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Abstract: Chironomidae larvae or bloodworms are natural food that has the nutrients suitable for freshwater fish

needs. This study aims to determine the effect of exposure periods of artificial substrates and season on increase of

bloodworms biomass. The highest quantity of bloodworms biomass in artificial substrates was obtained during the

exposure periods of 14-21 days in March (high water phase). Bloodworms biomass were positively correlated with

water quality parameters such as nitrate (r = 0.848), orthophosphate (r = 0.805) and pH (r = 0.662) whereas

negatively correlated with total suspended solid (r = - 0.642). Bloodworm production capacity in floodplain waters

reached 1.934 tons dry-weight.ha-1.yr-1. The production of bloodworms in floodplain waters using artificial

substrate can support the availability of natural food for fish farming.
Key words: bloodworm, floodplain, macroinvertebrate, natural fish food

Introduction
Macroinvertebrates in freshwater are

dominated by dipteran larvae (Wetzel, 2001).

Chironomidae are flying insects included in the

order Diptera and frequently, are the most

abundant taxa found in this water bodies. At

larval stage, Chironomidae are aquatic macro-

invertebrates that live predominantly at the

bottom of freshwater, such as rivers, lakes,

marshes and ponds. Approximately 93% of

macroinvertebrates community in peat swamp

waters of Central Kalimantan Indonesia is

dominated by Chironomidae larvae (Wulandari

et al., 2005).

Floodplain is the aquatic ecosystem marginal

to the river and created by main channel’s

runoff (Welcomme, 1983). In floodplains, Chiro-

nomidae larvae can be found in abundance

throughout the year (Sulistiyarto, 2011), due to

the high availability of food in these

environments, especially organic detritus (De

Haas et al., 2006; Solomon et al., 2008).

Deposits of organic matter in floodplain are
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mainly derived from forest trees.

Chironomidae larvae, also known as

bloodworms, are a major natural food for many

species of freshwater fish (Komatsu et al.,
2000; Medeiros and Arthington, 2008;

Sulistiyarto, 2010; Broyer and Curlet, 2011).

Fish farmers use bloodworms to feed their

fishes because bloodworm has suitable

nutrients for freshwater fish, with 55.62% of

proteins content (Thipkonglars et al., 2010).

Most bloodworm used by fish farmers still

comes from natural waters rather than

breeding. Fish farmers collect bloodworms by

taking the riverbed mud and then separated

these organisms from the slurry using a sieve

net.

In this study, we tried to collect bloodworms

in floodplain waters using artificial substrates.

Artificial substrates are devices made of

materials for the colonization of aquatic

macroinvertebrates (Klemm et al., 1990), and

they have been frequently used for sampling

macroinvertebrates (Czerniawska-Kusza, 2004;

Collier et al., 2009; Collier et al., 2011). This

study aims to determine the effect of exposure

periods to artificial substrates and season on

biomass of bloodworms.

Materials and Methods
Bloodworms sampling was conducted in

Rungan River Floodplain, Central Kalimantan,

Indonesia in 2014, on the geographical position

of 2º 07´ E and 113º 53´ S. Rungan River is a

black water river with 86.25 km length and 6

meters depth. A vast area of swamp forest

covers alongside of the river. The selected

location presented forest canopy cover.

Artificial substrate made from "ijuk" or

"kakaban" (sugar palm fibers) was used for

collecting bloodworms. Artificial substrate was

assembled into a size of 50 × 50 × 5 cm. Ijuk

was selected in this study because it has a

structure complexity which provide habitat,

generate high abundance and diversity of

macroinvertebrates (Saliu and Uvourie, 2007;

Olomukoro and Eloghosa, 2009; Sulistiyarto et
al., 2014) and has water resistant properties

(Ishak et al., 2013). Artificial substrates were

placed in "hapas" (size 1 × 1 × 1 meter and 1

cm mesh size) which placed in waters by tied

on swamp tree at each side (Fig. 1).

Fig. 1: Artificial substrate and hapa placement in

waters.
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The effect of exposure period was studied

by placing artificial substrates with three

replicates into the water by 7, 14, 21, 28, and

35 days. Bloodworms were separated from

substrates by washing and sieve sorting,

preserved with 10% formalin. Total abundance

of bloodworms on each artificial substrate was

calculated and body length was measured using

a digital microscope. Dry-weight biomass of

bloodworms was calculated using body length

data according to empirical equation formulated

by Towers (1994). Macroinvertebrates found in

artificial substrates were identified using Pennak

(1978) and Epler (2001).

The effect of season was studied by placing

artificial substrates in waters with three

replicates in March, May, July, and September.

Artificial substrates were collected after 14 days

of exposure. Total abundance of bloodworms

was calculated, and body length and dry-weight

were estimated according to the methods

described previously. Water quality parameters

were measured in March, May, July and

September and included: water temperature,

water pH, dissolved oxygen (O2), total ammonia

(NH3), nitrate (NO3), orthophosphate (PO4), and

total suspended solids (TSS). All measurements

were performed in accordance with Standard

Methods (APHA, 1985).

The data of bloodworms biomass were

submitted to analysis of variance (ANOVA) and

means were compared using Fisher’s LSD

(Least Significant Different) test. The

relationship between water quality parameters

and biomass of bloodworms was determined

using correlation coefficients.  Data analysis was

performed according to the methods described

by Steel and Torrie (1980) with the aids of

Minitab 14 program.

Results
This study recorded 19 taxa of

macroinvertebrates that colonized the artificial

substrates, which includes 12 of Chironomidae

and 7 of other groups. Chironomidae were

represented by Chironomus sp., Cricotopus sp.,
Dicrotendipes sp., Microspectra sp., Polypedilum
sp., Procladius sp., Tanytarsus sp.,
Xenochironomus sp., Larsia sp., Macropelopia
sp., Psectrotanypus sp. and Clinotanypus sp..
Other groups were represented by Bezzia sp.,

Serratella sp., Notonecta sp., Gompus sp.,
Neureclipsis sp., Polycentropus sp. and

Aelosoma sp.. Chironomidae contributed to

93.24% of the total abundance of macro-

invertebrates.

The abundance of bloodworms collected

from experiment of 7, 14, 21, 28 and 35 days

of exposure periods is presented in Table 1.

Average body length of bloodworms after 7, 14,

21, 28 and 35 days of exposure periods was

respectively 2.926 ± 0.765 mm, 3.456 ± 0.923

mm, 3.519 ± 0.899 mm, 3.167 ± 0.824 mm,

and 3.128 ± 0.800 mm.  Analysis of variance

(ANOVA) showed that exposure periods had

significant effect on biomass of bloodworms (F
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Tab. 1:  Mean ± SD of bloodworm’s yields after different exposure periods

(7, 14, 21, 28, 35 days) using artificial substrate for colonization.

Exposure

periods
Abundance

(indv.substrate-1)

Body length
(mm)

Dry-weight biomass
(g.substrate-1)

7 days 387±39 2.926±0.765 0.1484±0.004

14 days 6470±1792 3.456±0.923 4.0380±1.6468

21 days 5660±550 3.519±0.899 3.6424±0.7365

28 days 3236±296 3.167±0.824 1.5577±0.3202

35 days 3145±519 3.128±0.800 1.4316±0.1310

value = 11.8518). LSD test (p = 0.01) indicated

that exposure periods of 14 and 21 days

generated the highest biomass of bloodworms,

the exposure periods of 28 and 35 days

presented lower value of biomass, and the

exposure periods of 7 days yielded the lowest.

Thus the exposure periods of 14-21 days are

the optimal periods for collecting bloodworms.

Bloodworms’ yields in March, May, July and

September 2014 after 14 days exposure period

are presented in Table 2. Analysis of variance

(ANOVA) showed that season (months) had

significant effect on biomass of bloodworms (F

value = 73.7382).  LSD test (p = 0.01) showed

that bloodworms sampled in March yielded the

highest biomass, bloodworms in May and

September presented lower biomass, and in

July they presented the lowest values of

biomass.

Tab. 2:  Mean ± SD bloodworms’ yields in different months (March, May, July, and September 2014)

using artificial substrate for colonization.

Parameter March May July September

Abundance
(indv.m-2)

29568±4504 10291±1893 6533±1469 12064±2846

Body length
(mm)

3.331±0.787 3.419±0.920 3.399±0.786 3.214±0.839

Dry-weight biomass
 (g.m-2)

16.0845±1.2918 6.0328±0.9710 3.7821±0.8524 7.4491±1.1722

Production capacity of bloodworms in

floodplain waters using artificial substrate can

be estimated based on the results of this study

(Tab. 3).  Bloodworms Production at 14th day is

average value of the biomass from samples

taken in March, May, July and September 2014,
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which takes into account variations of

production at low and high water phase.

Assuming each month can be obtained 2 times

collecting bloodworm, so that production per

month is twice the value of the production at

14th day and production in a year is 12 times

the production per month.

Tab. 3:  Bloodworm production estimation in floodplain waters

Detail Value

Bloodworm production at 14th day (g dry weight.m-2) 8.06

Bloodworm production in a month (g dry weight.m-2) 16.12

Bloodworm production in a year (kg dry weight.ha-1) 1934.40

Water quality conditions in the study area

are presented in Table 4. Water of study area

was brown-colored and acidic with pH ranging

from 4.39-5.02, that indicating characteristics

of blackwater. Water quality conditions of

floodplain waters were strongly influenced by

the seasonal conditions in the study area, since

that two phases, high water and low water, can

be distinguished. The high water phase occurs

during the rainy season when the water level

increases, and the low water phase occurs

during the dry season, when water level

decreases and the floodplain becomes shallow.

High water phase occurs in January, February,

March, April, May, November, and December,

and low water phase in June, July, August,

September, and October (Sulistiyarto, 2007).

In this study, March and May exhibited a high

water phase with 2.68 meters mean value of

water depth, while in July and September,

exhibited low water phase with 1.34 meters

mean value of water depth.

Biomass of bloodworms showed positive

correlation with nitrate (r = 0.848, p-value =

0.152), orthophosphate (r = 0.805, p-value =

0.195) and pH (r = 0.662, p-value = 0.376)

whereas negative correlation with total

suspended solid (TSS) (r = - 0.642, p-value =

0.358).

Discussion
Twelve taxa of Chironomidae colonized the

artificial substrates used in this study.

Sulistiyarto (2011) found only 7 species of

Chironomidae at the bottom of same waters.

Artificial substrate proved to be efficient for

collecting bloodworms because they are

installed in a shallower position then benthic

substrate, so that the dissolved oxygen is

higher, and habitat structure is more complex

because it consists of sugar palm fibers. The

complexity of the habitat provides protection

against predators and provide more living space

(Schneider and Winemiller, 2008).
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Tab. 4: Mean ± SD of Temporal variation on water quality parameters in the study area.

Parameter March May July Sept

Water depth
(cm)

313.50±5.92 223.25±4.03 136.50±5.00 130.75±6.40

Temperature
(0C)

27.05±0.21 27.30±1.27 26.70± 0.85 27.70±0.28

pH 5.02±0.08 4.58±0.05 4.77±0.11 4.39±0.05

Dissolved oxygen
(mg.L-1)

1.95±0.21 1.80± 0.14 2.20±0.14 2.55±0.21

Ammonia
(mg.L-1)

1.043±0.032 0.653±0.016 1.024±0.105 0.925±0.104

Nitrate
(mg.L-1)

1.167±0.030 0.522±0.034 0.767±0.030 0.709±0.028

Orthophosphate
(mg.L-1)

0.090±0.006 0.049±0.003 0.065±0.005 0.074±0.004

Total suspended solid
(mg.L-1)

47.0±5.7 50.0±15.6 92.0±8.5 54.0±2.8

The highest numbers of bloodworm were

recorded during the 14-day and 21 day

exposure periods. Bloodworms require sufficient

time to colonize artificial substrates. Shieh and

Yang (1999) found that the bloodworms have

colonized the artificial substrate only after 3-day

of exposure. Moreover, exposure periods of 7

days presented predominantly small

bloodworms, consequently lower biomass

obtained. Total population increased

significantly after 21-day exposure periods.

Olomukoro and Eloghosa (2009) showed that

the highest number of bloodworm individuals in

artificial substrates (semen brick) was obtained

during the exposure period of 21 days. On a

longer exposure period (28 and 35 days), many

bloodworms have transformed to pupae or

emerge as fly, thus reducing the population in

the substrate. The larval period and the

emergence of bloodworms required from 14 to

20 days (Kumar and Ramesh, 2012).

Furthermore, the accumulation of detritus in

artificial substrate with increasing exposure time

may influence the rate of colonization, because

detritus is known to be the most commonly

recorded food type ingested by bloodworms

(Sanseverino and Nessimian, 2008).

Seasonal variation in abiotic variables has

influenced the collection yields of bloodworm on

artificial substrates.  Bloodworms were more

abundant in the artificial substrate at high water

phase than the low water phase. Bloodworm

abundances are influenced by season (Higuti

and Takeda, 2002; Shimabukuro and Henry,

2011) and water quality conditions (Ozkan and

Camur-Elipek, 2007). In high water phase
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(which occurred in March) it has been verified

higher nutrient levels (nitrate and

orthophosphate) in the water and higher pH

values. These conditions possible contributed

for a more productive environment. Miracle et
al. (2006) found that high nutrient levels are

correlated with increasing abundance of

macroinvertebrates. In addition, Shimabukuro

and Henry (2011) observed that bloodworms

were more abundant during the rainy season.

Furthermore, suspended solids such as mud

increased during low water phase. This

condition may inhibit bloodworms colonization

in the artificial substrate.

Bloodworm production with artificial

substrate is very different from bloodworm

production in bottom sediment of floodplains.

Artificial substrate enables higher production.

Bloodworm abundance in the artificial substrate

reached 10291-29568 individual.m-2 during

high water phase, and 6533 - 12064

individual.m-2 during low water phase (Tab. 2),

while in the sediment, at the same location only

2842  individual.m-2 during high water phase

and 1625 individuals.m-2 in low water phase

(Sulistiyarto, 2011). The structural complexity

of artificial substrate generates high abundance

of bloodworm (Saliu and Uvourie, 2007,

Olomukoro and Eloghosa, 2009; Sulistiyarto et
al., 2014). Artificial substrate made from sugar

palm fibers may be effective to trap detritus in

the water which is a food source for

bloodworms. High abundance of bloodworms

was results from the combined influence of food

source availability and refuge from predation

provided by structurally complex habitats.

In relation to biomass production, Ahiska

(2009) verified about 1.25 g.m-2 monthly mean

value of bloodworm biomass from artificial lake

in Ankara and Lundstrom et al. (2010) obtained

an annual bloodworm production in wetlands

ranging from 20 to 63 g.m-2. However

bloodworm production using artificial substrates

seems to be lower than the production that

uses chicken manure as fertilizers which yielded

28 g.m-2 in about 50 days (Shaw and Mark,

1980). Based on this study, we conclude that

the production of bloodworms in floodplain

waters using artificial substrate (sugar palm

fibers) can support the availability of natural

food for fish farming.

Acknowledgments
We thank Dr. Yulintine for her help in

identification of Macroinvertebrate samples and

students of Fisheries Faculty of Palangka Raya

Christian University, local fishermen for their

help on the field. We gratefully acknowledge

funding from Ministry of Higher Education,

Republic of Indonesia.

References
 Ahiska S. (2009) Seasonal changes in Chironomids

(Diptera: Chironomidae) of Kesikköprü dam lake

(Ankara, Turkey). Journal of Biodiversity and

Environmental Sciences, 3(8): 45-52.

 APHA (American Public Health Association) (1985)



Sulistiyarto and Christiana (2015) Colonization by Bloodworms (Chironomidae Larvae) using …

Int. J. Aqu. Sci; 6 (2): 39-47, 2015 46

Standard Methods for the Examination of Water and

Wastewater, 16th ed. American Public Health

Association, Washington, D.C.

 Broyer J. and Curtet L. (2011) The influence of fish

farming intensification on taxonomic richness and

biomass density of macrophyte-dwelling invertebrates in

French fishponds. Knowledge and Management of

Aquatic Ecosystems, 400, 10

 Collier K.J., Hamer M.P. and Chadderton W.L. (2009) A

new substrate for sampling deep river

macroinvertebrates. New Zealand Natural Sciences, 34:

49-61.

 Collier K.J., Hamer M.P. and Davenport M.W. (2011)

Artificial substrate monitoring of macroinvertebrates in

the Waikato River: 25 years on. Waikato Regional

Council Private Bag 3038. Waikato Mail Centre

HAMILTON 3240.

 Czerniawska-Kusza I. (2004) Use of artificial substrates

for sampling benthic macroinvertebrates in the

assessment of river quality of large lowland rivers. Polish

Journal of Environmental Studies, 13(5): 579-584.

 De Haas E.M., Wagner C., Koelmans A.A., Kraak M.H.S.

and Admiraal W. (2006) Habitat selection by chironomid

larvae: fast growth requires fast food. Journal of Animal

Ecology 75: 148-155.

 Epler J.H. (2001) Identification Manual for the larval

Chironomidae (Diptera) of North and South Carolina.

Special Publication SJ2001-SP13. North Carolina

Department of Environment and Natural Resources,

Raleigh, North Carolina, USA.

 Higuti J. and Takeda A.M. (2002) Spatial and temporal

variation in densities of Chironomid larvae (Diptera) in

two lagoons and two tributaries of the Upper Paraná

River Floodplain. Brazilian Journal of Biology, 62(4): 807-

818.

 Ishak M.R., Sapuan S.M., Leman Z., Rahman M.Z.A.,

Anwar U.M.K. and Siregar J.P. (2013) Sugar palm

(Arenga pinnata): Its fibres, polymers and composites.

Carbohydrate Polymers 91: 699-710.

 Klemm  D.J., Lewis P.A., Fulk F. and Lazorchak J.M.

(1990) Macroinvertebrate Field and Laboratory Methods

for Evaluating The Biological Integrity of Surface Waters.

EPA, Cincinnati.

 Komatsu R., Gumiri S., Hartoto D.I. and Iwakuma T.

(2000) Diel and seasonal feeding activities of fishes in an

oxbow lake of Central Kalimantan, Indonesia.

Proceedings of the International Symposium on Tropical

Peatlands Bogor, Indonesia, November 22-23, 1999.

Hokkaido University and Indonesian Institute of Sciences,

455-470.

 Kumar D. and Ramesh U. (2012) Emergence of Midge

flies larvae in organic culture media under laboratory

condition. Int. J. Biological Technology, 3(2): 17-19.

 Lundstrom J.O., Schafer M.L., Petersson E., Persson

Vinnersten L.Z., Landin J. and Brodin Y. (2010)

Production of wetland Chironomidae (Diptera) and the

effects of using Bacillus thuringiensis israelensis for

mosquito control.  Bulletin of Entomological Research,

100: 117-125.

 Medeiros E.S.F. and Arthington A.H. (2008) Diel variation

in food intake and diet composition of three native fish

species in floodplain lagoons of the Macintyre River,

Australia. Journal of Fish Biology, 73: 1024-1032.

 Miracle M.R., Moss B., Vicente E., Romo S., Rueda J.,

Bécares E., Fernández-Aláez C., Fernández-Aláez M.,

Hietala J., Kairesalo T., Vakkilainen K., Stephen D.,

Hansson L.A. and Gyllström M. (2006) Response of

macroinvertebrates to experimental nutrient and fish

additions in European localities at different latitudes.

Limnetica, 25(1-2): 585-612.

 Olomukoro J.O. and Eloghosa O. (2009) Macro-

invertebrate colonisation of artificial substrates in a

Nigerian river III: Cement bricks, ceramic tiles and

macrophytes.  African Scientist, 10(1): 53-63.

 Ozkan N. and Camur-Elipek B. (2007) Relationships

between chironomid communities (Diptera:

Chironomidae) and environmental parameters in

Sazlidere stream (Turkish Thrace).  Tiscia, 36: 29-34.

 Pennak R.W. (1978) Freshwater Invertebrates of the

United States. John Wiley and Sons. New York.

 Saliu J.K. and Ovuorie U.R. (2007) The artificial substrate

preference of invertebrates in Ogbe Creek, Lagos,



Sulistiyarto and Christiana (2015) Colonization by Bloodworms (Chironomidae Larvae) using …

Int. J. Aqu. Sci; 6 (2): 39-47, 2015 47

Nigeria. Life Science Journal, 14(3): 77-81.

 Sanseverino A.M. and Nessimian J.L. (2008) The food of

larval Chironomidae (Insecta, Diptera) in submerged

litter in a forest stream of the Atlantic Forest (Rio de

Janeiro, Brazil)  Acta Limnologica Brasiliensia, 20(1): 15-

20.

 Schneider K.N. and Winemiller K.O. (2008) Structural

complexity of woody debris patches influences fish and

macroinvertebrate species richness in a temperate

floodplain-river system.  Hydrobiologia, 610: 235-244.

 Shaw P.C. and Mark K.K. (1980) Chironomid farming - a

means of recycling farm manure and potentially reducing

water pollution in Hong Kong. Aquaculture, 212: 155-

163.

 Shieh S-H. and Yang P-S. (1999) Colonization patterns of

Aquatic Insects on Artificial Substrates: Effects of

Substrate Sizes.  Chinese Journal of Entomology, 19:

119-143.

 Shimabukuro E.M. and Henry R. (2011) Controlling

factors of benthic macroinvertebrates distribution in a

small tropical pond, lateral to the Paranapanema River

(São Paulo, Brazil). Acta Limnologica Brasiliensia,  23(2):

154-163.

 Solomon C.T., Carpenter S.R., Cole J.J. and Pace M.L.

(2008) Support of benthic invertebrates by detrital

resources and current autochthonous primary

production: results from a whole-lake 13 C addition.

Freshwater Biology, 53: 42-54.

 Steel R.G.D. and Torrie J.H. (1980) Principles and

Procedures of Statistics: A Biometrical Approach (2nd

Ed.). McGraw-Hill Book Company, New York.

 Sulistiyarto B. (2010) Diet composition of fish community

of the forested swamp and opened swamp at Rungan

river floodplain, Central Kalimantan. Journal of Tropical

Fisheries, 5(2): 499-504. (In Indonesian).

 Sulistiyarto B.  (2011) Some physical and chemical

characteristics of the swamp forest at Rungan river

floodplain, Central Kalimantan. Media Sains, 3(2): 140-

143. (In Indonesian).

 Sulistiyarto B., Christiana I. and Yulintine (2014)

Developing production technique of bloodworm

(Chironomidae larvae) in floodplain waters for fish Feed.

International Journal of Fisheries and Aquaculture, 6(4):

39-45.

 Sulistiyarto B., Soedharma D., Rahardjo M.F., Sumardjo.

(2007) The effect of seasonality on fish species

composition and abundance in Rungan river floodplain,

Palangkaraya, Central Kalimantan.  Biodiversitas, 8(4):

270-273. (In Indonesian).

 Thipkonglars N., Taparhudee W., Kaewnern M. and

lawonyawut K. (2010) Cold preservation of Chironomid

larvae (Chironomus fuscipes Yamamoto, 1990) :

Nutritional Value and Potential for Climbing Perch

(Anabas testudineaus Bloch, 1792) larval nursing.

Kasetsart University Fisheries Research Bulletin, 34(2):

1-13.

 Towers D.J., Henderson I.M. and Veltman C.J. (1994)

Predicting dry weight of New Zealand aquatic

macroinvertebrates from linear dimensions, New Zealand

Journal of Marine and Freshwater Research, 28(2): 159-

166.

 Welcomme R.L. (1983) River Basin. FAO Fisheries

Technical Paper (202). FAO. Roma.

 Wetzel R.G. (2001) Limnology. Lake and River

ecosystem. Third Edition. Academic Press. Sydney.

 Wulandari L., Yulintine, Welsiana S., Septiani T.,

Trisliana, Yurenfri, Ruthena Y., Gumiri S., Limin S.H.,

Jauhiainen J., Vasander H. and Haraguchi A. (2005) The

composition of macrozoobenthos in tropical peatlands of

Central Kalimantan. Proceedings of the session on the

role of tropical peatlands in global change processes

during The Open Science Meeting 2005. Yogyakarta,

Indonesia, September 27-29, 2005. Indonesian Institute

of Sciences, 59-64.




