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ABSTRACT

Toxicity of a Biopesticide Spinosad to benthic Oligochaete worm, Branchiura
sowerbyi and the fry of common carp, Cyprinus carpio along with their
behavioural changes were evaluated in the present study. The 24, 48, 72 and
96 h LCso values of Spinosad to Branchiura sowerbyi were 21.19, 12.40, 8.76
and 6.14 mg/1 and to the fry of Cyprinus carpio were 5.03, 3.20, 2.16, 1.77
mg/] respectively. The mortality rate of B. sowerbyi and C. carpio showed
significant variation (p<0.05) with the increasing concentrations at all
exposure times. On the other hand, the mortality rate of B. sowerbyi and C.
carpio also varied significantly (p<0.05) at all the doses with increasing
exposure times (24, 48 and 72 and 96h). Excess mucous secretion, decreasing
movements and decreasing clumping tendency were recorded in B. sowerbyi
at higher concentrations. The excess mucous secretion with increasing
concentration of toxicant and exposure time was recorded in the exposed fish.
The treated fish showed faster movement and wide opening of mouth and
gills at higher concentrations at 24 and 48h of exposure. At 72 and 96h of
exposure the fish became sluggish and the movement was gradually reduced
with increasing concentration. Similarly, the mouth and gill openings were
reduced and were almost absent at the higher concentrations after 72h of
exposure. The opercular movement of fish was increased significantly
(p<0.05) at 24 and 48h but decreased significantly (p<0.05) at 72 and 96h.

Keywords: Spinosad, LCso, Branchiura sowerbyi, Cyprinus carpio, behavioural
change, opercular movement.

INTRODUCTION

The pesticides and some of their active ingredients are highly toxic to non-
target organisms and the natural ecosystem (Delaplane, 2000). These
pesticides come to the adjacent water bodies as agricultural runoff and affect
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non-target species such as fish which have great
economic importance to man (Adhikari et al., 2004). At
present the new generation biopesticides instead of
synthetic pesticides are used in the agricultural field to
minimize the toxicity to the non-target organisms.
Among these new pesticides, Spinosad (Dow Elanco,
Indianapolis, IN, USA) (Thomson et al, 2000) is
common. It is a mixture of spinosyns A and D which are
the fermentation products of the soil bacteria
(Saccharopolyspora spinosa, Actinomycetes) and is an
effective agent of pest control especially for control of
Lepidopteran pest (Wanner et al., 2000; Brickle et al,
2001; Crouse et al., 2001). The Spinosad is neurotoxic in
nature which acts as contact and stomach poison
(Salgado et al., 1998).

Spinosad is generally more toxic in nature to pest than
other beneficial species (Elzen, 2001), but some studies
indicate that Spinosad exhibits toxicity to beneficial
species also (Consoli et al, 2001). Among aquatic
organisms, fish are very susceptible to environmental
contamination of water (Naveed et al, 2011).
Furthermore, fish prefers to consume the benthic
oligochaete worm B. sowerbyi (Hossain et al. 2006). This
prey and predator relationship between tubificid worm
and fish can accelerate the biomagnifications process of
toxicant from lower to higher trophic levels (Dhara et
al, 2014). As a considerable part of the world food
comes from fish, it is necessary to secure the health of
fish from pesticide pollution (Tripathi et al, 2002). The
reports on the potential harmful effect of Spinosad on
fish and other aquatic organisms are scanty (Borth et al.
1996; www.pesticideinfo.org, Journal: Environmental
Fate and Effect division, U.S. EPA. Washington D(C).
Therefore, the present study was undertaken to

evaluate the acute toxicity of commonly used
biopesticide Spinosad on benthic Oligochaete worm
(Branchiura sowerbyi) and fry of Common carp

(Cyprinus carpio) along with their behavioural changes.

METHODOLOGY

The benthic Oligochaete worm, Branchiura sowerbyi
(Class: Oligochaeta, Family: Tubificidae; mean length
2.05 £ 0.50 cm; mean weight 2.02 + 1.20 mg) and the fry
of common carp, Cyprinus carpio (Order: Cypriniformes
and family: Cyprinidae; mean length 4.30+ 0.65 cm,
mean weight 2.50 *0.48 gm.) were used as test
organisms in the bioassay. The worms were collected
from local market and the fish were collected from
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nearby commercial fish farm. They were acclimatized
gradually to the test water for 3 days in the laboratory
before experiment. The commercial grade of Spinosad
(45% SC) was used as test chemical. Static replacement
bioassay was conducted in laboratory. Acute toxicity
tests for oligochaete worm were conducted in 500 ml
Borosil glass beakers containing 250 ml water. For
fish,151 glass aquarium each containing 101 of un-
chlorinated tap water was taken to determine the acute
toxicity of Spinosad following the methods of earlier
workers (American Public Health Association, 2012;
Mukherjee and Saha 2013; Sarkar et al, 2016). Un-
chlorinated tap water (temperature 24.5 + 0.12 9C, pH
7.8 £ 0.23, free CO2 10.9 + 0.42 mg/l, DO 5.48 * 0.34
mg/], alkalinity 169 + 11.23 mg/l as CaCOs3, hardness
115 = 4.30 mg/1 as CaCOs) was used as diluent medium
during the study. The fish were not fed for 24h before
and during the bioassay.

Each test was accompanied by four replicates with
sufficient control. Each replicate was provided with ten
organisms. Initially rough range finding experiments
were conducted to determine range of doses at which
the mortality of worm and fish may occur. Finally, the
selected test concentrations of Spinosad were used to
Branchiura sowerbyi and Cyprinus carpio to determine
the LCso values at 24, 48, 72 and 96h of exposure. During
the experiment the dead organisms were removed
quickly to avoid any microbial decomposition causing
depletion of dissolved oxygen. The dead organisms were
recorded at every 24h.The 10% of the test water was
replaced by freshly prepared test water at every 24h to
maintain a fixed concentration. The mean opercular
movement (number of movement/min/fish) of Cyprinus
carpio was noted at every 24h during the experiment to
evaluate the effects of Spinosad on respiratory rate of
fish. The behavioural changes (clumping tendency,
irregular movements, excess mucous secretion, and
suffocation) of the exposed worms and fish were also
recorded during the experiment ( Mukherjee and Saha
2013).

Mean mortality of Branchiura sowerbyi and Cyprinus
carpio after 24, 48, 72 and 96h of experiment were used
to calculate the LCso values (with 95% confidence limit)
through a statistical software, Probit program version
1.5 (US EPA 1999). The values of percent mortality of
both organisms and opercular movements of fish were
subjected to analysis of variance (ANOVA) using R-
software (R Development Core Team, 2011) succeeded
by Duncan’s Multiple Range Test (DMRT) to find out the
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significant difference within the mean values at various
concentrations of Spinosad at 24, 48, 72 and 96h of
exposure.

RESULTS AND DISCUSSION

The 24, 48, 72 and 96 h LCso values of Spinosad to
Branchiura sowerbyi were 21.19, 12.40, 8.76 and 6.14
mg/] and to the fry of Cyprinus carpio were 5.03, 3.20,
2.16, 1.77 mg/l respectively (Table 1). The mortality
rate of B. sowerbyi and C. carpio showed significant
variation (p<0.05) with the increasing concentrations at
all exposure times (Table 2 and 3). On the other hand,
the mortality rate of B. sowerbyi and C. carpio also varied
significantly (p<0.05) with increasing exposure times
(24, 48 and 72 and 96h) at all the doses (Table 2 and 3).

Excess mucous secretion, decreasing movements and
in B
sowerbyi at higher concentrations (Table 4). The excess

reduced clumping tendency were recorded

mucous secretion with increasing concentration of
toxicant and exposure time was recorded in the exposed
fish (Table 5). The treated fish showed faster movement
and wide opening of mouth and gills at higher
concentrations at 24 and 48h of exposure (Table 5). At
72 and 96h of exposure the fish became sluggish and the
movement was gradually reduced with increasing
concentration. Similarly, the mouth and gill openings
were reduced and were almost absent at the higher
concentrations after 72h of exposure. The opercular
movement of fish was increased significantly (p<0.05) at
24 and 48h but decreased significantly (p<0.05) at 72
and 96h (Table 6).

Table 1: LCso values (with 95% confidence limits) of Spinosad to the Branchiura sowerbyi and Cyprinus carpio at

different times of exposure (24, 48, 72 and 96h)

Test organisms

Concentration (mg/1)

24h 48h 72h 96h

Branchiura sowerbyi 21.19 12.40 8.76 6.14
(17.37-25.49) (7.87-17.51) (5.99-11.5) (3.98-8.22)

Cyprinus carpio 5.03 3.20 2.16 1.77
(4.37-5.88) (2.48-3.99) (1.58-2.74) (1.30-2.24)

Table 2: Mean values (+SD) of % mortality of Branchiura sowerbyi exposed to different concentrations of Spinosad at
different times of exposure (24, 48, 72 and 96h). Mean values within columns indicated by different superscript
letters (a-h) and mean values within rows indicated by different superscript letters (m-p) are significantly different

(DMRT at 5% level)
Dose (mg/1) % mortality of worm at different times of exposure (h)
24h 48h 72h 96h
3.2 002m+0.00 20a+0.50 20m+0.43 3020+0.50
3.6 002m+0.00 30bn+0.43 302bn+0.43 40b0+0.43
7.2 10bm+0.00 40ben+0.83 40bn+0.43 50c+0.43
10.8 20m+0.43 4Qben+0.43 50cdo+(.43 609r+0.50
144 304m+0.50 40bem+0.83 60den+0.43 70e0+0.50
18.0 30dm+0.50 50+0.43 60de0+(0.43 80f+0.00
21.6 40em+0.43 50+0.43 70¢f+0.83 908r+0.43
27.0 50m+1.19 50m+0.83 80Mm+2.17 100h+0.43
30.6 708m+0.00 70dm+(.43 1008+0.50 100h+0.00
36.0 708m+0.71 80er+0.43 1008°£0.00 100h0+0.00
36.2 90hm+0.43 100f+0.43 100&"+0.00 100h+0.00
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Table 3: Mean values (+ SD) of % mortality of Cyprinus carpio exposed to different concentrations of Spinosad at
different times of exposure (24, 48, 72 and 96h). Mean values within columns indicated by different superscript
letters (a-h) and mean values within rows indicated by different superscript letters (m-p) are significantly different
(DMRT at 5% level)

Dose (mg/1) % mortality of fish (Cyprinus carpio) at different times of exposure (h)
24h 48h 72h 96h
0.72 002m+ 0.00 10an+ 0.50 202°% 0.50 2020 0.43
0.9 002m+ 0.00 20bn+ 0.43 30bo+ 0.71 40br+ 0.50
1.8 10bm+ 0.50 30em + 0.43 50+ 0.50 50¢c+ 0.43
2.7 10bm+ 0.00 30+ 0.43 50+ 0.83 60dr+ 0.83
3.15 20°m+ 0.50 30+ 0.83 50+ 0.5 604r+ 0.50
3.6 20em+ 0.43 40dn + 0.43 60do+ 1.22 70¢er+ 0.83
4.5 30dm+ 0.50 60¢n + 0.50 70+ 0.71 80fr+ 0.50
5.4 40em+ 0.50 60en+ 0.43 70+ 0.71 80+ 0.83
5.85 50fm+ 0.43 70f+ 0.83 90fo+ 0.43 908°+ 0.43
6.0 50fm+ 0.71 808+ 0.50 10020£0.50 100m+0.00
6.2 70em+ 0.50 808n+ 0.83 1008°£0.43 100h+0.00
6.4 80hm+ 0.50 90hn+ 0.43 1002°+0.00 100h+0.00

Table 4: Behavioural responses of Branchiura sowerbyi (CT= Clumping Tendency, M=Movement, MS= Mucous
Secretion, -: absent, +: mild, ++: moderate, +++: high, X= not recorded due to death) exposed to different
concentrations of Spinosad at different times of exposure

Dose Behavioural responses of worm at different times of exposure
(mg/1) 24h 48h 72h 96h
CT M MS CT M MS CT M MS CT M MS
0.0 +++ ++ - +++ ++ - +++ ++ - +++ ++ -
3.2 +++ ++ - +++ ++ - +++ ++ - +++ ++ -
3.6 +++ ++ - +++ ++ - +++ ++ - ++ + -
7.2 +++ ++ - +++ ++ - ++ + - + + +
10.8 +++ ++ - ++ + - ++ + - + - +
14.4 ++ ++ - ++ + - + + + + - +
18.0 ++ + - ++ + - + - + - - +
21.6 ++ + - + + + + - + - - +
27.0 ++ + - + + + - - + - - +
30.6 + + + + + + - - + X X X
36.0 + + + - - + - - + X X X
36.2 + + + - - + X X X X X X
190 | Int. J. of Life Sciences, Vol. 6(1) January - March, 2018
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Table 5: Behavioural responses of Cyprinus carpio (MS=Mucous Secretion, WOMG=Wide Opening of Mouth & Gills,
M= Movement, -: absent, +: mild, ++: moderate, +++: high, X= not recorded due to death) exposed to different
concentrations of Spinosad at different times of exposure

Dose Behavioural responses of fish at different times of exposure
(mg/1) 24h 48h 72h 96h
MS  WOMG M MS  WOMG M MS  WOMG M MS  WOMG M

0.0 - + + - + + - + + - + +
0.72 - + + - + + - + + - + +
0.9 - + + - ++ + - ++ ++ - ++ ++
1.8 - ++ ++ - +++ ++ - ++ ++ - ++ ++
2.7 - ++ ++ - +++ ++ - ++ ++ + + +
3.15 - ++ ++ - +++ ++ - ++ ++ + + +
3.6 - ++ +++ - +++ +++ + ++ ++ + - +
4.5 - +++ +++ + ++ +++ + + +++ ++ - B
5.4 + +++ +++ + ++ +++ + + ++ ++ - B
5.85 + ++ +++ + + ++ + + ++ ++ - _
6.0 + ++ +++ + + ++ + - + X X
6.2 + ++ +++ + + ++ ++ - + X X
6.4 + ++ +++ + + ++ ++ - + X X

Table 6: Mean values (+SD) of opercular movement/minute of Cyprinus carpio exposed to different concentrations
of Spinosad at different times of exposure (24, 48, 72 and 96h). Mean values within columns indicated by different
superscript letters (a-i) and mean values within rows indicated by different superscript letters (m-p) are significantly
different (DMRT at 5% level)

Dose Opercular movement of fish at different times of exposure/minute

mg/1 24h 48h 72h 96h

0.0 86r+1.0 72bm+(.83 82f+(0.43 7787+0.71
0.45 9040+0.83 821+0.83 75em+(0.71 82n+(0.71
0.72 72bn+(0.83 69am+1.29 75€0+0.83 70fm+1.0
0.9 602m+0.71 72b0+1.09 827+0.71 66en+0.83
1.8 72bn+0.71 9020+0.43 60m+0.71 61m+0.71
2.7 86°+1.0 8640+0.83 6641+1.29 64dm+(.71
3.15 95e0+1.22 90en+1.48 61m+0.71 61m+1.0
3.6 100f+0.71 100f+0.83 60m+0.43 63d0+0.43
4.5 1058+0.83 1108°+1.29 58vm+(.83 57vm+0.71
5.4 116h0+1.29 112hn+1.58 572bm+().83 57vm+0.43
5.85 120ir+0.83 120ir+0.83 562m+(.83 55am+0.43
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In the present study the LCso values indicate that
Cyprinus carpio is more susceptible to Spinosad than
Branchiura sowerbyi. The 96h LCso value of Spinosad to
fish (1.77 mg/1) also indicates that the fry of Cyprinus
carpio is more sensitive to Spinosad than Carp (5 mg/1),
juvenile Dagger blade grass Shrimp (Palaemonetes
pugio) (9.76 mg/l), Sheepshead minnow (Cyprinodon
variegatus) (7.9 mg/1), Bluegill (Lepomis macrochirus)
(5.9 mg/1), and Rainbow trout (Oncorhynchus mykiss)
(30 mg/1) (Borth et al, 1996; www.pesticideinfo.org,
Journal: Environmental Fate and Effect division, U.S.
EPA. Washington DC).

The different abnormal behaviours (table 4 and 5) like
excess mucous secretion,
suffocation observed in the present study were probably
due to the enzymatic as well as ionic alteration in tissues
and blood (Larsson et al. 1981). The clumping tendency
of worm varies inversely with increasing pesticide
concentrations and exposure times. The excessive
mucous secretion with loss of balance and movement
was observed both in worm and fish at higher pesticide
concentrations at 72 and 96h of exposure. This was
probably an early indication of their avoidance reaction
from the pesticide. The toxicity of Spinosad to worm was
probably due to the formation of mucous-toxicant
complex which precipitates over the body of worm and
blocks the exchange of Oz and CO2 (Whitley, 1967). The
excess mucous secretion over the body of treated fish
was probably due to the dysfunction of pituitary gland
(Pandey et al. 1990). The changes in behaviour of the
exposed fish were probably due to acclimatization by a
compensatory mechanism to obtain energy and to
escape from stress caused due to toxicity (Joshi 2011).

erratic movements and

CONCLUSION

The present findings may provide additional data on the
toxicity of Spinosad which will help in the proper
management activities for natural water resources in
respect to the input of this Biopesticide from the
agricultural field.

Acknowledgement

The authors are thankful to the Head, Department of
Zoology, The University of Burdwan and the Head, P.G.
Department of Zoology, Krishnagar Govt. College for
extending infrastructural facilities to conduct the work.

192 |

Conflicts of interest: The authors stated that no conflicts of
interest.

REFERENCES

American Public Health Association (APHA) (2012) Standard
methods for the examination of water and
wastewater.(Eds. Rice EW, Baird RB, Eaton AD and
Clesceri LS) American Public Health Association,
American Water Works Association, Water Environment
Federation, Washington DC.

Adhikari S, Sarkar B, Chatterjee A, Mahapatra CT and
Ayyappan S, (2004) Effects of cypermethrin and
carbofuran on certain hematological parameters and
prediction of their recovery in a freshwater teleost, Labeo
rohita (Hamilton). Ecotoxicol Environ Saf. 58: 220-226.

Brickle DS, Turnipseed SG, Sullivan M] (2001) Efficacy of
insecticides of different chemistries against Helicover
pazea (Lepidoptera: Noctuidae) in transgenic Bacillus
thuringiensis and conventional cotton. J. Econ. Entomol.
94:86-92.

Borth PW, McCall PJ], Bischoff RF, and Thompson GD, (1996)
The environmental and mammalian safety profile of
Naturalyte insect contnrol. In 1996 Procs., Beltwide
Cotton Conf.,, Nashvile, TN, p. 690-692. National Cotton
Council of America, Memphis, TN.

Consoli FL, Botelho PSM, Parra JRP (2001) Selectivity of
insecticides to the egg parasitoid Trichogramma galloi
Zucchi, 1988 (hym. Trichogrammatidae). J. Appl. Entomol.
125:37-43.

Crouse GD, Sparks TC, Schoonover ], Gifford ], Dripps ], Bruce
T, Larson L, Garlich J, Hatton C, Hill RL, Worden TV,
Martynow ]G (2001) Recent advances in the chemistry of
spinosyns. Pest Manage. Sci. 57: 177-185.

Dhara K, Mukherjee D and Saha NC (2014) Acute Toxicity of
Cadmium to Benthic Oligochaete Worm, Branchiura
sowerbyi Beddard, 1982 and ]Juvenile Catfish, Clarias
batrachus Linnaeus, 1758, ProcZoolSoc DOI
10.1007/s12595-014-0106-7.

Delaplane KS (2000) Pesticide usage in the United States:
history, benefits, risks, and trends. Cooperative Extension
Service/The University of Georgia College of Agricultural
and Environmental Sciences. Bulletin 1121. Available
online at  http://pubs.caes.uga.edu/caespubs/pubs/
PDF/B1121.pdf (Website accessed: January 6, 2013).

Elzen GW (2001) Lethal and sublethal effects of insecticide
residues on Orius insidiosus (Hemiptera: Anthocoridae)
and Geocoris punctipes (Hemiptera: Lygaeidae). J. Econ.
Entomol. 94: 55-59.

Hossain Q, Hossain MA, and Parween S (2006) Artificial
breeding and nursery practices of Clarias batrachus
(Linnaeus, 1758).Scientific World 4(4): 32-37.

Joshi PS (2011). Impact of zinc sulphate on behavioural
responses in the freshwater fish Clarias batrachus (Linn.).
Online International Interdisciplinary Research Journal
1(2): 76-82.

Larsson A, Bengtsson BE, and Haux C (1981) Disturbed ion
balance in flounder, Platichthyes flesus L. exposed to

Int. J. of Life Sciences, Vol. 6(1) January - March, 2018


http://www.pesticideinfo.org/
http://pubs.caes.uga.edu/caespubs/pubs/

Acute toxicity of Spinosad to Branchiura sowerbyi and Cyprinus carpio

sublethallevels of cadmium. Aquatic Toxicology 1(1): 19-

35.
Mukherjee D and Saha NC. (2013) Evaluation of acute toxicity
levels and ethological responses under

Tetrachlorocatechol exposure in common carp, Cyprinus
carpio (Linnaeus). Proceedings of the Zoological Society,
Springer, 67(2): 108-113

Naveed P Venkaeshwarlu and Janaiah C (2011) Biochemical
alteration induced by Triazophos in the blood plasma of
fish, Channa punctatus(Bloch). Annals of Biological
Research. 2 (4): 31-37.

Pandey A, Kumar GK, and Munshi JSD (1990) Integumentary
chromatophores and mucus glands of fish as indicator of
heavy metal pollution. Journal of Freshwater Biology 2:
117-121.

Pesticide info journal: Environmental Fate and Effect division,
U.S. EPA. Washington DC.

R Development Core Team (2011) R: A language and
environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-900051-07-
0,URLhttp://www.Rproject.org/.Accessed 8 Oct 2012.

Salgado VL, Sheets JL, Watson GB, Schmidt AL, (1998) Studies
on the mode of action of spinosad: the internal effective
concentration and the concentration dependence of
neural excitation. Pestic. Biochem. Physiol. 60: 103-110.

Sarkar C, Bej S, and Saha NC (2016) Acute Toxicity of
Triazophos to Common Carp (Cyprinus carpio) Fry and
Their Behavioural Changes. Paripex Indian journal of
research.5 (6) :665-667.

Thomson GD, Dutton R, Sparks TC. (2000) Spinosad- a case
study: an example from a natural products discovery
programme. Pest Management Science 56:696-702.

Tripathi G and Harsh S (2002) Fenvalerate-induced
macromolecular changes in the catfish Clarias batrachus. J.
Environ. Biol. 23: 143-146.

US EPA (1999) Probit program version 1.5. Ecological
Monitoring Research Division, Environmental Monitoring
Systems Laboratory, US Environmental Protection

Agency, Cincinnati, Ohio 45268.
http://www.epa.gov/nerleerd/stat2.htm. Accessed 14 Jan
2012.

Wanner KW, Helson BV, Harris B] (2000) Laboratory and field
evaluation of spinosad against the gypsy moth, Lymantria
dispar. Pest Manage. Sci. 56: 855-860.

Whitley LS (1967) The resistance of tubificid worms to three
common pollutants. Hydrobiologia, 32: 193-205.

www.pesticideinfo.org.

© 2018 | Published by IJLSCI

www.ijlsci.in Int. ]. of Life Sciences, Volume 6 (1) January-March, 2018 | 193


http://www.ijlsci.in/
http://www.epa.gov/nerleerd/stat2.htm.%20Accessed%2014%20Jan%202012
http://www.epa.gov/nerleerd/stat2.htm.%20Accessed%2014%20Jan%202012
http://www.pesticideinfo.org/

