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ABSTRACT 
 
Phronima sp. is a marine amphipod with potential as a 
natural feed in fisheries cultivation activities. One of the 
challenges in its development is its ability to adapt to salinity 
changes during the research process. This study aims to 
analyze the effect of salinity decrease frequency on the 
growth of Phronima sp. The research used an experimental 
design with four treatments: salinity reduction of 5 ppt every 
3 days (P1), every 2 days (P2), daily (P3), and control without 
salinity reduction (P4). Phronima sp. was reared for 21 days 
in 20 L containers with a density of 10 individuals/L. 
Observed parameters included absolute weight growth, 
absolute length growth, Specific Growth Rate (SGR), 
population growth rate, and water quality parameters. Data 
were analyzed using ANOVA or Welch ANOVA at a 95% 
confidence level. The results showed that salinity reduction 
frequency had no significant effect (P>0.05) on all growth pa 
rameters of both broodstock and juvenile Phronima sp. 
However, the P2 treatment showed the highest average 
values for absolute weight growth, SGR, and population 
growth rate. Water quality during the study remained within 
suitable ranges for Phronima sp. growth, with temperature 
of 26.5–29.6°C, pH of 8.25–8.50, and dissolved oxygen of 
5.52–6.68 mg/L. These findings indicate that gradual salinity 
reduction to 0 ppt with different frequencies remains within 
the physiological tolerance of Phronima sp. and does not 
significantly affect its growth. 

 
INTRODUCTION 

 
Natural feed is an important component of aquaculture activities because it provides 

essential nutrients such as proteins, amino acids, lipids, vitamins, and minerals that support 
the growth and development of aquaculture organisms, especially in the larval and juvenile 
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phases (Hamre et al., 2013). Zooplankton as live feed has a suitable size, is easy to digest, and 
is able to increase the feeding response of aquatic organisms because it has natural movement 
in the waters (Suhaimi et al., 2024). 

Several types of zooplankton such as rotiferas, copepods, and Artemia have been widely 
used in hatchery activities (Khan & Rahman, 2025). However, the use of Artemia has 
limitations due to the relatively high price so that a more economical natural feed alternative 
is needed. Amphipods are one of the groups of zooplankton that have the potential to be 
developed because they have good nutritional content and can be used as an alternative 
natural feed in aquaculture activities (Baeza et al., 2014). 

One type of amphipod that has the potential to be a natural feed is Phronima sp. This 
organism has a wide distribution in marine to brackish waters and plays a role in the food 
chain as a link between primary producers and higher trophic level organisms. The nutritional 
content of Phronima sp. which supports growth has the potential to be used as natural feed 
for fish and crustaceans (Yusuf et al., 2020). 

Development of Phronima sp. still faces obstacles, especially related to the success of 
sustainable maintenance. Environmental factors such as air quality and salinity play an 
important role in influencing physiological processes, metabolism, and growth of organisms. 
Changes in salinity can affect osmoregulatory ability as well as energy use efficiency for growth 
(Jiménez et al., 2018). 

Phronima sp. is known to have the ability to adapt to the salinity range of 20–35 ppt, but 
information on the effect of the frequency of gradual salinity changes on biomass growth and 
production is still limited (Nailulmuna et al., 2020). Therefore, this study was conducted to 
analyze the effect of the frequency of salinity decrease on the growth and final biomass of 
Phronima sp. in a controlled maintenance system as an effort to support the development of 
alternative natural feed cultures in aquaculture activities. 

 
METHODS 

 
This study was conducted over a 22-day period from 20 April – 12 May 2026 at the 

Kurnaen Sumadiharga Science and Technology Park (KST) Laboratory, under the Research 
Institute for Mariculture, Agriculture and Food Research Organization – National Research and 
Innovation Agency (BRIN), in Malaka, North Lombok. An experimental method employing a 
Completely Randomized Design (CRD) was used. The study examined the growth response of 
amphipods (Phronima sp.) to decreased salinity; it comprised 4 treatments and 3 replicates, 
resulting in a total of 12 experimental units. This aligns with the findings of Nailulmuna et al. 
(2020), who investigated the growth response of Phronima sp. to salinity changes using salinity 
treatments of 20, 25, 30, and 35 ppt. The results demonstrated that Phronima sp. was able to 
survive within this salinity range, with a salinity of 25 ppt yielding the best growth. This 
indicates that Phronima sp. possesses the ability to adapt to changes in environmental osmotic 
conditions. 

 
Table 1. Treatment in the Study 

No Treatment Remarks 

1. P1 Reduction of 5 ppt every 3 days 
2. P2 Reduction of 5 ppt every 2 days 
3. P3 Reduction of 5 ppt every day 
4. P4 Control (35 ppt) 
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Data analysis was carried out using SPSS Statistics version 16 on growth parameters 
including absolute weight, absolute length, Specific Growth Rate (SGR), population growth 
rate, and water quality. The data were tested for Shapiro-Wilk normality and Levene 
homogeneity, then analyzed using one-way ANOVA at a 95% confidence level. If there is a real 
difference (p<0.05), Duncan's further test is carried out. Data that did not meet the 
assumptions were analyzed using Welch ANOVA and Games-Howell, while water quality was 
analyzed descriptively. 

Absolute Weight Growth 
Absolute weight growth is the average weight growth rate of shrimp from the beginning 

to the end of rearing. According to Effendi (2004) in Ismail et al. (2021) Absolute weight growth 
can be calculated using the following formula: 

Wm = Wt-Wo 
Where: 
Wm = Absolute weight growth (g) 
Wt = Average final weight (g) 
Wo = Average starting weight (g) 
Absolute Length Growth 

Absolute length growth is the average length growth rate of shrimp from the beginning 
to the end of rearing. According to Effendi (1997) in Ismail et al. (2021) Absolute length growth 
can be calculated using the following formula: 

Pm = Lt-Lo 
Where: 
Pm = Absolute growth length (cm) 
Lt = Average final length (cm) 
Lo = Average initial length (cm) 
Specific Growth Rate (SGR) 

The specific growth rate is calculated using the formula of Agharid (2020), as follows: 

SGR =
LnWt − LnWo

t
× 100% 

Where: 
SGR  = Specific Growth Rate (%/day) 
Wt  = Weight of biota at the end of maintenance 
Wo  = Weight of biota at the beginning of maintenance 
t  = Length of study (days) 
Population Growth Rate 

The population growth rate of Phronima sp. is calculated using the formula that was 
used in the research of Cheng et al. (2011) in Yusuf et al. (2020), which is as follows:  

r =  
 lnNt− lnNo

t
 x100%  

Description:  
r  : Growth rate (%)  
Nt  : Final density (ind)  
No : Initial density (ind)  
t  : Observation time (days) 
Dilution 

V1 x N1 = V2 x N2 
Where: 
V1  = Volume added (liters) 
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N1  = Initial salinity (ppt) 
V2 = Initial volume (liters) 
N2 = Desired salinity (ppt) 
Water Quality 

Measurement of water quality parameters which include temperature, pH, DO, and 
salinity. Measurements of temperature, pH, DO, salinity are carried out daily to maintain the 
quality of the treatment medium. The tools used, namely pH & temperature meters to 
measure the acidity level (pH) and water temperature of the maintenance medium, as well as 
refractometers to measure the salinity level of the maintenance medium. 

 
RESULTS 

 
Absolute Weight Growth of Broodstock 

The results of the absolute weight measurement of Phronima sp. in each treatment are 
presented in Figure 1. Descriptively, the mean absolute weight value shows that the average 
is 1.19 ± 0.23 g - 2.06 ± 1.31 g. 

 
Figure 1. Average Absolute Weight Values Over 21 Days of Maintenance 

 
Based on the results of the Welch ANOVA test, the treatment showed that there was no 

significant effect on the absolute weight value of Phronima sp. broodstock, with a significance 
value of 0.841 (P > 0.05). This indicates that the average absolute weight values for the 
observed treatments are relatively similar. Therefore, no further testing was conducted. 
Absolute Weight Growth of Seeds 

The results of the absolute weight measurement of Phronima sp. in each treatment are 
presented in Figure 2. Descriptively, the absolute mean weight value shows that the mean is 
1.27 ± 0.23 g - 2.04 ± 0.29 g.  
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Figure 2. Average Absolute Weight Values Over 21 Days of Maintenance 

 
Based on the results of the Welch ANOVA test, the treatment showed that there was no 

significant effect on the absolute weight value of Phronima sp. seedlings, with a significance 
value of 0.204 (P > 0.05 This indicates that the average absolute weight values for the observed 
treatments are relatively similar. Therefore, no further testing was conducted. 
Absolute Growth Length of Broodstock  

The results of the absolute length measurement of Phronima sp. in each treatment are 
presented in Figure 3. Descriptively, the absolute mean length value shows that the average 
is 6.1 ± 0.73 mm - 6.7 ± 0.74 mm. 

 
Figure 3. Average Absolute Length Values Over 21 Days of Maintenance 

 
Based on the results of the ANOVA test, the treatment showed that there was no 

significant effect on the absolute length value of Phronima sp. broodstock, with a significance 
value of 0.705 (P > 0.05). This indicates that the average absolute weight values for the 
observed treatments are relatively similar. Therefore, no further testing was conducted. 
Absolute Growth Length of Seeds  

The results of the absolute length measurement of Phronima sp. in each treatment are 
presented in Figure 4. Descriptively, the mean value of absolute length shows that the average 
is 3.5 ± 0.10 mm - 4.0 ± 0.11 mm. 
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Figure 4. Average Absolute Length Values Over 21 Days of Maintenance 

 
Based on the results of the ANOVA test, the treatment showed that there was no 

significant effect on the absolute length value in Phronima sp. seedlings, with a significance 
value of 0.087 (P > 0.05). This indicates that the average absolute weight values for the 
observed treatments are relatively similar. Therefore, no further testing was conducted. 
Specific Growth Rate (SGR) of Broodstock 

The results of the measurement of the Specific Growth Rate (SGR) of Phronima sp. in 
each treatment are presented in Figure 5. Descriptively, the average value of SGR shows that 
the average is 5.49 ± 1.22%/day - 8.28 ± 2.13%/day. 

 
Figure 5. The Average SGR Value For 21 Days of Maintenance 

 
Based on the results of the Welch ANOVA test, the treatment showed that there was no 

significant effect on the SGR value, with a significance value of 0.440 (P > 0.05). This indicates 
that the average absolute weight values for the observed treatments are relatively similar. 
Therefore, no further testing was conducted. 
Specific Growth Rate (SGR) of Seeds 

The results of the measurement of Phronima sp. specific growth rate (SGR) in each 
treatment are presented in Figure 6. Descriptively, the average SGR value shows that the 
average is 4.28 ± 0.83%/day - 6.39 ± 0.65%/day. 
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Figure 6. The Average SGR Value For 21 Days of Maintenance 

 
Based on the results of the Welch ANOVA test, the treatment showed that there was no 

significant effect on the SGR value, with a significance value of 0.562 (P>0.05). This indicates 
that the average absolute weight values for the observed treatments are relatively similar. 
Therefore, no further testing was conducted. 
Population Growth Rate of Broodstock 

The results of the measurement of the population growth rate of Phronima sp. in each 
treatment are presented in Figure 7. Descriptively, the average value of the population growth 
rate shows that the average is 214.67 ± 8.73% - 245.67 ± 30.74%. 

 
Figure 7. The Average Value of the Population Growth Rate During 21 Days of Maintenance 

 
Based on the results of the ANOVA test, the treatment showed that there was no 

significant effect on the value of the population growth rate in Phronima sp. broodstock, with 
a significance value of 0.440 (P > 0.05). This indicates that the average absolute weight values 
for the observed treatments are relatively similar. Therefore, no further testing was 
conducted. 
Population Growth Rate of Seeds 

The results of the measurement of the population growth rate of Phronima sp. in each 
treatment is presented in Figure 4.8. Descriptively, the average value of the population growth 
rate shows that the average is 823 ± 57.49% - 897.67 ± 27.35%. 
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Figure 8. The Average Value of the Population Growth Rate During 21 Days of Maintenance 

 
Based on the results of the ANOVA test, the treatment showed that there was no 

significant effect on the value of the population growth rate in Phronima sp. seeds, with a 
significance value of 0.467 (P > 0.05). This indicates that the average absolute weight values 
for the observed treatments are relatively similar. Therefore, no further testing was 
conducted. 
Water Quality Parameters  

The measured water quality parameters, namely temperature, pH, DO (Dissolved 
Oxygen), and salinity, showed values that were in a fairly similar range between the four 
treatments. The temperature is in the range of 26.5 – 29.6°C, pH at 8.25 – 8.5, and DO at 5.52 
– 6.68 mg/L. This uniformity of water quality values indicates that the difference in the 
frequency of salinity decrease does not significantly affect the condition of the cultivation 
medium in which Phronima sp. is kept. 

 
Table 2. Standard Water Quality Parameters 

Parameter 
Treatment Optimum 

Range 
Literature 

P1 P2 P3 P4 

Temperature 
(°C) 

26.7 – 
29.5 

26.5 -
29.1 

27 -
29.2 

27 – 
29.6 

27 - 31 Fattah et al. (2014) 

pH 8.27 -
8.5 

8.25 -
8.5 

8.26 -
8.4 

8.27 – 
8.5 

7.8 – 8.2 Laramore et al. (2025) 

DO (mg/L) 5.78 -
6.68 

5.75 -
6.67 

5.52 -
6.68 

5.77 -
6.66 

> 4 Wahyuni et al. (2022) 

Salinity (ppt) 35 35 35 35 35 Yusuf et al. (2026) 

 
DISCUSSION 

 
Absolute Weight Growth of Broodstock 

The frequency of salinity reduces from 35–0 ppt had no significant effect on the absolute 
weight growth of Phronima sp. (P > 0.05). The highest value obtained in the P2 treatment was 
2.06 ± 1.31 g. This shows that Phronima sp. able to adapt to changes in salinity through 
osmoregulatory mechanisms in maintaining the balance of body fluids and ions. Amphipods 
have the ability to regulate the movement of air and ions through physiological mechanisms 
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so that they are still able to maintain metabolism and growth in changing environmental 
conditions (Morritt, 1988). 
Absolute Weight Growth of Seeds 

Absolute weight growth of Phronima sp. also showed no significant effect on salinity 
reduction treatment (P > 0.05), with the highest value at P2 of 2.04 ± 0.29 g. This growth is 
supported by the feeding of Feng Li which has a high protein content so that it can support 
tissue formation and the molting process. The optimal nutritional content of feed can increase 
the efficiency of energy utilization for the growth of aquatic organisms (Ahmad & Aminin, 
2025). In addition, the ability of amphipods to survive changes in salinity is related to an 
effective osmoregulatory mechanism in maintaining the body's physiological balance (Lowry 
& Myers, 2017). 
Absolute Growth Length of Broodstock  

The results showed that the frequency of salinity decrease did not have a significant 
effect on the absolute length of Phronima sp. (P > 0.05). The highest length value obtained in 
the P1 treatment was 6.7 ± 0.74 mm. Length growth is influenced by environmental 
conditions, nutrient availability, and molting processes that play a role in increasing the body 
size of crustaceans. Yusuf et al. (2020) stated that the growth of Phronima sp. It is 
characterized by a change in body size from the juvenile to adult phase through the process 
of skin change. 
Absolute Growth Length of Seeds 

The absolute length of the seeds Phronima sp. nor did it show any real effect due to 
salinity reduction treatment. The highest value obtained in the P4 treatment was 4.0 ± 0.11 
mm. This condition is thought to be related to the availability of proteins in Feng Li feed that 
support the formation of new tissues after the molting process. Protein content which can 
adequately increase energy utilization for the growth and development of crustacean 
organisms (Nguyen et al., 2014). 
Specific Growth Rate (SGR) of Broodstock 

The Specific Growth Rate (SGR) value of Phronima sp. did not show any significant effect 
due to salinity reduction treatment (P > 0.05). The highest SGR value was obtained in P2 of 
8.28 ± 2.13%/day. This shows that the variation in the frequency of salinity decrease has not 
been a growth inhibition factor because all treatments are still within the range of 
physiological tolerance of Phronima sp. The SGR value describes the ability of an organism to 
utilize feed nutrients into body biomass during the maintenance period (Islam et al., 2023). 
Specific Growth Rate (SGR) of Seeds 

SGR seeds Phronima sp. also showed no real effect between treatments (P > 0.05), with 
the highest value at P2 of 6.39 ± 0.65%/day. This condition shows that Phronima sp. able to 
adapt to changes in salinity through osmoregulation mechanisms. The ability to tolerate 
salinity changes allows energy to remain allocated for growth as osmotic pressure is still within 
the organism's controllable limits (Nailulmuna et al., 2020). 
Population Growth Rate of Broodstock 

The growth rate of the broodstock population of Phronima sp. did not show a significant 
effect on salinity reduction treatment (P > 0.05). The highest score obtained in the P2 
treatment was 245.67 ± 30.74%. This condition is supported by stable air quality and the 
availability of sufficient nutrients to support the reproductive process. The reproductive 
system of amphipods is ovoviviparous, that is, eggs develop in marsupiums until they become 
juveniles. Reproductive success is influenced by the physiological conditions of the parent and 
the availability of nutrients (Hyne, 2011). 
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Population Growth Rate of Seeds 
Population growth of Phronima sp. not did it show a significant effect between 

treatments (P > 0.05). The highest score obtained in P2 was 897.67 ± 27.35%. This condition 
is influenced by the relatively stable air quality and the feeding of Feng Li which has a high 
protein content to support juvenile growth. The protein content in feed plays a role in tissue 
formation and increased growth of aquatic organisms (Aji et al., 2020). In addition, Phronima 
sp. has a relatively fast life cycle so that it is able to increase the population in a short 
maintenance time (Yusuf et al., 2020). 
Water Quality Parameters 

The water quality parameters during the study were within the range that supported 
the maintenance of Phronima sp. The temperature ranges from 26.5–29.6°C, pH 8.25–8.5, and 
DO 5.52–6.68 mg/L. These conditions show that changes in the frequency of salinity decrease 
do not cause changes in air quality that can inhibit the growth of organisms. Temperature 
plays a role in regulating the metabolism and physiological activity of aquatic organisms. The 
temperature range of the study is still in accordance with the optimal conditions for the 
maintenance of Phronima sp. which is around 27–31°C (Fattah et al., 2014). The pH value 
during the study was also still within the tolerance limits of crustaceans so that the metabolic 
process could take place properly (Laramore et al., 2025). The dissolved oxygen content above 
4 mg/L indicates that the maintenance media conditions still support respiration and 
physiological activity of Phronima sp. (Erlangga, 2012). 
 

CONCLUSION  
 

The frequency of salinity decrease does not have a real effect on the growth of Phronima 
sp. on the parameters of absolute weight, absolute length, SGR, and population growth rate 
(P>0.05). The P2 treatment with a salinity decreases of 5 ppt every 2 days showed the highest 
growth value descriptively, but did not differ significantly from the other treatments. The air 
quality conditions during the study still supported the growth of Phronima sp. with a 
temperature range of 26.5–29.6°C, pH 8.25–8.5, and DO 5.52–6.68 mg/L. This shows that 
Phronima sp. able to adapt to changes in salinity through osmoregulatory mechanisms. 

 
ACKNOWLEDGEMENT 

 
The author would like to express his sincere thanks to all the individuals and institutions 

who contributed to the successful completion of this research and the preparation of this 
article. Special appreciation was expressed to the Kurnaen Sumadiharga Science and 
Technology Park Laboratory (STP), the Marine Aquaculture Research Center, the Agricultural 
and Food Research Organization, the National Research and Innovation Agency (BRIN), 
Malaka, North Lombok, which has provided facilities, infrastructure, and technical support 
during the research process. The authors also acknowledge the valuable assistance and 
cooperation of all parties involved, which greatly contributed to the successful 
implementation of this research. 

  
 
 
 
 



 
Journal of Fish Health, 6(3), 400-412 (2026)  
Auliani et al. (2026) 
https://doi.org/10.29303/jfh.v6i3.11077 

e-ISSN: 2798-2955 410  

REFERENCES 
 

Abidin, I. S. (2022). Application of Probiotics and Carbon Sources in Intensive Vannamei Shrimp 
(Litopenaeus vannamei) Farming Ponds Using Semi Biofloc Cultivation Systems. Journal 
of Aquaculture Science, 7(2), 67-78. 

Abrori, M., Soegianto, A., & Winarni, D. (2022). Survival, Osmoregulatory and Hemocyte 
Changes in Litopenaeus vannamei Postlarvae Acclimated to Different Intervals of Salinity 
Reduction. Aquaculture Reports, 25, 101222. 

Ahmad, F. (2019). Substitution of Artemia salina with Phronima sp. On the Quality of Seahorse 
Juwana Hippocampus Barbouri (Doctoral Dissertation, Hasanuddin University). 

Ahmad, S., & Aminin, A. (2025). The Effect of Feeding Different Brands of Shrimp (Fengli-
Kaiohji) on the Survival of Vanami Shrimp Seeds in Nursery Ponds. Jurnal Biologi 
Tropis, 25(3), 2451-2456. 

Aji, F. S., Rahardja, B. S., & Agustono, A. (2020). Effect of Addition of Cod Liver Oil in the 
Commercial Feed Protein Retention and Retention Energy Meat Giant Freshwater Prawn 
(Macrobrachium rosenbergii). Journal of Marine nnd Coastal Science Учредители: 
Universitas Airlangga, 8(3), 119-129. 

Andriani, Y. (2025). Study of the Form of Fish Feed : The Process of Making , Allocating and 
Applying It in Fish Farming : A Literature Review. 27(9), 117–129. 

Baeza-Rojano, E., Hachero-Cruzado, I., & Guerra-García, J. M. (2014). Nutritional Analysis of 
Freshwater and Marine Amphipods from the Strait of Gibraltar and Potential 
Aquaculture Applications. Journal of Sea Research, 85, 29-36. 
https://doi.org/10.1016/j.seares.2013.09.007 

Bahri, S. (2023). Phronima sp. and Artemia salina to Improve Survival, Growth and Rna/DNA 
Ratio in Crablet Nursery (Portunus pelagicus). (Doctoral Dissertation, Bosowa University 
Makassar). 

Bahri, S., Indrawati, E., & Mulyani, S. (2023). Survival and Growth of Crablet Crablet (Portunus 
Pelagicus) in Nursery Fed Natural Phronima sp. and Artemia Salina with Different Ratios. 
Journal of Aquaculture and Environment, 6(1), 36-42. 

Bishop, R. E., & Geiger, S. P. (2006). (2006). Phronima Energetics: is There a Bonus to the Barrel. 
Crustaceana. https://doi.org/https://doi.org/10.1163/156854006778859669 

Boyd, C. E., & Tucker, C. S. (1998). Water Quality Management of Pond Cultivation. Springer. 
Chen, K., Li, E., Li, T., Xu, C., Wang, X., Lin, H., ... & Chen, L. (2015). Transcriptome and Molecular 

Pathway Analysis of the Hepatopancreas in the Pacific White Shrimp Litopenaeus 
vannamei Under Chronic Low-salinity Stress. PloS one, 10(7), 131-503. 

Chong-Robles, J., Charmantier, G., Boulo, V., Lizárraga-Valdéz, J., Enríquez-Paredes, L.M., & 
Giffard-Mena, I. (2014). Osmoregulatory Patterns and Salinity Tolerance of White 
Shrimp Litopenaeus vannamei (Boone, 1931) During Post-embryonic 
Development. Aquaculture, 422, 261-267. 
https://doi.org/10.1016/j.aquaculture.2013.11.034 

Elder, L. E., & Seibel, B. A. (2015). The Thermal Stress Response to Diel Vertical Migration in 
the Hyperiid Amphipod Phronima sedentaria. Comparative Biochemistry and Physiology 
Part A: Molecular & Integrative Physiology, 187, 20-26. 
https://doi.org/10.1016/j.cbpa.2015.04.008 

Erlangga, E. (2012). Reap Profits from Lobster Cultivation in Freshwater Ponds. South 
Tangerang: Pustaka Agro Mandiri. 

 

https://doi.org/https:/doi.org/10.1163/156854006778859669
https://doi.org/10.1016/j.aquaculture.2013.11.034
https://doi.org/10.1016/j.cbpa.2015.04.008


 
Journal of Fish Health, 6(3), 400-412 (2026)  
Auliani et al. (2026) 
https://doi.org/10.29303/jfh.v6i3.11077 

e-ISSN: 2798-2955 411  

Fattah, M. H., Saenong, M., Asbar, & Busaeri, S. R. (2014). Production of Endemic 
Microcrustacean Phronima suppa (Phronima sp.) To Subtitute Artemia salina in Tiger 
Prawn Cultivation. Journal of Aquaculture Research & Development, 5(5), 1-5. 

Hakim, D. P., Pratama, R. B. K., Hidayat, T., Al Gifari, T. A., Hidayatullah, B., Yana, K. P., & Al 
Fajar, M. F. (2025). Water Quality Management in Intensive Breeding of Vannamei 
Shrimp (Litopenaeus vannamei) at PT Varia Indowin Perkasa Alasrejo Village, 
Wongsorejo District, Banyuwangi, East Java. Journal of Animal Science, Fisheries Science, 
Veterinary Science, 3(2), 26-34. 

Hamre, K., Yufera, M., Rønnestad, I., Boglione, C., Conceição, L.E., & Izquierdo, M. (2013). Fish 
Larval Nutrition and Feed Formulation: Knowledge Gaps and Barriers to Progress in 
Larval Rearing. Reviews in Aquaculture , 5 , S26-S58. 

Hasnidar, Kartini, J., Aminuddin, Fadli, M., & Azis, F. A. (2025). The Influence of Water Quality 
on Molting Performance of Mud Crabs Fed Functional Diets and Administered Vitomol 
Injection. Oceanica: Jurnal Riset Kelautan dan Perikanan, 1(1), 8-14. 

Herawati, V. E., & Hutabarat, J. (2015). Analysis of Growth, Survival and Biomass Production 
of Vannamei Shrimp Larvae with Artemia sp. Feeding Local Products Enriched by 
Chaetoceros calcitrans and Skeletonema costatum. Journal of Aquatic Pen, 12(1), 1-12. 

Herawati, V. E., Pinandoyo, P., Rismaningsih, N., Darmanto, D., Hutabarat, J., & Radjasa, O. K. 
(2019). The Effect of Probiotic Bacteria in Culture Media Using Organic Fertilizer for 
Population Density, Biomass Production and Nutrient Quality of Phronima sp. as Natural 
Feed. Aquaculture Research, 51(2), 836-843. 

Hyne, R. V. (2011). Review of the Reproductive Biology of Amphipods and Their Endocrine 
Regulation: Identification of Mechanistic Pathways for Reproductive 
Toxicants. Environmental toxicology and chemistry, 30(12), 2647-
2657.  https://doi.org/10.1002/etc.673 

Islam, M. N., Haque, M. M., Rahman, M. H., & Arifuzzaman, M. (2023). Specific Growth Rate 
(SGR) in Different Stages of Tilapia (Oreochromis niloticus) Production Cycle in Cemented 
Tank Based Semi-Intensive Aquaculture System. European Journal of Theoretical and 
Applied Sciences, 1(6), 601–610. https://doi.org/10.59324/ejtas.2023.1(6).61 

Jiménez-Prada, P., Hachero-Cruzado, I., Giráldez, I., Fernández-Diaz, C., Vilas, C., Cañavate, 
J.P., & Guerra-García, JM (2018). Amphipod Crustaceans from Swamp Ponds: a 
Nutritious Feed Source with Potential Applications in Integrated Multi-trophic 
Aquaculture. PeerJ, 6, e4194.  10.7717/peerj.4194 

Khan, N. S. (2025). Review Article Zooplankton in Aquaculture : A Perspective on Nutrition and 
Cost-Effectiveness. 2025(Figure 1), 11–13. https://doi.org/10.1155/are/5347147 

Khan, N. S., & Rahman, M. S. (2025). Zooplankton in Aquaculture: a Perspective on Nutrition 
and Cost‐effectiveness. Aquaculture Research, 2025(1), 5347147. 
https://doi.org/10.1155/are/5347147 

Kumar, R. (2011). Effects of Salinity , Food Level , and the Presence of Microcrustacean 
Zooplankters on the Population Dynamics of Rotifer Brachionus rotundiformis. 289–299. 
https://doi.org/10.1007/s10750-011-0615-6 

Lain, M. J., Zahida, F., & Jati, W. N.  (2017). Amphipod Identification in Abalone Maintenance 
Tub at the Lombok Marine Aquaculture Fisheries Center. Faculty of Technobiology, Atma 
Jaya University, Yogyakarta. 1-12. 

Laramore, S., Albright, E., and Sinacore, C. (2025). Effects of Culture System and Diet on 
Amphipod (Parhyale hawaiensis) Production. Scientific Reports, 15(1): 1–10. 

 

https://doi.org/10.1002/etc.673
https://doi.org/10.59324/ejtas.2023.1(6).61
https://doi.org/10.7717/peerj.4194
https://doi.org/10.1155/are/5347147
https://doi.org/10.1007/s10750-011-0615-6


 
Journal of Fish Health, 6(3), 400-412 (2026)  
Auliani et al. (2026) 
https://doi.org/10.29303/jfh.v6i3.11077 

e-ISSN: 2798-2955 412  

Lignot, J. H., Spanings-Pierrot, C., & Charmantier, G. (2000). Osmoregulation Capacity as a Tool 
in Monitoring Physiological Conditions and the Influence of Stress on 
Crustaceans. Aquaculture, 191 (1-3), 209-245. https://doi.org/10.1016/S0044-
8486(00)00429-4 

Lowry, J. K., & Myers, A. A. (2017). A Phylogeny and Classification of the Amphipoda with the 
Establishment of the New Order Ingolfiellida (Peracarida). Zootaxa, 4265(1),1-89. 

Morritt, D. (1988). Osmoregulation in Littoral and Terrestrial Talitroidan Amphipods 
(Crustacea) from Britain. Journal of Experimental Marine Biology and Ecology, 123 (1), 
77-94. https://doi.org/10.1016/0022-0981(88)90110-4 

Nailulmuna, Z., Hutabarat, J., & Herawati, V. E. (2020). The Effect of Salinity is Different on the 
Growth of Phronima sp. in Mass Cultivation as a Natural Feed. Aquaculture, Aquariums, 
Conservation & Legislation, 13(4), 1986-1992. 

Nailulmuna, Z., Hutabarat, J., & Herawati, V. E. (2020). The Effect of Different Salinity on the 
Growth of Phronima sp . in Mass Culture as Natural Feed. 13(4), 1986–1992. 

Nguyen, N. T. B., Chim, L., Lemaire, P., & Wantiez, L. (2014). Feed Intake, Frequency of Skin 
Change, Tissue Growth, Feed Efficiency and Energy Budget During the Skin Turnover 
Cycle of Young Mud Crab, Scylla serrata (Forskål, 1775), which was Fed a Variety of 
Practical Diets with Stratified Levels of Soy Protein Concentrate as the Main Source of 
Protein. Aquaculture, 43 (4), 499-509. 
https://doi.org/10.1016/j.aquaculture.2014.09.014 

Rojano, E. B., Cano, S. C., Cruzado, I. H., & Garcia, J. M. G. (2013). A Preliminary Study of the 
(Caprella scaura) Amphipod Culture for Potential Use in Aquaculture. Journal of Sea 
Reaserch, 8(3), 146-151. 

Scabra, A. R., & Setyowati, D. N. (2019). Improving Water Quality for Freshwater Fish Farmers 
in Gegerung Village. Journal of Abdi Insani LPPM Unram, 6(2), 267–275. 

Singh, M. K., Reddy, P. J., Sreedhar, A. S., & Tiwari, P. K. (2015). Molecular Characterization 
and Expression Analysis of hsp60 Gene Homologue of Sheep Blowfly, Lucilia 
cuprina. Journal of Thermal Biology, 52, 24-37. 
https://doi.org/10.1016/j.jtherbio.2015.05.001 

Suhaimi, H., Rahman, M. I. A., Ashaari, A., Ikhwanuddin, M., & Rasdi, N. W. (2024). Adaptation 
and Potential Culture of Wild Amphipods and Mysids as Potential Live Feed in 
Aquaculture. PeerJ, 12, e17092. 

Tumembouw, S. S., Delis, P. C., Wanimbo, E., Wahyudi, I. T., & Bujang, A. (2025). Water Quality 
Parameters in Aquaculture. Ternate: Kamiya Jaya Aquatic. 

Yusuf, M. B., Suminto, S., & Herawati, V. E. (2020). The Effect of Different Natural Feeding of 
Zooplankton Species (Artemia salina, Brachionus rotundiformis and Oithona similis) on 
the Growth Performance of Phronima sp. Tropical Aquaculture Science, 4(2), 109-118. 

https://doi.org/10.1016/S0044-8486(00)00429-4
https://doi.org/10.1016/S0044-8486(00)00429-4
https://doi.org/10.1016/0022-0981(88)90110-4
https://doi.org/10.1016/j.aquaculture.2014.09.014
https://doi.org/10.1016/j.jtherbio.2015.05.001

