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Highlights

 •
Exposure to chlorpyrifos delayed moulting in Armadillo officinalis.

 •
Chlorpyrifos affected the moulting frequency in Armadillo officinalis.

 •
Exposure to chlorpyrifos extended premoult and ecdysis stages
in Armadillo officinalis.

 •
Chlorpyrifos reduced intermoult duration in Armadillo officinalis.

 •
Chlorpyrifos impaired growth by decreasing weight gain, cuticle
length gain and the specific growth rate of Armadillo officinalis.
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Abstract

The aim of this study was to evaluate the long-term effects of the
insecticide chlorpyrifos on the moulting and growth of the terrestrial
isopods Armadillo officinalis. Adult woodlice were exposed to
chlorpyrifos at concentrations of 5, 10, 20, 40 mg/kg dry soil and
compared to a control. During 100 days of exposure, effects on
moulting and growth were investigated. The duration of
premoult, ecdysis and intermoult stages were estimated. Also, the
cuticle width (CW) and length (CL) were measured and their size
increase and specific growth were calculated. The results showed
that exposure to chlorpyrifos induced adverse effects on moulting in
the terrestrial isopod Armadillo officinalis, mainly at the higher
concentrations (20 mg and 40 mg/kg dry soil). Indeed, it decreased
the percentage of moulting animals, delayed moulting, decreased
the number of completed moult, extended the premoult stage,
prolonged ecdysis, and reduced intermoult duration. Furthermore,
these findings showed that chlorpyrifos exposure impaired also
growth of Armadillo officinalis, mainly at the highest concentration
(40 mg/kg dry soi), by decreasing weight gain (0.94 ± 2.14 mg),
cuticle length gain (0.26 ± 0.06 mm) and specific growth rate (SGR)
(0.04 ± 0.01 mm/days) compared to the control (Weight
gain = 16.5 ± 1.84 mg; CL gain = 0.65 ± 0.07 mm;
SGR = 0.08 ± 0.01). The present study highlighted the adverse
effects of chlorpyrifos on moulting and growth of Armadillo
officinalis, which raises concern about consequences of chlorpyrifos
exposure on population dynamic of this species.
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Introduction

Pesticides are intensively used in agriculture. However, these
compounds raised concerns about their hazardous effects in soil
organisms such as earthworms, springtails, snails and terrestrial
isopods (Paoletti and Bressan, 1995, Hubbard et al., 1999,
Robinson and Sutherland, 2002, Bengtsson et al., 2005, Bianchi et
al., 2006, Sánchez-Bayo, 2011).

Among these pesticides, chlorpyrifos [O,O-diethyl-O-(3,5,6-trichloro-
2-pyridyl) phosphorothioate] is an organophosphate insecticide
applied to control a wide range of insect pests in agricultural
production as well as houseflies (EPA, 2011). In the Soummam
valley, which is an important agricultural area in the north of Algeria,
chlorpyrifos is one of the most commonly used insecticides
(Benmouhoub et al., 2019). However, due to its broad-spectrum
effectiveness, chlorpyrifos may have harmful consequences on non
target organisms as inducing mortality, oxidative stress and
metabolic disorders (Barron and Woodburnt, 1995, Zhang et al.,
2017, Xing et al., 2019). The direct toxicity of chlorpyrifos is
assumed to result from its specific inhibition of acetylcholinesterase
(AChE), an enzyme that is primary involved in neurotransmission,
and which also has many other physiological functions that are not
related to the cholinergic system (Sepčić et al., 2019).

One of the most efficient approaches for assessing the effects of
pesticides in the environment is bio-monitoring, which involves the
monitoring of bio-indicators in treated versus untreated
environments (Saline, 2012, Ferrante et al., 2015). In this context,
several studies have investigated the toxic impacts of chlorpyrifos
using bio-indicators such as terrestrial invertebrates (Gatti et al.,
2002, Venkateswara Rao et al., 2003, Fountain et al., 2007 Jager et
al., 2007; Wang et al., 2012, Pelosi et al., 2014, Muangphra et al.,
2015, Dolar et al., 2021) and numerous effects have been reported.
For instance, chlorpyrifos impairs growth (Booth and O’Halloran,
2001) and fecundity (Alshawish et al., 2004, Zhou et al., 2007) in
earthworms, and reduces springtail abundance (Endlweber et al.,
2006, Fountain et al., 2007). Furthermore, it induces lethality (Nair
et al., 2002, Morgado et al., 2016, Benmouhoub et al., 2019),
oxydative stress (Morgado et al., 2018) and changes in immune
function (Dolar et al., 2021) in terrestrials isopods.



Terrestrial isopods are widely used as bioindicators of
environmental pollution due to their sensitivity to the effects of
anthropogenic activities (Longo et al., 2013, Mazzei et al., 2013,
Agodi et al., 2015). They also represent an abundant and
widespread component of the soil fauna (Caruso et al., 1987,
Messina et al., 2011, Messina et al., 2012). The species Armadillo
officinalis has been reported as a good test-organism to assess soil
contamination or other environmental changes in its habitat (Agodi
et al., 2015, Montesanto and Cividini, 2017).
Terrestrial isopods moult frequently throughout their life cycle in
order to grow. So, they shed their old cuticle and develop a new
exoskeleton (Lefebvre, 2002). Moulting in Oniscidea is regulated by
a variety of neuroendocrine signalling cascades which involve
various hormones such as the ecdysteroid moulting hormones, the
moult-inhibiting hormone (MIH), and the crustacean hyperglycemic
hormone (CHH) (LeBlanc, 2017, Zou, 2020). Several authors have
recently shown that these endocrine pathways are highly sensitive
to aberrant signalling by environmental chemicals (LeBlanc, 2017,
Jubeaux et al., 2012, Legrand, 2016, Hosamani et al., 2017, Zou,
2020).

Numerous studies have highlighted the effects of pesticides on
moulting (Baldwin et al., 2001, Lemos et al., 2009, Palma et al.,
2009, Lemos et al., 2010) and growth (Montagna and Collins, 2007,
Lemos et al., 2010, Singh et al., 2021) in Oniscidea crustacean.
However, although there have been some researches on the
consequences of chlorpyrifos exposure (Volz et al., 2003, Montagna
and Collins, 2007, Taylor, 2020), to our knowledge, there is no data
about the impacts of chlorpyrifos on moulting in terrestrial isopods.

In ecotoxicological risk assessment of pesticides, particulary in
isopods bioassay, most studies use acute toxicity tests
(Benmouhoub et al., 2019, Santos et al., 2010, Loureiro et al., 2009,
Kolar et al., 2008). Although these assays are effective for survival
parameters (Calhôa et al., 2012, Santos et al., 2010) or avoidance
behaviour parameters (Loureiro et al., 2002), they are limited when
more detailed and comprehensive effects of the toxicant on life
stage such as moulting and growth of the animal are aimed. In this
case, long term exposure tests are advisable as they could cover all
the life stage of the animal and track the impacts of pesticides over
the time (Guimarães et al., 2023).



The aim of the present study was to evaluate the long-term effects
of chlorpyrifos on the terrestrial isopod Armadillo officinalis using
moulting parameters such as moulting frequency, the duration of
premoult, ecdysis and intermoult stages and growth parameters
such as weight gain, size gain and specific growth rate (SGR).

Section snippets

Sampling and breeding

Adult males and females terrestrial isopods of the species Armadillo
officinalis were collected in unpolluted natural area of the National
Institute of Agricultural Research, Algeria (INRA) (latitude 36°21′8N;
longitude 3°53′E). Then, they were bred in the laboratory of Applied
Zoology and Animal Ecophysiology, Bejaia, Algeria, at room
temperature (21C°±1C°), with a photoperiod of 13 h/11 h (light/dark).
Twice a week, the colonies were sprayed with water and fed with
potato tubers.

Chemical compound and soil

The pesticide

Percentage of moulting animals during 100 days of
exposure to chlorpyrifos

After 20 days of experiment, the results didn’t show significant
difference between the groups treated with the different
concentrations of chlorpyrifos and the control (Fig. 1). However, a
significant difference compared to the control was noted after 40
and 60 days of exposure to the highest concentration of chlorpyrifos
(40 mg/kg soil) (p < 0.05). Also, a significant difference compared to
the control was found after 80 days of exposure to the higher
concentrations (20 and 40 mg/kg soil)

Discussion

In the present study, our results have firstly highlighted that the
exposure to chlorpyrifos altered the moulting of Armadillo officinalis.
Indeed the percentage of moulting animals during the 100 days of
exposure was significantly lower at the higher chlorpyrifos



concentrations (20 and 40 mg /kg) compared to the control. Several
studies revealed that environmental chemicals could impair moulting
in Oniscidea crustaceans (LeBlanc, 2017, Jubeaux et al., 2012,
Legrand, 2016, Hosamani et al., 2017,

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgement

We would like to thank Dr. Aldjia Oudjiane for accepting to receive
us to accomplish our sampling in Bejaia station of the National
Institute of Agricultural Research, Algeria (INRAA).

References (76)

 A. Agodi et al.

Validation of Armadillo officinalis Dumèril, 1816 (Crustacea, Isopoda,
Oniscidea) as a bioindicator: In vivo study of air benzene exposure
Ecotoxicol. Environ. Saf.
(2015)

 A. Dolar et al.

Microplastics, chlorpyrifos and their mixtures modulate immune processes
in the terrestrial crustacean Porcellio scaber
Sci. Total Environ.
(2021)

 D. Drobne et al.

Toxicity of imidacloprid to the terrestrial isopod Porcellio scaber (Isopoda,
Crustacea)
Chemosphere
(2008)

 B. Guimarães et al.

On the importance of longer-term exposure to stressors - A critical review
and proposal for multigenerational testing in standard soil invertebrates
Sci. Total Environ.
(2023)

https://www.sciencedirect.com/science/article/pii/S0147651315000123
https://www.sciencedirect.com/science/article/pii/S0147651315000123
https://www.sciencedirect.com/science/article/pii/S0048969720384333
https://www.sciencedirect.com/science/article/pii/S0048969720384333
https://www.sciencedirect.com/science/article/pii/S0045653507014695
https://www.sciencedirect.com/science/article/pii/S0045653507014695
https://www.sciencedirect.com/science/article/pii/S0048969722057795
https://www.sciencedirect.com/science/article/pii/S0048969722057795


 T. Jager et al.

Chronic exposure to chlorpyrifos reveals two modes of action in the
springtail Folsomia candida
Environ. Pollut.
(2007)

 L. Kolar et al.

Toxicity of abamectin and doramectin to soil invertebrates
Environ. Pollut.
(2008)

 V. Lavtizar et al.

Comparative ecotoxicity of chlorantraniliprole to non-target soil
invertebrates
Chemosphere.
(2016)

 B. Li et al.

Identification and functional analysis of transforming growth factor-b type III
receptor (TbR3) from Scylla paramamosain: the first evidence of TbR3
involved in development and innate immunity in invertebrates
Fish Shellfish Immunol.
(2020)

 S. Loureiro et al.

Assessing joint toxicity of chemicals in Enchytraeus albidus (Enchytraeidae)
and Porcellionides pruinosus (Isopoda) using avoidance behaviour as an
endpoint
Environ Pollut.
(2009)

 V. Mazzei et al.

Effects of heavy meta laccumulation on some reproductive characters in
Armadillidium granulatum Brandt(Crustacea, Isopoda, Oniscidea)
Ecotoxicol. Environ. Saf.
(2013)
View more references

Cited by (0)

View full text
© 2023 Korean Society of Applied Entomology. Published by Elsevier B.V. All rights reserved.

https://www.sciencedirect.com/science/article/pii/S0269749106003162
https://www.sciencedirect.com/science/article/pii/S0269749106003162
https://www.sciencedirect.com/science/article/pii/S026974910700108X
https://www.sciencedirect.com/science/article/pii/S0045653516307949
https://www.sciencedirect.com/science/article/pii/S0045653516307949
https://www.sciencedirect.com/science/article/pii/S1050464820304861
https://www.sciencedirect.com/science/article/pii/S1050464820304861
https://www.sciencedirect.com/science/article/pii/S1050464820304861
https://www.sciencedirect.com/science/article/pii/S0269749108004363
https://www.sciencedirect.com/science/article/pii/S0269749108004363
https://www.sciencedirect.com/science/article/pii/S0269749108004363
https://www.sciencedirect.com/science/article/pii/S0147651313004089
https://www.sciencedirect.com/science/article/pii/S0147651313004089
https://www.sciencedirect.com/science/article/pii/S1226861523001541


Recommended articles
 Positivity of Narayana polynomials and Eulerian polynomials

Advances in Applied Mathematics, Volume 154, 2024, Article
102656
Shi-Mei Ma, …, Yeong-Nan Yeh

 Effect of digestion product of royal jelly protein on SGC-7901 gastric cancer
cell
Journal of Asia-Pacific Entomology, Volume 27, Issue 1, 2024,
Article 102191
Li Fu, …, Jianxin Song

 Bioacoustics of Trogoderma granarium Everts (Coleoptera: Dermestidae)
Journal of Asia-Pacific Entomology, Volume 27, Issue 1, 2024,
Article 102189
Payam Azizi Farsani, …, Maryam Taghizadeh Dehkordi
Show 3 more articles
Article Metrics
Captures

 Readers:1

View details

 About ScienceDirect
 Remote access
 Shopping cart
 Advertise
 Contact and support
 Terms and conditions
 Privacy policy

Cookies are used by this site. Cookie Settings
All content on this site: Copyright © 2024 Elsevier B.V., its licensors, and contributors. All
rights are reserved, including those for text and data mining, AI training, and similar
technologies. For all open access content, the Creative Commons licensing terms apply.

https://www.sciencedirect.com/science/article/pii/S0196885823001744
https://www.sciencedirect.com/science/article/pii/S1226861523001553
https://www.sciencedirect.com/science/article/pii/S1226861523001553
https://www.sciencedirect.com/science/article/pii/S122686152300153X
https://plu.mx/plum/a/?doi=10.1016/j.aspen.2023.102190&theme=plum-sciencedirect-theme&hideUsage=true
https://www.elsevier.com/solutions/sciencedirect
https://www.sciencedirect.com/user/institution/login?targetURL=%2Fscience%2Farticle%2Fpii%2FS1226861523001541
https://sd-cart.elsevier.com/?
http://elsmediakits.com/
https://service.elsevier.com/app/contact/supporthub/sciencedirect/
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy

	Full length article
	Effects of long-term chlorpyrifos exposure on moul
	Highlights
	Abstract
	Graphical abstract
	Introduction
	Section snippets
	Sampling and breeding
	Chemical compound and soil
	Percentage of moulting animals during 100 days of 
	Discussion
	Declaration of competing interest
	Acknowledgement
	References (76)
	Ecotoxicol. Environ. Saf.
	Sci. Total Environ.
	Chemosphere
	Sci. Total Environ.
	Environ. Pollut.
	Environ. Pollut.
	Chemosphere.
	Fish Shellfish Immunol.
	Environ Pollut.
	Ecotoxicol. Environ. Saf.

	Cited by (0)
	Recommended articles
	
	
	

	Article Metrics


