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Abstract

Blue panchax (Aplocheilus panchax Hamilton, 1822) lives in broad ranges of habitat from open
waters to closed waters, including at ex-tin mining pits in Bangka Island, Indonesia. Variable
habitats might cause morphological variations due to different ecological factors. This study
aimed to assess the morphological variation of blue panchax collected from different habitats
using truss morphometric characters. Fish samples were collected from abandoned ex-tin mining
pits with difference ages and river in Bangka Island. Twenty nine truss characteristics characters
were analyzed using the Kruskal-Wallis test and post hoc with Dunn’s test from 70 individuals.
The results showed that almost all of the body parts of blue panchax found in ex-tin mining pits
and river were significantly differences (p-value < 0.05), except some truss characters of caudal
peduncle. The post hoc of Dunn’s test showed a positive correlation between habitats and truss
characters (adj. sig < 0.05). Some truss characters of killifish were different between ex-tin
mining pits with different ages chronosequence and some othercharacters were different between
pits and river. This study provides the first data about morphological variation of blue panchax
live in ex-tin mining pits with different ages. The data is valuable for management of ex-tin
mining pits.
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INTRODUCTION

Blue panchax (AplecheilusA. panchax Hamitten—1822), locally known as ikan Kepala

Timah, is one of the killifish species from the Order Cyprinodontiformes, Familia Aplocheilidae,
and Genus Aplocheilus. Member of Genus Aplocheilus is widely distributed across the Indo-
Malayan Islands, including Indonesia, the Indo-China region, and India (Puhungan,—2009;
Vasil'eva et al., 2013; Dekar et al., 2018). Aplocheilus panchax is a species of the genus
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Aplocheilus. It is an endemic species to the Oriental Region (Costa, 2013; Sedlacek et al., 2014;
Furness, 2015; Costa, 2016; Beck et al., 2017).

Aplocheilus panchax inhabits broad range habitats. It can survive in open and closed
waters such as lakes or pits of ex-tin mining, including newly formed and old pits. According to
Kurniawan et al. (2019) and Irawan et al. (2014), the newly formed ex-tin mining pits are
extreme ecosystems with very low pH values and dissolved oxygen (DO), but with high heavy
metal content. Conversely, the older abandoned tin mining pits have a better water quality.
Nevertheless, a previous study by Kurniawan (2019) had proved that blue panchax was reported
to live in newly abandoned tin mining pits in Bangka Island though have deplorable water
quality conditions.

A study had shown that ecological characteristics have impacted fish genotype (Nguyen et
al., 2017) and have a further effect on their morphology (Baillie et al., 2016; Endo and
Watanabe, 2020). Other study also proved that fish live in different habitats, show variable
morphologies, and, in extreme condition, might form different ecotypes (Rajeswari et al., 2012).
Morphological variation among individual fish can be assessed using conventional and truss
morphometric characters (Nabila et al. 2019). According to Ariyanto et al. (2011), truss
morphometric provides a comprehensive, systematic, and fairly high-accuracy geometric picture
of fish body shapes. So, this method can be used to distinguish between individual fish more
precisely than standard morphometric. It has been proven that truss morphometric is an efficient
technique to differentiate fish individuals than conventional morphometric (Shafira et al. 2020;
Pambudi et al. 2019)

It is assumed that different ecological factors among different ages of ex-tin mining pits
and rivers in Bangka might cause morphological differences among A. panchax collected from
such a diverse ecosystem. There is no study assessing the morphological variation of A. panchax
inhabits different ages of abandoned tin mining pits and rivers in Bangka Province. The only
research was about the existence and factors affecting the existence of blue panchax in the
abandoned ex-tin mining pits (Mustikasari et al., 2020; Kurniawan et al., 2019). Therefore, this is
the first research about morphological variation of blue pachax live indifferent ages of ex-tin
mining pits and river in Bangka Island. The data is vital for the management of the further
utilization of ex-tin mining pits in the areas. [This study aimed to analyze blue panchax's
morphological characteristics in abandoned ex-tin mining pits with different ages and a river in
Bangkai Island using truss morphometric techniques of blue panchax fish associated with their
habitat.

METHODS
Study sites

The study was conducted in Pangkalpinang City and Bangka Regency of Bangka Belitung
Archipelago Province, Indonesia. Fish samples were collected from ex-tin mining pits with
chronosequences abandoned after mining activities. The pits were clustered into six different
ages, i.e., Station A and Station B were < 5 years old. Station C and Station D were between 5
and 15 years, Station E and Station F were between 15 and 25 years, Station G was between 25
and 50 years, Station H was between 50 and 100 years, Station | and Station J were > 100 years,
and Station K was Limbung River of Bangka Regency. The coordinates and maps of the research
stations were presented in Table 1 and Figure 1.
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Table 1. The coordinate of research stations
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Research Stations Coordinate
Statigq e 1058'8.89"5 ;g§06124.39"1
Station-B 1°58'12.27"S 106°6'24.97"T
Station-D 1°53'51.80"S 106°312.42"T
Statigq F ‘209‘36.91"5 39508153.63"1
Statign G ;055'5868"5 ;gsoglzg 86"1
Statign I< 20;!;932"S ;gsoglgqgg"l

Map Of Research Stations

Map Source : RBI 2018

Coordinate System : WGS 1984 UTM Zone 485
Projection : Transverse Mercator
tum : WGS 1984

Figure 1. Map of research stations. Station A and Station B were pits with age < 5 years, Station
C and Station D (5-15 years), Station E and Station F (15-25 years), Station G (25-50
years), Station H (50-100 years), Station | and Station J (> 100 years), while Station K
was Limbung River.

Samplecollection and preservation

The 70 fish samples were collected from ex-tin mining pits and a river using nets with
mesh size about 0.4 mm. Sample collections were conducted at 09.00 am - 1.00 pm. Fresh
samples were placed in the labeled plastics bottle filled with 40% formalin. For permanent



preservation, the samples were preserved with absolute ethanol. In the laboratory, the
morphometric characters were measured by a ruler with an accuracy of 0.5 mm.

Morphometric measurement

Fish morphology was measured using truss morphometrics measurement. Truss
morphometric was used to measure 29 diagonal distances among truss points and the truss
characteristics encoded from Al to D5 (Figure 2), while the description of each truss
characteristics was presented in Table 2. The thuss morphometric characters were analyzed using
the Kruskal-Wallis test in SPSS Program version 25 to know significant differences of truss
characters among individuals collected at different habitats. Dunn's test was used for the post hoc
of Kruskal-Wallis.

Figure 2. The truss network characteristics of Kepala Timah fish (Apocheilus panchax).

Table 1. Truss characteristics of Kepala Timah fish (A. panchax) and their descriptions

Part of

Body Code Descriptions
Head Al (1to2) The length of the snout or premaxilla to the pelvic maxilla (lower jaw)
A2 (1to 3) The length of the snout to dorsal maxilla or anterior eye diameter (upper
jaw)

A3 (1to4) The length of the snout to the pelvic operculum

A4 (1to5) The length of the snout to the dorsal operculum

A5 (210 3) The length of pelvic maxilla to dorsal maxilla or anterior eye diameter

A6 (2to 4) The length of the pelvic maxilla to the pelvic operculum

A7 (2to 5) The length of the pelvic maxilla to the dorsal operculum

A8 (3to 4) The length of the dorsal maxilla or anterior eye diameter to the pelvic
operculum

A9 (3to 5) The length of the dorsal maxilla or anterior eye diameter to the dorsal
operculum

Al10 (4to5) The length of the pelvic operculum to the dorsal operculum

Anterior B1 (4 to 6) The length of the pelvic operculum to lower body-pectoral fin
Body B2 (4t07) The length of the pelvic operculum to the anterior dorsal fin
B3 (5 to 6) The length of the dorsal operculum to lower body-pectoral fin
B4 (5t07) The length of the dorsal operculum to the anterior dorsal fin
B5 (5 to 8) The length of the dorsal operculum to ventral or pelvic fin
B6 (6 to 8) The length of the lower body-pectoral fin to ventral or pelvic fin
B7 (7 t0 8) The length of the anterior dorsal fin to ventral or pelvic fin




Part of

Body Code Descriptions

Posterior C1(7t09) The length of the anterior dorsal fin to anterior anal fin

Body C2(7to10)  The length of the anterior to the posterior dorsal fin
C3(7to11)  The length of the anterior dorsal fin to posterior anal fin
C4 (8to10)  The length of the ventral or pelvic fin to the posterior dorsal fin
C5(9to10)  The length of the anterior anal fin to the posterior dorsal fin
C6 (9to 11)  The length of anterior to posterior anal fin
C7 (10to 11) The length of the posterior dorsal fin to rear anal fin

Caudal D1 (10to 12) The length of the posterior dorsal fin to pelvic-posterior caudal peduncle

Peduncle D2 (10to 13) The length of the posterior dorsal fin to dorsal-posterior caudal peduncle
D3 (11to 12) The length of the posterior anal fin to pelvic-posterior caudal peduncle
D4 (11to 13) The length of the posterior anal fin to dorsal-posterior caudal peduncle
D5 (12t0 13) The height of the caudal peduncle

RESULTS AND DISCUSSION

The general morphology of killifish collected at different ages of ex-tin mining pits and
river is shown in Figure 3. General morphology of killifish collected at different ages of ex-tin
mining pits and river is shown in Figure 3. It can be realized from Figure 3 that killifish
individual collected at different ecosystem showed different coloration. Killifish individual live
in abandoned tin mining pits (Figure 3a-d) have brighter colour than fish lives in the river
(Figure 3e). It can also be seen in Figure 3 that among different pits ages, killifish individual
shows different body colour. Nevertheless, body colour brightness does not correlate with pits
ages. It is shown in Figure 3b, that killifish collected at older than 5 to15 years old pits has the
brightest body color and brighter than individual collected in less than one to 5 years and older
than 15 years pits (Figure \33?and 3d).
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Figure 3. General morphology of Killifish collected at different habitats. (a) pits with age <5
years, (b) pits with age 5-15 years, (c) pits with age 15-25 years, (d) pits with age 25-50 years,
(e) Limbung River.

It can also be seen in Figure 3 that among different pits ages, killifish individual shows
different body colour. Nevertheless, body colour brightness does not correlate with pits ages. It is
shown in Figure 3b, that killifish collected at older than 5 to15 years old pits has the brightest
body color and brighter than individual collected in less than one to 5 years and older than 15
years pits (Figure 33 and 3d). It is suggested that morphological differences among individuals
of killifish live in different habitats is because of differences in ecological factors among the
habitats. That argument rose based on fact that sampling locations have different ecological
parameters (Table 3). According to Nguyen et al. (2017), ecological factor might affect fish
genotype and according to Baillie et al. (2016) and Endo and Watanabe (2020), ecolofical
characteristics have a further effect on fish morphology. Other study also proved that fish live in
different habitats, show variable morphologies, and, in extreme condition, might form different
ecotypes (Rajeswari et al., 2012).

Truss analysis was a measurement based on the ratio of truss character with head length or
standard length. According to Paknejad et al., (2014), the study about the truss morphometric
network effectively provides information about an organism's shape. It covers the entire fish in a
uniform structure and, theoretically, increases the likelihood of extracting morphometric
differences between samples. Therefore, it is expected that truss morphometric analysis might
indicates that some parameters could be used to compare the morphology of Killifish collected
from different habitats, such as among ex-tin mining pits with different ages and between ex-tin
mining pit habitats as closed waters with the river as open waters. The result of Dun's test among
truss morphometric characters of killifish from different habitats is presented in Table 2.

Table 2. The result of the Kruskal-Wallis test and Dunn’s test of truss characteristics

Truss ean Sig. of Kruskal- Pairwise comparison from different research stations

Parameters Wallis Test (adj. sig < 0.05 of Dunn’s Test)***

AL* 0.3584 0.000  A-E (.009); A-F (.013); E-G (.016); F-G (.026)

A2* 0.3094 0.000  D-G (.038); E-F (.010); E-G (.038); E-K (.000); F-G (.005); G-K (.000)

A3* 0.6899 0.000  A-F(.001); A-K (.008); C-F (.002); C-K (.018); E-F (.000); E-K (.001);
D-F (.025)

Ad* 0.9393 0.000  A-D (.018); A-E (.005); A-G (.000); B-G (.010); E-K (.034); F-G (.002);
G-K (.000)

A5* 0.3031 0.000  D-E (.001); D-F (.000)

A6* 0.3440 0.000  A-F (.036); C-F (.001); C-K (.006); E-F (.000); E-G (.035); E-K (.001);
D-F (.040)

AT* 0.4199 0.000  A-F (.028); A-G (.000); B-G (.000); C-G (.012); D-G (.001); E-G (.001);
G-K (.018)

A8* 0.5314 0.000  D-E (.024); D-F (.030); D-K (.003)

A9* 0.6687 0.000  A-F (.001); B-F (.025); D-F (.001); D-K (.020); E-F (.000); E-K (.008)

AL0* 0.6296 0.000  D-G (.006); D-K (.001); E-F (.016); E-G (.000); E-K (.000)

B1* 0.1316 0.002 D-K (.042)

B2* 0.6257 0.000  A-E (.010); A-K (.000); B-E (.036); B-K (.000); C-K (.000); D-K (.046);
G-K (.008)

B3* 0.1886 0.000  A-G (.024); D-G (.001); E-G (.008); F-G (.014)

B4* 0.5636 0.001  C-K (.021); F-K (.002)

B5* 0.2923 0.003  G-K (.044)
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Truss Sig. of Kruskal- Pairwise comparison from different research stations

Parameters Mean Wallis Test (adj. sig < 0.05 of Dunn’s Test)***

B6* 0.1791 0.000  A-D (.024); B-D (.027); C-G (.003); D-E (.002); D-F (.028); D-G (.000);
G-K (.002)

B7* 0.4053 0.002  E-F (.000)

C1* 0.2776 0.000  A-C(.005); A-G (.002); C-D (.046); D-G (.014)

c2* 0.0701 0.000  A-G (.001); B-G (.001); D-G (.008)

C3* 0.2950 0.000 A-C(.021); A-G (.002); D-G (.009); E-G (.042)

C4* 0.4410 0.000  D-F (.042); E-F (.030); E-G (.036); F-K (.008); G-K (.010)

C5* 0.3120 0.000  A-G (.009); C-D (.043); C-E (.031); D-G (.001); E-G (.001)

C6* 0.2440 0.000 A-G (.001); A-K (.000); C-G (.037); C-K (.014); D-G (.013); D-K (.004);
E-G (.049); E-K (.019)

Cr* 0.1421 0.000 A-G (.022); B-G (.005); C-G (.009); D-G (.002); E-G (.016); G-K (.001)

D1** 0.1734 0.099

D2** 0.1294 0.206

D3* 0.1586 0.026  B-K (.004)

D4** 0.2111 0.557

D5** 0.1264 0.160

* = sig. < 0.05 means significant differences of the parameters by Kruskal-Wallis test, and then they were continued to post

hoc analysis with Dunn’s test
** = sig. > .05 means no significant differences of the parameters by Kruskal-Wallis test, and then they weren't continued to
post hoc analysis with Dunn’s test
**% = pairwise comparisons of pits with adj. sig < 0.05 of Dunn’s test means the significant differences of two pits for each

truss parameter. The Bonferroni correction for multiple tests has adjusted the significance value.

As can be seen in Table 2, that almost all of the truss characters of killifish showed
significant differences (p-value < 0.05) among habitats, except on four of the truss characters
which did not show significant differences (p-value > 0.05), namely D1, D2, D4, and D5. Those
are parts of caudal peduncle. These four characters indicated that the caudal peduncle could not
differentiate among individuals collected at different habitats. The other parts of the Kepala
Timah fish's body revealed significant differences based on the Kruskal-Wallis test. Dunn's test
showed that some of these truss characters showed a positive correlation between different
locations (adj. sig < 0.05). The truss characters of Al, A5, B3, B7, C1, C2, C3, and C5 only
showed the differences between ex-tin mining pits with different ages chronosequence. The truss
characters of A2, A3, A4, A6, A7, A8, A9, Al0, B1, B2, B4, B5, B6, C4, C6, C7, and D3
described the differences among pits with different ages and also between pits as closed water
and the river as representative of open water.

The differences on morphometric among killifish can be caused by habitat characteristics
where they live. They might differences in biotic and abiotic factors such as food availability,
salinity, temperature, radiation, water depth, current flow, and other environmental factors can
affect the morphometric of the fish in each location (Sen et al., 2011; Kashefi et al., 2012;
Muchlisin, 2013). Besides, the condition of ex-tin mining pits as closed water containing many
elements such as metals and heavy metals (Kurniawan 2017; Kurniawan et al., 2019) might
contribute to the metabolism process impacted to morphometric characters of fish. It can happen
in Bangka Island rivers too that the contamination of elements contributed to biological activity
and morphometric characters of organisms in the waters. According to Nuryanto et al. (2017a)
and Nuryanto et al. (2017b), the existence of fish in rivers could be due to the different Physico-
chemical characters of the rivers, especially on its dissolved oxygen, carbon dioxide level,
temperature, acidity (pH), substrates, organic and inorganic materials, water volume, the width



of the river, and geology factor. Further, naturally, these factors will gradually change the
microhabitat and impact the diversity and characteristics of fish in the river.

Therefore, the differences in ecological characteristics can affect morphological
characteristics (Baillie et al., 2016; Endo and Watanabe, 2020). Habitat diversity influences the
structure of fish, and many other studies have indicated that the morphological characters of fish
are related to their habitat (Gebrekiros, 2016). The correlation between ecological parameters
and morphological characters explained the water quality, especially pH value in ex-tin mining
pits or river, can influence the morphometric standard and truss where the low water quality can
inhibit fish growth. These conditions can be seen in ex-tin mining pits with age < 1-5 years was
acidic, while pits with age > 25-50 years indicated pH value was neutral. The consequence of the
pH value was neutral, which can support biological life such as plankton and the
physicochemical parameters, which promoted fish’s growth.

Killifish's body length differences among pits with chronosequence ages are positively
correlated with the pits' water quality. The first indicator of water quality in ex-tin mining pits is
pH value, where pit with age < 10 years has an acidic condition with a pH value of about 3
(Kurniawan et al., 2019). The acidification of habitat due to anthropogenic can impact biological
and ecological processes (Kleinhappel et al., 2018). In acidic conditions, the biological activity
such as plankton growth can be inhibited, causing the appearance of plankton in the habitat to be
minimum. The acidification in freshwaters reduces the richness of species in general, including
plankton, and it has negative consequences for aquatic organisms such as fish (Locke and
Sprules, 2000; Rychta et al., 2011; Hasler et al., 2018). The presence of plankton as nutrition for
fish was significant for their growth, so directly and indirectly, the intensity of sunlight and pH
value contributed to Kepala Timah fish's morphometric characters.

The low pH value directly can influence the metabolism of fish. Some study explains the
low pH value of acidic condition contribute to metabolism changes and inhibition of growth.
According to Mota et al. (2018), several adverse effects have been reported for fish exposed to
low pH in the environment, such as reduced growth and feed intake. These can also cause
increased cortisol level, which causes a transient depression on the innate immune activity,
plasma acidosis, a concomitant reduction in plasma ions, while in the acute acid stress condition
can induce acidosis and morphological histopathology on gill and skin. Besides, according to
Srineetha et al. (2013) and Kwong et al. (2014), acid exposure in the environment can increase
the number and turnover of ion-transporting cells (ionocytes), recruiting leukocytes, and
elevating mucus production. The mucus accumulations occur in overly acidic water with pH 2.0-
3.5 and cause organ structure breakdowns such as gill and suffocation. At about pH 4.0-4.5, the
direct effects of the acidic condition on most fish species inhibit active Na* uptake coupled with
increased rates of passive Na* losses, leading to a decrease in plasma Na* level. It is caused by
Na* uptake is primarily associated with H* secretion through Na*/H* exchanger (NHE) and H*-
ATPase actions. The acidic waters also can inhibit CI- uptake and decrease plasma CI- levels in
fish. Besides that, acidic pH value caused by elevated ion H* levels in the water can reduce
plasma bicarbonate (HCOs) and impair the structure, function, and decrease the CI7/HCOs
activity exchanger, also other Cl-transporting proteins. The consequence of plasma ion levels
reduction can promote fluid loss from the vascular compartment, reduce plasma volume, and
elevate blood viscosity. Meanwhile, the low pH value about pH 5.5 can contribute significantly
to decreasing total oxygen consumption and the rate of oxygen consumption.

The correlation between low pH and reducing growth and feed intake metabolism could
impact growth, appetite, food conversion efficiency, a disruption to physiological homeostasis,



blood acidosis, and blood plasma pH (Abbink et al., 2012; Kennedy and Picard, 2012). This
condition's consequence impacted the morphometric characters of Kepala Timah fish in ex-tin
mining pits, especially in pits with age < 5 years with low pH value. The acidic conditions of ex-
tin mining pits, especially in pits with age < 5 years, caused this ecosystem not to have any
biological life, organic substance, and nutrition to support the Kepala Timah fish maximum life
and its growth. For a long time that more than 15 years, the chronosequence effect in ex-tin
mining pits caused the pH value to change to normal conditions with pH 7. The change of pH for
chronosequence impacted the other changes such as DO, BOD, C-organic, total nitrogen, total
phosphate, and others (Kurniawan et al., 2019). The consequence of changes can cause an
increase in biological life, activity, and nutrition. The existence of biological substances can be
the fundamental factor in supporting the Kepala Timah fish's life besides the chemical and
physical aspects of water quality. Therefore, Kepala Timah fish's body length found in ex-tin
mining pits with age < 5 years was the shortest and followed to increase until pits with age 25-50
years were the longest.

Kepala Timah fish were not found in ex-tin mining pits with age > 50 years. The existence
of Kepala Timah fish in these habitats can be affected by factors of water quality. Some
parameters of water quality for Family Aplocheiloidei are shown in Table 3 for comparison
indicator of water quality in ex-tin mining pits with age > 50 years or other factors that
influenced the existence of Kepala Timah fish in these habitats.

According to Kurniawan and Mustikasari (2019), the contamination of metals and heavy
metals found in tin mining locations can be accumulated directly or indirectly through the food
chain from producers to consumers. Rajeshkumar and Li (2018) explained that fish could
accumulate heavy metals in their tissues and organs. The accumulation of heavy metals by
organisms may become toxic for their metabolism function, and some heavy metals have
reported the correlation with inhabiting the fish's body. Overall, the heavy metals affect the
physiological and biochemical parameters of fishes and water invertebrates (Golovanova, 2008),
and the toxic effects of heavy metals can affect individual growth rates and physiological
functions reproduction, and mortality in fish (Afshan et al., 2014).

Table 3. Water quality of habitat for Family Aplocheiloidei

Parameters Value
(@ (b) (©) (d) (e) () (@)

Temperature (°C) 21-25 25-28  26-30  28-30 25-32 30-32 19-32
pH 6875 7178 7579 7379 7381 7581 7,0-9,23
DO (mg.I"?) 48-11,6 4,164 3038 2038 0203 0203 0,02-14,4
COD (mg.I?) 9-13 12-62  110-150 100-150  160-250  173-299 12,6-71,2
BOD (mg.I%) 35-12,2 9,5-16,8 96-338  110-338  53-300  45-300  0,01-10,16
Hardness (mg.l?) 33-98 - - - - - 34-356
Alkalinity (mg.I") 18-77 4164 20-38 3.0-39 1.1-2 1.1-2.9 120-360
Conductivity (mhos.cm™) 42-88  108-270 250-329 280-2000 850-2900 950-2900  240-1560
Turbidity (NTU) - 14-22 1625  21-30 26-32 29-32 -
TDS (ppm) F 135-1451,6]

Sources: (a) Reservoir Bhavanisagar, Tamil Nadu, India (Raja et al., 2015); (b) Dam Viagra, (c) Anaipatti River, (d)
Solavandhan River, (e) Arapalaiyam River, (f) Anna Nagar River, India (Karuppaiah dan Ramesh, 2016); (g)
Mysore Wetland, India (Prasad, 2009).

Jelaskan keterbaruan hasil penelitian
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Jelaskan implikasi dan manfaat hasil penelitian
CONCLUSION

It can be concluded that Kepala Timah fish collected from different ex-tin mining pits and
Limbung River showed morphological variation. The variations are positively related to the
ecological characteristics of each habitat
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Abstract

Blue panchax (Aplocheilus panchax Hamilton, 1822) lives in broad ranges of habitat from open
waters to closed waters, including at ex-tin mining pits in Bangka Island, Indonesia. Variable
habitats might cause morphological variations due to different ecological factors. This study
aimed to assess the morphological variation of blue panchax collected from different habitats
using truss morphometric characters. Fish samples were collected from abandoned ex-tin mining
pits of different ages and river in Bangka Island. Twenty-nine truss characteristics characters
were analyzed using the Kruskal-Wallis test and post hoc with Dunn’s test from 70 individuals.
The results showed that almost all of the body parts of blue panchax found in ex-tin mining pits
and rivers were significant differences (p-value < 0.05), except some truss characters of caudal
peduncle. The post hoc of Dunn’s test showed a positive correlation between habitats and truss
characters (adj. sig < 0.05). Some truss characters of killifish were different between ex-tin
mining pits with different ages chronosequence, and some other characters were different
between pits and rivers. This study provides the first data about the morphological variation of
blue panchax in ex-tin mining pits of different ages. The data is valuable for the management of
ex-tin mining pits.

Keywords: Aplocheilus panchax, morphometry, pits, river

INTRODUCTION

Blue panchax (A. panchax), locally known as ikan Kepala Timah, is one of the killifish
species from the Order Cyprinodontiformes, Familia Aplocheilidae, and Genus Aplocheilus.
Member of Genus Aplocheilus is widely distributed across the Indo-Malayan Islands, including
Indonesia, the Indo-China region, and India (Vasil'eva et al.,, 2013; Dekar et al., 2018).
Aplocheilus panchax is a species of the genus Aplocheilus. It is an endemic species to the



Oriental Region (Costa, 2013; Sedlacek et al., 2014; Furness, 2015; Costa, 2016; Beck et al.,
2017).

Aplocheilus panchax can live in a broad range of habitats (Manna et al., 2011). It can
survive in open and closed waters such as lakes or pits of ex-tin mining, including newly formed
and old pits. According to Kurniawan et al. (2019) and Irawan et al. (2014), the newly formed
ex-tin mining pits are extreme ecosystems with very low pH values and dissolved oxygen (DO),
but with high heavy metal content. Conversely, the older abandoned tin mining pits have a better
water quality. Nevertheless, a previous study by Kurniawan (2019) had proved that blue panchax
was reported to live in newly abandoned tin mining pits in Bangka Island though have deplorable
water quality conditions.

A study had shown that ecological characteristics have impacted fish genotype (Nguyen et
al.,, 2017) and have a further effect on their morphology (Baillie et al., 2016; Endo and
Watanabe, 2020). Other studies also proved that fish live in different habitats, show variable
morphologies, and, in extreme condition, might form different ecotypes (Rajeswari et al., 2017).
Morphological variation among individual fish can be assessed using conventional and truss
morphometric characters (Pazhayamadom et al., 2014; Mojekwu and Anumudu, 2015; Rawat et
al., 2017). According to Ariyanto et al. (2011), truss morphometric provides a comprehensive,
systematic, and fairly high-accuracy geometric picture of fish body shapes. So, this method can
be used to distinguish between individual fish more precisely than standard morphometric. It has
been proven that truss morphometric is an efficient technique to differentiate fish individuals
than conventional morphometric (Ihya et al. 2020; Nabila et al. 2019; Pambudi et al. 2019)

It is assumed that different ecological factors among different ages of ex-tin mining pits
and rivers in Bangka might cause morphological differences among A. panchax collected from
such a diverse ecosystem. There is no study assessing the morphological variation of A. panchax
inhabits different ages of abandoned tin mining pits and rivers in Bangka Province. The only
research was about the existence and factors affecting blue panchax in the abandoned ex-tin
mining pits (Mustikasari et al., 2020; Kurniawan et al., 2019). Therefore, this is the first research
about the morphological variation of blue panchax live indifferent ages of ex-tin mining pits and
river in Bangka Island. The data is vital for the management of the further utilization of ex-tin
mining pits in the areas. This study aimed to assess the morphological variation of blue panchax
collected from different habitats using truss morphometric characters.

METHODS
Study sites

The study was conducted in Pangkalpinang City and Bangka Regency of Bangka Belitung
Archipelago Province, Indonesia (Figurel). Fish samples were collected from ex-tin mining pits
with chronosequences abandoned after mining activities. The pits were clustered into six
different ages, i.e., Station A and Station B were < 5 years old. Station C and Station D were
between 5 and 15 years, Station E and Station F were between 15 and 25 years, Station G was
between 25 and 50 years, Station H was between 50 and 100 years, Station | and Station J were >
100 years, and Station K was Limbung River Stream of Bangka Regency. The sampling site
condition is shown in Figure 2.

Sample collection and preservation



The 70 fish samples were collected at 09.00 am - 1.00 pm from ex-tin mining pits and a
river using nets with mesh size about 0.4 mm. Fresh individuals were placed in the labeled
plastics bottle filled with 40% formalin. For permanent preservation, the samples were preserved
with absolute ethanol. In the laboratory, the morphometric characters were measured by a ruler

with an accuracy of 0.5 mm.

Map Of Research Stations

Legend
@ Research Stations

Map Inset

Map Source : RBI 2018

Coordinate System : WGS 1984 UTM Zone 48S
Projection : Transverse Mercator
Datum : WGS 1984

Figure 1. Map of research stations. Station A and Station B pit with age < 5 years, Station C and
Station D (5-15 years), Station E and Station F (15-25 years), Station G (25-50 years),
Station H (50-100 years), Station | and Station J (> 100 years), while Station K was
Limbung River Stream.




Figure 2. Waters condition of research stations, (a) Station A and (b) Station B were pits with
age < 5 years; (c) Station C and (d) Station D (5-15 years); (e) Station E and (f) Station
F (15-25 years); (g) Station G (25-50 years); (h) Station H (50-100 years); (i) Station I
and (j) Station J (> 100 years); and (k) Station K was Limbung River Stream (private
documentations).

Morphometric measurement

Fish morphology was measured using truss morphometrics measurement. Truss
morphometric was used to measure 29 diagonal distances among truss points and the truss
characteristics encoded from Al to D5 (Figure 3), while the description of each truss
characteristics was presented in Table 2. The truss morphometric characters were analyzed using
the Kruskal-Wallis test in SPSS Program version 25 to know significant differences of truss
characters among individuals collected at different habitats. Dunn's test was used for the post hoc
of Kruskal-Wallis.

Figure 3. The truss network characteristics of Kepala Timah fish (Apocheilus panchax)
(private documentations).

Table 1. Truss characteristics of Kepala Timah fish (A. panchax) and their descriptions

Part of

Body Code Descriptions
Head Al (1to2) The length of the snout or premaxilla to the pelvic maxilla (lower jaw)
A2 (1t03) The length of the snout to dorsal maxilla or anterior eye diameter (upper
jaw)

A3 (1to4) The length of the snout to the pelvic operculum

A4 (1to5) The length of the snout to the dorsal operculum

A5 (2t0 3) The length of pelvic maxilla to dorsal maxilla or anterior eye diameter

A6 (210 4) The length of the pelvic maxilla to the pelvic operculum

A7 (2t05) The length of the pelvic maxilla to the dorsal operculum

A8 (3t04) The length of the dorsal maxilla or anterior eye diameter to the pelvic
operculum

A9 (3t05) The length of the dorsal maxilla or anterior eye diameter to the dorsal
operculum

Al10 (4to5)  The length of the pelvic operculum to the dorsal operculum

Anterior Bl (410 6) The length of the pelvic operculum to lower body-pectoral fin

Body B2 (4t07) The length of the pelvic operculum to the anterior dorsal fin
B3 (5to0 6) The length of the dorsal operculum to lower body-pectoral fin
B4(5t07) The length of the dorsal operculum to the anterior dorsal fin



Part of

Body Code Descriptions
B5 (510 8) The length of the dorsal operculum to ventral or pelvic fin
B6 (6 to 8) The length of the lower body-pectoral fin to ventral or pelvic fin
B7 (710 8) The length of the anterior dorsal fin to ventral or pelvic fin

Posterior C1 (7t09)
Body C2 (7 to 10)

The length of the anterior dorsal fin to anterior anal fin
The length of the anterior to the posterior dorsal fin

C3(7to11)  The length of the anterior dorsal fin to posterior anal fin

C4 (8to 10)  The length of the ventral or pelvic fin to the posterior dorsal fin
C5(9t010)  The length of the anterior anal fin to the posterior dorsal fin

C6 (9to 11)  The length of anterior to posterior anal fin

C7 (10to 11) The length of the posterior dorsal fin to rear anal fin

Caudal D1(10to0 12)
Peduncle D2 (10 to 13)
D3 (11to 12)
D4 (11 to 13)
D5 (12 to 13)

The length of the posterior dorsal fin to pelvic-posterior caudal peduncle
The length of the posterior dorsal fin to dorsal-posterior caudal peduncle
The length of the posterior anal fin to pelvic-posterior caudal peduncle
The length of the posterior anal fin to dorsal-posterior caudal peduncle
The height of the caudal peduncle

RESULTS AND DISCUSSION

The general morphology of killifish collected at different ages of ex-tin mining pits and
river is shown in Figure 4. General morphology of Killifish collected at different ages of ex-tin
mining pits and river is shown in Figure 4. It can be realized from Figure 4 that killifish
individuals collected at the different ecosystems showed different colorations. Killifish
individuals live in abandoned tin mining pits (Figure 4a-d) have brighter colors than fish in the
river (Figure 4e). It can also be seen in Figure 4 that among different pits ages, killifish
individual shows different body color. Nevertheless, body-color brightness does not correlate
with pits ages. It is shown in Figure 4b that Killifish collected at older than 5 to15 years old pits
has the brightest body color and more colorful than individuals collected in less than one to 5

years and older than 15 years pits (Figure 4a, 4c, and 4d).
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igure 4. General morphology of killifish cc ected at different habitats. (a) pits with age ~ 3

years, (b) pits with age 5-15 years, (c) pits with age 15-25 years, (d) pits with age
25-50 years, (e) Limbung River.

It is suggested that morphological differences among individuals of Killifish live in
different habitats is because of differences in ecological factors among the habitats. That
argument rose based on the fact that sampling locations have distinct environmental parameters
(Table 3). According to Nguyen et al. (2017), ecological factors might affect fish genotype, and
according to Baillie et al. (2016) and Endo and Watanabe (2020), ecological characteristics have
a further effect on fish morphology. Other studies also proved that fish live in different habitats,
show variable morphologies, and, in extreme condition, might form different ecotypes
(Rajeswari et al., 2017).

Truss analysis was a measurement based on the ratio of truss character with head length or
standard length. According to Paknejad et al. (2014), the truss morphometric network study
effectively provides information about an organism's shape. It covers the entire fish in a uniform
structure and, theoretically, increases the likelihood of extracting morphometric differences
between samples. Therefore, it is expected that truss morphometric analysis could differentiate
killifish collected from different habitats, such as among ex-tin mining pits of different ages and
between ex-tin mining pit habitats as closed waters with the river as open waters. The result of
Dun's test among truss morphometric characters of killifish from different habitats are presented
in Table 2.

Table 2. The result of the Kruskal-Wallis test and Dunn’s test of truss characteristics

Truss Mean Sig. of Kruskal- Pairwise comparison from different research stations
Parameters Wallis Test (adj. sig < 0.05 of Dunn’s Test)***
Al* 0.3584 0.000 A-E (.009); A-F (.013); E-G (.016); F-G (.026)

A2* 0.3094 0.000 D-G (.038); E-F (.010); E-G (.038); E-K (.000); F-G (.005); G-K (.000)



Truss Sig. of Kruskal- Pairwise comparison from different research stations

Parameters Wallis Test (adj. sig < 0.05 of Dunn’s Test)***

A3* 0.6899 0.000  A-F (.001); A-K (.008); C-F (.002); C-K (.018); E-F (.000); E-K (.001);
D-F (.025)

Ad* 0.9393 0.000 A-D (.018); A-E (.005); A-G (.000); B-G (.010); E-K (.034); F-G (.002);
G-K (.000)

A5* 0.3031 0.000 D-E (.001); D-F (.000)

AB* 0.3440 0.000  A-F (.036); C-F (.001); C-K (.006); E-F (.000); E-G (.035); E-K (.001);
D-F (.040)

AT* 0.4199 0.000  A-F (.028); A-G (.000); B-G (.000); C-G (.012); D-G (.001); E-G (.001);
G-K (.018)

A8* 0.5314 0.000 D-E (.024); D-F (.030); D-K (.003)

A9* 0.6687 0.000  A-F (.001); B-F (.025); D-F (.001); D-K (.020); E-F (.000); E-K (.008)

Al10* 0.6296 0.000 D-G (.006); D-K (.001); E-F (.016); E-G (.000); E-K (.000)

B1* 0.1316 0.002 D-K(.042)

B2* 0.6257 0.000 A-E (.010); A-K (.000); B-E (.036); B-K (.000); C-K (.000); D-K (.046);
G-K (.008)

B3* 0.1886 0.000 A-G (.024); D-G (.001); E-G (.008); F-G (.014)

B4* 0.5636 0.001 C-K(.021); F-K (.002)

B5* 0.2923 0.003 G-K (.044)

B6* 0.1791 0.000 A-D (.024); B-D (.027); C-G (.003); D-E (.002); D-F (.028); D-G (.000);
G-K (.002)

B7* 0.4053 0.002  E-F (.000)

C1* 0.2776 0.000 A-C (.005); A-G (.002); C-D (.046); D-G (.014)

c2* 0.0701 0.000 A-G (.001); B-G (.001); D-G (.008)

C3* 0.2950 0.000 A-C(.021); A-G (.002); D-G (.009); E-G (.042)

C4* 0.4410 0.000 D-F (.042); E-F (.030); E-G (.036); F-K (.008); G-K (.010)

C5* 0.3120 0.000 A-G (.009); C-D (.043); C-E (.031); D-G (.001); E-G (.001)

Cc6* 0.2440 0.000 A-G (.001); A-K (.000); C-G (.037); C-K (.014); D-G (.013); D-K (.004);
E-G (.049); E-K (.019)

Ccr* 0.1421 0.000 A-G (.022); B-G (.005); C-G (.009); D-G (.002); E-G (.016); G-K (.001)

D1** 0.1734 0.099

D2** 0.1294 0.206

D3* 0.1586 0.026 B-K (.004)

D4** 0.2111 0.557

D5** 0.1264 0.160

* —

**k —_

*kk —_

sig. < 0.05 means significant differences of the parameters by Kruskal-Wallis test, and then they were continued to post
hoc analysis with Dunn’s test

sig. > .05 means no significant differences of the parameters by Kruskal-Wallis test, and then they weren't continued to
post hoc analysis with Dunn’s test

pairwise comparisons of pits with adj. sig < 0.05 of Dunn’s test means the significant differences of two pits for each
truss parameter. The Bonferroni correction for multiple tests has adjusted the significance value.

As can be seen in Table 2, that almost all of the truss characters of killifish showed

significant differences (p-value < 0.05) among habitats, except on four of the truss characters
which did not show significant differences (p-value > 0.05), namely D1, D2, D4, and D5. Those
are parts of the caudal peduncle. These four characters indicated that the caudal peduncle could
not differentiate among individuals collected at different habitats. The other parts of the Kepala
Timah fish's body revealed significant differences based on the Kruskal-Wallis test. Dunn's test
showed that some of these truss characters showed a positive correlation between different
locations (adj. sig < 0.05). The truss characters of Al, A5, B3, B7, C1, C2, C3, and C5 only
showed the differences between ex-tin mining pits with different ages chronosequence. The truss
characters of A2, A3, A4, A6, A7, A8, A9, Al0, B1, B2, B4, B5, B6, C4, C6, C7, and D3



described the differences among pits with different ages and also between pits as closed water
and the river as representative of open water.

The differences in morphometric among Killifish can be caused by habitat characteristics
where they live. They might differ in biotic and abiotic factors such as food availability, salinity,
temperature, radiation, water depth, current flow, and other environmental factors can affect the
morphometric of the fish in each location (Sen et al., 2011; Kashefi et al., 2012; Muchlisin,
2013). Besides, the condition of ex-tin mining pits as closed water containing many elements
such as metals and heavy metals (Kurniawan 2017; Kurniawan et al., 2019) might contribute to
the metabolism process impacted to morphometric characters of fish. It can happen in Bangka
Island rivers too that the contamination of elements contributed to biological activity and
morphometric characters of organisms in the waters. According to Lestari et al. (2018), the
human population is increasing, and human activity becomes more intensive, affecting water
quality and directly affecting freshwater fish diversity. According to Nuryanto et al. (2012) and
Nuryanto et al. (2015), the existence of fish in rivers could be due to the different Physico-
chemical characters of the rivers, especially on its dissolved oxygen, carbon dioxide level,
temperature, acidity (pH), substrates, organic and inorganic materials, water volume, the width
of the river, and geology factor. These factors will naturally gradually change the microhabitat
and impact of fish's diversity and characteristics in the river. According to Sari and Zakaria
(2017), physical aspects (e.g., temperature), chemical factors (e.g., dissolved oxygen and acidity
of the water), and biological factors (e.g., amount and type of food or food availability) can
influence morphology and sexuality of fish.

Therefore, the differences in ecological characteristics can affect morphological
characteristics (Baillie et al., 2016; Endo and Watanabe, 2020). Habitat diversity influences the
structure of fish, and many other studies have indicated that the morphological characters of fish
are related to their habitat (Gebrekiros, 2016). The correlation between ecological parameters
and morphological characters explained the water quality, especially pH value in ex-tin mining
pits or river, can influence the morphometric standard and truss where the low water quality can
inhibit fish growth. These conditions can be seen in ex-tin mining pits with age < 1-5 years was
acidic, while pits with age > 25-50 years indicated pH value was neutral. The pH value was
neutral, which can support biological life such as plankton, and the physicochemical parameters,
which promoted fish's growth.

Killifish's body length differences among pits with chronosequence ages are positively
correlated with the pits' water quality. The first indicator of water quality in ex-tin mining pits is
pH value, where pit with age < 10 years has an acidic condition with a pH value of about 3
(Kurniawan et al., 2019). The acidification of habitat due to anthropogenic can impact biological
and ecological processes (Kleinhappel et al., 2019). In acidic conditions, the biological activity
such as plankton growth can be inhibited, causing plankton's appearance in the habitat to be
minimum. The acidification in freshwaters reduces species' richness in general, including
plankton, and it has negative consequences for aquatic organisms such as fish (Rychta et al.,
2011; Hasler et al., 2018). The presence of plankton as nutrition for fish was significant for their
growth, so directly and indirectly, the intensity of sunlight and pH value contributed to Kepala
Timah fish's morphometric characters.

The low pH value directly can influence the metabolism of fish. Some study explains the
low pH value of acidic condition contribute to metabolism changes and inhibition of growth.
According to Mota et al. (2018), several adverse effects have been reported for fish exposed to
low pH in the environment, such as reduced growth and feed intake. These can also cause



increased cortisol level, which causes a transient depression on the innate immune activity,
plasma acidosis, a concomitant reduction in plasma ions. Simultaneously, the acute acid stress
condition can induce acidosis and morphological histopathology on gill and skin. Besides,
according to Srineetha et al. (2013) and Kwong et al. (2014), acid exposure in the environment
can increase the number and turnover of ion-transporting cells (ionocytes), recruiting leukocytes,
and elevating mucus production. The mucus accumulations occur in overly acidic water with pH
2.0-3.5 and cause organ structure breakdowns such as gill and suffocation. At about pH 4.0-4.5,
the direct effects of the acidic condition on most fish species inhibit active Na" uptake coupled
with increased rates of passive Na* losses, leading to a decrease in plasma Na* level. It is caused
by Na" uptake is primarily associated with H* secretion through Na*/H* exchanger (NHE) and
H*- ATPase actions. The acidic waters also can inhibit CI- uptake and decrease plasma CI- levels
in fish. Besides that, acidic pH value caused by elevated ion H* levels in the water can reduce
plasma bicarbonate (HCO3") and impair the structure, function, and decrease the CI/HCO3
activity exchanger, also other Cl -transporting proteins. The consequence of plasma ion levels
reduction can promote fluid loss from the vascular compartment, reduce plasma volume, and
elevate blood viscosity. Meanwhile, the low pH value of about 5.5 can significantly decrease
total oxygen consumption and the rate of oxygen consumption.

The correlation between low pH and reducing growth and feed intake metabolism could
impact growth, appetite, food conversion efficiency, a disruption to physiological homeostasis,
blood acidosis, and blood plasma pH (Abbink et al., 2012; Kennedy and Picard, 2012). This
condition's impacted the morphometric characters of killifish in ex-tin mining pits, especially in
pits with age < 5 years with low pH value. The acidic conditions of ex-tin mining pits, especially
in pits with age < 5 years, caused this ecosystem not to have any biological life, organic
substance, and nutrition to support the Kepala Timah fish maximum life and its growth. For a
long time that more than 15 years, the chronosequence effect in ex-tin mining pits caused the pH
value to change to normal conditions with pH 7. The change of pH for chronosequence impacted
the other changes such as DO, BOD, C-organic, total nitrogen, total phosphate, and others
(Kurniawan et al., 2019). The consequence of changes can cause an increase in biological life,
activity, and nutrition. The existence of biological substances can be the fundamental factor in
supporting the Kepala Timah fish's life besides the chemical and physical aspects of water
quality. Therefore, killifish's body length in ex-tin mining pits with age < 5 years was the
shortest and followed to increase until pits with age 25-50 were the longest.

Killifish were not found in ex-tin mining pits with age > 50 years. That condition
contradicted the report by Raja et al. (2015) and Karuppaiah dan Ramesh, 2016). The members
of Aplocheilidae could live in a broad range of water quality (Table 3). Simultaneously, ex-tin
mining pits older than 50 years have some water quality parameters within ranges values
reported by both groups of researchers. It is suggested that other ecological factors in ex-tin
mining pits with age > 50 years have influenced the existence of killifish in these habitats. It has
been reported by Mustikasari et al. (2020) that the presence of killifish in ex-tin mining pits was
strongly related to water quality.

According to Kurniawan and Mustikasari (2019), the contamination of metals and heavy
metals found in tin mining locations can be accumulated directly or indirectly through the food
chain from producers to consumers. Rajeshkumar and Li (2018) explained that fish could
accumulate heavy metals in their tissues and organs. The accumulation of heavy metals by
organisms may become toxic for their metabolism function, and some heavy metals have
reported the correlation with inhabiting the fish's body. Overall, heavy metals affect the



physiological and biochemical parameters of fishes and water invertebrates. The toxic effects of
heavy metals can affect individual growth rates and physiological functions, reproduction, and
mortality in fish (Afshan et al., 2014).

Table 3. Water quality of habitat for Family Aplocheilidae

Parameters [VELLG
(€) (b) (c) (d) (e) () (9

Temperature (°C) 21-25 25-28 26-30 28-30 25-32 30-32 19-32
pH 6.8-7.5 7178 7579 7.3-7.9 7.3-8.1 7.5-8.1 7.0-9.23
DO (mg.I?) 48-116 4164 3.0-38 2.0-38 0.2-0.3 0.2-0.3 0.02-14.4
COD (mg.I?) 9-13 12-62 110-150 100-150 160-250  173-299 12.6-71.2
BOD (mg.I%) 3.5-12.2 95-16.8 96-338 110-338  53-300 45-300 0.01-10.16
Hardness (mg.l%) 33-98 - - - - - 34-356
Alkalinity (mg.I"%) 18-77 41-64 2.0-38 3.0-39 1.1-2 1.1-2.9 120-360
Conductivity (mhos.cm™) 42-88 108-270 250-329 280-2000 850-2900 950-2900 240-1560
Turbidity (NTU) - 14-22 16-25 21-30 26-32 29-32 -
TDS (ppm) - - - - - - 135-1451.6

Sources: (a) Reservoir Bhavanisagar, Tamil Nadu, India (Raja et al., 2015); (b) Dam Viagra, (c) Anaipatti River, (d)
Solavandhan River, (e) Arapalaiyam River, (f) Anna Nagar River, India (Karuppaiah dan Ramesh, 2016); (g)
Mysore Wetland, India (Prasad, 2009).

Previous studies have shown that fish morphology was affected by habitat characteristics
(Baillie et al., 2016; Endo and Watanabe, 2020). In some cases, ecological factors might lead to
ecotype formation (Rajeswari et al., 2017). However, there is no study assessing morphological
variation in the abandoned ex-tin mining pits. Previous studies by Mustikasari et al. (2020) and
Kurniawan et al. (2019) were only discussing blue panchax in the abandoned ex-tin mining pits
and its ecological factors. Therefore, this study provides the first data about the morphological
variation of blue panchax live indifferent ages of ex-tin mining pits and river in Bangka Island.
The data is vital for the management of the further utilization of ex-tin mining pits in the areas.
In a broader sense, this study is that producing variable sizes and colors of fish can be obtained
through ecological manipulations.

CONCLUSION

It can be concluded that Kepala Timah fish collected from different ex-tin mining pits and
Limbung River showed morphological variation. The variations are positively related to the
ecological characteristics of each habitat.
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Abstract

Blue panchax (Aplocheilus panchax Hamilton, 1822) lives in broad ranges of habitat from open
waters to closed waters, including at ex-tin mining pits in Bangka Island, Indonesia. Variable
habitats might cause morphological variations due to different ecological factors. This study
aimed to assess the morphological variation of blue panchax collected from different habitats
using truss morphometric characters. Fish samples (70 individuals) were collected from
abandoned ex-tin mining pits of different ages and_a river in Bangka Island. Twenty-nine truss
characteristies-characters were analyzed using the Kruskal-Wallis test and post hoc with Dunn’s
test from-70-individuals. The results showed that almost all of the body parts of blue panchax
found in ex-tin mining pits and rivers were significantly differences-different (p-value < 0.05),
except some truss characters of caudal peduncle. The post hoc of Dunn’s test showed a positive
correlation between habitats and truss characters (adj. sig < 0.05). Some truss characters of
killifish were different between ex-tin mining pits with different ages chronosequence, and some
other characters were different between pits and riversriver. This study provides the first data
about the morphological variation of blue panchax in ex-tin mining pits of different ages. The
data is valuable for the management of ex-tin mining pits.

Keywords: Aplocheilus panchax, morphometry, pits, river

INTRODUCTION

Blue panchax (AplocheilusA- panchax), locally known as ikan Kepala Timah, is one of the
killifish species from the Order Cyprinodontiformes, Famitia-Family Aplocheilidae, and Genus
Aplocheilus. Member of Genus Aplocheilus is widely distributed across the Indo-Malayan
Islands, including Indonesia, the Indo-China region, and India (Vasil'eva et al., 2013; Dekar et
al., 2018). Aplocheilus panchax is a species of the genus Aplocheilus. It is an endemic species to
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the Oriental Region (Costa, 2013; Sedlacek et al., 2014; Furness, 2015; Costa, 2016; Beck et al.,
2017).

Aplechetus-Blue panchax panchax-can live in a broad range of habitats (Manna et al.,
2011). It can survive in open and closed waters such as lakes or pits of ex-tin mining, including
newly formed and old pits. According to Kurniawan et al. (2019) and Irawan et al. (2014), the
newly formed ex-tin mining pits are extreme ecosystems with very low pH values and dissolved
oxygen (DO), but with high heavy metal content. Conversely, the older abandoned tin mining
pits have a better water quality. Nevertheless, a previous study by Kurniawan (2019) had proved
that blue panchax was reported to live in newly abandoned tin mining pits in Bangka Island
though have deplorable water quality conditions.

A study had shown that ecological characteristics have impacted fish genotype (Nguyen et
al.,, 2017) and have a further effect on their morphology (Baillie et al., 2016; Endo ard-&
Watanabe, 2020). Other studies also proved that fish live in different habitats, shew-showed
variable morphologies, and, in extreme condition, might form different ecotypes (Rajeswari et
al., 2017). Morphological variation among individual fish can be assessed using conventional
and truss morphometric characters (Pazhayamadom et al., 2014; Mojekwu and Anumudu, 2015;
Rawat et al., 2017). According to Ariyanto et al. (2011), truss morphometric provides a
comprehensive, systematic, and fairly high-accuracy geometric picture of fish body shapes. So,
this method can be used to distinguish between individual fish more precisely than standard
morphometric. It has been proven that truss morphometric is an efficient technique to
differentiate fish individuals than conventional morphometric (lhya et al. 2020; Nabila et al.
2019; Pambudi et al. 2019)

It is assumed that different ecological factors among different ages of ex-tin mining pits
and rivers in Bangka might cause morphological differences among blue panchax A—panchax
collected from such a diverse ecosystem. There is no study assessing the morphological variation
of blue panchax A—panchax-inhabits different ages of abandoned tin mining pits and rivers in
Bangka Province. The only research was about the existence and factors affecting blue panchax
in the abandoned ex-tin mining pits (Mustikasari et al., 2020; Kurniawan et al., 2019). Therefore,
this is the first research about the morphological variation of blue panchax live in_different ages
of ex-tin mining pits and river in Bangka Island. The data is vital for the management of the
further utilization of ex-tin mining pits in the areas. This study aimed to assess the morphological
variation of blue panchax collected from different habitats using truss morphometric characters.

METHODS
Study sites

The study was conducted in Pangkalpinang City and Bangka Regency of Bangka Belitung
Archipelago Province, Indonesia (Figure 1). Fish samples were collected from ex-tin mining pits
with chronosequences abandoned after mining activities. The pits were clustered into six
different ages, i.e., Station A and Station B were-(< 5 years old),- Station C and Station D were
(between-5-and--15 years), Station E and Station F were-between-(15 and-- 25 years), Station G
was—between—(25 anrd— 50 years), Station H (was—between-50 and— 100 years), Station I and
Station J (were-> 100 years), and Station-K—was-Limbung River Stream of Bangka Regency as
Station K. The sampling site condition is shown in Figure 2.

Sample collection and preservation



The 70 fish samples were collected at 09.00 am - 1.00 pm from ex-tin mining pits and a
| river using nets with mesh size of about 0.4 mm. Fresh individuals were placed in the labeled
plastics bottle filled with 40% formalin. For permanent preservation, the samples were preserved
with absolute ethanol. In the laboratory, the morphometric characters were measured by a ruler
with an accuracy of 0.5 mm.
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| Figure 1. Map of research stations. Station A and Station B were pits pit-with age < 5 years,
Station C and Station D (5-15 years), Station E and Station F (15-25 years), Station G
(25-50 years), Station H (50-100 years), Station | and Station J (> 100 years), while
Station K was Limbung River Stream.




Figure 2. Waters condition of research stations, (a) Station A and (b) Station B were pits with
age < 5 years; (c) Station C and (d) Station D (5-15 years); (e) Station E and (f) Station
F (15-25 years); (g) Station G (25-50 years); (h) Station H (50-100 years); (i) Station |
and (j) Station J (> 100 years); and (k) Station K was Limbung River Stream (private

documentations).

Morphometric measurement

Fish morphology was measured using truss merphemetries-network measurement. Truss
morphometric was used to measure 29 diagonal distances among truss points and the truss
characteristics encoded from Al to D5 (Figure 3), while the description of each truss
characteristics was-is presented in Table 2. The truss morphometric characters were analyzed
using the Kruskal-Wallis test in SPSS Program version 25 to know significant differences of
truss characters among individuals collected at different habitats. Dunn's test was used for the

post hoc of Kruskal-Wallis.

Figure 3. The truss network characteristics of Kepala Timah fish (Apocheilus panchax)

(private documentations).

Table 1. Truss characteristics of Kepala Timah fish (A. panchax) and their descriptions

Part of

Body Code Descriptions
Head Al (1to2) The length of the snout or premaxilla to the pelvic maxilla (lower jaw)

A2 (1t0 3) The length of the snout to dorsal maxilla or anterior eye diameter (upper
jaw)

A3 (1to4) The length of the snout to the pelvic operculum

A4 (1to5) The length of the snout to the dorsal operculum

A5 (2t0 3) The length of pelvic maxilla to dorsal maxilla or anterior eye diameter

A6 (2to 4) The length of the pelvic maxilla to the pelvic operculum

A7 (2to 5) The length of the pelvic maxilla to the dorsal operculum

A8 (3to 4) The length of the dorsal maxilla or anterior eye diameter to the pelvic
operculum

A9 (3to 5) The length of the dorsal maxilla or anterior eye diameter to the dorsal
operculum

Al10 (4to5) The length of the pelvic operculum to the dorsal operculum
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Anterior Bl (4 to 6)
Body B2 (4t07)
B3 (5to 6)
B4 (5t07)

The length of the pelvic operculum to lower body-pectoral fin
The length of the pelvic operculum to the anterior dorsal fin
The length of the dorsal operculum to lower body-pectoral fin
The length of the dorsal operculum to the anterior dorsal fin



Part of

Body Code Descriptions

B5 (5 to 8) The length of the dorsal operculum to ventral or pelvic fin
B6 (6 to 8) The length of the lower body-pectoral fin to ventral or pelvic fin
B7 (7 t0 8) The length of the anterior dorsal fin to ventral or pelvic fin

Posterior C1 (7t09) The length of the anterior dorsal fin to anterior anal fin

Body C2 (7to 10)  The length of the anterior to the posterior dorsal fin
C3(7to11)  The length of the anterior dorsal fin to posterior anal fin
C4 (8to 10)  The length of the ventral or pelvic fin to the posterior dorsal fin
C5(9to 10)  The length of the anterior anal fin to the posterior dorsal fin
C6 (9to 11)  The length of anterior to posterior anal fin
C7 (10to 11) The length of the posterior dorsal fin to rear anal fin

Caudal D1 (10to 12) The length of the posterior dorsal fin to pelvic-posterior caudal peduncle

Peduncle D2 (10to 13) The length of the posterior dorsal fin to dorsal-posterior caudal peduncle
D3 (11to 12) The length of the posterior anal fin to pelvic-posterior caudal peduncle
D4 (11to 13) The length of the posterior anal fin to dorsal-posterior caudal peduncle
D5 (1210 13) The height of the caudal peduncle

RESULTS AND DISCUSSION

The general morphology of killifish collected at-from different ages-aged ef-ex-tin mining
pits and river is shown in Figure 4. General morphology of killifish collected at different aged
ages-of ex-tin mining pits and river is shown in Figure 4. It can be realized from Figure 4 that
killifish individuals collected at the different ecosystems showed different colorations. Killifish
individuals live in abandoned tin mining pits (Figure 4a-d) have brighter colors than fish in the
river (Figure 4e). It can also be seen in Figure 4 that among different pits ages, killifish
individual shows different body color. Nevertheless, body-color brightness does not correlate
with pits ages. It is shown in Figure 4b that Killifish collected at-from older than 5 to15 years old
pits has the brightest body color and more colorful than individuals collected in less than one to 5
years and older than 15 years pits (Figure 4a, 4c, and 4d).
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(Table 3). According to Nguyen et al. (2017), ecological factors might affect fish genotype, and
according to Baillie et al. (2016) and Endo and Watanabe (2020), ecological characteristics have
a further effect on fish morphology. Other studies also proved that fish live in different habitats;
show variable morphologies, and; in extreme condition; might form different ecotypes
(Rajeswari et al., 2017).

Truss analysis was a measurement based on the ratio of truss character with head length or
standard length. According to Paknejad et al. (2014), the truss morphometric network study
effectively provides information about an organism's shape. It covers the entire fish in a uniform
structure and, theoretically, increases the likelihood of extracting morphometric differences

between samples. Therefore, it is expected that truss morphometric analysis could differentiate Commented [AS4]: Do not copy the sentence from another

killifish collected from different habitats, such as among different aged ex-tin mining pits of source. Use your own words to avoid plagiarism.
different-ages-and between ex-tin mining pit habitats as closed waters with the river as open

waters. The results of Dunn's test among truss morphometric characters of killifish from different

habitats are presented in Table 2.

Table 2. The results of the Kruskal-Wallis test and Dunn’s test of truss characteristics

Truss Mean Sig. of Kruskal- Pairwise comparison from different research stations
Parameters Wallis Test (adj. sig < 0.05 of Dunn’s Test)***
Al* 0.3584 0.000  A-E (.009); A-F (.013); E-G (.016); F-G (.026)

A2* 0.3094 0.000  D-G (.038); E-F (.010); E-G (.038); E-K (.000); F-G (.005); G-K (.000)



Truss Sig. of Kruskal- Pairwise comparison from different research stations

Parameters Mean Wallis Test (adj. sig < 0.05 of Dunn’s Test)***
A3* 0.6899 0.000  A-F (.001); A-K (.008); C-F (.002); C-K (.018); E-F (.000); E-K (.001);
D-F (.025)
A4* 0.9393 0.000 A-D (.018); A-E (.005); A-G (.000); B-G (.010); E-K (.034); F-G (.002);
G-K (.000)
A5* 0.3031 0.000 D-E (.001); D-F (.000)
AG* 0.3440 0.000  A-F (.036); C-F (.001); C-K (.006); E-F (.000); E-G (.035); E-K (.001);
D-F (.040)
AT* 0.4199 0.000  A-F (.028); A-G (.000); B-G (.000); C-G (.012); D-G (.001); E-G (.001);
G-K (.018)
A8* 0.5314 0.000 D-E (.024); D-F (.030); D-K (.003)
A9* 0.6687 0.000  A-F(.001); B-F (.025); D-F (.001); D-K (.020); E-F (.000); E-K (.008)
Al10* 0.6296 0.000 D-G (.006); D-K (.001); E-F (.016); E-G (.000); E-K (.000)
B1* 0.1316 0.002 D-K (.042)
B2* 0.6257 0.000 A-E (.010); A-K (.000); B-E (.036); B-K (.000); C-K (.000); D-K (.046);
G-K (.008)
B3* 0.1886 0.000  A-G (.024); D-G (.001); E-G (.008); F-G (.014)
B4* 0.5636 0.001 C-K(.021); F-K (.002)
B5* 0.2923 0.003  G-K (.044)
B6* 0.1791 0.000  A-D (.024); B-D (.027); C-G (.003); D-E (.002); D-F (.028); D-G (.000);
G-K (.002)
B7* 0.4053 0.002  E-F (.000)
C1* 0.2776 0.000  A-C(.005); A-G (.002); C-D (.046); D-G (.014)
C2* 0.0701 0.000  A-G (.001); B-G (.001); D-G (.008)
C3* 0.2950 0.000 A-C(.021); A-G (.002); D-G (.009); E-G (.042)
C4* 0.4410 0.000  D-F (.042); E-F (.030); E-G (.036); F-K (.008); G-K (.010)
C5* 0.3120 0.000  A-G (.009); C-D (.043); C-E (.031); D-G (.001); E-G (.001)
C6* 0.2440 0.000 A-G (.001); A-K (.000); C-G (.037); C-K (.014); D-G (.013); D-K (.004);
E-G (.049); E-K (.019)
Cr* 0.1421 0.000 A-G (.022); B-G (.005); C-G (.009); D-G (.002); E-G (.016); G-K (.001)
D1** 0.1734 0.099
D2** 0.1294 0.206
D3* 0.1586 0.026  B-K (.004)
D4** 0.2111 0.557
D5** 0.1264 0.160
* = sig. < 0.05 means significant differences of the parameters by Kruskal-Wallis test, and then they were continued to post
hoc analysis with Dunn’s test
** = sig. > .05 means no significant differences of the parameters by Kruskal-Wallis test, and then they weren't continued to
post hoc analysis with Dunn’s test
**% = pairwise comparisons of pits with adj. sig. < 0.05 of Dunn’s test means the significant differences of two pits for each

truss parameter. The Bonferroni correction for multiple tests has adjusted the significance value.

As can be seen in Table 2, that almost all of the truss characters of killifish showed
S|gn|f|cant dlfferences (p value < 0 05) among habltats except on four ef-the-truss-characters
(wh Y y-D1, D2, D4, and D5)-
Jihese—that are parts of the caudal peduncle. These four characters indicated that the caudal
peduncle could not differentiate among individuals collected at different habitats. The other parts
of the blue panchaxkepala—TFimah fish's body revealed-showed significant differences based on
the Kruskal-Wallis test. Dunn's test showed that some of these truss characters showed a positive
correlation between different locations (adj. sSig. < 0.05). The truss characters of Al, A5, B3,
B7, C1, C2, C3, and C5 only showed the differences between ex-tin mining pits with different
ages chronosequence. The truss characters of A2, A3, A4, A6, A7, A8, A9, A10, B1, B2, B4, B5,




B6, C4, C6, C7, and D3 described the differences among pits with different ages and also
between pits as closed water and the river as representative of open water.

The differences in morphometric among killifish can be caused by habitat characteristics
where they live. They might differ in biotic and abiotic factors such as food availability, salinity,
temperature, radiation, water depth, current flow, and other environmental factors that can affect
the morphometric of the fish in each location (Sen et al., 2011; Kashefi et al., 2012; Muchlisin,
2013). Besides, the condition of ex-tin mining pits as closed water containing many elements
such as metals and heavy metals (Kurniawan, 2017; Kurniawan et al., 2019) might contribute to
the metabolism process impacted to morphometric characters of fish. It can happen in Bangka
Island rivers too that the contamination of elements contributed to biological activity and
morphometric characters of organisms in the waters. %ccording to Lestari et al. (2018), the
human population is increasing, and human activity becomes more intensive, affecting water
quality and directly affecting freshwater fish diversity. According to Nuryanto et al. (2012) and
Nuryanto et al. (2015), the existence of fish in rivers could be due to the different Physico-
chemical characters of the rivers, especially en-its dissolved oxygen, carbon dioxide level,
temperature, acidity (pH), substrates, organic and inorganic materials, water volume, the width
of the river, and geology factor. These factors will naturally gradually change the microhabitat
and impact of fish's diversity and characteristics in the river. According to Sari and Zakaria
(2017), physical aspects (e.g., temperature), chemical factors (e.g., dissolved oxygen and acidity
of the water), and biological factors (e.g., amount and type of food or food availability) can
influence morphology and sexuality of fish.

Therefore, the differences in ecological characteristics can affect morphological
characteristics (Baillie et al., 2016; Endo and Watanabe, 2020). Habitat diversity influences the
structure of fish, and many other studies have indicated that the morphological characters of fish
are related to their habitat (Gebrekiros, 2016). The correlation between ecological parameters
and morphological characters explained-explains that the water quality, especially pH value in
ex-tin mining pits or river, can influence the morphometric standard and truss_characters where
the low water quality can inhibit the fish growth. These conditions can be seen in ex-tin mining
pits with age < 1-5 years was acidic, while pits with age > 25-50 years indicated pH value was
neutral. The pH value was neutral, which can support biological life such as plankton, and the
physicochemical parameters, which promoted fish's growth.

Killifish's body length differences among pits with chronosequence ages are positively
correlated with the pits' water quality. The first indicator of water quality in ex-tin mining pits is
pH value, where pit with age of < 10 years has an acidic condition with a pH value of about 3
(Kurniawan et al., 2019). The acidification of habitat due to anthropogenic can impact_the
biological and ecological processes (Kleinhappel et al., 2019). In acidic conditions, the biological
activity such as plankton growth can be inhibited, causing plankton's appearance in the habitat to
be minimum. The acidification in freshwaters reduces species' richness in general, including
plankton, and it has negative consequences for aquatic organisms such as fish (Rychta et al.,
2011; Hasler et al., 2018). The presence of plankton as nutrition for fish was significant for their
growth, so directly and indirectly, the intensity of sunlight and pH value contributed to blue
panchax Kepala-—TFimah-fish's morphometric characters.

The low pH value directly can influence the metabolism of fish. Some study explains
explained that the low pH value of acidic condition contribute to metabolism changes and
inhibition of growth. According to Mota et al. (2018), several adverse effects have been reported
for fish exposed to low pH in the environment, such as reduced growth and feed intakeH These
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can also cause increased cortisol level, which causes a transient depression on the innate immune
activity, plasma acidosis, and a concomitant reduction in plasma ions. [Simultaneously, the acute
acid stress condition can induce acidosis and morphological histopathology on gill and skin.
Besides, according to Srineetha et al. (2013) and Kwong et al. (2014), acid exposure in the
environment can increase the number and turnover of ion-transporting cells (ionocytes),
recruiting leukocytes, and elevating mucus production.\ [The mucus accumulations occur in overly
acidic water with pH 2.0-3.5 and cause organ structure breakdowns such as gill and suffocation.
At about pH 4.0-4.5, the direct effects of the acidic condition on most fish species inhibit active
Na* uptake coupled with increased rates of passive Na* losses, leading to a decrease in plasma
Na* level. It is caused by Na* uptake is primarily associated with H* secretion through Na*/H*
exchanger (NHE) and H*- ATPase actions. The acidic waters also can inhibit CI- uptake and
decrease plasma CI- levels in fish. Besides that, acidic pH value caused by elevated ion H* levels
in the water can reduce plasma bicarbonate (HCOz") and impair the structure, function, and
decrease the CI"/HCOs activity exchanger, also other Cl-transporting proteins. The consequence
of plasma ion levels reduction can promote fluid loss from the vascular compartment, reduce
plasma volume, and elevate blood viscosity. Meanwhile, the low pH value of about 5.5 can
significantly decrease total oxygen consumption and the rate of oxygen consumption.

The correlation between low pH and reducing growth and feed intake metabolism could
impact growth, appetite, food conversion efficiency, a disruption to physiological homeostasis,
blood acidosis, and blood plasma pH (Abbink gt al., 2012; Kennedy and Picard, 2012). This
condition‘s impacted the morphometric characters of killifish in ex-tin mining pits, especially in
pits with age < 5 years with low pH value. The acidic conditions of ex-tin mining pits, especially
in pits with age < 5 years, caused this ecosystem not to have any biological life, organic
substance, and nutrition to support the blue panchax Kepata—Fimah-fish maximum life and its
growth. For a long time that more than 15 years, the chronosequence effect in ex-tin mining pits
caused the pH value to change to normal conditions with-(pH 7). The change of pH fer—of
chronosequence impacted the other changes such as DO, BOD, C-organic, total nitrogen, total
phosphate, and others (Kurniawan et al., 2019). The consequence of changes can cause an
increase in biological life, activity, and nutrition. The existence of biological substances can be
the fundamental factor in supporting the blue panchax kepala—Fimah-fish's life besides the
chemical and physical aspects of water quality. Therefore, killifish's body length in ex-tin mining
pits with age < 5 years was the shortest and followed to increase until pits with age 25-50 were
the Iongestﬁ

Killifish were not found in ex-tin mining pits with age > 50 years. That condition
contradicted the report by Raja et al. (2015) and Karuppaiah dan Ramesh; (2016)_that- Fhe-the
members of Aplocheilidae could live in a broad range of water quality (Table 3).
Simultaneously, ex-tin mining pits older than 50 years have some water quality parameters
within ranges values reported by both groups of researchers. It is suggested that the other
ecological factors in ex-tin mining pits with age > 50 years have influenced the existence of
killifish in these habitats. It has been reported by Mustikasari et al. (2020) that the presence of
killifish in ex-tin mining pits was strongly related to water quality.

|According to Kurniawan and Mustikasari (2019), the contamination of metals and heavy
metals found in tin mining locations can be accumulated directly or indirectly through the food
chain from producers to consumers. Rajeshkumar and Li (2018) explained that fish could
accumulate heavy metals in their tissues and organs. The accumulation of heavy metals by
organisms may become toxic for their metabolism function, and some heavy metals have
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reported the correlation with inhabiting the fish's body. Overall, heavy metals affect the
physiological and biochemical parameters of fishes and water invertebrates. The toxic effects of

heavy metals can affect individual growth rates and physiological functions, reproduction, and

mortality in fish (Afshan et al., 2014). ‘ Commented [AS15]: Rewrite in an appropriate sentence
structure to provide a clear and correct information.

Table 3. Water quality of habitat for Family Aplocheilidae Do not copy the original sentence from the other sources. Use
paraphrase in citing the article to avoid plagiarism.
Parameters veltie
(@ (b) (©) (d) (e) () ()]
Temperature (°C) 21-25 25-28 26-30 28-30 25-32 30-32 19-32
pH 6.8-7.5 7.1-78 75-79 7.3-7.9 7.3-8.1 7.5-8.1 7.0-9.23
DO (mg.IY) 48-116 4.1-64 3.0-38 2.0-3.8 0.2-0.3 0.2-0.3 0.02-14.4
COD (mg.I*%) 9-13 12-62  110-150 100-150  160-250 173-299 12.6-71.2
BOD (mg.I*%) 3.5-12.2 9.5-16.8 96-338 110-338 53-300 45-300 0.01-10.16
Hardness (mg.l) 33-98 - - - - - 34-356
Alkalinity (mg.I%) 18-77 41-64 20-3.8 3.0-3.9 1.1-2 1.1-29 120-360
Conductivity (mhos.cm™) 42-88 108-270 250-329 280-2000 850-2900 950-2900 240-1560
Turbidity (NTU) - 14-22 16-25 21-30 26-32 29-32 ;
TDS (ppm) = = E 135-1451.6

Sources: (a) Reservoir Bhavanisagar, Tamil Nadu, India (Raja et al., 2015); (b) Dam Viagra, (c) Anaipatti River, (d)
Solavandhan River, (e) Arapalaiyam River, (f) Anna Nagar River, India (Karuppaiah dan Ramesh, 2016); (g)

Mysore Wetland, India [(Prasad, 2009) l [Commented [AS16]: This citation cannot be found in reference

list. Make sure the name of author is written correctly.
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Previous studies have shown that fish morphology was affected by habitat characteristics
(Baillie et al., 2016; Endo and Watanabe, 2020). In some cases, ecological factors might lead to

ecotype formation| (Rajeswari et al., 2017). However, there is no study assessing morphological [Commented [AS17]: Do not copy the original sentence from the

variation in the abandoned ex-tin mining pits. Previous studies by Mustikasari et al. (2020) and
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Kurniawan et al. (2019) were only discussing blue panchax in the abandoned ex-tin mining pits
and its ecological factors. Therefore, this study provides the first data about the morphological
variation of blue panchax live in_different ages-aged ef-ex-tin mining pits and river in Bangka
Island. The data is vital for the management of the further utilization of ex-tin mining pits in the
areas. |In a broader sense, this study is that producing variable sizes and colors of fish can be

obtained through ecological manipulations. ‘ Commented [AS18]: Rewrite or complete in an appropriate

sentence structure to provide a clear and correct information.

CONCLUSION

It can be concluded that blue panchax Kepala—TFimah-fish collected from different ex-tin
mining pits and Limbung River showed morphological variation. The variations are positively
related to the ecological characteristics of each habitat.
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Abstract

Blue panchax (Aplocheilus panchax Hamilton, 1822) lives in broad ranges of habitat from open
waters to closed waters, including at ex-tin mining pits in Bangka Island, Indonesia. Variable
habitats might cause morphological variations due to different ecological factors. This study
aimed to assess the morphological variation of blue panchax collected from different habitats
using truss morphometric characters. Fish samples (70 individuals) were collected from
abandoned ex-tin mining pits of different ages and a river in Bangka Island. Twenty-nine truss
characters were analyzed using the Kruskal-Wallis test and post hoc with Dunn’s test from. The
results showed that almost all of the body parts of blue panchax found in ex-tin mining pits and
rivers were significantly different (p-value < 0.05), except some truss characters of caudal
peduncle. The post hoc of Dunn’s test showed a positive correlation between habitats and truss
characters (adj. sig < 0.05). Some truss characters of killifish were different between ex-tin
mining pits with different ages chronosequence, and some other characters were different
between pits and river. This study provides the first data about the morphological variation of
blue panchax in ex-tin mining pits of different ages. The data is valuable as a scientific basis of
further utilization of ex-tin mining pits in the areas.

Keywords: Aplocheilus panchax, morphometry, pits, river

INTRODUCTION

Blue panchax (Aplocheilus panchax), locally known as ikan Kepala Timah, is one of the
killifish species from the Order Cyprinodontiformes, Family Aplocheilidae, and Genus
Aplocheilus. Member of Genus Aplocheilus is widely distributed across the Indo-Malayan
Islands, including Indonesia, the Indo-China region, and India (Vasil'eva et al., 2013; Dekar et
al., 2018). Aplocheilus panchax is a species of the genus Aplocheilus. It is an endemic species to



the Oriental Region (Costa, 2013; Sedlacek et al., 2014; Furness, 2015; Costa, 2016; Beck et al.,
2017).

Blue panchax can live in a broad range of habitats (Manna et al., 2011). It can survive in
open and closed waters such as lakes or pits of ex-tin mining, including newly formed and old
pits. According to Kurniawan et al. (2019) and Irawan et al. (2014), the newly formed ex-tin
mining pits are extreme ecosystems with very low pH values and dissolved oxygen (DO), but
with high heavy metal content. Conversely, the older abandoned tin mining pits have a better
water quality. Nevertheless, a previous study by Kurniawan (2019) had proved that blue panchax
was reported to live in newly abandoned tin mining pits in Bangka Island though have deplorable
water quality conditions.

A study had shown that ecological characteristics have impacted fish genotype (Nguyen et
al., 2017) and have a further effect on their morphology (Baillie et al., 2016; Endo & Watanabe,
2020). Other studies also proved that fish live in different habitats, showed variable
morphologies, and, in extreme condition, might form different ecotypes (Rajeswari et al., 2017).
Morphological variation among individual fish can be assessed using conventional and truss
morphometric characters (Pazhayamadom et al., 2014; Mojekwu and Anumudu, 2015; Rawat et
al., 2017). According to Ariyanto et al. (2011), truss morphometric provides a comprehensive,
systematic, and fairly high-accuracy geometric picture of fish body shapes. So, this method can
be used to distinguish between individual fish more precisely than standard morphometric. It has
been proven that truss morphometric is an efficient technique to differentiate fish individuals
than conventional morphometric (lhya et al. 2020; Nabila et al. 2019; Pambudi et al. 2019)

It is assumed that different ecological factors among different ages of ex-tin mining pits
and rivers in Bangka might cause morphological differences among blue panchax collected from
such a diverse ecosystem. There is no study assessing the morphological variation of blue
panchax inhabits different ages of abandoned tin mining pits and rivers in Bangka Province. The
only research was about the existence and factors affecting blue panchax in the abandoned ex-tin
mining pits (Mustikasari et al., 2020; Kurniawan et al., 2019). Therefore, this is the first research
about the morphological variation of blue panchax live in different ages of ex-tin mining pits and
river in Bangka Island. The data is vital for the management of the further utilization of ex-tin
mining pits in the areas. This study aimed to assess the morphological variation of blue panchax
collected from different habitats using truss morphometric characters.

METHODS
Study sites

The study was conducted in Pangkalpinang City and Bangka Regency of Bangka Belitung
Archipelago Province, Indonesia (Figure 1). Fish samples were collected from ex-tin mining pits
with chronosequences abandoned after mining activities. The pits were clustered into six
different ages, i.e., Station A and Station B (< 5 years old), Station C and Station D (5-15 years),
Station E and Station F (15 - 25 years), Station G (25 - 50 years), Station H (50 - 100 years),
Station | and Station J (> 100 years), and Limbung River Stream of Bangka Regency as Station
K. The sampling site condition is shown in Figure 2.

Sample collection and preservation
The 70 fish samples were collected at 09.00 am - 1.00 pm from ex-tin mining pits and a
river using nets with mesh size of about 0.4 mm. Fresh individuals were placed in the labeled



plastics bottle filled with 40% formalin. For permanent preservation, the samples were preserved
with absolute ethanol. In the laboratory, the morphometric characters were measured by a ruler
with an accuracy of 0.5 mm.
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Figure 1. Map of research stations. Station A and Station B were pits with age < 5 years, Station
C and Station D (5-15 years), Station E and Station F (15-25 years), Station G (25-50
years), Station H (50-100 years), Station | and Station J (> 100 years), while Station K
was Limbung River Stream.

Figure 2. Waters condition of research stations, (a) Station A and (b) Station B were pits with
age < 5 years; (c) Station C and (d) Station D (5-15 years); (e) Station E and (f) Station



F (15-25 years); (g) Station G (25-50 years); (h) Station H (50-100 years); (i) Station |
and (j) Station J (> 100 years); and (k) Station K was Limbung River Stream (private
documentations).

Morphometric measurement

Fish morphology was measured using truss network measurement. Truss morphometric
was used to measure 29 diagonal distances among truss points and the truss characteristics
encoded from Al to D5 (Figure 3), while the description of each truss characteristics is presented
in Table 2. The truss morphometric characters were analyzed using the Kruskal-Wallis test in
SPSS Program version 25 to know significant differences of truss characters among individuals
collected at different habitats. Dunn's test was used for the post hoc of Kruskal-Wallis.

Figure 3. The truss network characteristics of Kepala Timah fish (Apocheilus panchax)
(private documentations).

Table 1. Truss characteristics of Kepala Timah fish (A. panchax) and their descriptions

Part of

Body Code Descriptions
Head Al (1to2) distance between the snout or premaxilla and the pelvic maxilla (lower
jaw)
A2 (1t03) distance between the snout and dorsal maxilla or anterior eye diameter
(upper jaw)

A3 (1to4) distance between the snout and the pelvic operculum

A4 (1to5) distance between the snout and the dorsal operculum

A5 (2t0 3) distance between pelvic maxilla and dorsal maxilla or anterior eye
diameter

A6 (2to 4) distance between the pelvic maxilla and the pelvic operculum

A7 (2to5) distance between the pelvic maxilla and the dorsal operculum

A8 (3to 4) distance between the dorsal maxilla or anterior eye diameter and the
pelvic operculum

A9 (3to 5) distance between the dorsal maxilla or anterior eye diameter and the
dorsal operculum

Al10 (4to5) distance between the pelvic operculum to the dorsal operculum

Anterior Bl (4 to 6) distance between the pelvic operculum and lower body-pectoral fin
Body B2 (4t07) distance between the pelvic operculum and the anterior dorsal fin
B3 (5to 6) distance between the dorsal operculum and lower body-pectoral fin
B4 (5t07) distance between the dorsal operculum and the anterior dorsal fin
B5 (5 to 8) distance between the dorsal operculum and ventral or pelvic fin
B6 (6 to 8) distance between the lower body-pectoral fin and ventral or pelvic fin



Part of

Body Code

Descriptions

B7 (710 8)

distance between the anterior dorsal fin and ventral or pelvic fin

Posterior C1 (7t09)

Body C2 (7 to 10)
C3 (710 11)
C4 (810 10)
C5 (9 to 10)
C6 (9to 11)
C7 (10to0 11)

distance between the anterior dorsal fin and anterior anal fin
distance between the anterior and the posterior dorsal fin

distance between the anterior dorsal fin and posterior anal fin
distance between the ventral or pelvic fin and the posterior dorsal fin
distance between the anterior anal fin and the posterior dorsal fin
distance between anterior and posterior anal fin

distance between the posterior dorsal fin and rear anal fin

Caudal D1 (10to 12)
Peduncle
D2 (10 to 13)
D3 (11to 12)
D4 (11 to 13)

D5 (12 to 13)

distance between the posterior dorsal fin and pelvic-posterior caudal
peduncle

distance between the posterior dorsal fin and dorsal-posterior caudal
peduncle

distance between the posterior anal fin and pelvic-posterior caudal
peduncle

distance between the posterior anal fin and dorsal-posterior caudal
peduncle

the caudal peduncles’ height

RESULTS AND DISCUSSION

The general morphology of killifish collected from different aged ex-tin mining pits and
river is shown in Figure 4. General morphology of killifish collected at different aged of ex-tin
mining pits and river is shown in Figure 4. It can be realized from Figure 4 that Killifish
individuals collected at the different ecosystems showed different colorations. Killifish
individuals live in abandoned tin mining pits (Figure 4a-d) have brighter colors than fish in the
river (Figure 4e). It can also be seen in Figure 4 that among different pits ages, killifish
individual shows different body color. Nevertheless, body-color brightness does not correlate
with pits ages. It is shown in Figure 4b that Killifish collected from older than 5 to15 years old
pits has the brightest body color and more colorful than individuals collected in less than one to 5

years and older than 15 years pits (Figure 4a, 4c, and 4d).



Figure 4. General morphology of killifish collected from different habitats. (a) pits with age
of < 5 years, (b) pits with age of 5-15 years, (c) pits with age of 15-25 years, (d) pits
with age of 25-50 years, (e) Limbung River.

It is suggested that morphological differences among individuals of killifish live in
different habitats is because of differences in ecological factors among the habitats. That
argument rose based on the fact that sampling locations have distinct environmental parameters
(Table 3). According to Nguyen et al. (2017), ecological factors might affect fish genotype, and
according to Baillie et al. (2016) and Endo and Watanabe (2020), ecological characteristics have
a further effect on fish morphology. Other studies also proved that fish live in different habitats
show variable morphologies, and in extreme condition might form different ecotypes (Rajeswari
etal., 2017).

Truss analysis was a measurement based on the ratio of truss character with head length or
standard length. According to Paknejad et al. (2014), the truss morphometric network study
effectively provides information about an organism's shape. It can describe the body shape of the
fish more properly. Truss morphometric is a reliable method for morphological differentiation
among fish samples. Therefore, it is expected that truss morphometric analysis could
differentiate killifish collected from different habitats, such as among different aged ex-tin
mining pits and between ex-tin mining pit habitats as closed waters with the river as open waters.
The results of Dunn's test among truss morphometric characters of killifish from different
habitats are presented in Table 2.

Table 2. The results of the Kruskal-Wallis test and Dunn’s test of truss characteristics

Truss Mean Sig. of Kruskal- Pairwise comparison from different research stations
Parameters Wallis Test (adj. sig < 0.05 of Dunn’s Test)***
AL* 0.3584 0.000  A-E (.009); A-F (.013); E-G (.016); F-G (.026)
A2* 0.3094 0.000 D-G (.038); E-F (.010); E-G (.038); E-K (.000); F-G (.005); G-K (.000)
A3* 0.6899 0.000  A-F(.001); A-K (.008); C-F (.002); C-K (.018); E-F (.000); E-K (.001);
D-F (.025)
A4* 0.9393 0.000  A-D (.018); A-E (.005); A-G (.000); B-G (.010); E-K (.034); F-G (.002);

G-K (.000)



Truss Sig. of Kruskal- Pairwise comparison from different research stations

Parameters Mean Wallis Test (adj. sig < 0.05 of Dunn’s Test)***

A5* 0.3031 0.000 D-E (.001); D-F (.000)

AB* 0.3440 0.000  A-F (.036); C-F (.001); C-K (.006); E-F (.000); E-G (.035); E-K (.001);
D-F (.040)

AT 0.4199 0.000  A-F (.028); A-G (.000); B-G (.000); C-G (.012); D-G (.001); E-G (.001);
G-K (.018)

AB* 0.5314 0.000 D-E (.024); D-F (.030); D-K (.003)

A9* 0.6687 0.000  A-F (.001); B-F (.025); D-F (.001); D-K (.020); E-F (.000); E-K (.008)

Al10* 0.6296 0.000 D-G (.006); D-K (.001); E-F (.016); E-G (.000); E-K (.000)

B1* 0.1316 0.002 D-K (.042)

B2* 0.6257 0.000  A-E (.010); A-K (.000); B-E (.036); B-K (.000); C-K (.000); D-K (.046);
G-K (.008)

B3* 0.1886 0.000  A-G (.024); D-G (.001); E-G (.008); F-G (.014)

B4* 0.5636 0.001 C-K(.021); F-K (.002)

B5* 0.2923 0.003  G-K (.044)

B6* 0.1791 0.000 A-D (.024); B-D (.027); C-G (.003); D-E (.002); D-F (.028); D-G (.000);
G-K (.002)

B7* 0.4053 0.002  E-F (.000)

C1* 0.2776 0.000  A-C (.005); A-G (.002); C-D (.046); D-G (.014)

Cc2* 0.0701 0.000  A-G (.001); B-G (.001); D-G (.008)

C3* 0.2950 0.000 A-C(.021); A-G (.002); D-G (.009); E-G (.042)

C4* 0.4410 0.000 D-F (.042); E-F (.030); E-G (.036); F-K (.008); G-K (.010)

C5* 0.3120 0.000  A-G (.009); C-D (.043); C-E (.031); D-G (.001); E-G (.001)

C6* 0.2440 0.000  A-G (.001); A-K (.000); C-G (.037); C-K (.014); D-G (.013); D-K (.004);
E-G (.049); E-K (.019)

Cr* 0.1421 0.000 A-G (.022); B-G (.005); C-G (.009); D-G (.002); E-G (.016); G-K (.001)

D1** 0.1734 0.099

D2** 0.1294 0.206

D3* 0.1586 0.026  B-K (.004)

D4** 0.2111 0.557

D5** 0.1264 0.160

* = sig. < 0.05 means significant differences of the parameters by Kruskal-Wallis test, and then they were continued to post

hoc analysis with Dunn’s test
** = sig. > .05 means no significant differences of the parameters by Kruskal-Wallis test, and then they weren't continued to
post hoc analysis with Dunn’s test
**% = pairwise comparisons of pits with adj. sig. < 0.05 of Dunn’s test means the significant differences of two pits for each

truss parameter. The Bonferroni correction for multiple tests has adjusted the significance value.

As can be seen in Table 2, that almost all of the truss characters of killifish showed
significant differences (p-value < 0.05) among habitats, except on four characters (D1, D2, D4,
and D5) that are parts of the caudal peduncle. These four characters indicated that the caudal
peduncle could not differentiate among individuals collected at different habitats. The other parts
of the blue panchax fish's body showed significant differences based on the Kruskal-Wallis test.
Dunn's test showed that some of these truss characters showed a positive correlation between
different locations (adj. sig. < 0.05). The truss characters of Al, A5, B3, B7, C1, C2, C3, and C5
only showed the differences between ex-tin mining pits with different ages chronosequence. The
truss characters of A2, A3, A4, A6, A7, A8, A9, A10, B1, B2, B4, B5, B6, C4, C6, C7, and D3
described the differences among pits with different ages and also between pits as closed water
and the river as representative of open water.

The differences in morphometric among killifish can be caused by habitat characteristics
where they live. They might differ in biotic and abiotic factors such as food availability, salinity,



temperature, radiation, water depth, current flow, and other environmental factors that can affect
the morphometric of the fish in each location (Sen et al., 2011; Kashefi et al., 2012; Muchlisin,
2013). Besides, the condition of ex-tin mining pits as closed water containing many elements
such as metals and heavy metals (Kurniawan, 2017; Kurniawan et al., 2019) might contribute to
the metabolism process impacted to morphometric characters of fish. It can happen in Bangka
Island rivers too that the contamination of elements contributed to biological activity and
morphometric characters of organisms in the waters. According to Lestari et al. (2018), human
activities directly affecting rivers’ water quality and freshwater fish diversity. According to
Nuryanto et al. (2012) and Nuryanto et al. (2015), the existence of fish in rivers could be due to
the different Physico-chemical characters of the rivers, especially its dissolved oxygen, carbon
dioxide level, temperature, acidity (pH), substrates, organic and inorganic materials, water
volume, the width of the river, and geology factor. These factors will naturally gradually change
the microhabitat and impact of fish's diversity and characteristics in the river. According to Sari
and Zakaria (2017), physical aspects (e.g., temperature), chemical factors (e.g., dissolved oxygen
and acidity of the water), and biological factors (e.g., amount and type of food or food
availability) can influence morphology and sexuality of fish.

Therefore, the differences in ecological characteristics can affect morphological
characteristics (Baillie et al., 2016; Endo and Watanabe, 2020). Habitat variation affecting fish’s
community structures and previous studies had proven a positive correlation between fish
morphology and their environment (Gebrekiros, 2016). The correlation between ecological
parameters and morphological characters explains that the water quality, especially pH value in
ex-tin mining pits or river, can influence the morphometric standard and truss characters where
the low water quality can inhibit the fish growth. These conditions can be seen in ex-tin mining
pits that pits with age ranged between 1 and 5 years old was acidic, while pits with age between
25 and 50 years old was neutral. The neutral pH can support biological life such as, plankton,
and improves the physicochemical parameters, which in turn could promote fish's growth.

Killifish body length differences among pits with chronosequence ages are positively
correlated with the pits' water quality. The first indicator of water quality in ex-tin mining pits is
pH value, where pit with age of < 10 years has an acidic condition with a pH value of about 3
(Kurniawan et al., 2019). The acidification of habitat due to anthropogenic activities can impact
the biological and ecological processes (Kleinhappel et al., 2019). In acidic conditions, the
biological activity such as plankton growth can be inhibited, causing plankton's appearance in
the habitat to be minimum. The acidification in freshwaters reduces species' richness in general,
including plankton, and it has negative consequences for aquatic organisms such as fish (Rychta
et al., 2011; Hasler et al., 2018). The presence of plankton as nutrition for fish was significant for
their growth, so directly and indirectly, the intensity of sunlight and pH value contributed to blue
panchax fish's morphometric characters.

The low pH value directly can influence the metabolism of fish. Some study explained that
the low pH value of acidic condition contribute to metabolism changes and inhibition of growth.
According to Mota et al. (2018), fish exposure to acidic media experiencing various adverse
effects, either on physiological and cytological conditions of fishes. Moreover, according to
Srineetha et al. (2013) and Kwong et al. (2014), physiological impact of acidic environment
includes ionocytes fluctuation, white blood cell production, and increases mucus production.
Further impacts of low pH are increasing blood viscosity and affecting fish respiration through
lowering total and rate of oxygen intake by fish.



The correlation between low pH and reducing growth and feed intake metabolism could
impact growth, appetite, food conversion efficiency, a disruption to physiological homeostasis,
blood acidosis, and blood plasma pH (Abbink et al., 2012; Kennedy and Picard, 2012). This
condition impacted the morphometric characters of killifish in ex-tin mining pits, especially in
pits with age < 5 years with low pH value. The acidic conditions of ex-tin mining pits, especially
in pits with age < 5 years, caused this ecosystem not to have any biological life, organic
substance, and nutrition to support the blue panchax fish maximum life and its growth. For a
long time that more than 15 years, the chronosequence effect in ex-tin mining pits caused the pH
value to change to normal conditions (pH 7). The change of pH of chronosequence impacted the
other changes such as DO, BOD, C-organic, total nitrogen, total phosphate, and others
(Kurniawan et al., 2019). The consequence of changes can cause an increase in biological life,
activity, and nutrition. The existence of biological substances can be the fundamental factor in
supporting the blue panchax fish's life besides the chemical and physical aspects of water quality.
Therefore, it is reasonable if this study observed that killifish inhabit less than 5 years old ex-tin
mining pits have the shortest body length and body length tend to increase related to pits ages
with the longest fish body was reach at pits ages between 25 and 50 years old.

Killifish were not found in ex-tin mining pits with age > 50 years. That condition
contradicted the report by Raja et al. (2015) and Karuppaiah dan Ramesh (2016) that the
members of Aplocheilidae could live in a broad range of water quality (Table 3).
Simultaneously, ex-tin mining pits older than 50 years have some water quality parameters
within ranges values reported by both groups of researchers. It is suggested that the other
ecological factors in ex-tin mining pits with age > 50 years have influenced the existence of
killifish in these habitats. It has been reported by Mustikasari et al. (2020) that the presence of
killifish in ex-tin mining pits was strongly related to water quality.

Metal and heavy metal content in water could accumulate on fish tissue and organs through
serial food chains (Rajeshkumar and Li, 2018; Kurniawan and Mustikasari, 2019). Heavy metal
accumulation might disturb fish metabolism and inhibits fish growth. Under extreme conditions
the accumulation of heavy metals in fishs’ organs can cause mortality (Afshan et al., 2014).

Table 3. Water quality of habitat for Family Aplocheilidae

Parameters Value
@ (b) (©) (d) (e) ®) (%)

Temperature (°C) 21-25 25-28 26-30 28-30 25-32 30-32 19-32
pH 6.8-7.5 7.1-78 7.5-79 7.3-7.9 7.3-8.1 7.5-8.1 7.0-9.23
DO (mg.I) 48-116 4.1-64 3.0-38 2.0-3.8 0.2-0.3 0.2-0.3 0.02-14.4
COD (mg.I"%) 9-13 12-62 110-150 100-150 160-250  173-299 12.6-71.2
BOD (mg.I?) 35-122 9.5-16.8 96-338 110-338 53-300 45-300 0.01-10.16
Hardness (mg.l?) 33-98 - - - - - 34-356
Alkalinity (mg.I*) 18-77 41-64 2.0-38 3.0-3.9 1.1-2 1.1-2.9 120-360
Conductivity (mhos.cm™) 42-88 108-270 250-329 280-2000 850-2900 950-2900 240-1560
Turbidity (NTU) - 14-22 16-25 21-30 26-32 29-32 -
TDS (ppm) g f E . 135-1451.6

Sources: (a) Reservoir Bhavanisagar, Tamil Nadu, India (Raja et al., 2015); (b) Dam Viagra, (c) Anai
Solavandhan River, (e) Arapalaiyam River, (f) Anna Nagar River, India (Karuppaiah dan Ramesh, 2016); (g)
Mysore Wetland, India (Prasad et al., 2009).

patti River, (d)



Previous studies have shown that fish morphology was affected by habitat characteristics
(Baillie et al., 2016; Endo and Watanabe, 2020). Habitat characteristics might cause specific of
body shape and coloration in fish (Rajeswari et al., 2017). However, there is no study assessing
morphological variation in the abandoned ex-tin mining pits. Previous studies by Mustikasari et
al. (2020) and Kurniawan et al. (2019) were only discussing blue panchax in the abandoned ex-
tin mining pits and its ecological factors. Therefore, this study provides the first data about the
morphological variation of blue panchax live in different aged ex-tin mining pits and river in
Bangka Island. The data is vital for the management of the further utilization of ex-tin mining
pits in the areas. In a broader sense, this study provides a scientific basis that variable sizes and
colors of fish production can be obtained through ecological manipulations.

CONCLUSION

It can be concluded that blue panchax fish collected from different ex-tin mining pits and
Limbung River showed morphological variation. The variations are positively related to the
ecological characteristics of each habitat.
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Abstract. Blue panchax (Aplocheilus panchax Hamilton, 1822) lives in broad ranges of habitat from open waters to closed waters, in-
cluding at ex-tin mining pits in Bangka Island, Indonesia. Variable habitats might cause morphological variations due to different eco-
logical factors. This study aimed to assess the morphological variation of blue panchax collected from different habitats using truss
morphometric characters. Fish samples (70 individuals) were collected from abandoned ex-tin mining pits of different ages and a river
in Bangka Island. Twenty-nine truss characters were analyzed using the Kruskal-Wallis test and post hoc with Dunn’s test from. The
results showed that almost all of the body parts of blue panchax found in ex-tin mining pits and rivers were significantly different (p-
value < 0.05), except some truss characters of caudal peduncle. The post hoc of Dunn’s test showed a positive correlation between
habitats and truss characters (adj. sig < 0.05). Some truss characters of killifish were different between ex-tin mining pits with different
ages chronosequence, and some other characters were different between pits and river. This study provides the first data about the
morphological variation of blue panchax in ex-tin mining pits of different ages. The data is valuable as a scientific basis of further utili-
zation of ex-tin mining pits in the areas.
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INTRODUCTION

Blue panchax (Aplocheilus panchax), locally
known as ikan Kepala Timah, is one of the killifish
species from the Order Cyprinodontiformes, Family
Aplocheilidae, and Genus Aplocheilus. Member of
Genus Aplocheilus is widely distributed across the
Indo-Malayan Islands, including Indonesia, the Indo-
China region, and India (Vasil'eva et al., 2013; Dekar
et al., 2018). Aplocheilus panchax is a species of the
genus Aplocheilus. It is an endemic species to the
Oriental Region (Costa, 2013; Sedlacek et al., 2014;
Furness, 2015; Costa, 2016; Beck et al., 2017).

Blue panchax can live in a broad range of habitats
(Manna et al., 2011). It can survive in open and
closed waters such as lakes or pits of ex-tin mining,
including newly formed and old pits. According to
Kurniawan et al. (2019) and Irawan et al. (2014), the
newly formed ex-tin mining pits are extreme ecosys-
tems with very low pH values and dissolved oxygen
(DO), but with high heavy metal content. Conversely,
the older abandoned tin mining pits have a better
water quality. Nevertheless, a previous study by Kur-
niawan (2019) had proved that blue panchax was
reported to live in newly abandoned tin mining pits in
Bangka Island though have deplorable water quality
conditions.

A study had shown that ecological characteristics
have impacted fish genotype (Nguyen et al., 2017)
and have a further effect on their morphology (Baillie
et al., 2016; Endo & Watanabe, 2020). Other studies
also proved that fish live in different habitats, showed
variable morphologies, and, in extreme condition,
might form different ecotypes (Rajeswari et al.,
2017). Morphological variation among individual fish
can be assessed using conventional and truss mor-
phometric characters (Pazhayamadom et al., 2014;
Mojekwu and Anumudu, 2015; Rawat et al., 2017).
According to Ariyanto et al. (2011), truss morpho-
metric provides a comprehensive, systematic, and
fairly high-accuracy geometric picture of fish body
shapes. So, this method can be used to distinguish
between individual fish more precisely than standard
morphometric. It has been proven that truss morpho-
metric is an efficient technique to differentiate fish
individuals than conventional morphometric (lhya et
al. 2020; Nabila et al. 2019; Pambudi et al. 2019)

It is assumed that different ecological factors
among different ages of ex-tin mining pits and rivers
in Bangka might cause morphological differences
among blue panchax collected from such a diverse
ecosystem. There is no study assessing the morpho-
logical variation of blue panchax inhabits different
ages of abandoned tin mining pits and rivers in Bang-
ka Province. The only research was about the exist-

399



Diah Mustikasari et al. / Biosaintifika 12 (3) (2020): 399-407

ence and factors affecting blue panchax in the aban-
doned ex-tin mining pits (Mustikasari et al., 2020;
Kurniawan et al., 2019). Therefore, this is the first
research about the morphological variation of blue
panchax live in different ages of ex-tin mining pits
and river in Bangka Island. The data is vital for the
management of the further utilization of ex-tin min-
ing pits in the areas. This study aimed to assess the
morphological variation of blue panchax collected
from different habitats using truss morphometric
characters.

METHODS

Study sites

The study was conducted in Pangkalpinang City
and Bangka Regency of Bangka Belitung Archipela-
go Province, Indonesia (Figure 1). Fish samples were
collected from ex-tin mining pits with chronose-
quences abandoned after mining activities. The pits
were clustered into six different ages, i.e., Station A
and Station B (< 5 years old), Station C and Station D
(5-15 years), Station E and Station F (15 - 25 years),
Station G (25 - 50 years), Station H (50 - 100 years),
Station | and Station J (> 100 years), and Limbung
River Stream of Bangka Regency as Station K. The
sampling site condition is shown in Figure 2.

Sample collection and preservation

The 70 fish samples were collected at 09.00 am -
1.00 pm from ex-tin mining pits and a river using nets
with mesh size of about 0.4 mm. Fresh individuals
were placed in the labeled plastics bottle filled with
40% formalin. For permanent preservation, the sam-
ples were preserved with absolute ethanol. In the
laboratory, the morphometric characters were meas-
ured by a ruler with an accuracy of 0.5 mm.
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Figure 1. Map of research stations. Station A and
Station B were pits with age < 5 years, Station C and
Station D (5-15 years), Station E and Station F (15-25
years), Station G (25-50 years), Station H (50-100
years), Station | and Station J (> 100 years), while
Station K was Limbung River Stream.

Figure 2. Waters condition of research stations, (a) Station A and (b) Station B were pits with age < 5 years;
(c) Station C and (d) Station |D| (5-15 years); (e) Station E and (f) Station F (15-25 years); (g) Station G (25-50

Ci ted [W1]: Pada Fig 2, tidak ada kode D mhn dicek

years); (h) Station H (50-100 years); (i) Station | and (j) Station J (> 100 years); and (k) Station K was Limbung

River Stream (private documentations).
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Morphometric measurement

Fish morphology was measured using truss
network measurement. Truss morphometric was used
to measure 29 diagonal distances among truss points
and the truss characteristics encoded from Al to D5
(Figure 3), while the description of each truss
characteristics is presented in Table 2. The truss
morphometric characters were analyzed using the
Kruskal-Wallis test in SPSS Program version 25 to
know significant differences of truss characters
among individuals collected at different habitats.

Dunn's test was used for the post hoc of Kruskal-
Wallis.

Figure 3. The truss network characteristics of Kepala
Timah fish (Apocheilus panchax) (private documen-
tations).

Table 1. Truss characteristics of Kepala Timah fish (A. panchax) and their descriptions

Part of Body Code Descriptions
Head Al(1to2) distance between the snout or premaxilla and the pelvic maxilla (lower jaw)
A2 (1t03) distance between the snout and dorsal maxilla or anterior eye diameter (upper
jaw)
A3 (1to4) distance between the snout and the pelvic operculum
A4 (1to5) distance between the snout and the dorsal operculum
A5 (2t03) distance between pelvic maxilla and dorsal maxilla or anterior eye diameter
A6 (2to 4) distance between the pelvic maxilla and the pelvic operculum
A7 (210 5) distance between the pelvic maxilla and the dorsal operculum
A8 (3to 4) distance between the dorsal maxilla or anterior eye diameter and the pelvic
operculum
A9 (3to 5) distance between the dorsal maxilla or anterior eye diameter and the dorsal
operculum
Al10 (4to5)  distance between the pelvic operculum to the dorsal operculum
Anterior Body  B1 (4 to 6) distance between the pelvic operculum and lower body-pectoral fin
B2 (4t07) distance between the pelvic operculum and the anterior dorsal fin
B3 (5t0 6) distance between the dorsal operculum and lower body-pectoral fin
B4 (5t07) distance between the dorsal operculum and the anterior dorsal fin
B5 (5 to 8) distance between the dorsal operculum and ventral or pelvic fin
B6 (6 to 8) distance between the lower body-pectoral fin and ventral or pelvic fin
B7 (710 8) distance between the anterior dorsal fin and ventral or pelvic fin
Posterior Body C1(7t09) distance between the anterior dorsal fin and anterior anal fin
C2(7to10)  distance between the anterior and the posterior dorsal fin
C3(7to11)  distance between the anterior dorsal fin and posterior anal fin
C4 (8to 10)  distance between the ventral or pelvic fin and the posterior dorsal fin
C5(9to10)  distance between the anterior anal fin and the posterior dorsal fin
C6 (9to11)  distance between anterior and posterior anal fin

C7 (10t 11)

distance between the posterior dorsal fin and rear anal fin

Caudal
Peduncle

D1 (10 to 12)
D2 (10 to 13)
D3 (11 to 12)
D4 (11 to 13)
D5 (12 to 13)

distance between the posterior dorsal fin and pelvic-posterior caudal peduncle
distance between the posterior dorsal fin and dorsal-posterior caudal peduncle
distance between the posterior anal fin and pelvic-posterior caudal peduncle
distance between the posterior anal fin and dorsal-posterior caudal peduncle
the caudal peduncles’ height

RESULTS AND DISCUSSION

The general morphology of Kkillifish collected

ferent ecosystems showed different colorations. Killi-
fish individuals live in abandoned tin mining pits
(Figure 4a-d) have brighter colors than fish in the

from different aged ex-tin mining pits and river is
shown in Figure 4. General morphology of killifish
collected at different aged of ex-tin mining pits and
river is shown in Figure 4. It can be realized from
Figure 4 that killifish individuals collected at the dif-

river (Figure 4e). It can also be seen in Figure 4 that
among different pits ages, Killifish individual shows
different body color. Nevertheless, body-color
brightness does not correlate with pits ages. It is
shown in Figure 4b that killifish collected from older
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than 5 to15 years old pits has the brightest body color
and more colorful than individuals collected in less
than one to 5 years and older than 15 years pits (Fig-
ure 4a, 4c, and 4d).

Figure 4. General morphology of Kkillifish collected
from different habitats. (a) pits with age of < 5 years,
(b) pits with age of 5-15 years, (c) pits with age of
15-25 years, (d) pits with age of 25-50 years, (e)
Limbung River.

It is suggested that morphological differences
among individuals of Killifish live in different habi-
tats is because of differences in ecological factors
among the habitats. That argument rose based on the
fact that sampling locations have distinct environ-
mental parameters (Table 3). According to Nguyen et
al. (2017), ecological factors might affect fish geno-
type, and according to Baillie et al. (2016) and Endo
and Watanabe (2020), ecological characteristics have
a further effect on fish morphology. Other studies
also proved that fish live in different habitats show
variable morphologies, and in extreme condition
might form different ecotypes (Rajeswari et al.,
2017).

Truss analysis was a measurement based on the
ratio of truss character with head length or standard
length. According to Paknejad et al. (2014), the truss
morphometric network study effectively provides
information about an organism's shape. It can de-
scribe the body shape of the fish more properly. Truss
morphometric is a reliable method for morphological
differentiation among fish samples. Therefore, it is
expected that truss morphometric analysis could dif-
ferentiate killifish collected from different habitats,
such as among different aged ex-tin mining pits and
between ex-tin mining pit habitats as closed waters
with the river as open waters. The results of Dunn's
test among truss morphometric characters of killifish
from different habitats are presented in Table 2.

As can be seen in Table 2, that almost all of the
truss characters of killifish showed significant differ-
ences (p-value < 0.05) among habitats, except on four
characters (D1, D2, D4, and D5) that are parts of the
caudal peduncle. These four characters indicated that

the caudal peduncle could not differentiate among
individuals collected at different habitats. The other
parts of the blue panchax fish's body showed
significant differences based on the Kruskal-Wallis
test. Dunn's test showed that some of these truss
characters showed a positive correlation between
different locations (adj. sig. < 0.05). The truss
characters of Al, A5, B3, B7, C1, C2, C3, and C5
only showed the differences between ex-tin mining
pits with different ages chronosequence. The truss
characters of A2, A3, A4, A6, A7, A8, A9, Al0, B1,
B2, B4, B5, B6, C4, C6, C7, and D3 described the
differences among pits with different ages and also
between pits as closed water and the river as
representative of open water.

The differences in morphometric among killifish
can be caused by habitat characteristics where they
live. They might differ in biotic and abiotic factors
such as food availability, salinity, temperature, radia-
tion, water depth, current flow, and other environ-
mental factors that can affect the morphometric of the
fish in each location (Sen et al., 2011; Kashefi et al.,
2012; Muchlisin, 2013). Besides, the condition of ex-
tin mining pits as closed water containing many ele-
ments such as metals and heavy metals (Kurniawan,
2017; Kurniawan et al., 2019) might contribute to the
metabolism process impacted to morphometric char-
acters of fish. It can happen in Bangka Island rivers
too that the contamination of elements contributed to
biological activity and morphometric characters of
organisms in the waters. According to Lestari et al.
(2018), human activities directly affecting rivers’
water quality and freshwater fish diversity. According
to Nuryanto et al. (2012) and Nuryanto et al. (2015),
the existence of fish in rivers could be due to the dif-
ferent Physico-chemical characters of the rivers, es-
pecially its dissolved oxygen, carbon dioxide level,
temperature, acidity (pH), substrates, organic and
inorganic materials, water volume, the width of the
river, and geology factor. These factors will naturally
gradually change the microhabitat and impact of
fish's diversity and characteristics in the river. Ac-
cording to Sari and Zakaria (2017), physical aspects
(e.g., temperature), chemical factors (e.g., dissolved
oxygen and acidity of the water), and biological fac-
tors (e.g., amount and type of food or food availabil-
ity) can influence morphology and sexuality of fish.

Therefore, the differences in ecological character-
istics can affect morphological characteristics (Baillie
et al., 2016; Endo and Watanabe, 2020). Habitat vari-
ation affecting fish’s community structures and pre-
vious studies had proven a positive correlation be-
tween fish morphology and their environment (Ge-
brekiros, 2016). The correlation between ecological
parameters and morphological characters explains
that the water quality, especially pH value in ex-tin
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mining pits or river, can influence the morphometric  pits with age between 25 and 50 years old was neu-
standard and truss characters where the low water tral. The neutral pH can support biological life such
quality can inhibit the fish growth. These conditions  as, plankton, and improves the physicochemical pa-
can be seen in ex-tin mining pits that pits with age  rameters, which in turn could promote fish's growth.
ranged between 1 and 5 years old was acidic, while

Table 2. The results of the Kruskal-Wallis test and Dunn’s test of truss characteristics

Truss n Sig. of  Kruskal-Pairwise comparison from different research stations

Parameters Wallis Test (adj. sig < 0.05 of Dunn’s Test)***

Al* 0.35840.000 A-E (.009); A-F (.013); E-G (.016); F-G (.026)

A2* 0.30940.000 D-G (.038); E-F (.010); E-G (.038); E-K (.000); F-G (.005); G-K (.000)

A3* 0.68990.000 A-F (.001); A-K (.008); C-F (.002); C-K (.018); E-F (.000); E-K (.001);
D-F (.025)

A4* 0.93930.000 A-D (.018); A-E (.005); A-G (.000); B-G (.010); E-K (.034); F-G
(.002); G-K (.000)

A5* 0.30310.000 D-E (.001); D-F (.000)

A6* 0.34400.000 A-F (.036); C-F (.001); C-K (.006); E-F (.000); E-G (.035); E-K (.001);
D-F (.040)

AT* 0.41990.000 A-F (.028); A-G (.000); B-G (.000); C-G (.012); D-G (.001); E-G
(.001); G-K (.018)

AB* 0.53140.000 D-E (.024); D-F (.030); D-K (.003)

A9* 0.66870.000 A-F (.001); B-F (.025); D-F (.001); D-K (.020); E-F (.000); E-K (.008)

Al10* 0.62960.000 D-G (.006); D-K (.001); E-F (.016); E-G (.000); E-K (.000)

B1* 0.13160.002 D-K (.042)

B2* 0.62570.000 A-E (.010); A-K (.000); B-E (.036); B-K (.000); C-K (.000); D-K
(.046); G-K (.008)

B3* 0.18860.000 A-G (.024); D-G (.001); E-G (.008); F-G (.014)

B4* 0.56360.001 C-K (.021); F-K (.002)

B5* 0.29230.003 G-K (.044)

B6* 0.17910.000 A-D (.024); B-D (.027); C-G (.003); D-E (.002); D-F (.028); D-G
(.000); G-K (.002)

B7* 0.40530.002 E-F (.000)

C1* 0.27760.000 A-C (.005); A-G (.002); C-D (.046); D-G (.014)

c2* 0.07010.000 A-G (.001); B-G (.001); D-G (.008)

C3* 0.29500.000 A-C (.021); A-G (.002); D-G (.009); E-G (.042)

C4* 0.44100.000 D-F (.042); E-F (.030); E-G (.036); F-K (.008); G-K (.010)

C5* 0.31200.000 A-G (.009); C-D (.043); C-E (.031); D-G (.001); E-G (.001)

Cc6* 0.24400.000 A-G (.001); A-K (.000); C-G (.037); C-K (.014); D-G (.013); D-K
(.004); E-G (.049); E-K (.019)

C7* 0.14210.000 A-G (.022); B-G (.005); C-G (.009); D-G (.002); E-G (.016); G-K
(.001)

D1** 0.17340.099

D2** 0.12940.206

D3* 0.15860.026 B-K (.004)

D4** 0.21110.557

D5** 0.12640.160

*= sig. < 0.05 means significant differences of the parameters by Kruskal-Wallis test, and then they were con-
tinued to post hoc analysis with Dunn’s test

**=sig. > 0.05 means no significant differences of the parameters by Kruskal-Wallis test, and then they weren't
continued to post hoc analysis with Dunn’s test

***=pairwise comparisons of pits with adj. sig. < 0.05 of Dunn’s test means the significant differences of two
pits for each truss parameter. The Bonferroni correction for multiple tests has adjusted the significance value.

Killifish body length differences among pits with  quality in ex-tin mining pits is pH value, where pit
chronosequence ages are positively correlated with  with age of < 10 years has an acidic condition with a
the pits' water quality. The first indicator of water pH value of about 3 (Kurniawan et al., 2019). The
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acidification of habitat due to anthropogenic activities
can impact the biological and ecological processes
(Kleinhappel et al., 2019). In acidic conditions, the
biological activity such as plankton growth can be
inhibited, causing plankton's appearance in the habitat
to be minimum. The acidification in freshwaters re-
duces species' richness in general, including plankton,
and it has negative consequences for aquatic organ-
isms such as fish (Rychta et al., 2011; Hasler et al.,
2018). The presence of plankton as nutrition for fish
was significant for their growth, so directly and indi-
rectly, the intensity of sunlight and pH value contrib-
uted to blue panchax fish's morphometric characters.

The low pH value directly can influence the me-
tabolism of fish. Some study explained that the low
pH value of acidic condition contribute to metabolism
changes and inhibition of growth. According to Mota
et al. (2018), fish exposure to acidic media experienc-
ing various adverse effects, either on physiological
and cytological conditions of fishes. Moreover, ac-
cording to Srineetha et al. (2013) and Kwong et al.
(2014), physiological impact of acidic environment
includes ionocytes fluctuation, white blood cell pro-
duction, and increases mucus production. Further
impacts of low pH are increasing blood viscosity and
affecting fish respiration through lowering total and
rate of oxygen intake by fish.

The correlation between low pH and reducing
growth and feed intake metabolism could impact
growth, appetite, food conversion efficiency, a dis-
ruption to physiological homeostasis, blood acidosis,
and blood plasma pH (Abbink et al., 2012; Kennedy
and Picard, 2012). This condition impacted the mor-
phometric characters of killifish in ex-tin mining pits,
especially in pits with age < 5 years with low pH
value. The acidic conditions of ex-tin mining pits,
especially in pits with age < 5 years, caused this eco-
system not to have any biological life, organic sub-
stance, and nutrition to support the blue panchax fish

maximum life and its growth. For a long time that
more than 15 years, the chronosequence effect in ex-
tin mining pits caused the pH value to change to nor-
mal conditions (pH 7). The change of pH of chrono-
sequence impacted the other changes such as DO,
BOD, C-organic, total nitrogen, total phosphate, and
others (Kurniawan et al., 2019). The consequence of
changes can cause an increase in biological life, ac-
tivity, and nutrition. The existence of biological sub-
stances can be the fundamental factor in supporting
the blue panchax fish's life besides the chemical and
physical aspects of water quality. Therefore, it is rea-
sonable if this study observed that killifish inhabit
less than 5 years old ex-tin mining pits have the
shortest body length and body length tend to increase
related to pits ages with the longest fish body was
reach at pits ages between 25 and 50 years old.

Killifish were not found in ex-tin mining pits with
age > 50 years. That condition contradicted the re-
port by Raja et al. (2015) and Karuppaiah dan
Ramesh (2016) that the members of Aplocheilidae
could live in a broad range of water quality (Table 3).
Simultaneously, ex-tin mining pits older than 50
years have some water quality parameters within
ranges values reported by both groups of researchers.
It is suggested that the other ecological factors in ex-
tin mining pits with age > 50 years have influenced
the existence of killifish in these habitats. It has been
reported by Mustikasari et al. (2020) that the presence
of killifish in ex-tin mining pits was strongly related
to water quality.

Metal and heavy metal content in water could ac-
cumulate on fish tissue and organs through serial food
chains (Rajeshkumar and Li, 2018; Kurniawan and
Mustikasari, 2019). Heavy metal accumulation might
disturb fish metabolism and inhibits fish growth.
Under extreme conditions the accumulation of heavy
metals in fishs’ organs can cause mortality (Afshan et
al., 2014).

Table 3. Water quality of habitat for Family Aplocheilidae

Parameters Value

(@) (b) (©) (d) (e) (U) (9)
Temperature (°C) 21-25 25-28 26-30 28-30 25-32 30-32 19-32
pH 6.8-75 7.1-78 75-79 73-7.9 7.3-8.1 7.5-8.1 7.0-9.23
DO (mg.I*Y) 48-116 4.1-64 3.0-3.8 2.0-3.8 0.2-0.3 0.2-0.3 0.02-14.4
COD (mg.I") 9-13 12-62  110-150 100-150 160-250 173-299  12.6-71.2
BOD (mg.I") 3.5-12.2 9.5-16.8 96-338 110-338  53-300 45-300  0.01-10.16
Hardness (mg.l?) 33-98 - - - - - 34-356
Alkalinity (mg.I") 18-77  4.1-6.4 2.0-38 3.0-3.9 1.1-2 1.1-2.9 120-360
Conductivity (mhos.cm™)  42-88  108-270 250-329 280-2000 850-2900 950-2900 240-1560
Turbidity (NTU) - 14-22 16-25 21-30 26-32 29-32 -
TDS (ppm) - - - - - - 135-1451.6

Sources: (a) Reservoir Bhavanisagar, Tamil Nadu, India (Raja et al., 2015); (b) Dam Viagra, (c) Anaipatti Riv-
er, (d) Solavandhan River, (e) Arapalaiyam River, (f) Anna Nagar River, India (Karuppaiah dan Ramesh,

2016); (g) Mysore Wetland, India (Prasad et al., 2009).
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Previous studies have shown that fish morphology
was affected by habitat characteristics (Baillie et al.,
2016; Endo and Watanabe, 2020). Habitat character-
istics might cause specific of body shape and colora-
tion in fish (Rajeswari et al., 2017). However, there is
no study assessing morphological variation in the
abandoned ex-tin mining pits. Previous studies by
Mustikasari et al. (2020) and Kurniawan et al. (2019)
were only discussing blue panchax in the abandoned
ex-tin mining pits and its ecological factors. There-
fore, this study provides the first data about the mor-
phological variation of blue panchax live in different
aged ex-tin mining pits and river in Bangka Island.
The data is vital for the management of the further
utilization of ex-tin mining pits in the areas. In a
broader sense, this study provides a scientific basis
that variable sizes and colors of fish production can
be obtained through ecological manipulations.

CONCLUSION

It can be concluded that blue panchax fish collect-
ed from different ex-tin mining pits and Limbung
River showed morphological variation. The variations
are positively related to the ecological characteristics
of each habitat.
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Abstract. Blue panchax (Aplocheilus panchax Hamilton, 1822) lives in broad ranges of habitat from open waters to closed waters, in-
cluding at ex-tin mining pits in Bangka Island, Indonesia. Variable habitats might cause morphological variations due to different eco-
logical factors. This study aimed to assess the morphological variation of blue panchax collected from different habitats using truss
morphometric characters. Fish samples (70 individuals) were collected from abandoned ex-tin mining pits of different ages and a river
in Bangka Island. Twenty-nine truss characters were analyzed using the Kruskal-Wallis test and post hoc with Dunn’s test frem. The
results showed that almost all of the body parts of blue panchax found in ex-tin mining pits and rivers were significantly different (p-
value < 0.05), except some truss characters of caudal peduncle. The post hoc of Dunn’s test showed a positive correlation between
habitats and truss characters (adj. sig < 0.05). Some truss characters of killifish were different between ex-tin mining pits with different
ages chronosequence, and some other characters were different between pits and river. This study provides the first data about the
morphological variation of blue panchax in ex-tin mining pits of different ages. The data is valuable as a scientific basis of further utili-
zation of ex-tin mining pits in the areas.
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INTRODUCTION

Blue panchax (Aplocheilus panchax), locally

A study had shown that ecological characteristics
have impacted fish genotype (Nguyen et al., 2017)
and have a further effect on their morphology (Baillie

known as ikan Kepala Timah, is one of the killifish
species from the Order Cyprinodontiformes, Family
Aplocheilidae, and Genus Aplocheilus. Member of
Genus Aplocheilus is widely distributed across the
Indo-Malayan Islands, including Indonesia, the Indo-
China region, and India (Vasil'eva et al., 2013; Dekar
et al., 2018). Aplocheilus panchax is a species of the

et al., 2016; Endo & Watanabe, 2020). Other studies
also proved that fish live in different habitats, showed
variable morphologies, and, in extreme condition,
might form different ecotypes (Rajeswari et al.,
2017). Morphological variation among individual fish
can be assessed using conventional and truss mor-
phometric characters (Pazhayamadom et al., 2014;

genus Aplocheilus. It is an endemic species to the
Oriental Region (Costa, 2013; Sedlacek et al., 2014;
Furness, 2015; Costa, 2016; Beck et al., 2017).

Blue panchax can live in a broad range of habitats
(Manna et al., 2011). It can survive in open and
closed waters such as lakes or pits of ex-tin mining,
including newly formed and old pits. According to
Kurniawan et al. (2019) and Irawan et al. (2014), the
newly formed ex-tin mining pits are extreme ecosys-
tems with very low pH values and dissolved oxygen
(DO), but with high heavy metal content. Conversely,
the older abandoned tin mining pits have a better
water quality. Nevertheless, a previous study by Kur-
niawan (2019) had proved that blue panchax was
reported to live in newly abandoned tin mining pits in
Bangka Island though have deplorable water quality
conditions.

Mojekwu and Anumudu, 2015; Rawat et al., 2017).
According to Ariyanto et al. (2011), truss morpho-
metric provides a comprehensive, systematic, and
fairly high-accuracy geometric picture of fish body
shapes. So, this method can be used to distinguish
between individual fish more precisely than standard
morphometric. It has been proven that truss morpho-
metric is an efficient technique to differentiate fish
individuals than conventional morphometric (lhya et
al. 2020; Nabila et al. 2019; Pambudi et al. 2019)

It is assumed that different ecological factors
among different ages of ex-tin mining pits and rivers
in Bangka might cause morphological differences
among blue panchax collected from such a diverse
ecosystem. There is no study assessing the morpho-
logical variation of blue panchax inhabits different
ages of abandoned tin mining pits and rivers in Bang-
ka Province. The only research was about the exist-
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ence and factors affecting blue panchax in the aban-
doned ex-tin mining pits (Mustikasari et al., 2020;
Kurniawan et al., 2019). Therefore, this is the first
research about the morphological variation of blue
panchax live in different ages of ex-tin mining pits
and river in Bangka Island. The data is vital for the
management of the further utilization of ex-tin min-
ing pits in the areas. This study aimed to assess the
morphological variation of blue panchax collected
from different habitats using truss morphometric
characters.

METHODS

Study sites

The study was conducted in Pangkalpinang City
and Bangka Regency of Bangka Belitung Archipela-
go Province, Indonesia (Figure 1). Fish samples were
collected from ex-tin mining pits with chronose-
quences abandoned after mining activities. The pits
were clustered into six different ages, i.e., Station A
and Station B (< 5 years old), Station C and Station D
(5-15 years), Station E and Station F (15 - 25 years),
Station G (25 - 50 years), Station H (50 - 100 years),
Station | and Station J (> 100 years), and Limbung
River Stream of Bangka Regency as Station K. The
sampling site condition is shown in Figure 2.

Sample collection and preservation

The 70 fish samples were collected at 09.00 am -
1.00 pm from ex-tin mining pits and a river using nets
with mesh size of about 0.4 mm. Fresh individuals
were placed in the labeled plastics bottle filled with
40% formalin. For permanent preservation, the sam-
ples were preserved with absolute ethanol. In the
laboratory, the morphometric characters were meas-
ured by a ruler with an accuracy of 0.5 mm.

Map Of Research Stations.
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Figure 1. Map of research stations. Station A and
Station B were pits with age < 5 years, Station C and
Station D (5-15 years), Station E and Station F (15-25
years), Station G (25-50 years), Station H (50-100
years), Station | and Station J (> 100 years), while
Station K was Limbung River Stream.

Figure 2. Waters condition of research stations, (a) Station A and (b) Station B were pits with age < 5 years;
(c) Station C and (d) Station D (5-15 years); (e) Station E and (f) Station F (15-25 years); (g) Station G (25-50
years); (h) Station H (50-100 years); (i) Station | and (j) Station J (> 100 years); and (k) Station K was Limbung

River Stream (private documentations).
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Morphometric measurement

Fish morphology was measured using truss
network measurement. Truss morphometric was used
to measure 29 diagonal distances among truss points
and the truss characteristics encoded from Al to D5
(Figure 3), while the description of each truss
characteristics is presented in Table 2. The truss
morphometric characters were analyzed using the
Kruskal-Wallis test in SPSS Program version 25 to
know significant differences of truss characters
among individuals collected at different habitats.

Dunn's test was used for the post hoc of Kruskal-
Wallis.

Figure 3. The truss network characteristics of Kepala
Timah fish (Apocheilus panchax) (private documen-
tations).

Table 1. Truss characteristics of Kepala Timah fish (A. panchax) and their descriptions

Part of Body Code Descriptions
Head Al(1to2) distance between the snout or premaxilla and the pelvic maxilla (lower jaw)
A2 (1t03) distance between the snout and dorsal maxilla or anterior eye diameter (upper
jaw)
A3 (1to4) distance between the snout and the pelvic operculum
A4 (1to5) distance between the snout and the dorsal operculum
A5 (2t0 3) distance between pelvic maxilla and dorsal maxilla or anterior eye diameter
A6 (2to 4) distance between the pelvic maxilla and the pelvic operculum
A7 (210 5) distance between the pelvic maxilla and the dorsal operculum
A8 (3to 4) distance between the dorsal maxilla or anterior eye diameter and the pelvic
operculum
A9 (3to 5) distance between the dorsal maxilla or anterior eye diameter and the dorsal
operculum
Al10 (4to5)  distance between the pelvic operculum to the dorsal operculum
Anterior Body  B1 (4 to 6) distance between the pelvic operculum and lower body-pectoral fin
B2 (4t07) distance between the pelvic operculum and the anterior dorsal fin
B3 (5t0 6) distance between the dorsal operculum and lower body-pectoral fin
B4 (5t07) distance between the dorsal operculum and the anterior dorsal fin
B5 (5 to 8) distance between the dorsal operculum and ventral or pelvic fin
B6 (6 to 8) distance between the lower body-pectoral fin and ventral or pelvic fin
B7 (710 8) distance between the anterior dorsal fin and ventral or pelvic fin
Posterior Body C1(7t09) distance between the anterior dorsal fin and anterior anal fin
C2(7to10)  distance between the anterior and the posterior dorsal fin
C3(7to11)  distance between the anterior dorsal fin and posterior anal fin
C4 (8to 10)  distance between the ventral or pelvic fin and the posterior dorsal fin
C5(9to10)  distance between the anterior anal fin and the posterior dorsal fin
C6 (9to11)  distance between anterior and posterior anal fin

C7 (10t 11)

distance between the posterior dorsal fin and rear anal fin

Caudal
Peduncle

D1 (10 to 12)
D2 (10 to 13)
D3 (11 to 12)
D4 (11 to 13)
D5 (12 to 13)

distance between the posterior dorsal fin and pelvic-posterior caudal peduncle
distance between the posterior dorsal fin and dorsal-posterior caudal peduncle
distance between the posterior anal fin and pelvic-posterior caudal peduncle
distance between the posterior anal fin and dorsal-posterior caudal peduncle
the caudal peduncles’ height

RESULTS AND DISCUSSION

The general morphology of Kkillifish collected
from different aged ex-tin mining pits and river is

shown in Figure 4.-General-morphelogy—ofkillifish

river-is—shown-in—Figure—4. It can be realized from
Figure 4 that killifish individuals collected at the dif-

ferent ecosystems showed different colorations. Killi-
fish individuals live in abandoned tin mining pits
(Figure 4a-d) have brighter colors than fish in the
river (Figure 4e). It can also be seen in Figure 4 that
among different pits ages, Killifish individual shows
different body color. Nevertheless, body-color
brightness does not correlate with pits ages. It is
shown in Figure 4b that killifish collected from older
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than 5 to15 years old pits has the brightest body color
and more colorful than individuals collected in less
than one to 5 years and older than 15 years pits (Fig-
ure 4a, 4c, and 4d).

Figure 4. General morphology of Kkillifish collected
from different habitats. (a) pits with age of < 5 years,
(b) pits with age of 5-15 years, (c) pits with age of
15-25 years, (d) pits with age of 25-50 years, (e)
Limbung River.

It is suggested that morphological differences
among individuals of Killifish live in different habi-
tats is because of differences in ecological factors
among the habitats. That argument rose based on the
fact that sampling locations have distinct environ-
mental parameters (Table 3). According to Nguyen et
al. (2017), ecological factors might affect fish geno-
type, and according to Baillie et al. (2016) and Endo
and Watanabe (2020), ecological characteristics have
a further effect on fish morphology. Other studies
also proved that fish live in different habitats show
variable morphologies, and in extreme condition
might form different ecotypes (Rajeswari et al.,
2017).

Truss analysis was a measurement based on the
ratio of truss character with head length or standard
length. According to Paknejad et al. (2014), the truss
morphometric network study effectively provides
information about an organism's shape. It can de-
scribe the body shape of the fish more properly. Truss
morphometric is a reliable method for morphological
differentiation among fish samples. Therefore, it is
expected that truss morphometric analysis could dif-
ferentiate killifish collected from different habitats,
such as among different aged ex-tin mining pits and
between ex-tin mining pit habitats as closed waters
with the river as open waters. The results of Dunn's
test among truss morphometric characters of killifish
from different habitats are presented in Table 2.

As can be seen in Table 2, that almost all of the
truss characters of killifish showed significant differ-
ences (p-value < 0.05) among habitats, except on four
characters (D1, D2, D4, and D5) that are parts of the
caudal peduncle. These four characters indicated that

the caudal peduncle could not differentiate among
individuals collected at different habitats. The other
parts of the blue panchax fish's body showed
significant differences based on the Kruskal-Wallis
test. Dunn's test showed that some of these truss
characters showed a positive correlation between
different locations (adj. sig. < 0.05). The truss
characters of Al, A5, B3, B7, C1, C2, C3, and C5
only showed the differences between ex-tin mining
pits with different ages chronosequence. The truss
characters of A2, A3, A4, A6, A7, A8, A9, Al0, B1,
B2, B4, B5, B6, C4, C6, C7, and D3 described the
differences among pits with different ages and also
between pits as closed water and the river as
representative of open water.

The differences in morphometric among killifish
can be caused by habitat characteristics where they
live. They might differ in biotic and abiotic factors
such as food availability, salinity, temperature, radia-
tion, water depth, current flow, and other environ-
mental factors that can affect the morphometric of the
fish in each location (Sen et al., 2011; Kashefi et al.,
2012; Muchlisin, 2013). Besides, the condition of ex-
tin mining pits as closed water containing many ele-
ments such as metals and heavy metals (Kurniawan,
2017; Kurniawan et al., 2019) might contribute to the
metabolism process impacted to morphometric char-
acters of fish. It can happen in Bangka Island rivers
too that the contamination of elements contributed to
biological activity and morphometric characters of
organisms in the waters. According to Lestari et al.
(2018), human activities directly affecting rivers’
water quality and freshwater fish diversity. According
to Nuryanto et al. (2012) and Nuryanto et al. (2015),
the existence of fish in rivers could be due to the dif-
ferent Physico-chemical characters of the rivers, es-
pecially its dissolved oxygen, carbon dioxide level,
temperature, acidity (pH), substrates, organic and
inorganic materials, water volume, the width of the
river, and geology factor. These factors will naturally
gradually change the microhabitat and impact of
fish's diversity and characteristics in the river. Ac-
cording to Sari and Zakaria (2017), physical aspects
(e.g., temperature), chemical factors (e.g., dissolved
oxygen and acidity of the water), and biological fac-
tors (e.g., amount and type of food or food availabil-
ity) can influence morphology and sexuality of fish.

Therefore, the differences in ecological character-
istics can affect morphological characteristics (Baillie
et al., 2016; Endo and Watanabe, 2020). Habitat vari-
ation affecting fish’s community structures and pre-
vious studies had proven a positive correlation be-
tween fish morphology and their environment (Ge-
brekiros, 2016). The correlation between ecological
parameters and morphological characters explains
that the water quality, especially pH value in ex-tin
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mining pits or river, can influence the morphometric  pits with age between 25 and 50 years old was neu-
standard and truss characters where the low water tral. The neutral pH can support biological life such
quality can inhibit the fish growth. These conditions  as, plankton, and improves the physicochemical pa-
can be seen in ex-tin mining pits that pits with age  rameters, which in turn could promote fish's growth.
ranged between 1 and 5 years old was acidic, while

Table 2. The results of the Kruskal-Wallis test and Dunn’s test of truss characteristics

Truss n Sig. of  Kruskal-Pairwise comparison from different research stations

Parameters Wallis Test (adj. sig < 0.05 of Dunn’s Test)***

Al* 0.35840.000 A-E (.009); A-F (.013); E-G (.016); F-G (.026)

A2* 0.30940.000 D-G (.038); E-F (.010); E-G (.038); E-K (.000); F-G (.005); G-K (.000)

A3* 0.68990.000 A-F (.001); A-K (.008); C-F (.002); C-K (.018); E-F (.000); E-K (.001);
D-F (.025)

A4* 0.93930.000 A-D (.018); A-E (.005); A-G (.000); B-G (.010); E-K (.034); F-G
(.002); G-K (.000)

A5* 0.30310.000 D-E (.001); D-F (.000)

A6* 0.34400.000 A-F (.036); C-F (.001); C-K (.006); E-F (.000); E-G (.035); E-K (.001);
D-F (.040)

AT* 0.41990.000 A-F (.028); A-G (.000); B-G (.000); C-G (.012); D-G (.001); E-G
(.001); G-K (.018)

AB* 0.53140.000 D-E (.024); D-F (.030); D-K (.003)

A9* 0.66870.000 A-F (.001); B-F (.025); D-F (.001); D-K (.020); E-F (.000); E-K (.008)

Al10* 0.62960.000 D-G (.006); D-K (.001); E-F (.016); E-G (.000); E-K (.000)

B1* 0.13160.002 D-K (.042)

B2* 0.62570.000 A-E (.010); A-K (.000); B-E (.036); B-K (.000); C-K (.000); D-K
(.046); G-K (.008)

B3* 0.18860.000 A-G (.024); D-G (.001); E-G (.008); F-G (.014)

B4* 0.56360.001 C-K (.021); F-K (.002)

B5* 0.29230.003 G-K (.044)

B6* 0.17910.000 A-D (.024); B-D (.027); C-G (.003); D-E (.002); D-F (.028); D-G
(.000); G-K (.002)

B7* 0.40530.002 E-F (.000)

C1* 0.27760.000 A-C (.005); A-G (.002); C-D (.046); D-G (.014)

c2* 0.07010.000 A-G (.001); B-G (.001); D-G (.008)

C3* 0.29500.000 A-C (.021); A-G (.002); D-G (.009); E-G (.042)

C4* 0.44100.000 D-F (.042); E-F (.030); E-G (.036); F-K (.008); G-K (.010)

C5* 0.31200.000 A-G (.009); C-D (.043); C-E (.031); D-G (.001); E-G (.001)

Cc6* 0.24400.000 A-G (.001); A-K (.000); C-G (.037); C-K (.014); D-G (.013); D-K
(.004); E-G (.049); E-K (.019)

C7* 0.14210.000 A-G (.022); B-G (.005); C-G (.009); D-G (.002); E-G (.016); G-K
(.001)

D1** 0.17340.099

D2** 0.12940.206

D3* 0.15860.026 B-K (.004)

D4** 0.21110.557

D5** 0.12640.160

*= sig. < 0.05 means significant differences of the parameters by Kruskal-Wallis test, and then they were con-
tinued to post hoc analysis with Dunn’s test

**=sig. > 0.05 means no significant differences of the parameters by Kruskal-Wallis test, and then they weren't
continued to post hoc analysis with Dunn’s test

***=pairwise comparisons of pits with adj. sig. < 0.05 of Dunn’s test means the significant differences of two
pits for each truss parameter. The Bonferroni correction for multiple tests has adjusted the significance value.

Killifish body length differences among pits with  quality in ex-tin mining pits is pH value, where pit
chronosequence ages are positively correlated with  with age of < 10 years has an acidic condition with a
the pits' water quality. The first indicator of water  pH value of about 3 (Kurniawan et al., 2019). The
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acidification of habitat due to anthropogenic activities
can impact the biological and ecological processes
(Kleinhappel et al., 2019). In acidic conditions, the
biological activity such as plankton growth can be
inhibited, causing plankton's appearance in the habitat
to be minimum. The acidification in freshwaters re-
duces species' richness in general, including plankton,
and it has negative consequences for aquatic organ-
isms such as fish (Rychta et al., 2011; Hasler et al.,
2018). The presence of plankton as nutrition for fish
was significant for their growth, so directly and indi-
rectly, the intensity of sunlight and pH value contrib-
uted to blue panchax fish's morphometric characters.

The low pH value directly can influence the me-
tabolism of fish. Some study explained that the low
pH value of acidic condition contribute to metabolism
changes and inhibition of growth. According to Mota
et al. (2018), fish exposure to acidic media experienc-
ing various adverse effects, either on physiological
and cytological conditions of fishes. Moreover, ac-
cording to Srineetha et al. (2013) and Kwong et al.
(2014), physiological impact of acidic environment
includes ionocytes fluctuation, white blood cell pro-
duction, and increases mucus production. Further
impacts of low pH are increasing blood viscosity and
affecting fish respiration through lowering total and
rate of oxygen intake by fish.

The correlation between low pH and reducing
growth and feed intake metabolism could impact
growth, appetite, food conversion efficiency, a dis-
ruption to physiological homeostasis, blood acidosis,
and blood plasma pH (Abbink et al., 2012; Kennedy
and Picard, 2012). This condition impacted the mor-
phometric characters of killifish in ex-tin mining pits,
especially in pits with age < 5 years with low pH
value. The acidic conditions of ex-tin mining pits,
especially in pits with age < 5 years, caused this eco-
system not to have any biological life, organic sub-
stance, and nutrition to support the blue panchax fish

maximum life and its growth. For a long time that
more than 15 years, the chronosequence effect in ex-
tin mining pits caused the pH value to change to nor-
mal conditions (pH 7). The change of pH of chrono-
sequence impacted the other changes such as DO,
BOD, C-organic, total nitrogen, total phosphate, and
others (Kurniawan et al., 2019). The consequence of
changes can cause an increase in biological life, ac-
tivity, and nutrition. The existence of biological sub-
stances can be the fundamental factor in supporting
the blue panchax fish's life besides the chemical and
physical aspects of water quality. Therefore, it is rea-
sonable if this study observed that killifish inhabit
less than 5 years old ex-tin mining pits have the
shortest body length and body length tend to increase
related to pits ages with the longest fish body was
reach at pits ages between 25 and 50 years old.

Killifish were not found in ex-tin mining pits with
age > 50 years. That condition contradicted the re-
port by Raja et al. (2015) and Karuppaiah dan
Ramesh (2016) that the members of Aplocheilidae
could live in a broad range of water quality (Table 3).
Simultaneously, ex-tin mining pits older than 50
years have some water quality parameters within
ranges values reported by both groups of researchers.
It is suggested that the other ecological factors in ex-
tin mining pits with age > 50 years have influenced
the existence of killifish in these habitats. It has been
reported by Mustikasari et al. (2020) that the presence
of killifish in ex-tin mining pits was strongly related
to water quality.

Metal and heavy metal content in water could ac-
cumulate on fish tissue and organs through serial food
chains (Rajeshkumar and Li, 2018; Kurniawan and
Mustikasari, 2019). Heavy metal accumulation might
disturb fish metabolism and —inhibits fish growth.
Under extreme conditions the accumulation of heavy
metals in fishs’ organs can cause mortality (Afshan et
al., 2014).

Table 3. Water quality of habitat for Family Aplocheilidae

Parameters Value

(@) (b) (©) (d) (e) (U) (9)
Temperature (°C) 21-25 25-28 26-30 28-30 25-32 30-32 19-32
pH 6.8-75 7.1-78 75-79 73-7.9 7.3-8.1 7.5-8.1 7.0-9.23
DO (mg.I*Y) 48-116 4.1-64 3.0-3.8 2.0-3.8 0.2-0.3 0.2-0.3 0.02-14.4
COD (mg.I") 9-13 12-62  110-150 100-150 160-250 173-299  12.6-71.2
BOD (mg.I") 3.5-12.2 9.5-16.8 96-338 110-338  53-300 45-300  0.01-10.16
Hardness (mg.l?) 33-98 - - - - - 34-356
Alkalinity (mg.I") 18-77  4.1-6.4 2.0-38 3.0-3.9 1.1-2 1.1-2.9 120-360
Conductivity (mhos.cm™)  42-88  108-270 250-329 280-2000 850-2900 950-2900 240-1560
Turbidity (NTU) - 14-22 16-25 21-30 26-32 29-32 -
TDS (ppm) - - - - - - 135-1451.6

Sources: (a) Reservoir Bhavanisagar, Tamil Nadu, India (Raja et al., 2015); (b) Dam Viagra, (c) Anaipatti Riv-
er, (d) Solavandhan River, (e) Arapalaiyam River, (f) Anna Nagar River, India (Karuppaiah dan Ramesh,

2016); (g) Mysore Wetland, India (Prasad et al., 2009).
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Previous studies have shown that fish morphology
was affected by habitat characteristics (Baillie et al.,
2016; Endo and Watanabe, 2020). Habitat character-
istics might cause specific of body shape and colora-
tion in fish (Rajeswari et al., 2017). However, there is
no study assessing morphological variation in the
abandoned ex-tin mining pits. Previous studies by
Mustikasari et al. (2020) and Kurniawan et al. (2019)
were only discussing blue panchax in the abandoned
ex-tin mining pits and its ecological factors. There-
fore, this study provides the first data about the mor-
phological variation of blue panchax live in different
aged ex-tin mining pits and river in Bangka Island.
The data is vital for the management of the further
utilization of ex-tin mining pits in the areas. In a
broader sense, this study provides a scientific basis
that variable sizes and colors of fish production can
be obtained through ecological manipulations.

CONCLUSION

It can be concluded that blue panchax fish collect-
ed from different ex-tin mining pits and Limbung
River showed morphological variation. The variations
are positively related to the ecological characteristics
of each habitat.
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