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RINGKASAN

RIZKI GENCAR PRAKARSA. Dampak Musim Hujan terhadap Fitoplankton,
Respons Imun, dan Kinerja Produksi Udang Vaname (Litopenaeus vannamei)
pada Tambak Intensif. Dibimbing oleh YUNI PUJI HASTUTI, KUKUH
NIRMALA, dan EDDY SUPRIYONO.

Tantangan dalam budidaya udang vaname salah satunya adalah musim
hujan. Musim hujan memberikan dampak negatif terhadap kualitas air di tambak,
di mana fluktuasi parameter lingkungan menyebabkan ketidakstabilan komunitas
fitoplankton. Ketidakstabilan tersebut dapat menurunkan respons imun udang dan
kinerja produksinya. Fitoplankton memiliki peran penting dalam menjaga
keseimbangan ekosistem tambak. Perubahan dominansi fitoplankton yang terjadi
secara ekstrem dan terus-menerus setiap minggunya dapat meningkatkan risiko
penyakit, karena keseimbangan antara lingkungan, patogen, dan inang menjadi
tidak stabil. Akibatnya, performa produksi udang pun cenderung menurun.

Penelitian ini bertujuan menganalisis dampak musim hujan terhadap
fitoplankton, respons imun, dan kinerja produksi udang vaname (Litopenaeus
vannamei) pada tambak intensif. Penelitian dilaksanakan di tambak udang
Malingping selama satu siklus produksi yang dilakukan secara non eksperimental
dengan pendekatan observasi lapangan. Lokasi pengamatan terdiri atas enam
petak tambak. Pengambilan sampel air dilakukan sebanyak empat titik dan
digabung secara komposit pada setiap petak tambak. Sampel fitoplankton diambil
menggunakan plankton net berukuran 15 pm dengan metode pasif sebanyak 30
liter. Sampel disimpan pada botol HDPE, dan diawetkan dengan menggunakan
H>SO4 ataupun lugol. Pengambilan darah udang dilakukan sebanyak 20 ekor per
petak tambak menggunakan syringe 1 mL yang diencerkan dengan antikoagulan
1:2, lalu dimasukkan ke dalam microtube. Semua sampel tersebut dimasukkan ke
dalam coolbag.

Data yang diperoleh di antaranya yaitu curah hujan, kemudian kualitas air
(fisika, kimia, dan biologi), lalu metrik stabilitas fitoplankton (turnover, mean
rank abundance (MRA), synchrony, dan stability), kemudian struktur komunitas
fitoplankton (kelimpahan, keragaman, keseragaman, dan dominansi), lalu respons
imun udang (fotal haemocyte count (THC), aktivitas fagositik (AF), respiratory
burst (RB), dan phenoloxidase (PO)), kemudian kinerja produksi (average daily
growth (ADGQG), average body weight (ABW), kematian udang, survival rate (SR),
dan feed conversion ratio (FCR)). Analisis yang digunakan yaitu regresi panel
dengan menggunakan common effect model (CEM), lalu dilakukan eksplorasi
menggunakan principal component analysis (PCA) dan analisis klaster k-means.
Hasil regresi yang tidak memenuhi uji asumsi, dilakukan transformasi logaritmik,
akar kuadrat (SQRT), ataupun box-cox, lalu jika tetap tidak memenuhi uji asumsi
maka dilakukan robust standard errors.

Hasil penelitian menunjukkan bahwa musim hujan dengan status curah
hujan yang tinggi (300-500 mm bulan™'), memiliki dampak yang besar terhadap
kestabilan kualitas air, fitoplankton, respons imun, dan kinerja produksi, hal
tersebut terjadi selama penelitian dari day of culture (DOC) 0 sampai 70.
Parameter seperti suhu, salinitas, kecerahan, total ammonia nitrogen (TAN), nitrit,
total organic matter (TOM) berada di luar batas optimal budidaya udang. Selama



sembilan kali pengambilan sampel, kelimpahan fitoplankton didominasi oleh
kelas yang berbeda-beda, di mana Cyanophyceae menjadi kelas yang sering
mendominasi tiap sampling, walaupun keberadaannya juga sempat tergantikan
oleh jenis yang lain. Nilai Turnover dan MRA fitoplankton memiliki nilai yang
tinggi, hal tersebut menunjukkan rendahnya stabilitas fitoplankton. Synchrony
memiliki nilai rata-rata sebesar 0,37, yang artinya beberapa spesies merespons
perubahan lingkungan yang berbeda-beda. Hasil stability sebesar satu juga tidak
baik pada petak tambak. Hasil pengukuran respons imun, termasuk THC, AF, RB,
dan PO, menunjukkan tren penurunan seiring mendekati DOC 70. Selain itu, nilai
ADG yang diperoleh sempat rendah, disertai dengan tingginya angka kematian
udang di waktu akhir budidaya. Nilai FCR berada di atas 1,4 di semua kolam,
sedangkan SR kurang dari 46%. Hasil ini diduga karena dampak dari paparan
toksin yang berasal dari fitoplankton kelas Cyanophyceae (Aphanizomenon sp.,
Anabaena sp., dan Trichodesmium sp.), walaupun hal tersebut perlu dikaji lebih
lanjut berdasarkan hasil penelitian ilmiah melalui uji toksisitas toksin BGA
terhadap respons imun udang dan kinerja produksinya pada skala laboratorium.

Hasil regresi panel (Y = kelimpahan fitoplankton ; X = kualitas air)
dengan transformasi logaritmik menunjukkan bahwa alkalinitas total, TVC, TBV,
dan nitrat berpengaruh signifikan positif (o = 0,05), sedangkan DO berpengaruh
signifikan negatif terhadap kelimpahan fitoplankton (a = 0,05), dengan R-squared
sebesar 58% dan p-value sebesar 1,53 x 107, selanjutnya regresi panel (Y = THC;
X = fitoplankton) dengan SQRT dan robust standard errors menunjukkan bahwa
kelimpahan dan keragaman berpengaruh signifikan negatif (a = 0,05), dengan R-
squared sebesar 55% dan p-value sebesar 7 x 107, serta regresi panel (Y = ADG ;
X = respons imun udang) dengan transformasi box-cox dan robust standard errors
menunjukkan bahwa THC berpengaruh signifikan negatif (a0 = 0,05), dengan R-
squared sebesar 76% dan p-value sebesar < 2,22 x 107'°. Sementara itu, hasil
regresi panel (Y = Jumlah kematian udang; X = respons imun udang)
menggunakan transformasi box-cox dan robust standard errors menunjukkan
bahwa THC dan RB berpengaruh signifikan negatif (o = 0,05), dengan R-squared
sebesar 82% dan p-value sebesar < 2,22 x 1071, Semua model dalam analisis
regresi panel menggunakan CEM, karena hasil uji Chow dan Lagrange Multiplier
tidak signifikan. Hasil PCA menunjukkan bahwa variabel yang menjadi
komponen utama selama musim hujan di antaranya yaitu suhu, pH siang, salinitas,
TAN, kecerahan, keragaman, dominansi, MRA, THC, AF, size, dan ABW, hal
tersebut berdasarkan nilai eigenvector yang dominan pada masing-masing
variabel terhadap sumbu utama yang terbentuk. Hasil biplot PCA menunjukkan
bahwa kematian udang yang tinggi dimulai saat DOC 42, hal tersebut juga
didukung dengan hasil analisis klaster k-means yang terbagi atas dua klaster
berdasarkan uji dengan metode silhouette, di mana klaster satu terdiri dari DOC
10 hingga 33, sedangkan klaster dua terdiri atas DOC 42 hingga 70. Penelitian ini
menunjukkan bahwa musim hujan memiliki dampak yang negatif terhadap
kondisi fitoplankton, respons imun, dan kinerja produksi udang vaname pada
tambak intensif.

Kata kunci: fitoplankton, hujan, kinerja produksi, kualitas air, respons imun



SUMMARY

RIZKI GENCAR PRAKARSA. The Impact of the Rainy Season on
Phytoplankton, Immune Response, and Production Performance of Vaname
Shrimp (Litopenaeus vannamei) in Intensive Ponds. Supervised by YUNI PUIJI
HASTUTIL, KUKUH NIRMALA, and EDDY SUPRIYONO.

One of the challenges in vaname shrimp farming is the rainy season. The
rainy season has a negative impact on water quality in ponds, where fluctuations
in environmental parameters cause instability in the phytoplankton community.
This instability can reduce the shrimp's immune response and production
performance. Phytoplankton plays an important role in maintaining the balance of
the pond ecosystem. Extreme and continuous changes in phytoplankton
dominance every week can increase the risk of disease, as the balance between the
environment, pathogens, and hosts becomes unstable. As a result, shrimp
production performance tends to decline.

This study aims to analyze the impact of the rainy season on
phytoplankton, immune response, and production performance of vaname shrimp
(Litopenaeus vannamei) in intensive ponds. The study was conducted at the
Malingping shrimp pond during one production cycle using a non-experimental
approach with field observations. The observation site consisted of six pond.
Water samples were collected from four points and combined into a composite
sample for each pond. Phytoplankton samples were collected using a 15 um
plankton net with a passive method, collecting 30 liters of water. The samples
were stored in HDPE bottles and preserved using H2SO4 or lugol. Blood samples
were taken from 20 shrimp per pond using a 1 mL syringe diluted with a 1:2
anticoagulant, then placed in microtubes. All samples were placed in a cool bag.

The data obtained included rainfall, water quality (physical, chemical, and
biological), phytoplankton stability metrics (turnover, mean rank abundance
(MRA), synchrony, and stability), phytoplankton community structure
(abundance, diversity, evenness, and dominance), then shrimp immune response
(total haemocyte count (THC), phagocytic activity (AF), respiratory burst (RB),
and phenoloxidase (PO)), then production performance (average daily growth
(ADG), average body weight (ABW), shrimp mortality, survival rate (SR), and
feed conversion ratio (FCR)). The analysis used was panel regression using a
common effect model (CEM), followed by exploration using principal component
analysis (PCA) and k-means cluster analysis. Regression results that did not meet
the assumption test were subjected to logarithmic, square root (SQRT), or box-
cox transformations, and if they still did not meet the assumption test, robust
standard errors were applied.

The results of the study indicate that the rainy season with high rainfall
(300-500 mm month™') has a significant impact on water quality stability,
phytoplankton, immune response, and production performance. This occurred
during the study from day of culture (DOC) 0 to 70. Parameters such as
temperature, salinity, transparency, total ammonia nitrogen (TAN), nitrite, and
total organic matter (TOM) were outside the optimal range for shrimp farming.
During nine sampling periods, phytoplankton abundance was dominated by



different classes, with Cyanophyceae frequently dominating each sampling,
although its presence was also replaced by other types. The phytoplankton
turnover and MRA values were high, indicating low phytoplankton stability.
Synchrony had an average value of 0,37, which means that several species
responded to different environmental changes. The stability result of one is also
not good for pond. The results of immune response measurements, including
THC, AF, RB, and PO, show a downward trend as DOC 70 approaches. In
addition, the ADG value obtained was low, accompanied by a high mortality rate
of shrimp at the end of cultivation. The FCR value was above 1,4 in all ponds,
while the SR was less than 46%. These results are thought to be due to the impact
of toxin exposure from Cyanophyceae class phytoplankton (Aphanizomenon sp.,
Anabaena sp., and Trichodesmium sp.), although this needs to be further
investigated based on scientific research through BGA toxin toxicity tests on
shrimp immune responses and production performance on a laboratory scale.

The panel regression (Y = phytoplankton abundance ; X = water quality)
with log-transformation showed that total alkalinity, TVC, TBV and nitrate had a
significant positive effect (a = 0,05), while DO had a significant negative effect
on phytoplankton abundance (o = 0,05), with R-squared at 58% and p-value at
1,53 x 107, Furthermore, the panel regression (Y = THC ; X = phytoplankton)
with SQRT and robust standard errors showed that abundance and diversity had a
significant negative effect (o = 0,05), with R-squared at 55% and p-value at 7 x
10°. Additionally, the panel regression (Y = ADG ; X = shrimp immune
response) with box-cox transformation and robust standard errors showed that
THC had a significant negative (o = 0,05), with R-squared at 76% and a p-value
of <2,22 x 107!, Meanwhile, the panel regression results (Y = number of dead
shrimp; X = shrimp immune response) using box-cox transformation and robust
standard errors show that THC and RB have a significant negative effect (o =
0,05), with an R-squared value of 82% and a p-value of <2,22 x 10°'°. All models
in the panel regression analysis used CEM because the results of the Chow and
Lagrange Multiplier tests were not significant. PCA results showed that the main
components during the rainy season were temperature, pH, salinity, TAN,
brightness, diversity, dominance, MRA, THC, AF, size and ABW. The PCA
biplot shows that high mortality in shrimp started at DOC 42, which is also
supported by the k-means cluster analysis, which is divided into two clusters
based on the silhouette method, where cluster one consists of DOC 10 to 33 and
cluster two consists of DOC 42 to 70. This study shows that the rainy season has a
negative impact on the condition of phytoplankton, immune response, and the
performance of producing vaname shrimp in intensive ponds.

Keywords: immune response, phytoplankton, production performance, rain, water
quality
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