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Abstract. The aim of this study was to develop a culture technique that can be applied for mass
production of bloodworms (Chironomidae larvae). Culture of bloodworms was carried out in outdoors
place covered by a polycarbonate canopy. Culture of bloodworms used two culture units, first: spawning
unit used to produce bloodworm eggs, and second: bloodworms rearing unit. Our study showed that the
spawning unit could produce 322.67±9.71 egg masses in 3 days, and must be spread in eight rearing
units for 12 days. Biomass of the bloodworms that were fed with fish manure, chicken manure and
commercial fish feed were 194.8±7.3 g tank-1, 150.8±9.8 g tank-1 and 167.1±9.3 g tank-1 respectively.
Nutrition contents of bloodworms from this culture were 39.4-50.81% protein, 1.70-4.18% fat, and
22.94-25.76% carbohydrate. Fish manure and chicken manure are suitable for bloodworm feed because
they are cheap.
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Introduction. Currently, keeping ornamental fish is becoming increasingly popular for
many people. Ornamental fish has turned into a big industry and has become one of the
alternatives to fish farming besides consumption fish (Monticini 2010; Dey 2016). Live
food has an important contribution to the development of ornamental fish culture (Lim et
al 2003). Bloodworm is an insect larvae from the family Chironomidae known as nonbiting fly which is a favorite live food for ornamental fish (Das et al 2012).
Bloodworm is considered as superior feed for ornamental fish because it has
suitable nutrients for freshwater fishes (Thipkonglars et al 2010) with high protein
content reaching 52.11-60.15% (Fard et al 2014; Ghazwan 2015). The average energy
density contained in the bloodworm is 2.46 kJ g-1 (Meyer et al 2016). Bloodworm is a live
food favored by fish (Gupta & Banerjee 2009; Anogwih & Makanjuola 2010; Baki et al
2015), providing optimal fish growth (Ghazwan 2015; Dey et al 2016; To’bungan 2016;
Priya et al 2018), and increase fish pigmentation (Maleknejad et al 2014). The need for
bloodworms continues to increase along with the increasing interest in keeping
ornamental fish throughout the world. Unfortunately, most bloodworms used for
ornamental fish feed are harvested from natural waters, and not from culture effort, so
sometimes its quality is low and its availability is depending on season (Sulistiyarto &
Christiana 2015; Nath et al 2017). Over exploitation of bloodworm in natural waters can
disturb the ecological balance (Reynolds & Peres 2006). To meet the needs of
bloodworms for the ornamental fish industry, mass production of bloodworms is needed.
The studies of bloodworm culture have been carried out using various feed
sources including: cow dung, chicken manure, fish manure, vegetable waste,
phytoplankton, yeast (Shaw & Mark 1980; Kumar & Ramesh 2014; Maleknejad et al
2014; Hamidoghli et al 2014; Suhada & Syamsudin 2014; Kumar 2016; Sulistiyarto &
Restu 2018). Shaw & Mark (1980) cultured bloodworms in ponds so that the production
was quite abundant, while other studies were carried out on a small scale in the
Laboratory. The aim of our study is to develop a culture technique that can be applied for
mass production of bloodworms.
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Material and Method. This study was conducted at the Aquaculture Laboratory,
Palangkaraya Christian University from May to August 2019. Culture of bloodworms was
carried out in outdoors place covered by a polycarbonate canopy. The bloodworm broods
were obtained from a culture collection maintained by the Aquaculture Laboratory of
Palangka Raya Christian University. Culture of bloodworms used two culture units, first:
spawning unit used to produce bloodworm eggs, and second: bloodworms rearing unit.
Spawning unit used a plastic container with a size of 20 x 38 x 75 cm filled with 40 L of
water. The top of the container was covered with a cage of mosquito net with a height of
50 cm. Rearing units used 9 (nine) tarpaulin tanks with a size of 100 x 100 cm, and filled
with water to a depth of 20 cm (200 L).
Around 800-1000 individuals of 8-day-old of bloodworm broods were kept in
spawning unit. The bloodworm broods were fed with commercial fish feed at the rate of
1.5 g L-1. About 4 days later this spawning unit produces a lot of egg masses. The egg
masses were then distributed in tarpaulin tanks. Each tank was spread with 40 egg
masses. Three diets were studied including fish manure, chicken manure, and
commercial fish feed. Fish manure and chicken manure were dried under sunlight for 3
days, ground and sieved, and then used as bloodworm feed. Feeds were offered at the
rate of 1.5 g L-1. Bloodworm was reared in tarpaulin tank until 12 day old. Bloodworm
was harvested using scoop net with 1 mm mesh size and then rinsed under flowing water
to wash away from dirt material. Survival rates, body length and biomass of bloodworms
were measured. Water quality parameters of rearing tanks were observed including water
temperature, pH, dissolved oxygen, and total dissolved solid (TDS). Nutrition contents of
bloodworm (crude protein, crude fat, crude carbohydrate and crude fiber) were
determined according to AOAC (2000). Data from this study were analyzed using one
way ANOVA and followed by the LSD (Least Significant Difference) test.
Results. In this study, spawning unit produced 322.67±9.71 egg masses in one culture
cycle. Each egg mass contained 296.22±82.05 eggs. For the next stage of culture, these
egg masses require eight rearing tanks, because each rearing tank can only be spread
with 40 egg masses. The survival rate of larvae during rearing in tarpaulin tanks using
fish manure, chicken manure, and commercial fish feed as feed were 0.67±0.02%,
0.58±0.02% and 0.53±0.05% respectively.
Biomass and body length of bloodworms that were fed with fish manure, chicken
manure and commercial fish feed are presented at Table 1. Results of analysis of
variance (ANOVA) showed that different feeding regimes significantly influenced
bloodworm biomass (Fvalue = 18.82). The LSD test indicated that the use of fish manure
produced the highest bloodworm biomass, followed by commercial fish feed and chicken
manure. The feeding regimes did not significantly effect on bloodworm body length (Fvalue
= 0.33).
Table 1
The biomass and body length of bloodworm with different feeding regimes
Feeding regimes
Fish manure
Chicken manure
Commercial fish feed

Biomass (g tank-1)
194.8±7.3a
150.8±9.8b
167.1±9.3b

Body length (mm)
9.610±0.058a
9.940±0.470a
9.892±0.800a

The water quality conditions of the rearing tank are presented in Table 2. The use of
different feeds affected water quality, especially TDS and pH. The use of fish manure
produced high TDS and pH compared to the use of commercial fish feed and chicken
manure.
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Table 2
Water quality parameters of tarpaulin tanks
Parameters
Temperature (oC)
TDS (mg L-1)
pH
Dissolved oxygen (mg L-1)

Fish manure
27.68±0.24
111.83±7.11
7.73±0.02
3.17±0.40

Feeding regimes
Chicken manure
Commercial fish feed
27.67±0.19
27.55±0.24
77.67±5.54
55.67±6.83
6.28±0.05
7.13±0.09
3.60±0.45
3.98±0.21

Bloodworms from this culture contained 39.40-50.81% protein, 1.70-4.18% fat, and
22.94-25.76% carbohydrate (Table 3). Results of analysis of variance showed that
feeding regimes significantly affect on protein content (Fvalue = 84.66) and fat content
(Fvalue = 158.12). LSD test indicated that highest protein content was obtained by use of
chicken manure, meanwhile the use of commercial fish feed and fish manure were not
significant different. The highest fat content was obtained by use of chicken manure and
commercial fish feed and followed by fish manure. Carbohydrate content was not
significant different between feeding regimes (Fvalue = 3.73).
Table 3
Nutrition contents of bloodworm with different feeding regimes
Feeding regimes
Fish manure
Chicken manure
Commercial fish feed

Crude protein
(%)
39.40±0.96b
50.81±1.12a
43.59±1.17b

Crude fat
(%)
1.70±0.14b
4.18±0.18a
3.42±0.21a

Crude carbohydrate
(%)

24.80±0.98a
22.94±1.52a
25.76±1.29a

Crude fiber
(%)
5.66±0.07
2.33±0.15
3.36±0.16

Discussion. Culture of bloodworms requires the continuous availability of bloodworm
eggs. The results of this study indicate that egg mass supply can be carried out
sustainably using spawning unit. The spawning unit was able to produce about 322 eggs
masses of bloodworm in one culture cycle which takes about one week or 1288 eggs
masses for a month. Egg masses which were produced contain 296.22±82.05 eggs/egg
mass. Egg content of bloodworm egg mass in this study is not much different compared
to other studies, such as Kumar (2016) who obtained 286.66±1.24 eggs/egg mass and
Kuvangkadilok (1994) who obtained 238.40-474.33 eggs/egg mass.
The survival rate of bloodworms during culture was relatively low when compared
to another study, such as Podder et al (2018) states that the survival rate of bloodworms
was 87.66-95.33%. To increase the survival rate of bloodworms requires better water
quality control. The decaying process of bloodworm feed used, especially commercial fish
feeds, contributes to water quality degradation.
The yield of bloodworm biomass from this culture ranged from 150.8 to 194.8 g
tank-1, depending on the feeding regimes used (Table 1). Bloodworm culture conducted
by Shaw & Mark (1980) in ponds using chicken manure as food source produced 28 g m-2
biomass, while Shafruddin et al (2006) produced 88.44 g m-2 biomass. Thus the culture
carried out in this study produced higher bloodworm biomass. In one culture cycle, about
322 egg masses of bloodworm were produced, and then grown in eight rearing tanks
would produce about 1206.4-1558.4 g of bloodworm biomass.
The condition of the water temperature, pH, and DO of the rearing tanks were still
within the range that could be tolerated by bloodworms. According to Baek et al (2012)
for the development of bloodworm requires a water temperature of 25-30°C. Pinder
(1986) states that pH 6-9 can be tolerated by bloodworms. Optimal dissolved oxygen
levels for bloodworm culture are at least 3 mg L-1 (Lawrence 1981).
Protein is a very important component of fish nutrition because protein provides
energy and growth performance of fish (Prabu et al 2017). Protein requirements in fish
feed differ depending on the life stage, and food habits of fish species. The crude protein
requirements in many ornamental fishes range between 25 to 55% (Velasco-Santamaría
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& Corredor-Santamaría 2011). Bloodworms from this culture were able to meet the
protein requirements for many ornamental fish species. The protein content of
bloodworm from this culture was not too different from other studies. The protein content
of bloodworms from other studies were 41.8% (Jayalekshmi et al 2017) and 55.4%
(Davis & Raja 2019). The use of chicken manure as a food source produced bloodworms
with higher protein content compared to using commercial pellets and fish manure.
Chicken manure is a cheap and good feed material for mass production of bloodworms.
Fat content in feed is an important source of energy (Prabu et al 2107), and fatty acids
that are essential for normal growth and survival of fish (Sales & Janssens 2003). The fat
content of bloodworms from this culture was quite low when compared with other
studies. The fat content of bloodworms from other studies were 9.17% (Jayalekshmi et al
2017) and 8.12% (Davis & Raja 2019). Carbohydrate can be used limitedly for fish
energy sources. According to Earle (1995) carbohydrate is not an essential nutrient for
fish. The carbohydrate content of bloodworms from this culture was quite high (Table 3).
The study conducted by Davis & Raja (2019) found that carbohydrate content of
bloodworms was 18.01%. According to Gatlin (2010) carbohydrate content in feed for
carnivorous fish is less than 20%, while for omnivorous fish contains 25-45%.
Carbohydrate digestibility can vary from 70% in goldfish (Carassius auratus) to as low as
50% for moonlight gourami (Trichogaster microlepis) (Sales & Janssens 2003). The crude
fiber content is not a nutritional component for fish and is not digested by fish. Based on
Table 3, the crude fiber content of bloodworms from this culture ranges from 2.33 to
5.66%. The crude fiber content of bloodworms from this study was still suitable for fish
feed. Jayalekshmi et al (2017) found that bloodworm contained 2.9% crude fiber. The
crude fiber content suitable for fish feed is less than 7% (Gatlin 2010).
Conclusions. For mass production of bloodworms, we need two culture unit, that are
spawning unit for produce bloodworm egg masses, and bloodworm rearing unit. Our
study showed that the spawning unit could produce 322.67±9.71 egg masses in 3 days,
and must be spread in eight rearing units of 1 x 1 m tarpaulin tanks for 12 days. This
culture produced bloodworm biomass in range of 150.8-194.8 g tank-1 or 1206.4-1558.4
g/culture cycle. Nutrition content of bloodworms from culture conducted were 39.450.81% protein, 1.70-4.18% fat, and 22.94-25.76% carbohydrate. Food sources which
can be used for bloodworm culture are fish manure, chicken manure, and commercial fish
feed, but fish manure and chicken manure are more suitable because they are cheap
source of feeds.
Acknowledgements. The authors would like to thank lecturers and students of
Aquaculture Departement of Palangkaraya Christian University, for their great help during
this research done. This research was supported by The Ministry of Research Technology
and
Higher
Education
of
Indonesia
under
Applied
Research
Grant
No.
233/SP2H/LT/DPRM/2019.
References
Anogwih J. A., Makanjuola W. A., 2010 Predator-prey density of Poecilia reticulata
(guppy) under laboratory investigation. The Zoologist 8:47-51.
AOAC, 2000 Official methods of analysis. 17th edition, Association of Official Analytical
Chemists, Washington, pp. 21-447.
Baek M. J., Yoon T. J., Bae Y. J., 2012 Development of Glyptotendipes tokunagai
(Diptera: Chironomidae) under different temperature conditions. Environmental
Entomology 41(4):950-958.
Baki B., Karaçuha A., Baki H., 2015 A study on feeding preferences of juvenile flounder
(Platichthys flesus). Journal of FisheriesSciences.com 9(2):26-31.
Das P., Mandal S. C., Bhagabati S. K., Akhtar M. S., Singh S. K., 2012 Important live
food organisms and their role in aquaculture. Frontiers in Aquaculture 5:69-86.
Davis E. K., Raja S., 2019 Comparative analysis of animal based feed preferences in selected
aquarium fishes. International Journal of Fisheries and Aquatic Studies 7(2):42-45.

AACL Bioflux, 2020, Volume 13, Issue 3.
http://www.bioflux.com.ro/aacl

1232

Dey A., Ghosh K., Hazra N., 2016 Evaluation of preference of dry feed, bio-encapsulated
and non-bio-encapsulated live feed and survival of the walking catfish, Clarias
batrachus (L.) juveniles. International Journal of Fisheries and Aquatic Studies
4(5):545-549.
Dey V. K., 2016 The global trade in ornamental fish. Infofish International 4:52-55.
Earle K. E., 1995 The nutritional requirements of ornamental fish. Veterinary Quarterly
17(1):53-55.
Fard M. S., Pasmans F., Adriaensen C., Laing G. D., Janssens G. P. J., Martel A., 2014
Chironomidae bloodworms larvae as aquatic amphibian food. Zoo Biology 33:221227.
Gatlin D. M., 2010 Principles of fish nutrition. SRAC Publication No. 5003. United States
Department of Agriculture, National Institute of Food and Agriculture, 8 pp.
Ghazwan M. I., 2015 Use of dried bloodworms Chironomus riparius to motivate the
growth of young common carp Cyprinus carpio L. Journal of Biology, Agriculture and
Healthcare 5(24):80-83.
Gupta S., Banerjee S., 2009 Food preference of goldfish (Carassius auratus (Linnaeus,
1758)) and its potential in mosquito control. Electronic Journal of Ichthyology 2:4758.
Hamidoghli A., Falahatkar B., Khoshkholgh M., Sahragard A., 2014 Production and
enrichment of Chironomid larva with different levels of vitamin C and effects on
performance of Persian sturgeon larvae. North American Journal of Aquaculture
76(3):289-295.
Jayalekshmi J. N., Abraham K. M., Sobhanakumar K., 2017 Growth performance of
angelfish, Pterophyllum scalare fed with different live worm diets. Journal of Aquatic
Biology and Fisheries 5:116-122.
Kumar D., 2016 Chironomus larvae culture - a boon to aquaculture sector. International
Journal of Current Science Research 2(1):239-251.
Kumar D., Ramesh U., 2014 Rearing practices of live feedstuff animal midge fly larvae
(Chironomus circumdatus) Kieffer (Diptera: Chironomidae). International Journal of
Current Science 12:170-177.
Kuvangkadilok C., 1994 Laboratory studies on the life cycle and breeding of the midges
Chironomus plumatisetigerus (Diptera: Chironomidae). Journal of the Science
Society of Thailand 20:125-133.
Lawrence S. G. (ed), 1981 Manual for the culture of selected freshwater invertebrates.
Canadian Special Publication of Fisheries and Aquatic Sciences 54:169 pp.
Lim L. C., Dhert P., Sorgeloos P., 2003 Recent developments in the application of live
feeds in the freshwater ornamental fish culture. Aquaculture 227:319-331.
Maleknejad R., Sudagar M., Azimi A., Shokrollahi S., 2014 Comparative study on the
effect of different feeding regimes on Chironomid larvae biomass and biochemical
composition. International Journal of Advanced Biological and Biomedical Research
2(12):2880-2883.
Meyer H. A., Chipps S. R., Graeb B. D. S., Klumb R. A., 2016 Growth, food consumption,
and energy status of juvenile pallid sturgeon fed natural or artificial diets. Journal of
Fish and Wildlife Management 7(2):388-396.
Monticini P., 2010 The ornamental fish trade. Production and commerce of ornamental
fish: technical-managerial and legislative aspects. Globefish Research Programme
Vol. 102, FAO, Rome, 134 pp.
Nath S., Podder R., Modak B. K., 2017 Seasonal trend of body protein and growth of
Chironomid larvae. Proceedings of the Zoological Society 70:88-91.
Pinder L. C. V., 1986 Biology of freshwater Chironomidae. Annual Review of Entomology
31:1-23.
Podder R., Nath S., Faggio C., Modak B. K., 2018 A study on the growth and biomass of
Chironomus larvae in different food media. Uttar Pradesh Journal of Zoology
38(1):20-25.
Prabu E., Felix S., Felix N., Ahilan B., Ruby P., 2017 An overview on significance of fish
nutrition in aquaculture industry. International Journal of Fisheries and Aquatic
Studies 5(6):349-355.

AACL Bioflux, 2020, Volume 13, Issue 3.
http://www.bioflux.com.ro/aacl

1233

Priya R., Venkatramalingam K., Vijayan P., 2018 Nutritional effect of frozen Chironomidae
larvae on growth performance of Catla catla fingerlings. International Journal of
Zoology and Applied Biosciences 3(4):289-293.
Reynolds J. D., Peres C. A., 2006 Overexploitation. In: Principles of conservation biology
Groom M. J., Meffe G. K., Carroll C. R. (eds), Sinauer Associates Inc., Sunderland,
pp. 253-291.
Sales J., Janssens G. P. J., 2003 Nutrient requirements of ornamental fish. Aquatic Living
Resources 16(6):533-540.
Shafruddin D., Parlinggoman B. R., Sumantadinata K., 2006 Pertumbuhan dan produksi
larva cacing darah Chironomus sp. pada media yang dipupuk kotoran ayam dosis
1,0-2,5 gram/liter. Jurnal Akuakultur Indonesia 5(1):97-102. [in Indonesian]
Shaw P. C., Mark K. K., 1980 Chironomid farming - a means of recycling farm manure
and potentially reducing water pollution in Hong Kong. Aquaculture 21(2):155-163.
Suhada Q. A. R., Syamsudin T. S., 2014 Culture of Chironomid larvae uses combination
of yeast and microalgae. Proceeding of 4th International Conference of Aquaculture
Indonesia (ICAI), pp. 233-238.
Sulistiyarto B., Christiana I., 2015 Colonization by bloodworms (Chironomidae larvae)
using artificial substrates in floodplain waters: effect of exposure periods and
season. International Journal of Aquatic Science 6(2):39-47.
Sulistiyarto B., Restu, 2018 Culture of bloodworm (Chironomid larvae: Diptera) using
North African catfish Clarias gariepinus waste as feed. AACL Bioflux 11(2):476-480.
Thipkonglars N., Taparhudee W., Kaewnern M., Lawonyawut K., 2010 Cold preservation
of chironomid larvae (Chironomus fuscipes Yamamoto, 1990): nutritional value and
potential for climbing perch (Anabas testudineus Bloch, 1792) larval nursing.
Kasetsart University Fisheries Research Bulletin 34(2):1-13.
To’bungan N., 2016 Pengaruh perbedaan jenis pakan alami jentik nyamuk, cacing darah
(larva Chironomus sp.) dan Moina sp. terhadap pertumbuhan ikan cupang (Betta
splendens). Biota 1(3):111-116. [in Indonesian]
Velasco-Santamaría Y., Corredor-Santamaría W., 2011 Nutritional requirements of
freshwater ornamental fish: a review. Revista MVZ Cordoba 16(2):2458-2469.

Received: 10 December 2019. Accepted: 17 March 2020. Published online: 03 May 2020.
Authors:
Bambang Sulistiyarto, Department of Aquaculture, Faculty of Fisheries, Palangka Raya Christian University,
Jalan RTA Milono Km 8.5, Palangka Raya, Central Kalimantan, Indonesia, e-mail: sulistiyarto@gmail.com
Nyata Susila, Department of Aquaculture, Faculty of Fisheries, Palangka Raya Christian University, Jalan RTA
Milono Km 8.5, Palangka Raya, Central Kalimantan, Indonesia, e-mail: nyatasusila@ymail.com
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.
How to cite this article:
Sulistiyarto B., Susila N., 2020 Techniques for bloodworm (Chironomid larvae: Diptera) mass culture in
tarpaulin tanks. AACL Bioflux 13(3):1229-1234.

AACL Bioflux, 2020, Volume 13, Issue 3.
http://www.bioflux.com.ro/aacl

1234

