
(2018) reported that the lipid in sedentary gravid fish would be entirely stored in gonadal
and other visceral organs, and the concentration of TLS (total lipid storage) in muscles
will decrease. Consequently, due to lack of TLS in muscles, muscles' ability to create
movement will be decreased, primarily to support the body that has increased in mass.

On the other hand, hormonal factors may correspond to the morphological
difference in how gravid fish respond to the flowing water. The hormonal factors
influence gravid Xiphophorus hellerii in responding to the current stimuli (Weidner et al.,
2020). Estrogen appears to have responsibility for the decline of fish's responsive
behavior against current and triggers the hiding behavior of gravid fish (Liley, 1972;
Stacey, 1981). Several types of estrogen, such as 173-estradiol and phytoestrogens, are
known to influence decreasing the dominance status of male fish in their group, as well as
making the fish less aggressive in the wild (Clotfelter & Rodriguez, 2006; Filby etal., 2012;
Pinto et al, 2014). The increasing production of estrogen during the gravid period
influences the behavioral change, which gives the fish an ecological advantage in reducing
the risk of predation in nature (by promoting the hiding behavior and decreasing the rate
of movement) and as an effort to save energy during pregnancy.

Hormonal factors also seem to influence rheotaxis response in non-gravid female
Xiphophorus hellerii, which is very high compared to male and gravid X. hellerii in the
experiment column. According to Deal & Volkoff (2020), the fish movement in current
water will more active with the increasing level of thyroxine and GH (growth hormone).
GH stimulates increasing energy production by enhancing the physiological and
behavioral respects (Deal & Volkoff, 2020). GH is also known to influence fish behavior to
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become more active and aggressive(Hallerman et al., 2007). Another type of hormone,
such as PRL (prolactin), also affects the increasing rate of the fish movement against the
current (Whittington & Wilson, 2013), even though that the PRL holds primary function
in fish osmoregulation (Breves, 2020). PRL is a hormone found naturally in both mature
male and female fish, but the female is known to have a higher concentration of PRL
compared to male fish (Whittington & Wilson, 2013). In other words, the production of
GH, thyroxine, and PRL support more active movement (Hallerman et al., 2007). The
combination of morphological and hormonal advantages makes a perfect combination for
the non-gravid female fish to survive in fast-flowing water (figure 3).

GY 3 n-G¢
Tend to negative Tend to positive
rheotaxis (-) rheotaxis (+)
. +)
Larger body () ) [+ Slender body
. () () (+)
Higher body mass —— N «———— Lower body mass
- +
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(PRL concentration is
lower in &)
y y A 4

Forming rheotaxisresponse

Figure 3. The factors influence rheotaxis responses. The responses could be different between sexes with
different morphological and physiological conditions. This scheme's indifferent movement may
be influenced by other factors, such as light (phototaxis) and dissolved Oz level in the water (DO).

The difference of morphological features can be proposed due to the percentage
difference of rheotaxis response between male and non-gravid female Xiphophorus
hellerii. Based on Basolo & Alcaraz (2003), the elongated caudal fin in male Xiphophorus
sp. gives an evolutionary loss by causing a decrease in male fish ability to resist the
current, even though such an ornamental tail is handy in attracting the female during
courtship ritual. Moreover, the elongated caudal fin in adult male Xiphophorus sp. causes
the increasing body mass and leads to higher O2 consumption, which is indicated by
higher energy expenditure for moving (Basolo & Alcaraz, 2003). Similarly, wider and
larger ornamental caudal fin in male guppies led to the fish's decreasing ability to swim
against the current due to the increasing hydrodynamic obstacles experienced by the fish
(Hockley et al., 2014; Karino et al,, 2006). In contrast, a sedentary-benthic fish, such as
Pterygoplichthys spp., has a flattened belly and low movement rate, resulting in low
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energy cost to spend and less current friction to face (Blake, 2006; Moroni et al., 2015). In
some fish species, smaller fins fit better in fast-flowing water habitat because reducing
drag produces more propulsion efficiency while swimming in a current (Svozil et al,,
2020).

Conclusion

The slender and shorter body much influences a high percentage of positive
rheotaxis shown by the non-gravid female of X. hellerii as a morphological advantage. The
males X. hellerii have an elongated caudal fin, and it becomes an obstacle in resisting the
current, but this problem may only be found in adult males who are ready to mate. On the
other hand, the movement of gravid female X. hellerii tend to follow the current direction.
Nevertheless, the passive response of gravid females provides the ecological benefits for
their survival in nature. It also assumes that different hormonal factor due to sexual
dimorphism influences the rheotaxis response, but we need more field evidence to
support this assumption.
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