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Abstract: Mastacembelus sp., a member of the Mastacembelidae family, is
distributed across Java, Sumatera, and Kalimantan. Mastacembelus, locally
named berod fish in the Brantas River lacks population’s descriptions and
morphological analyses. Morphological analyses, including morphometric
and meristic descriptions, are important for precise identification and
classification of kinship relationships, serving as a cornerstone in the fields of
biology, taxonomy, and conservation. This study aimed to conduct a
comprehensive morphometric and meristic identification of the berod fish
population in the Brantas River, East Java. A total of 37 samples were collected
from 6 different locations: Blitar, Tulungagung, Kediril, Kediri2, Nganjuk,
and Mojokerto. The morphometric measurements were based on 25
characters, while the meristic calculations were based on 6 characters. The
data analyzed with PCA and CA using SPSS and PAST programs. The results
revealed that berod fish in the Brantas River had morphological characters
belongs to the Mastacembelus unicolor. However, notable disparities were
observed in meristic characters, particularly in the Dorsal Fin Spines (DFS).
PCA analysis showed significant differences in morphometric characters but
not supported by meristic characters. These results underscore the importance
of integration both morphological and meristic analyses for a comprehensive
understanding of the berod fish population.
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on interspecific disparities, detailed depiction on
morphological diversities among populations or species,
and an effective classification method of kinship
relationships (Mahfuj et al, 2019). Morphological

Introduction

Meristic and morphometric measurements have
been used to identify species and determine

morphological differentiation of fish populations in
recent years. Morphometric characters play an
important role in stock structure studies, as long-term
geographic isolation leading to unusual breeding
pattern that resulting changes in fish body shapes.
Morphometric analysis provides precise identification
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analysis can be relied upon to provide statistical
evidence of differences in form and important in
distinguishing between two species due to its ability to
assess physical characteristics and structural traits
unique to each species (Cakmak et al., 2010). By
examining morphological features such as body shape,
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size, coloration, fin configuration ns, and other external
attributes, it can discern subtle but significant
differences that exist between species (Petrellis, 2021).
These morphological disparities often reflect underlying
genetic variations and adaptations to specific ecological
niches or environmental conditions (Wilson et al., 2021).
Furthermore, morphological analysis enables the
establishment of diagnostic features serve as reliable
identifiers, facilitating accurate species identification
even in cases where genetic or molecular analysis data
may be unavailable or inconclusive (Astuti et al., 2022;
Littman et al., 2021). Additionally, morphological
analysis contribute to the taxonomic classification of
organisms, aiding in the development of comprehensive
species descriptions and classification systems.

The Mastacembelidae family of spiny eels is
distributed throughout Indonesia, including Java,
Sumatera and Kalimantan. Within Java Island, two
genera, Macrognathus and Mastacembelus, have been
recorded. Among these, Macrognathus aculeatus and
Mastacembelus unicolor have been identified (Kottelat et
al., 1993; Kusuma et al, 2023). Within East Java,
Mastacembelus genus can be found in major river systems
like the Brantas River with the local name berod fish.
However, this genus has not yet been thoroughly
studied morphologically and meristically. The study of
morphological characters is the basic data of a
comprehensive species identification and is a
prerequisite needed in providing information for stock
assessment (Kusrini et al, 2009). Morphological
disparities serve as potential indicators of genetic
variance or kinship associations among fish populations,
thus offering valuable insights for the development of
effective aquatic resource management strategies (Astuti
et al., 2021; Irmawati, 2016).
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The importance of morphological analysis push
this research especially for Mastacembelus genus or berod
fish. The purpose of this study was to identify the
meristic and morphometric characters of berod fish
(Mastacembelus sp.) and determine the morphological
differences between populations in the Brantas River.
Overall, the rigorous application of morphological
analysis provides a fundamental framework for species
identification and classification, serving as a cornerstone
in biological research, taxonomic study, conservation
efforts, and ecosystem management.

Method

I Specimen Collection I
¥

| Morphometric and meristic analysis |

Data Analysis

Figure 1. Research flowchart

Specimen Collection

Specimen collection was conducted by purposive
random sampling in the Brantas River, East Java. 37 fish
were captured across six distinct locations: Blitar/BTR
(n=5), Tulungagung/TLG (n=3), Kediri 1/KD1 (n=9),
Kediri 2/KD2 (n=10), Nganjuk/NGA (n=5), and
Mojokerto/MJK (n=5) (Fig. 1), using both bubu traps
and fishing rods. Samples were obtained alive and dead.
Samples obtained alive were euthanized using the
method of Wilson et al. (2009) with rapid cooling. The
cooling process is carried out using ice cubes, while dead
samples are immediately preserved using 96% ethanol
and then taken to the laboratory for further analysis.
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Figure 2. A map shows sampling locality of M. unicolor, the line with blue color indicates Brantas River
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Morphometric and Meristic Analysis

Morphological analysis encompassed
morphometric measurements and meristic calculations.
Morphological identification refers to Kottelat et al.
(1993) with subsequent morphometric measurements
involving assessment of 25 distinct characters in each
sample. Measurements were conducted using precise
tools including a digital caliper (accuracy: 0.01 mm) and
a ruler (accuracy: 0.1 mm). Morphometric character
measurements of the Mastacembelus genus refer to
Cakmak et al. (2010), Plamoottil et al. (2013), Mahfuj et
al. (2019) and Rashid et al. (2019) which have been
modified. Morphometric measurements include total
length (TL), body depth (BD), body width (BW), pectoral
fin length (PFL), height of soft dorsal fin (HSD), height
of dorsal spine (HDS), height of soft anal fin (HSA),
height of anal spine (HAS), caudal fin length (CL), dorsal
spine base length (DSB), dorsal fin base length (DFB),
anal spine base length (ASB), anal fin base length (AFB),
pectoral fin base (PFB), pre dorsal length (PDL), pre anal
length (PAL), upper jaw length (UJL), lower jaw length
(LJL), width of gape of mouth (WGM), head length (HL),
head depth (HD), head width (HW), eye diameter (ED),
and inter orbital width (IO) (Figure 3A). Meristic
characteristics represent the count of elements within
distinct segments of the fish’s body. Measurement of
meristic characteristics is based on Plamoottil and
Abraham (2013) and Gholamhosseini et al. (2022) which
have been modified. A total of six meristic characters
were counted  included dorsal fin spines (DFS), dorsal
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fin rays (DFR), anal fin spines (AFS), anal fin rays (AFR),
pectoral fin rays (PFR), caudal fin rays (CFR) (Fig 3B).

Data Analysis

Morphological ~ data  analysis  refers to
Gholamhosseini et al. (2022). Measurement of meristic
characters yield directly usable data as they are
independent of the fish’s size. The data from
morphometric measurements undergo standardization
initially. This involves dividing the results of
morphometric  measurements  (excluding head
characters) by either the total length (TL) or standard
length (SL) and then multiplying by 100%. Conversely,
for head characters, the data is divided by head length
(HL) and multiplied by 100%. This process ensures the
attainment of the ratio for each character. This step was
taken to eliminate the effect of variation in fish size or
age. Gelsano et al. (2022) explained that the
standardization aimed to wunderstand how the
relationship is between each body parts of different
sexes. The differences of the standardization result also
can explain that as the fish grow, morphometric
characters may grow symmetrically. To identify the
pattern of diversity between populations, the principal
component analysis (PCA) method was used, followed
by cluster analysis (CA) to determine the grouping of
each population and see how far the differences and
morphological similarities between populations. PCA
and CA analyses were conducted using the Statistical
Package for Social Science (SPSS) and PAleontological
STatistics (PAST) programs.
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Figure 3. Morphological analysis of berod fish. A) morphometric measurement, and B) meristic calculation
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Result and Discussion

The morphological analysis, encompassing color
patterns and specific characteristics, as referenced in
Kottelat et al. (1993), provides distinctive features for the
specimen. The acquired berod fish exhibits an elongated
body with a rounded tail, has spines along the dorsal fin
and there is a row of short spines in front of the anal fin
(Fig. 4). This fish does not have a ventral fin but
possesses a snout adorned with two fimbriae located
anterior to the mouth (Fig. 5A), dorsal and anal fins
seamlessly connected to the tail, accompanied by small
spines adorning the preopercular operculum (Fig. 5B),
has a blackish brown color on the head and body and
brownish-white on the abdomen, has a rounded pattern
without any red lines (Fig. 6).

Mastacembelidae is freshwater fishes with
anguilliform body. Mastacembelidae has unique
characteristic in the rostral and the gill opening. They
have two tubular anterior nostrils on the left and right
side of the rostral, while the gill opening is reducted
because of the opercular membrane is connected to the
body’s lateral wall (Vreven, 2005; Ng et al., 2020).
Morphological analyses of the specimens in this study is
in accordance with Sudarto (2010) who explained that
Mastacembelus fish, a member of mastacembelidae
generally have long bodies with flat tails and rows of
small spines along the back, precisely in front of the
dorsal fin rays. This fish does not have pelvic fins, but
has an elongated snout like a trunk with nostrils located
on the side (Sudarto, 2010).

There are three species of Mastacembelus in
Indonesia, including Mastacembelus  erythrotaenia,
Mastacembelus notophtalmus and Mastacembelus unicolor.
M. erythrotaenia has a red band on the head (yellow or
white when dead), has 1-15 caudal fin fingers, connected
dorsal fins and anal fins. M. notophtalmus has an upright
dark band under the eye and M. unicolor has caudal fin
spokes 19-21 that are slightly separated from the dorsal
and anal fins with no red band (Kottelat et al., 1993;
Dahruddin et al., 2016). The Mastacembelus in Indonesia
compared to the berod fish in the Brantas River can be
seen in Fig 6. The berod fish in the Brantas River based
on Fig 6, morphologically has many similarities with the
M. unicolor described by Kottelat et al. (1993). M. unicolor
has a special characteristic: the absence of red bands,
along with caudal fins slightly set apart from the dorsal
and anal fins. Therefore, based on morphological
characteristics, the specimen found in the Brantas River
are classified as M. unicolor. M. unicolor fish can reach a
size of 1 meter in accordance with Vreven's statement
(2005) which explains that the Mastacembelus genus can
reach a maximum length of 1 meter.

November 2024, Volume 10, Issue 11, 9690-9699

ks - - .
Figure 5. Morphology of Berod fish. (A) Fimbriae, (B)
Preopercle spines

Figure 6. The spiny eel Mastacembelus genus in Indonesia,
(A) M. erythrotaenia (Duong et al., 2020), (B) M. notophtalmus
(Hasan et al., 2023), (C) M. unicolor (Dahruddin et al., 2016)

Meristic  identification was carried out by
calculating several characters of Berod fish. The results
of meristic calculations of all samples are similar to M.
unicolor but there are discrepancies in dorsal fin spines
(DFS) (Table 1). Berod fish in the Brantas River have DFS
XXXII-XXXIV, DER 79-81, AFS1II, AFR 71-79, PFR 18-21,
CFR 19-21, while Kottelat et al. (1993) described M.
unicolor fish as having DFS XXXIV-XXXV, DFR 79-90;
AFS 1II, AFR 73-86; CFR 19-21. Broadly speaking, the
observation of meristic characters shows that Berod fish
belongs to the M. unicolor species although there are
deviations in DFS. Berod fish has a DFS of 32 - 34, while
M. unicolor has a DFS of 34 - 35. The difference in DFS is
thought to be caused by pollution or as a form of
adaptation to environmental changes for a long time.
The differences in dorsal fin spines among fish
populations also can be attributed to a variety of factors,
including genetic variation, environmental influences,
and evolutionary adaptations (Caiger et al.,, 2021).

Environmental conditions such as water temperature,
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pH levels, food availability, and habitat structure can
influence the development of dorsal fin spines (Astuti et
al, 2020; Francis, 2013). Fish living in different
environments may experience varying selective
pressures that favor certain traits, including differences
in morphology (Wiadnya et al., 2023; Gomes et al., 2008).
Another pressure is about predation. Predation can play
a significant role in shaping the morphology of fish,
including the dorsal fin spines. Populations facing
different levels of types of predation may evolve

Table 1. Meristic Measurements of Berod Fish

November 2024, Volume 10, Issue 11, 9690-9699

different spine structures as adaptations for defense or
predator avoidance. Human activities such as pollution,
habitat destruction, overfishing, and introduction of
invasive species can disrupt natural selection pressure
and genetic flow among fish populations, potentially
leading to differences in dorsal fin spines over time
(Astuti et al., 2023; Fulton et al., 2013). The results of
meristic calculations of berod in the Brantas River can be
seen in Table 1.

Blitar (n=5)

Tulungagung (n=3)

Kediri1l (n=9)

Kediri 2 (n=10)

Nganjuk (n=5) Mojokerto

(n=5)

DFS
DFR
AFS
AFR
PFR
CFR

32-34
79

3

73

18

19

32-33
79

3

73
18-19
19-20

32-33
79-81

3
73-75
18-21
19-21

32-33
79-80

3
73-79
18-20
18-21

32-33
79-81

3
73-75
18-20
19-21

33-34
79-80
3
73-76
19-21
19

Meristic characters were subjected to PCA to
classify correlated data into several independent groups.
This analytical approach is used to determine size and
shape variations among populations based on meristic
characters, with the outcomes visualized through
scattergrams,  simplifying the planning and
determination of group number (Aryantojati et al.,
2022). PCA analysis refers to AnvariFar et al. (2011) and
Gholamhosseini et al. (2022). The PCA results on
meristic characters have 2 factors with eigenvalues > 1
which explained 71% of the component variation. PC 1
accounted for 41% of the variation, and PC 2 explained
30%. Notably, in PC 1, PFR exhibited the most significant
loading at 0.8, followed by AFR at 0.5. Conversely, in PC
2, AFR held the highest loading at 0.8 Lombarte et al.
(2012), highlighted that loadings exceeding 0.30 are
deemed significant.

Table 2. Meristic characters of Berod fish compared to
Mastacembelus in Kottelat et al. (1993)

Berod M. M. M.

fish  unicolor erythrotaenia  notophthalmus

DFS 32-34 34-35 32-35 37 -39
DFR 79 - 81 79 -90 68 - 76 73 - 86
AFS 3 3 3 3
AFR 73 -76 73 - 86 68-73 69 -85
CFR 19 -21 19-21 14 -15 -

PC 1 and PC 2 scores were visualized to produce a
scatter plot that overlapped and separated among the 6
populations (Fig. 7B). These results indicate that not all
individuals have meristic similarities. The overlapping
results explain the presence of individuals with similar
meristic characters  and the scattered results indicate
the difference in meristic between one individual and
another.

(A)

Component 2
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Figure 7. Scatter plot meristic and morphometric berod fish
(A) Scatter plot of morphometric in six population
representing 71% of the data variation, (B) Scatter plot of
meristic in six population representing 84,1% of the data
variation

The meristic characters underwent cluster analysis
to elucidate the relationships between individuals (Fig.
8A). Cluster analysis uses the Euclidean distance
algorithm with the unweighted pair group method with
arithmetic mean (UPGMA) to show the clustering
algorithm among species (Rahman et al., 2022). Cluster
Analysis used to generate dendrogram illustrating the
morphological relationships among fish based on both
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morphological and morphometric characters (Mwita,
2005). This is indicated by almost all individuals
spreading and not clustering in each location.

Morphometric characters

The total length (TL) of Berod fish in the Brantas
River was 21.3 - 57.3 cm. Blitar specimens ranged from
21.3 to 26.3 cm; Tulungagung specimens ranged from
26.3 to 38.5 cm; Kediri 1 specimens ranged from 21.3 to
37.8 cm; Kediri 2 ranged from 24.6 to 39.7 cm; Nganjuk
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specimens ranged from 25.8 to 57.3 cm and Mojokerto
specimens ranged from 292 to 425 cm. The
identification results obtained the mean and standard
deviation in Table 3, then statistically tested using
ANOVA on 25 characters resulted in four characters that
have a significant effect (sig <0.05) namely on SL, BD,
PFL, and HDS. The PCA results on morphometric
characters have 2 factors with eigenvalues >1 which
explained 84.1% of the component variation (Fig. 8A).
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Figure 8. Cluster analysis using the UPGMA method (A) meristic characters, (B) morphometric characters

PC 1 explains the proportion of variation by 52.34%
and PC 2 explains the proportion of variation by 31.77%
with the value of the first main component (PC1) and the
second main component (PC2) showing positive results.
Positive values on SL, BD, PFL, and HDS characters
indicate that these characters can be used as
distinguishing characters in the Berod fish population.
Aryantojati et al. (2022) explained the results of principal
component analysis obtained positive and negative
values. A positive value indicates that the character can

be used as a distinguishing character between
populations. The most significant loading in PC 1 is SL
with a value of 0.5 and BD has a value of 0.5 while in PC
2 is PFL with a value of 0.5 and HDS 0.5. Values greater
than 0.30 are considered significant, 0.40 is more
important, and 0.50 or greater is highly significant
(AnvariFar et al., 2011). PC 1 and PC 2 scores were then
visualized resulting in clearly separated scatter plots
across six populations (Fig. 7B). The separate scatter
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plots indicate that there are variations in characters in
each of the observed individuals.

Cluster analysis was also conducted to determine
the relationship between individuals. Cluster analysis
using the Euclidean distance algorithm with the
unweighted pair group method with arithmetic mean
(UPGMA). UPGMA results of morphometric characters
are the same as meristic characters. Berod fish at all
location not clustered at each location, so that between
one individual and another individual at the same
location does not have a close kinship relationship (Fig.
8B).

November 2024, Volume 10, Issue 11, 9690-9699

Species grouping using UPGMA has been carried
out on fish of the Cobitis genus (Cobitidae family)
(Mousavi-Sabet et al., 2013) and subfamily Barbinae
(Gupta et al., 2018). UPGMA is proven to be able to
separate a population under study based on
morphological characteristics, so that based on the
results of UPGMA on meristic and morphometric
characters, significant differences are found in each
individual in one location and tend to cluster in
individuals in other locations.

Table 3. Mean and Standard Deviation of Morphometric Measurements of Berod Fish

BTR TLG KD1 KD2 NGA MJK

(n=5) (n=3) (n=9) (n=10) (n=5) (n=5)

X+SD X+SD X+SD X+SD X+SD X+SD

TL (cm) 2282 3216.1 28.215.9 34429 414+125 374 45
SL 11.740.6 10.7£0.7 11.241.2 12.6x1.4 10.1+1 12,941
BD/SL 6.7+0.4 7.240.3 6.340.8 7.9+1 6.1+1 8+1.2
BW/SL 4.7+0.5 5204 4.7+0.8 47404 44404 49+04
PFL/SL 29+04 3.240.3 3.740.7 3.9+0.6 42+0.1 41+04
HSD/SL 3.1+0.2 3.3+1.1 3.240.4 3.6+1.4 3.7+0.4 3+0.2
HDS/SL 2.3+0.5 1.840.2 2.940.5 2.8+0.6 2.9+0.5 2.8+0.3
HSA/SL 3.7+0.2 3.340.8 3.7x0.7 3.5+0.5 3.5+0.2 3.3+0.5
HAS/SL 5.7+0.3 5.9+0.4 5.9+0.4 5.3+1.1 5.6+0.4 5.4+0.8
CL/SL 43.8+0.9 43.8+1 43.1+1.1 43.6+1.8 421+1.3 41.5+2.7
DSB/SL 37.9+1.2 37.3+1.6 36.8+1.2 36.8+1.1 37 1.2 37.5%1.5
DFB/SL 4.7+0.2 510.5 4.6+0.5 4.4+0.7 4.6+0.5 43+04
ASB/SL 37.8+1 38.1+0.7 37.2+0.7 37.3+0.7 38.4+2.2 37.8+1.3
AFB/SL 2.540.2 2.2+0.2 2.4+0.3 2.6+0.3 2.4+0.2 2.5+0.2
PFB/SL 64.840.8 64.50.1 64.3£0.7 64.3+1.7 63.5+2.5 63.611.2
PDL/SL 62.8+1.4 64.4+0.2 63.2+1.7 63.2+1.5 62.5+1.7 62.9+1.4
PAL/SL 40.34£3.7 39.7¢2.1 38.2+7.9 39.8+2.6 41.5+4.6 37.7%2.6
HD/HL 272423 28.743.1 26.7+6 26.7+2.7 23.7+1.9 252+1.2
HW/HL 12.142.3 11.4+2.1 10.5+2.7 10.4+1.2 10.2+2.2 9.3+1.1
ED/HL 11.6+1.9 16.9+1.5 13.8+4.6 12.7+¢2.4 11.5+1.7 12.5£0.6
I0/HL 32.6£1.1 37.5+4.7 35.3+8.2 32.5+5.9 35.6+2.8 31.943.5
UJL/HL 224429 22.8+1.1 21.9+4.9 20.4+4.5 22.6+2 17.8+2.4
LJL/HL 15.8+1.7 14.1+1.1 15.5+4.9 13.3+3.2 12.6£3.3 18.243.8
WGM/HL 224429 22.8+1.1 21.9+4.9 20.4+4.5 22.612 17.8+2.4
HD/HL 15.841.7 14.1+1.1 15.5+4.9 13.3+3.2 12.6£3.3 18.243.8

Note: X is mean, SD is standar deviation, and n is total samples

The results of PCA analysis on meristic characters
show overlapping and separate patterns, while on
morphometric characters are clearly separated, so there
are significant differences in morphometric characters
but not supported by meristic characters. The same thing
also happened in the research of Cakmak et al. (2010) on
Mastacembelus mastacembelus in Karakaya Reservoir,
small rivers in Tahoma and Tigris River which showed
differences in morphometric characters not supported
by differences in meristic characters. Each species has
morphological characteristics with special
characteristics that can differentiate one species from
another (Akmal et al., 2018). Organisms have a potential

ability to changes they anatomical traits. This changes
called morphological plasticity or phenotype plasticity.
Morphological plasticity can occurred because of
organisms adaptations due to varying environmental.
Plasticity can be one of the adaptation mechanism to
increase organism survival, performance and cope with
stress (West-Eberhard, 2008).

The differences in morphological characteristics of
each species can be an indication of the fish's habitat and
adaptation style to the environment (Bhagawati et al.,
2013). But, the causes of morphological differences
between populations are often quite difficult to explain,
but it is known that morphometric characters can show
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a high degree of flexibility in response to environmental
conditions  (Wimberger,  2008). = Morphological
differences between different populations are closely
related to differences in habitat factors such as
temperature, turbidity, food availability, water depth
and flow (Allendorf, 1988; Swain et al., 1991; Wimberger,
2008; Kelley et al., 2017). Moyle et al. (1988) stated that
there is often variation in morphological characters
within one species. These variations can be caused by the
development conditions of fish larvae, environmental
factors and food availability. Morphological differences
are also suggested that fish morphological
characteristics are determined by genetics, environment
and the interaction between genetics and environment
(Poulet et al., 2004; Pinheiro et al., 2005; AnvariFar et al.,
2011). In general, morphometric studies have three
benefits, namely: distinguishing between sexes and
species, describing patterns of morphological diversity
between populations or species, and classifying and
inferring phylogenic relationships (Muhotimah et al.,
2013).

Conclusion

The results showed that Berod fish in the Brantas
River had morphological characters belongs to the
species M. unicolor, but there was a discrepancy in the
meristic characters in the dorsal fin spines (DFS).
Meristic and morphometric PCA analysis of berod fish
showed significant differences in morphometric
characters but was not supported by meristic characters.

Acknowledgments
We thank Resang Hanan Siamiaji, Roofi Cahyaningtyas, and
Bekti Ahmad Sejati as laboratory assistants.

Author Contributions
The authors in this research are divided into executor and
advisor.

Funding
This research no external funding

Conflicts of Interest
The author declares no conflict of interest in this research.

References

Akmal, Y., Saifuddin, F., & Zulfahmi, I (2018).
Morphometric Characteristics and Osteological
Study of Keureling Fish. Proceedings of the National
Seminar on Biotics, 1, 579-587.
http:/ /dx.doi.org/10.22373 / pbio.v6i1.4298

Allendorf, F. W. (1988). Conservation biology of fishes.
Conservation Biology, 2(2), 145-148. Retrieved from
https:/ /www jstor.org/stable/2386100

November 2024, Volume 10, Issue 11, 9690-9699

AnvariFar, H., Khyabani, A. Farahmand, H,
Vatandoust, S., AnvariFar, H., & Jahageerdar, S.
(2011). Detection of morphometric differentiation
between isolated up- and downstream populations
of Siah Mahi (Capoeta capoeta gracilis) (Pisces:
Cyprinidae) in the Tajan River (Iran). Hydrobiologia,
673(1), 41-52. https://doi.org/10.1007/s10750-
011-0748-7

Aryantojati, A. F., Murwantoko, & Setyobudi, E. (2022).
Morphometric and Meristic Characterization of
Hairtails = Trichiurus lepturus Linnaeus, 1758
(Scombriformes: Trichiuridae) from the Northern
Coast of Java, Indonesia. Jurnal Ilmiah Perikanan
Dan Kelautan, 14(1), 25-37.
https://doi.org/10.20473 /jipk.v14i1.31443

Astuti, S. S., Hariati, A. M., Kusuma, W. E., & Wiadnya,
D. G. R. (2020). Genetic differences and population
structure of spotted barb (cyprinidae) collected
from three rivers in Java Island. In Journal of
Physics: Conference Series (Vol. 1665, No. 1, p.
012002). IOP Publishing.
https://doi.org/10.1088/1742-
6596,/1665/1/012002

Astuti, S. S., Hariati, A. M., Kusuma, W. E., & Wiadnya,
D. G. R. (2021, May). The Use of tpsDig in Re-
Describing Morphometry of Barbodes binotatus
Caught in Java Island, Indonesia. In IOP Conference
Series: Earth and Environmental Science (Vol. 750,
No. 1, p. 012043). IOP  Publishing.
https://doi.org/10.1088/1755-
1315/750/1/012043

Astuti, S. S., Hariati, A. M., Kusuma, W. E., Wiadnya, D.
G. R. (2022). Morphometric variation among 28
sub-populations of Barbodes binotatus in Indonesia.
Sains Malaysiana. 51(1), 15-26.
http:/ /doi.org/10.17576/jsm-2022-5101-02

Astuti, S. S., Hariati, A. M., Kusuma, W. E., Yuniarti, A.,
Kurniawan, N., Wiadnya, D. G. R. (2023).
Anthropogenic introduction of the Spotted Barb,
Barbodes binotatus, across the Wallace Line in
western Sulawesi, Indonesia. Biodiversitas Journal of
Biological ~ Diversity, 24  (3),  1916-1925.
https:/ /doi.org/10.13057 /biodiv/d240369

Bhagawati, D., Abulias, M., & Amurwanto, A. (2013).
Siluriformes fish fauna from the Serayu, Banjaran
and Tajum Rivers in Banyumas Regency Article
Info. Journal of Mathematics and Natural Sciences,
36(2), 112-122. Retrieved from
http:/ /journal.unnes.ac.id /nju/index.php/JM

Caiger, P. E, Croq, C, & Clements, K. D. (2021).
Environmentally induced morphological variation
in the temperate reef fish, Forsterygion lapillum (F.
Tripterygiidae). Marine Biology, 168(8), 131.
https:/ /doi.org/10.1007 /s00227-021-03939-3

Cakmak, E., & Alp, A. (2010). Morphological differences

9697


https://doi.org/10.20473/jipk.v14i1.31443
https://doi.org/10.13057/biodiv/d240369

Jurnal Penelitian Pendidikan IPA (JPPIPA)

among the mesopotamian spiny eel, Mastacembelus

mastacembelus ~ (Banks &  Solander  1794),
populations. Turkish Journal of Fisheries and Aquatic
Sciences, 10(1), 87-92.

https:/ /doi.org/10.4194/ trjfas.2010.0113

Dahruddin, H., Hutama, A., Busson, F., Sauri, S.,
Hanner, R., Keith, P., Hadiaty, R., & Hubert, N.
(2016). Revisiting the ichthyodiversity of Java and
Bali through DNA barcodes: taxonomic coverage,
identification accuracy, cryptic diversity and
identification of exotic species. Molecular Ecology
Resources, 17(2), 288-299.
https://doi.org/10.1111/1755-0998.12528

Francis, M. (2013). Coastal fishes of New Zealand:
identification, biology and behavior. Craig Potton
Publishing, Nelson.

Fulton, C. ], Binning, S. A.,, Wainwright, P. C, &
Bellwood, D. R. (2013). Wave-induced abiotic
stress shapes phenotypic diversity in a coral reef
fish across a geographical cline. Coral reefs, 32, 685-
689. https:/ /doi.org/10.1007/500338-013-1039-8

Gelsano, M. L., & Demayo, C. G. (2022). Population
variability in Poecilia reticulata based on morphological
character measurements, length-weight and length-

length relationships. Retrieved from
https:/ /www .cabidigitallibrary.org/doi/full/10.
5555/20220265927

Gholamhosseini, A., Razbanian, M., Esmaeili, H. R., &
Eagderi, S. (2022). Molecular systematics and
morphological variation in the Mesopotamian
spiny eel Mastacembelus mastacembelus (Teleostei:
Mastacembelidae). European Zoological Journal,
89(1), 546-555.
https:/ /doi.org/10.1080/24750263.2022.2057604

Gupta, D., Dwivedi, A. K, & Tripathi, M. (2018).
Taxonomic validation of five fish species of
subfamily Barbinae from the Ganga river system of
northern India using traditional and truss analyses.
PLoS ONE, 13(10), 1-21.
https:/ /doi.org/10.1371/journal.pone.0206031

Irmawati. (2016). Population Genetics of Fish.
Yogyakarta: CV. Andi Offset.

Kelley, J. L., Davies, P. M., Collin, S. P., & Grierson, P. F.
(2017). Morphological plasticity in a native
freshwater fish from semiarid Australia in
response to variable water flows. Ecology and
Evolution, 7(16), 6595-6605.
https:/ /doi.org/10.1002/ ece3.3167

Kottelat, M., A. J. Whitten, S. N. Kartikasari, & S.
Wirjoatmodjo. (1993). Freshwater Fishes of
Indonesia, West and Sulawesi. English-Indonesian
Bilingual Edition. Jakarta: CV. Java Books.

Kusrini, E., Hadie, W., Komar, S., & Sudradjat, A. (2009).
Morphometric study of jerbung shrimp
(Fenneropenaeus merguiensis de man) from some

November 2024, Volume 10, Issue 11, 9690-9699

populations in Indonesia. Ris. Akuakultur, 4(1), 15-
21.

Kusuma, W. E., Sufaichusan, I., Fatma, B., & Ayu, H.
(2023). Molecular Identification and Phylogenetic
Position of the Spiny Eels (Mastacembelidae:
Macrognathus) from Brantas River, East Java, based

on mitochondrial DNA COI Gene. Jurnal
Sumberdaya Akuatik Indopasifik, 7(2), 161-174.
Retrieved from

https:/ /ejournalfpikunipa.ac.id/index.php/JSAI
/article/view /308/183

Littman, M. W., Lundberg, J. G., & Rocha, M. S. (2021).
Revison of the South American catfish genus
Hypophthalmus (Siluriformes, Pimelodidae) with
descriptions of two new species from the Amazon
and Orinoco Basins. Academy of Natural Sciences of
Philadelphia, 167(1), 191-243.
https:/ /doi.org/10.1635/053.167.0112.

Lombarte, A., Gordoa, A., Whitfield, A. K., James, N. C,,
& Tuset, V. M. (2012). Ecomorphological analysis
as a complementary tool to detect changes in fish
communities following major perturbations in two
South African estuarine systems. Environmental
Biology of Fishes, 94(4), 601-614.
https:/ /doi.org/10.1007 /s10641-011-9966-0

Mabhfuj, S. E., Khatun, A., Boidya, P., & Samad, A. (2019).
Meristic and morphometric variations of barred
spiny eel Macrognathus pancalus populations
from bangladeshi freshwaters: An insight into
landmark-based truss network system. Ribarstvo,
Croatian  Journal —of  Fisheries, 77(1), 7-18.
https:/ /doi.org/10.2478 / cjf-2019-0002

Muhotimah, B. Triyatmo, S. B. Priyono & T. Kuswoyo.
(2013). Morphometric and Meristic Analysis of
Tilapia (Oreochromis sp.) Larasati F5 Strain and Its
Parents. Journal of Fisheries, 15(1), 42-53.
https:/ /doi.org/10.22146/ifs.9096

Mwita, C. J. (2014). Morphometric relationships among
the clariid fishes of the Lake Victoria Basin,
Tanzania. Open Journal of Marine Science, 5(1), 26-
32. http:/ /dx.doi.org/10.4236/ 0jms.2015.51003

Ng, H. H.,, & Tan, H. H. (2020). A new, uniquely
patterned spiny eel (Teleostei: Mastacembelidae)
from southern Borneo, Kalimantan Tengah,
Indonesia. Zootaxa, 4819(1), zootaxa-4819.
https://doi.org/10.11646/ zootaxa.4819.1.9

Petrellis, N. (2021). Measurement of fish morphological
features through image processing and deep
learning techniques. Journal of Applied Sciences,
11(10). 44616.
https:/ /doi.org/10.3390/app11104416.

Pinheiro, A., Teixeira, C. M., Rego, A. L., Marques, J. F,,
& Cabral, H. N. (2005). Genetic and morphological
variation of Solea lascaris (Risso, 1810) along the
Portuguese coast. Fisheries Research, 73(1-2), 67-78.

9698


https://doi.org/10.4194/trjfas.2010.0113
https://doi.org/10.1007/s00338-013-1039-8
https://doi.org/10.2478/cjf-2019-0002
https://doi.org/10.3390/app11104416

Jurnal Penelitian Pendidikan IPA (JPPIPA)

https://doi.org/10.1016/j.fishres.2005.01.004

Plamoottil, M., & Abraham, N. P. (2013). Rediscovery of
Mastacembelus malabaricus after one and Half
Century. Research Journal of Animal Res. |. Animal,
1(8), 6-11. Retrieved from
https:/ /www.isca.me/AVFS/ Archive/v1/i8/2.1
SCA-RJAVFS-2013-049.php

Poulet, N., Berrebi, P., Crivelli, A. J., Lek, S., & Argillier,
C. (2004). Genetic and morphometric variations in
the pikeperch (Sander lucioperca L.) of a fragmented
delta. Archiv Fur Hydrobiologie, 159(4), 531-554.
https://doi.org/10.1127/0003-9136 /2004 /0159-
0531

Rahman, M. A. F. A., Azmir, I. A, & Hussin, N. J. (2022).
Morphological study of selected mudskipper
species (Family: Oxudercidae) and development of
key pictorial. Iranian Journal of Ichthyology, 9(4),
180-194. https:/ /doi.org/10.22034/1ji.v9i4.808

Rashid, M., Sagir, M., & Dobriyal, A. K. (2019). Analysis
and interdependence of morphometric characters
in the Hill stream fish Mastacembelus armatus
(Lacepede) from Garhwal Himalaya. Journal of
Applied and Natural Science, 11(1), 107-115.
https://doi.org/10.31018 /jans.v11i1.1981

Sudarto, S. (2010). Domestication and evaluation of
gonad maturity level of red tilan fish
(Mastacembelus erytrotaenia). Aquaculture Media,
5(2), 118.

Swain, D. P, Riddell, B. E.,, & Murray, C. B. (1991).
Morphological differences between hatchery and
wild populations of coho salmon (Oncorhynchus
kisutch): environmental versus genetic origin.
Canadian Journal of Fisheries and Agquatic Sciences,
48(9), 1783-1791. https:/ /doi.org/10.1139/£91-210

Vreven, E. ]. (2005). Mastacembelidae (Teleostei;
Synbranchiformes) subfamily division and African
generic division: An evaluation. Journal of Natural
History, 39(4), 351-370.
https:/ /doi.org/10.1080/0022293042000195975.

West-Eberhard, M. J. (2008). Phenotypic plasticity. Oxford:
Academic Press.

Wiadnya, D. G. R, Kurniawan, N., Hariati, A. M., Astuti,
S. S, Paricahya A. F., Dailami, M., Kusuma, W. E.
(2023). DNA Barcoding of the most common
marine ornamental fish species spilled over from a
small-sized marine protected area, Bali Barat
National Park, Indonesia. Biodiversitas Journal of
Biological Diversity, 24 D).
https:/ /doi.org/10.13057 /biodiv/d240107

Wilson, A. B.,, Wegmann, A., Ahnesjo, 1., & Gongalves, ].
M. (2020). The evolution of ecological
specialization across the range of a broadly
distributed marine species. Evolution, 74(3), 629-
643. https://doi.org/10.1111/evo.13930.

Wilson, J. M., Bunte, R. M., & Carty, A. ]. (2009).

November 2024, Volume 10, Issue 11, 9690-9699

Evaluation of rapid cooling and tricaine
methanesulfonate (MS222) as methods of
euthanasia in zebrafish (Danio rerio). Journal of the
American Association for Laboratory Animal Science,
48(6), 785-789. Retrieved from
https:/ /www .ingentaconnect.com/content/aalas
/jaalas/2009 /00000048 /00000006 / art00013#

Wimberger, P. H. (1992). Plasticity of fish body shape.
The effects of diet, development, family and age in
two species of Geophagus (Pisces: Cichlidae).
Biological Journal of the linnean society, 45(3), 197-218.
https://doi.org/10.1111/j.1095-
8312.1992.tb00640.x

9699


https://doi.org/10.22034/iji.v9i4.808
https://doi.org/10.1080/0022293042000195975
https://doi.org/10.13057/biodiv/d240107

