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This study examined the relationship between water quality parameters and the
abundance of Macrobrachium spp. in three rivers—Waelawi, Salujambu, and Pombakka
—within the Rongkong Sub-Watershed, South Sulawesi, Indonesia. Monthly sampling
was conducted for one year using mini traps (Kopa’). Shrimp species were identified
using morphological characteristics and DNA barcoding. Water quality parameters
measured included temperature, Secchi disk transparency, depth, current velocity,
dissolved oxygen (DO), pH, nitrite (NO2), nitrate (NO3), phosphate (PO4), calcium (Ca),
magnesium (Mg), sodium (Na), potassium (K), hardness, alkalinity, and ammonia (NH3).
Data were analyzed using two-way analysis of variance (ANOVA), cluster analysis, non-
metric multidimensional scaling (nMDS), Pearson correlation, Principal Component
Analysis (PCA), and Canonical Correspondence Analysis (CCA). Four Macrobrachium
species were identified: Macrobrachium mammillodactylus (MM), Macrobrachium idae
(MI), Macrobrachium latidactylus (ML), and Macrobrachium esculentum (ME). MM
dominated all sampling sites, accounting for 64.58—67.99% of total abundance, and
exhibited broad ecological adaptability under DO concentrations of 4.39—5.75 mg/L and
pH values of 6.09-7.02. ME abundance was positively correlated with water transparency
(r=0.606) and peaked during the second transitional season (TS2), whereas ML showed
a negative correlation with water transparency (r = —0.595) and was more abundant
during the eastern monsoon (EM). MI abundance increased during the western monsoon
(WM) and was associated with higher potassium concentrations. The CCA model
revealed a significant relationship between environmental variables and shrimp
distribution (F=4.9111, p = 0.003). The most influential environmental parameters were
K, temperature, DO, pH, transparency, and NHs. These findings highlight the importance
of hydrological seasonality and water quality in shaping freshwater shrimp distribution
and provide ecological insights for freshwater biodiversity conservation and sustainable
watershed management.

1. INTRODUCTION

Sub-Watershed, including the Waelawi River, Salujambu
River, and Pombakka River, serve as natural habitats for

The Rongkong Watershed (DAS Rongkong), located in
Luwu and North Luwu Regencies, South Sulawesi Province,
Indonesia, covers an area of approximately 190,748 hectares.
The Rongkong River is classified as class 3—4 (intermediate),
with a gradient of 12—-15 m/km, indicating a moderately fast
and irregular water flow. Several rivers within the Rongkong
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Macrobrachium spp. freshwater shrimp.

In recent years, shrimp catches have declined due to a high
reliance on fishing in nature, putting great pressure on the
natural population of shrimp. In particular, the shrimp
population in the Waelawi River is dominated by small-sized
individuals, which is characterized by high mortality and
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exploitation rates, as well as a low proportion of marketable-
sized shrimp. The decline in river water quality is one of the
main factors in reducing the diversity of fauna in the
ecosystem. The underlying factors of water quality are closely
related to the value of physicochemical parameters, as
concrete evidence of quantitative analysis. Physicochemical
levels are considered more effective and become a strong
predictor for environmental assessments, especially when
used to analyze multiple tributaries in a watershed [1].

The physicochemical characteristics of the Rongkong Sub-
Watershed are strongly influenced by upstream topography,
land-use changes, sedimentation, and seasonal hydrological
fluctuations [2-4]. Previous research has reported an increase
in sediment load, erosion, and nutrient runoff associated with
agricultural expansion and deforestation in watersheds,
especially during the rainy season, which can alter the quality
of aquatic habitats and freshwater biodiversity [2-4]. These
environmental changes can affect water transparency,
dissolved oxygen (DO), nutrient concentration, and substrate
composition, thus impacting the stability of freshwater
ecosystems [5-7].

DO reflects the availability of oxygen in aquatic systems,
and low levels of DO can reduce water quality and increase
shrimp mortality [8-10]. Similarly, a drop in pH due to
anthropogenic pollution can inhibit the larval development of
M. rosenbergii, prolong the larval phase, and decrease the rate
of metamorphosis [11]. Temperature also plays an important
role because it affects oxygen solubility, chemical reaction
rate, toxicity, and microbial activity, thus affecting the
distribution, growth, and reproduction of aquatic organisms
[12, 13]. Foreign pollutants such as microplastics are also a
serious problem for aquatic ecosystems, especially for the
organisms within them. Microplastics can increase the level of
total suspended solids (TSS) in waters and continue to
accumulate in water and aquatic organisms [14, 15]. Rapid
industrial development, population growth, intensive land use,
aquaculture, and agriculture have increased the pressure on the
natural aquatic environment globally [16], thus resulting in
waste disposal that disturbs the balance of the ecosystem [17].

Evaluation of physicochemical parameters is especially
important for Macrobrachium spp. because these freshwater
shrimps have a catadromous life cycle and high sensitivity to
environmental changes [18-20]. Adult shrimp live in
freshwater river systems, whereas larval development requires
an estuarine or brackish environment before the postlarval
stage migrates upstream [19, 20]. Therefore, fluctuations in
DO, pH, temperature, transparency, nutrient concentration,
and flow velocity can directly affect migration, larval survival,
moulting processes, reproduction, and population distribution

[8-13, 21].
Accurate species identification is also of interest in the
ecological study of freshwater shrimp  because

Macrobrachium species that have morphological similarities
can exhibit overlapping diagnostic characters as well as
different ecological responses to environmental conditions.
Therefore, DNA barcoding using mitochondrial genes
cytochrome c oxidase subunit I (COI) becomes an important
complementary tool for species confirmation and biodiversity
assessment in freshwater crustaceans.

This study aims to evaluate the physicochemical
characteristics of water in the Rongkong Sub-Watershed
(Waelawi River, Salujambu, and Pombakka River) and their
relationship to the population dynamics of Macrobrachium
spp. The resulting data may serve as a foundation for more
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effective fisheries resource management, conservation
strategies, and the application of risk management in
aquaculture.

2. MATERIALS AND METHOD
2.1 Sampling sites

The Waelawi, Salujambu, and Pombakka Rivers were
selected because they represent important freshwater shrimp
habitats within the downstream area of the Rongkong Sub-
Watershed and exhibit differences in hydrological
characteristics, land-use influence, and water quality
conditions. These rivers are also frequently utilized by local
communities for shrimp harvesting activities, making them
ecologically and socioeconomically relevant for evaluating
freshwater shrimp distribution patterns.

The study was conducted from September 2018 to August
2019 at three river locations: Salujambu, Waelawi, and
Pombakka, situated in Luwu and North Luwu Regencies in the
downstream area of the Rongkong Sub-Watershed (Figure 1).
Three sampling stations were established along each river.
Sampling stations for the Waelawi River were located at:
Station I: 2°51'05.03"S, 120°1821.54"E; Station II:
2°51'11.37"S, 120°18'30.41"E; Station III: 2°51'19.05"S,
120°18'43.62"E. Sampling stations for the Salujambu River
(SJ): Station I: 2°49'19.51"S, 120°15'18.22"E; Station II:
2°49'24.07"S, 120°15'38.26"E; Station III: 2°50'18.57"S,
120°15'21.18"E. Sampling stations for the Pombakka River
(P): Station I: 2°51'34.40"S, 120°16'14.08"E; Station II:
2°52'12.30"S, 120°1629.23"E; Station III: 2°52'51.29"S,
120°16'24.08"E.

Rainfall data during the study period showed fluctuations,
with the highest precipitation recorded in June 2019 (542.2
mm) and the lowest in October 2018 (100.7 mm). The number
of rainy days ranged from 9 to 27 days. The Luwu and North
Luwu regions fall under climate type A, with an average
annual rainfall of 3,500—4,000 mm. The year is divided into
four seasons: second transitional season (TS2, September—
November), western monsoon (WM, December—February),
first transitional season (TSI, March—-May), and eastern
monsoon (EM, June—August) [1].

2.2 Water quality parameters

Water quality measurements and sampling were conducted
monthly over 12 months. Water temperature (°C) was
measured using a mercury thermometer; water transparency
(cm) was assessed with a Secchi disk; and water depth (cm)
was measured using a calibrated sounding line. Current
velocity (m/s) was measured using a current meter, and DO
(mg/L) was measured with a DO meter. Water pH was
measured using a pH meter. These six parameters were
measured in situ.

Laboratory analysis of nitrite (NO), nitrate (NO3),
phosphate (PO4), and ammonia (NH3) concentrations was
carried out using a spectrophotometer and expressed in mg/L.
Calcium (Ca), magnesium (Mg), sodium (Na), and potassium
(K) concentrations were measured using an atomic absorption
spectrophotometer, also in mg/L, following the method
described by Hagage et al. [22]. Total hardness (mg/L CaCOs3)
was assessed using the Hanna hardness test kit, and alkalinity
(mg/L CaCOs3) was measured using the HANNA Instrument



HI755; both parameters were measured in situ.

Water samples were collected from a depth of 30 cm below
the surface at each station using dark-colored bottles or
Winkler bottles. The samples were then stored in a cool box
[23] and transported to the Water Quality Laboratory, Faculty
of Marine and Fisheries Science, Hasanuddin University, for
further analysis.

Before field measurements, the DO meter and pH meter
were calibrated according to the manufacturer’s instructions
using standard calibration solutions. The spectrophotometer
was calibrated using analytical blanks and standard reference
solutions before laboratory analysis. To improve analytical
reliability, triplicate water samples were collected at each
sampling station during each sampling event.

Luwu Regency

2°52'0"S
T

"\ N /
\ ’
\»
2

0°0'0"N

120°0'0"E

120°16'0"E 120°18'0"E N
o/ 8t1 Salujamb W k o . ——
R t ujambu %
o B - @ St2 Salujambu P Legend : g w E
o @  Point Sampling
B -’ ----- Regency Boundary S
hl
= —— Street - 120°0'0"E 121°0'0"E
» /,/ \/\ River [
s _"{ =N N LIS LUWU UTARA
ST s N& ol
S -' s 3
i { (4 A,
_4(' \S( 3 Salujambu ) ! AJA UTA A
i \S\ / | g g
) 0 North Luwu Regency / I &
\ y
\ i o
L \ y = Luwu
-\ /r( \\/\_’\ |
N7 \\ X \ KO
Sou th Sulawes:i Province i \\ St 1 Waelawi
N, L g -
# '\‘ = W e S \ St2Waela' i
P i .‘ N < 120°0'0"E 121°0'0%)
/ <
/ \. \\Y~ L U St3 ‘
\

| 2 Indonesian @
5 5
‘St 2 Pombakka 2 2
("’L\k W, '
L ,, y 4 %oy
< - Moy ,loe Bozf 4 5™
| 2 N 3’3& N&-_oo/‘
I A 115°00°E 120°00"E 125°0'0"E
\ @St 3 Pombakka | 1 0.5 0 1Km Projection System:
= \ O Geography WGS 1984
L s ! 72 ! L Source:
120°16'0"E 120°18'0"E RBI Indonesia scale of 1: 50,000

Figure 1. Map of the study area and sampling locations

2.3 Shrimp sampling and identification

Sampling of Macrobrachium spp. was conducted monthly
with the assistance of local fishermen in the early morning
using mini bamboo traps (Kopa’) baited with coconut or
coconut tubers and submerged in the water. A purposive
sampling method was applied, with samples collected from
three predetermined river locations in the Rongkong Sub-
Watershed: W, Salujambu, and P, each with several designated
stations.

Collected samples were sorted by species and counted on-
site. Specimens that were difficult to identify were placed in
cool boxes and transported to the laboratory for further
analysis. During the study period, 1,628 individuals were
collected from W, 1,657 from Salujambu, and 1,568 from P.
Morphological identification of Macrobrachium spp. was
conducted at the Biology Laboratory of the Indonesian
Institute of Sciences (LIPI), Cibinong, Bogor. DNA-based
identification was conducted at the Indonesia Biodiversity
Laboratory, South Denpasar, Bali, and Genetics Science,
Jakarta.

Morphometric measurements followed manuals from
previous studies [24, 25], including nine morphometric
characters (total length, abdominal length, telson length,
carapace length, carapace width, diagonal carapace length,
first abdominal segment length, rostrum length, and second
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abdominal segment length) and two meristic characters
(number of dorsal and ventral rostral teeth). Measurements
were based on the protocol of the study [26], using a digital
caliper with 0.01 mm accuracy. Sex determination was based
on visual morphological differences, as documented in
previous studies [27].

Morphologically identified freshwater shrimp samples were
further confirmed using DNA barcoding methods. Abdominal
muscle tissue was used for DNA extraction, conducted with
the Qiagen DNeasy Blood and Tissue Kit (Germany),
following the manufacturer's protocol. Genomic DNA was
amplified using PCR targeting the COI gene region, with
primers jgL.CO1490 and jgHCO2198 [28]. Each PCR reaction
contained: 4 uL of 10x PCR buffer (Applied Biosystems), 2.5
puL of 10 mM dNTPs, 1.2 uL of 10 mM of each primer, 2 pL
of 25 mM MgCly, 0.125 pL of AmpliTaq Gold™ DNA
polymerase (Applied Biosystems), and 14.5 pL of ddH20. The
same  primers were used for  Macrobrachium
mammillodactylus (MM), Macrobrachium idea (M),
Macrobrachium latidactylus (ML), and Macrobrachium
esculentum (ME) in this study, as COI gene-based DNA
barcoding studies often utilize the same primer set for multiple
species within the same genus, provided the species are
phylogenetically closely related [29].

The total reaction volume was 25 pL, including 1 pL of
DNA template. PCR conditions were as follows: initial



denaturation at 94 °C for 14 seconds, followed by 38 cycles of
denaturation at 94 °C for 30 seconds, annealing at 50 °C for 30
seconds, and extension at 72 °C for 45 seconds, with a final
extension at 72 °C for 5 minutes. PCR products were
visualized on 1% agarose gel stained with Biotium DNA dye.
Successful PCR products were sequenced at PT. Genetika
Science Indonesia, Jakarta. The forward and reverse sequences
were edited using Chromas
(http://technelysium.com.au/wp/chromas/) and  further
processed using MEGA 7 software [30]. The resulting
sequences were compared to reference sequences of the same
genus in the NCBI GenBank database to determine identity (%
identity and % query coverage).

2.4 Data analysis

Mean values, standard deviations, and species abundance
graphs were calculated using Microsoft Excel 2010. Two-way
analysis of variance (ANOVA) was used to evaluate
differences in water quality parameters across seasons and
stations. Cluster analysis was conducted to assess similarities
among stations based on shrimp species abundance. A two-
dimensional non-metric multidimensional scaling (nMDS)
plot was used to visualize and verify the relationship between
species abundance and water quality parameters. Pearson
correlation coefficients (r) were calculated to assess
relationships between water quality and shrimp abundance.
These analyses were performed using IBM SPSS Statistics 27.

Principal Component Analysis (PCA) was employed to
reduce environmental variables and identify relationships
among sampling stations and seasons. Before PCA and CCA
analyses, Pearson correlation analysis was conducted to
identify highly correlated environmental variables. Variables
with correlation coefficients > 0.70 were considered

potentially collinear and evaluated for exclusion to reduce

redundancy among predictors [31]. Environmental variables
with PCA loading scores greater than 0.60 were considered
ecologically relevant and retained for subsequent CCA
analysis [32]. Variables excluded from the final model were
those contributing redundant information or showing limited
ecological interpretability relative to shrimp distribution
patterns.

Kaiser-Meyer—-Olkin (KMO) and Bartlett’s tests of
sphericity were performed to evaluate sampling adequacy and
dataset suitability for multivariate analysis. Bartlett’s test was
significant (> = 79.548; p = 0.001), indicating that the
correlation matrix was appropriate for PCA. However, the
KMO value was relatively low (0.275), likely due to the
limited sample size and high dimensionality of environmental
variables.

Canonical Correspondence Analysis (CCA) was used to
examine the influence of environmental parameters on shrimp
abundance. Because the number of environmental variables
should not exceed the number of samples, and the dependent
variables included four shrimp species, only a maximum of
seven environmental variables were retained to maintain
model validity. Multicollinearity among retained variables
was assessed using the Variance Inflation Factor (VIF), where
values exceeding 5 indicated moderate multicollinearity and
values above 10 indicated high multicollinearity [33]. PCA
and CCA analyses were performed using RStudio.

3. RESULTS
3.1 Water quality parameters
Mean values of water quality parameters at each sampling

station and during each season are presented in Table 1. The
results of the two-way ANOVA are shown in Table 2.

Table 1. Mean values of water quality parameters across sampling locations

Parameter N Sampling Location TS2 WM TS1 EM
9 SJ 25.11+1.05 2522 +0.44 25.11+0.93 25.00 +1.23
Temperature (°C) 9 w 25.11 £0.60 24.55+0.52 24.77 £ 0.67 24.89 +0.93
9 P 26.66 +0.70 25.22+0.66 25.66 +0.87 25.56 +£1.01
9 SJ 4222 +7.94 38.88 £ 11.11 4222 +10.92 30.56 £5.27
Water transparency (cm) 9 W 4222 +7.12 36.66 +4.33 30.55+£5.27 28.89 +5.47
9 P 38.33+6.12 33.88+9.93 32.77 +5.65 36.11+£9.61
9 SJ 137.44 £ 18.06 137.88 +11.07 137.22 +7.95 133.89 +11.40
Water depth (cm) 9 W 139.66 +22.82 151.11 £ 9.61 148.22 +5.36 147.78 +3.63
9 P 122.22 +28.18 132,77 £13.71 140.55 +11.02 140.78 +9.44
9 SJ 0.25+0.01 0.26 +0.01 0.26 +0.02 0.27 +£0.02
Current velocity (m/s) 9 W 0.27+0.01 0.29 +£0.01 0.28 £0.02 0.29 £ 0.02
9 P 0.27 +£0.03 0.30+0.02 0.32+0.03 0.30+0.03
9 SJ 4.51+0.46 5.44 +1.68 5.29+0.71 5.44+£0.95
DO (mg/L) 9 W 4.68 +1.10 530=+1.76 5.14£0.50 5.49 £0.47
9 P 4.39+0.48 5.75+1.65 532+1.18 5.45+1.03
9 SJ 7.02 +£0.69 6.55+£0.64 6.62 =0.59 6.77+0.77
pH 9 W 6.72+£0.54 6.61 £0.52 6.68 +=0.36 6.86 = 0.46
9 P 6.91 +0.54 6.09 +0.66 6.52 +0.64 6.74 +£0.74
9 SJ 0.04 +0.03 0.05+0.01 0.05+0.02 0.06 +£0.01
NO2 (mg/L) 9 w 0.05+0.03 0.05+0.01 0.04 +0.02 0.06 +£0.01
9 P 0.04 +0.03 0.17+0.29 0.06 +0.07 0.06 +£0.01
9 SJ 0.02 +0.01 0.08 +£0.03 0.05+0.02 0.06 +0.02
NOs (mg/L) 9 W 0.02 +0.01 0.06 +0.03 0.07 +£0.03 0.04 £0.02
9 P 0.08+0.10 0.09 +0.03 0.08 +0.03 0.07 £0.02
9 SJ 0.74 £0.16 0.42£0.31 0.69 +£0.18 0.89 +0.08
PO4 (mg/L) 9 w 0.70 +£0.14 0.55+0.29 0.74 +£0.17 0.82+0.19
9 P 0.87+0.10 0.49 +£0.32 091 +0.12 1.03+£0.11
Ca (mg/L) 9 SJ 1.63 £0.57 2.32 +£0.46 3.05+0.54 3.34+0.27
9 W 2.27 +0.86 3.06 £ 0.66 2.95+0.77 2.97 +£0.56
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9 3.06+1.22 3.63£0.79 3.89+0.27 418 +0.67
9 SJ 3.45+0.60 3.8+0.43 3.65+0.24 3.31+0.49
Mg (mg/L) 9 W 3.76 £0.58 3.86 +0.40 3.51 +0.64 3.28 +0.64
9 P 4.18+0.51 3.98 +0.50 4.11 +0.49 4.04 +0.37
9 SJ 6.98 +1.63 542+0.52 593 +1.47 5.99 +0.75
Na (mg/L) 9 w 8.47+2.27 6.59 £0.78 6.93+0.61 7.12+0.93
9 P 7.18£0.90 6.28 +0.41 6.71 £0.65 7.32+0.77
9 SJ 238+1.15 3.08+1.11 2.16+0.77 2.48+0.33
K (mg/L) 9 w 2.60 +0.86 2.51+0.29 2.36+0.21 2.46 £0.37
9 P 3.28+0.86 3.63 +1.05 2.67+0.43 3.57+0.50
9 SJ 33.66 + 10.67 50.44 +18.18 32.44 +5.68 34.56 + 8.44
Hardness (mg/L CaCO3) 9 w 27.44+585 4422 +16.85 33.56 + 6.69 30.11 £7.85
9 P 33.11+9.33 57.44 +24.59 34.11+5.71 31.33 £6.54
9 SJ 35.88 £8.31 46.66 + 17.85 40.44 + 6.52 36.00 £7.73
Alkalinity (mg/L CaCO3) 9 w 41.00 £ 6.74 41.66+9.13 38.44 + 6.84 31.78 £4.97
9 P 58.11+9.79 50.77 £15.73 62.00 + 8.79 54.56 +8.32
9 SJ 0.0003 £0.0001  0.0004 +0.0003  0.0003 £0.0001  0.0003 % 0.0001
NH; (mg/L) 9 w 0.0002 =0.00009  0.0003 +0.00014  0.0002 = 0.00007 ~ 0.0002 % 0.00009
9 P 0.0003 £0.00012  0.0003 + 0.00008 _ 0.0003 = 0.00007 _ 0.0002 + 0.0001

Notes: N = number of samples; W = Waelawi River; SJ = Salujambu River; P = Pombakka River; TS2 = Transition Season 2; WM = West Monsoon; TS1 =

Transition Season 1; EM = East Monsoon.

Table 2. Two-way analysis of variance (ANOVA) results for water quality parameters

Parameter Unit Station Effect (df = 2, 96), p-value Season Effect (df = 3, 96), p-value
Water temperature °C <0.001%** 0.041*
Water transparency cm 0.017* 0.026%*

Water depth cm 0.001** 0.099

Current velocity m/s <0.001** 0.001%*
Dissolved oxygen (DO) mg/L 0.957 0.005*
pH - 0.403 0.030*
NO2 mg/L 0.158 0.229
NOs mg/L 0.003** 0.004**
PO4 mg/L 0.005* 0.000**
Ca mg/L <0.001** 0.000**
Mg mg/L <0.001** 0.071
Na mg/L <0.001** 0.000**
K mg/L 0.004** 0.013*
Hardness mg/L CaCOs3 0.169 0.170
Alkalinity mg/L CaCOs <0.001** 0.101
NH;3; mg/L <0.001** 0.009*

Notes: Two-way ANOVA was performed to evaluate the effects of sampling station and season on water quality parameters. Degrees of freedom were 2 and 96
for station effects and 3 and 96 for season effects. * p <0.05; ** p <0.01.

Water temperature and transparency

Significant differences in water temperature were found
between seasons (p < 0.05) and stations (p <0.01). The highest
temperature was recorded at Pombakka during TS2 (26.667 +
0.707 °C), and the lowest at Waelawi during WM (24.556 +
0.527 °C). Transparency also differed significantly between
seasons and stations (p < 0.05), with the highest value recorded
in Salujambu during TS1 (42.222 £+ 10.929 cm) and the lowest
in Waelawi during EM (28.889 + 5.465 cm).

Depth and current velocity

Water depth varied significantly between stations (p <0.01)
but not between seasons. The deepest measurement was
recorded at Waelawi (151.111 £9.611 cm), and the shallowest
at Pombakka (122.222 + 28.186 cm). Current velocity showed
significant variation across both seasons and stations (p <
0.01), with the highest recorded at P during TS1 (0.322 +0.026
m/s), and the lowest at Salujambu during TS2 (0.254 = 0.015
m/s).

DO and pH

DO and pH both differed significantly across seasons (p <
0.05). The highest DO level was observed during WM (5.750
+1.654 mg/L), and the lowest during TS2 at Pombakka (4.390
+ 0.481 mg/L). The highest pH was recorded in Salujambu
during TS2 (7.023 £+ 0.699), and the lowest in Pombakka

during WM (6.090 £ 0.660).

Nutrients and ions

NO:s levels varied significantly across both seasons and
stations (p < 0.01), with the highest value observed in
Pombakka during WM (0.092 + 0.039 mg/L), and the lowest
in Waelawi during TS2 (0.020 + 0.010 mg/L). POa also
differed significantly (p < 0.01 for seasons; p < 0.05 for
stations), with the highest concentration recorded in
Pombakka during EM (1.034 + 0.111 mg/L), and the lowest in
Salujambu during WM (0.426 £+ 0.312 mg/L).

Calcium and sodium

Both Ca and Na showed significant differences across
seasons and stations (p < 0.01). The highest Ca level was
recorded in Pombakka during EM (4.18 £ 0.67 mg/L), whereas
the lowest was recorded in Salujambu during TS2 (1.63 + 0.57
mg/L).-The highest Na concentration was found in Waelawi
during TS2 (8.477 + 2.274 mg/L), while the lowest was in
Salujambu during WM (5.423 £ 0.529 mg/L).

Magnesium and potassium

Mg differed significantly across stations (p < 0.01), but not
across seasons. The highest Mg level was found in Pombakka
(4.180 = 0.511 mg/L), and the lowest in Waelawi (3.276 +
0.643 mg/L). K showed significant differences between both
stations and seasons (p <0.01 and p < 0.05, respectively). The
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highest K concentration was observed in Pombakka during
WM (3.630 £ 1.059 mg/L), and the lowest in Salujambu
during TS1 (2.160 + 0.769 mg/L).

Alkalinity and ammonia

Alkalinity varied significantly between stations (p < 0.01),
with the highest value in Pombakka (62.000 + 8.789 mg/L
CaCOs) and the lowest in Waelawi (31.778 + 4.969 mg/L
CaCOs). NHs showed significant differences between both
stations (p < 0.01) and seasons (p < 0.05). The highest NHs
concentration was found in Salujambu during WM (0.0004 +
0.0003 mg/L), and the lowest in Pombakka during EM (0.0002
+ 9.72E-05 mg/L).

Species diversity and seasonal abundance of shrimp

Four shrimp species belonging to the genus Macrobrachium
were recorded from the three river stations: MM, M. idae (MI),
ML, and ME. MM was the most abundant species, accounting
for 67.99%, 66.34%, and 64.58% of total abundance in P, W,
and the Salujambu, respectively (Figure 2).

Following MM, the next most abundant species was ME,
followed by MI, which was found at all three sites. The least
abundant species overall was ML, which accounted for 5.89%
in W, 6.46% in Salujambu, and 5.74% in Pombakka. Figure 3
shows the seasonal abundance of each species by station. MM
was present in all seasons and at all stations, while the other
three species were not consistently present across all seasons.
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Figure 2. Diversity and abundance of different
Macrobrachium species were collected from the Waelawi
(W), Salujambu (SJ), and Pombakka (P) Rivers
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Figure 3. Total abundance of prawn species across four
seasons: Transition Season 2 (TS2), West Monsoon (WM),
Transition Season 1 (TS1), and East Monsoon (EM) at three

sampling stations

3.2 Cluster analysis and non-metric multidimensional
scaling

The cluster analysis (Figure 4) based on species abundance
at different stations revealed that stations Waelawi and
Pombakka were more similar to each other, forming a single
cluster, whereas Salujambu formed a separate branch. The
nMDS analysis (Figure 5) produced a stress value of 0.019,
indicating a very good model fit. Pombakka—West Monsoon
(PWM) and Salujambu—West Monsoon (SJTWM) were located
within the same quadrant. PWM was positioned close to NOs,
K, and NO,, indicating that these parameters were highest in
Pombakka during the WM. SJWM was near NHs, suggesting
that NHs concentration peaked at Salujambu during this
season.

W

=
SJ

Figure 4. Dendrogram showing the similarity among
sampling stations based on the abundance of shrimp species
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Notes: SJTS2 = Salujambu Transition Season 2; SJTWM = Salujambu West
Monsoon; SJITS1 = Salujambu Transition Season 1; SJEM = Salujambu East
Monsoon; WTS2 = Waelawi Transition Season 2; WWM = Waelawi West
Monsoon; WTS1 = Waelawi Transition Season 1; WEM = Waelawi East
Monsoon; PTS2 = Pombakka Transition Season 2; PWM = Pombakka West
Monsoon; PTS1 = Pombakka Transition Season 1; PEM = Pombakka East
Monsoon.

SJTS2, SITS1, SJEM, and PTS2 were also grouped in the
same quadrant. SJTS2 and SJTS1 were close to the
transparency vector, indicating higher water clarity at these
stations. SJEM was not near any specific parameter, implying
no dominant environmental influence. PTS2 was located near
Mg and temperature, suggesting that magnesium
concentration and temperature were highest at Pombakka
during TS2. The vectors for pH and DO were aligned with the

x-axis and distant from all stations, indicating relatively
uniform values across sites.

WTS2 and WTS1 were clustered together, and WTS2 was
close to the sodium (Na) vector, indicating the highest sodium
concentration occurred at Waelawi during TS2. PEM and
PTS1 were in the same quadrant as WWM and WEM. PEM
and PTS1 were close to current velocity, phosphate (POs4), and
calcium (Ca), indicating elevated values of these parameters at
those stations. WWM and WEM were close to the depth
vector, indicating deeper water levels at Waelawi during the
west and east monsoons.

3.3 Karl Pearson correlation coefficient

Table 3 presents the Karl Pearson correlation coefficients
between water quality parameters and prawn species
abundance. Significant negative correlations (p < 0.05) were
found between: pH and DO (r = —0.67); NOs and pH (r = —
0.59); Hardness and Na (r = —0.61); MI abundance and PO (r
—0.59); ML abundance and transparency (r —-0.59).
Significant positive correlations (p < 0.05) included: Ca and
DO (r = 0.58); Ca and NO:; (r = 0.62); Mg and temperature (r
=0.65); Mg and NO:; (r = 0.58); K and NO: (r = 0.59); K and
NO:s (r = 0.58); K and Mg (r = 0.69); Hardness and NO: (r =
0.69); Hardness and NOs (r = 0.63); Alkalinity and NOs (r =
0.64); Alkalinity and K (r=0.67); NHs and hardness (r=0.63);
MI abundance and hardness (r=0.67); ML abundance and POx
(r=0.655); ME abundance and transparency (r = 0.606).

Highly significant negative correlations (p < 0.01) were
observed between: Depth and temperature (r = —0.79); NO:
and pH (r = —0.78); Hardness and pH (r = —0.76); PO. and
hardness (r = —0.76); NHs and Na (r = —0.745); ME and ML
abundances (r —0.89). Highly significant positive
correlations (p < 0.01) were recorded for: Ca and current
velocity (r = 0.77); Alkalinity and temperature (r = 0.75);
Alkalinity and Mg (r = 0.94).

Table 3. Karl Pearson correlation coefficient (r) between physicochemical parameters and prawn abundance
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Notes: * indicates a significant correlation (p < 0.05), ** indicates a very significant correlation (p < 0.01). T = water temperature, B = brightness, D = depth, CS
= current speed, DO = dissolved oxygen, NO, = nitrite, NO; = nitrate, PO4 = phosphate, Ca = Calcium, Mg = Magnesium, Na = Natrium, K = Kalium, HN =
hardness, A = alkalinity, NH; = ammonia, MM = Macrobrachium mammillodactylus, M1 = Macrobrachium idae, ML = Macrobrachium latidactylus, ME =

Macrobrachium esculentum.

3.4 Principal Component Analysis

The PCA results identified three principal components
(PCs) with eigenvalues greater than 1, cumulatively
explaining 80.02% of the total variance: PC1 (36.98%), PC2
(30.41%), and PC3 (12.63%). The loading scores of the
environmental variables for each principal component are
presented in Table 4.

Table 4. Principal Component Analysis (PCA) of ten water
quality parameters across different sampling sites

Variable PC1 PC2 PC3
Temperature 0.5371 0.6950 0.3641
Transparency -0.1542 0.7084 -0.2072

Depth -0.4163 -0.7562 0.0914
Current velocity 0.5970 -0.5926 0.4607
DO 0.3650 -0.7979 -0.3322

pH -0.6670 0.4646 0.2848

NOs 0.8719 -0.1729 -0.1558

Mg 0.8125 0.3008 0.2433

K 0.8324 0.1600 0.1127

NH;3; 0.4058 0.3676 -0.7610

Notes: Significant loading scores (>0.60) are indicated in bold for the first
two principal components (PCs with eigenvalues > 1).

p1s2”

Temperatire

Principal Component 2

0
Principal Component 1

Figure 6. Principal Component Analysis (PCA) biplot of the
first two principal components showing the relationship
between physicochemical parameters across various locations
and seasons

The biplot in Figure 6 shows sampling station distribution
based on the first two principal components (PC1 and PC2)
derived from PCA. PC1 (horizontal axis) accounts for 36.98%
of the total variance, while PC2 (vertical axis) accounts for
30.41%, together explaining 67.39% of the total variation. The
scatter plot focuses on PC1 and PC2, as these components
represent the highest variation and allow for an intuitive two-
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dimensional interpretation. The positioning of stations reflects
the environmental similarities among sampling sites; SJITS1,
SJTS2, and WTS2 align with the pH vector, indicating
relatively high pH levels at these locations; WEM, WTSI,
WWM, and SJEM cluster in the same quadrant, suggesting a
strong influence of depth in these areas; PWM, PTSI1, and
PEM are closely associated with the vectors for NOs and
current velocity, indicating higher values of these parameters
at those sites; SJWM is situated near the arrows for
temperature, NHs, Mg, and K, suggesting elevated levels of
these variables in this location; PTS2, though located further
from the plot center, is directed toward the vectors for
temperature and NHs, indicating likely high values for those
parameters. In contrast, transparency and DO show shorter
arrows and no clear association with specific stations,
implying a lower contribution in differentiating site
characteristics.

3.5 Canonical Correspondence Analysis

The CCA yielded a total inertia of 0.219, with 85.49% of
the wvariation (0.18723) explained by environmental
(constrained) variables, and the remaining 14.51% (0.03177)
attributed to unexplained (unconstrained) variation. The first
component (CCA1) accounted for 57.77% of the variation,
followed by CCA2 (26.15%) and CCA3 (1.57%).
Cumulatively, these three components explained 85.49% of
the total variation, indicating that the CCA model effectively
captures the relationship between shrimp abundance and
environmental variables. The NO; variable was excluded from
the VIF analysis because it was used as the dependent variable
in the regression model.

Several environmental variables were excluded from the
final CCA model because they showed high intercorrelation
and contributed redundant ecological information. The
variable reduction approach was intended to minimize
multicollinearity effects and improve model interpretability.
Variables retained in the final model represented the strongest
environmental gradients identified by PCA and showed the
highest ecological relevance to shrimp distribution patterns.

As shown in Table 5, eight environmental variables
identified from the PCA results were initially evaluated for
multicollinearity using the VIF. Mg and current velocity
exhibited high VIF values (>10), indicating substantial
multicollinearity. Therefore, these variables were excluded
from the final CCA model. The final CCA analysis retained
six environmental variables (K, temperature, DO, pH,
transparency, and NHs) that showed lower multicollinearity
and greater ecological relevance.



Table 5. Preliminary Variance Inflation Factor (VIF)
screening of eight environmental variables selected from the
PCA results prior to Canonical Correspondence Analysis

(CCA)

Variable VIF
Mg 17.513
Current Velocity 13.167
DO 5.147
Transparency 5.850
Temperature 4.768
pH 3.371

K 2.895

NH3 2.872

Canonical Correspondence Analysis (CCA)

Figure 7. Canonical Correspondence Analysis (CCA) biplot
illustrates the relationship between environmental parameters
and the abundance of shrimp species across different
sampling locations

The VIF analysis indicated relatively high multicollinearity
for Mg (17.513) and current velocity (13.167), suggesting
potential redundancy among several environmental predictors.
In contrast, K, pH, temperature, and NHs exhibited lower VIF
values, indicating more stable contributions to the CCA
model. Despite some residual multicollinearity, the retained
variables represented ecologically important gradients
influencing shrimp abundance and habitat distribution.

The CCA biplot (Figure 7) illustrates the relationships
among physicochemical parameters, shrimp species
abundance, and sampling locations. NHs was concentrated in
PWM, SIWM, and WWM. Sampling sites WTS2, SJTS2, and
PTS2 were positioned between the vectors for transparency
and temperature, indicating higher levels of both parameters.
PTS1, SJTS1, and WTS1 were located between temperature
and pH vectors, suggesting elevated values of both at these
sites. Transparency and potassium (K) contributed
significantly to their respective dimensions.

Locations PEM, SJEM, and WEM were not closely
associated with any environmental vectors or species,
indicating more uniform or lower environmental conditions
during the east monsoon. ME was more abundant in clearer
waters, particularly during TS2, as supported by the positive
correlation (r = 0.606). MM was evenly distributed and not
associated with any specific environmental variable. ML was
more prevalent in WEM, PEM, and SJEM and showed a
negative correlation with transparency (r =—0.595). MI tended
to be associated with potassium (K), though the correlation
was weak (r = 0.309).

As shown in Figure 3 and Table 1, MI was abundant during
the west monsoon (WM) but absent in TSI, likely due to
increasing K levels from TS1 to WM.
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Table 6. Significance test results of the Canonical
Correspondence Analysis (CCA) model

Component df ChiSquare F Pr(>F)
Model 6 0.1872 49111 0.003 **
Residual 5 0.0318

Notes: df = degrees of freedom; Chi-Square = chi-square statistic; F = test
statistic; Pr(>F) = p-value based on permutation distribution.

The significance test for the CCA model indicated a
statistically significant relationship between environmental
variables and shrimp abundance. As shown in Table 6, a high
F-value (4.9111) and a low p-value (0.003) suggest that the
model meaningfully explains the wvariation in shrimp
distribution. At a 1% significance level (o = 0.01), the results
strongly support the conclusion that the six environmental
variables used in the model—K, temperature, DO, pH,
transparency, and NHs—play a significant role in influencing
shrimp distribution at the study sites. Thus, it can be concluded
that the relationships identified between environmental factors
and shrimp abundance patterns are not random but reflect
genuine ecological associations.

4. DISCUSSIONS
4.1 Physicochemical parameters

Water quality plays a critical role in natural environments,
as it helps organisms maintain optimal physiological
conditions. Poor physicochemical characteristics can lead to
reduced productivity and economic losses [34]. DO
concentrations of 4-5 mg/L or higher are considered optimal
for aquaculture production [35], whereas levels below 2.0
mg/L are generally associated with limited growth and
increased mortality risk [36].

In this study, DO concentrations varied significantly across
seasons. Higher DO levels during the rainy season compared
to the dry season may be attributed to seasonal stratification,
driven by temperature-dependent water density. This indicates
that cooler water is more capable of retaining DO [37].

Species of Macrobrachium exhibit variable minimum and
maximum temperature thresholds depending on life stage,
with a tolerance range of 13—43 °C [38]. Temperature is a key
factor regulating growth rate, feed intake, feed conversion,
survival rate, and disease resistance in prawns [39]. In this
study, water temperature was highest during Transition Season
2 (TS2).

According to Booker and Whitehead [40], there is an
inverse relationship between river temperature and flow rate.
Lower flow rates are typically associated with warmer water,
especially when other factors such as season, solar radiation,
air temperature, and soil temperature remain constant.
Reduced flow leads to a disproportionate reduction in surface
area because river width and flow decrease exponentially,
resulting in narrower channels that tend to warm more quickly
[41].

The higher water temperature observed in the Pombakka
River may be explained by several interacting factors. River
morphology, particularly depth, influences thermal dynamics,
as shallow systems tend to warm more rapidly due to smaller
water volumes that are more sensitive to atmospheric
conditions. Low flow velocity further enhances heat
accumulation through prolonged solar exposure. In addition,
local environmental conditions, such as higher ambient



temperatures and reduced riparian vegetation cover, can
increase heat absorption. Anthropogenic activities, including
agriculture and settlement development, may also contribute
through thermal inputs and the removal of shading vegetation.
Furthermore, elevated nutrient concentrations may stimulate
algal photosynthesis, indirectly influencing thermal
conditions. These combined factors likely account for the
higher temperatures observed in the Pombakka River relative
to other sites.

Seasonal changes were also found to affect water pH, as
noted in other studies [42-44]. In this study, pH tended to be
lower during the rainy season. This is likely due to increased
surface runoff following rainfall events, which carry more
organic material into rivers, thereby lowering pH values [45].

Natural factors such as rainfall, wind speed, and
temperature also influence Secchi Disk Depth (SDD).
Increased rainfall contributes to higher river runoff, which in
turn transports more suspended solids like sediment into the
water, resulting in reduced transparency [46]. The dry season
can also affect water quality due to higher temperatures, longer
water residence time, and increased nutrient concentrations—
conditions that promote algal growth [47]. This growth
reduces water clarity, further lowering SDD. Elevated nutrient
levels during dry periods are linked to reduced dilution
capacity of water bodies [48].

Natural surface water typically contains less than 5 mg/L of
potassium (K) [49]. In this study, concentrations of K and NH3
were generally higher during the rainy season. Increased
rainfall may reduce potassium fixation and uptake in soils,
thereby promoting leaching, runoff, and erosion that transport
potassium into aquatic ecosystems [50]. Additionally, rainfall-
induced runoff during the wet season mobilizes fertilizers
from agricultural fields, increasing the concentrations of NOs-
N and NH3-N in surface waters [51].

The NH: concentrations observed in this study were
extremely low, indicating relatively low NHs contamination in
the studied rivers. These low concentrations may reflect the
oligotrophic characteristics of the freshwater system and
limited organic waste inputs during the sampling period.

4.2 Variation in abundance of prawn species

In this study, variation in prawn species abundance was
observed across different locations and seasons. Among the
four species recorded, MM was the most dominant,
contributing 67.99%, 66.34%, and 64.58% of total abundance
in Pombakka, Waelawi, and the Salujambu River,
respectively. This was followed by ME, with relative
abundances of 18.49%, 19.74%, and 19.89% in Waelawi,
Salujambu River, and Pombakka, respectively.

MM exhibited high abundance across all seasons,
suggesting that the aquatic environment in these rivers
provides suitable habitat conditions for this species [18]. A
study by Jurniati et al. [52] on the morphometric and meristic
characteristics of MM from the Waelawi, Salujambu, and
Pombakka rivers concluded that the observed weights were
higher than predicted values. The mean condition factor (Wr >
100 and k > 1) indicated adequate food availability and low
predation pressure. MM has also been reported as a dominant
species in the Petagas River, along with M. rosenbergii [53].
Specimens of MM were collected from freshwater-submerged
tree roots in the lower river zones, with water temperatures
around 26.5 °C [54].

ME has only been documented in Indonesia, the
Philippines, and Taiwan [55]. It showed high abundance
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during TS2, WM, and TSI, but was absent during the east
monsoon (EM). MI was found during TS2, WM, and EM, but
was not recorded in TS1. ML was found during TS1 and EM,
but was absent during TS2 and WM. These seasonal
appearances may be explained by temporal ontogenetic
separation, as prawn species exhibit distinct migration periods
and recruitment patterns. Such seasonal distributions suggest
interspecific strategies to reduce ecological interactions.
Seasonal peaks in abundance are influenced by habitat
suitability and environmental factors, each with varying
strengths [18]. Seasonal change has been shown to
significantly affect Macrobrachium distribution and habitat
preferences [56].

In general, prawn abundance increased during the rainy
season, consistent with findings by Kingdom et al. [57].
Increased freshwater flow into estuarine areas likely stimulates
seasonal migration of prawns toward the sea, resulting in a
preliminary rise in adult prawn abundance in adjacent marine
waters. It is hypothesized that disturbance of estuarine
sediments, routine burrowing, and respiration activities due to
enhanced river discharge contribute to this emigration. This
early increase in adult abundance enhances reproductive
potential, while high rainfall indirectly supports juvenile
recruitment, growth, and survival, ultimately increasing prawn
populations in the following year.

Extended dry conditions negatively impact prawn
populations and often result in reduced population sizes [58-
60]. It was reported that a lower percentage of adult
individuals of Atya lanipes and Xiphocaris elongata were
gravid during drought conditions. Even in tropical rainforest
biomes, prolonged drought can significantly alter aquatic
communities through local density effects due to habitat
shrinkage, ultimately resulting in long-term reproductive
declines.

4.3 Influence of water quality on the abundance of prawn
species

In tropical regions, key factors influencing the distribution
and abundance of prawns include temperature, salinity,
nutrient levels, and substrate composition [61]. In this study,
MM was found across all seasons and sites, indicating a wide
tolerance range to variations in water quality parameters. ME
was more abundant in clearer waters, particularly during
Transition Season 2 (TS2). This is similar to M.
macrobrachion, which prefers higher water visibility and
shows a positive correlation with Secchi disk transparency
[57].

Secchi disk transparency influences light penetration in the
water column, affecting photosynthesis and algal growth.
Highly turbid waters limit light penetration, reducing both
water temperature and photosynthetic activity. In such
conditions, algal growth on the pond bottom tends to decrease
[62, 63]. A Secchi disk depth between 30 and 60 cm is
recommended for freshwater aquaculture [64].

The presence of ME was negatively correlated with the
presence of ML [65]. We observed similar ontogenetic
temporal partitioning between Farfantepenaeus paulensis and
F. brasiliensis, with one species more abundant in summer and
the other in autumn, likely due to differing migration and
recruitment patterns. Such seasonal species distributions may
represent strategies to reduce interspecific competition.

ML was mostly found at WEM, PEM, and SJEM and was
negatively correlated with transparency. M. rosenbergii



prefers turbid conditions, with phytoplankton contributing to
the Secchi disk transparency. Phytoplankton abundance is
strongly and heterogeneously related to orthophosphate levels
[66, 67]. 1t is reported that prawns tend to prefer filamentous
green algae and may avoid certain periphyton species such as
diatoms. An optimal abundance and composition of
phytoplankton contribute positively to water quality—not only
through shading the benthos but also via oxygenation, NHs
reduction, and by forming the base of the food web, which
ultimately benefits prawn stock [68].

ML populations in the Gililana River were found on sandy,
gravelly, and root-bound substrates. This species inhabits fast-
flowing, shallow waters. According to research [69], ML was
also found in the Andaman Islands in river depths of 2-3 cm
with sandy and muddy substrates [70]. Its microhabitats
include macrophytes, sago roots, leaf litter, and woody debris.
Reported conditions include water temperature of 25-28 °C,
DO of 5.2-8.8 mg/L, and pH between 7.0 and 9.3, with
substrates composed of mud and sand [71].

Macrobrachium idae (MI) was weakly correlated with
potassium (K) (r = 0.309). MI was abundant during WM and
absent in TS1, likely due to the gradual increase in K from TS1
to WM. MI is a freshwater prawn species with facultative
euryhalinity and is typically more abundant during and shortly
after the rainy season (October—February). Prawns are
commonly found in estuarine niches, deep water, and
mangrove areas. They migrate to brackish water zones for
spawning and sometimes for larval hatching, with post-larval
individuals returning to freshwater habitats [19, 20].

Potassium plays a key role in post-molting processes, which
influence survival rates in Litopenaeus vannamei [72, 73]. The
uptake of sodium (Na) ions is influenced by K, and magnesium
(Mg) uptake is affected by calcium (Ca) concentrations [74].
Previous studies have reported that a Na ratio of 27:1 in
freshwater media significantly influences the growth and
survival of L. vannamei [75].

Ituarte found that Na'/K*-ATPase enzyme activity was
present at all developmental stages of Palaemonetes
argentinus, being lowest during early egg development (stage
SI), highest at the late embryonic stage (SIII), and moderate
during newly hatched zoea (ZI) and in adults [76].

Nevertheless, the present study was limited to three rivers
and a one-year sampling period. Therefore, caution should be
applied when generalizing the findings to other tropical river
systems with different hydrological and ecological
characteristics. Future studies involving broader geographical
coverage and longer monitoring periods are needed to validate
the applicability of these findings across larger watershed
systems.

4.4 Management implications

The ecological relationships identified in this study provide
important implications for watershed management and
freshwater biodiversity conservation. Maintaining riparian
vegetation, reducing agricultural fertilizer runoff, controlling
sedimentation, and improving water transparency may help
sustain suitable habitat conditions for Macrobrachium spp.
These findings may support local river management policies
and community-based conservation programs aimed at
maintaining freshwater ecosystem health in the Rongkong
Sub-Watershed.

Shrimp abundance is an important indicator for assessing
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the health and ecological balance of river ecosystems. In this
study, variations in the abundance of Macrobrachium spp.
indicate that changes in environmental conditions, particularly
water quality parameters, can influence the distribution and
population dynamics of the species. Given the high economic
value of Macrobrachium spp., changes in habitat quality can
impact not only the sustainability of aquatic ecosystems but
also the social and economic aspects of communities
dependent on these resources.

The results indicate that environmental factors such as
Secchi disk transparency, DO, potassium, and nutrients are
related to species distribution patterns. Fluctuations in these
parameters likely affect habitat availability, food sources, and
physiological processes that play a role in shrimp growth,
development, and survival. Changing environmental
conditions due to increased anthropogenic activity, land use
changes, and increased pollutant loads have the potential to
degrade natural habitat quality and alter the community
structure of aquatic organisms.

These findings indicate that habitat conservation and
management efforts need to consider the ecological
characteristics and physiological tolerances of each
Macrobrachium species. In line with the Law of the Republic
of Indonesia No. 32 of 2009 concerning Environmental
Protection and Management and supported by Government
Regulation No. 22 of 2021 concerning the Implementation of
Environmental Protection and Management, in general to
specific, it mentions the efforts that can be made to maintain
environmental quality and biodiversity. Such management can
be directed at reducing sources of environmental stress,
maintaining supportive habitat conditions, and regularly
monitoring water quality and population dynamics.
Furthermore, further research on the species' biology, life
cycle, and response to environmental change is needed to
support more effective and sustainable management strategies
[77,78].

5. CONCLUSIONS

This study demonstrated that water quality parameters
significantly influence the abundance and distribution of
Macrobrachium spp. in the Waelawi, Salujambu, and
Pombakka rivers of the Rongkong Sub-Watershed. Four
Macrobrachium species were identified, with MM being the
dominant species across all sampling sites and seasons,
indicating broad ecological adaptability. In contrast, ME was
associated with higher water transparency, whereas ML
showed a negative relationship with transparency and was
more abundant during the EM season. MI was associated with
higher potassium concentrations during the WM period. CCA
showed a significant relationship between environmental
variables and shrimp distribution patterns (¥ = 4.9111; p =
0.003), with K, temperature, DO, pH, transparency, and NHs
identified as the most influential parameters. These findings
highlight the important role of hydrological seasonality and
water quality in shaping freshwater shrimp ecology.
Therefore, maintaining river water quality through watershed
conservation, reduction of agricultural runoff, riparian
vegetation protection, and continuous monitoring of nutrient
inputs is recommended to support sustainable freshwater
shrimp populations and biodiversity conservation in tropical
river ecosystems.
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