Poll Res. 45 (1-2) : 117-126 (2026)
Copyright © EM International
ISSN 0257-8050

DOI No.: http://doi.org/10.53550/PR.2026.v45101-02.015
Journal Home Page: www.envirobiotechjournals.com

FROM LAB TO FIELD: ASSESSING THE BIOINDICATOR ROLE OF
DAPHNIA PULEX AND MOINA MACROCOPA IN PESTICIDE-

IMPACTED WATER
SAMIKSHA AGARWAL* AND SALTANAT PARVEEN

Limnology Research Laboratory, Department of Zoology, Aligarh Muslim University, Aligarh 202 002, U.P., India

(Received 27 August, 2025; Accepted 5 November, 2025)

ABSTRACT

Cladoceran species are small planktonic crustaceans and are widely used as effective bioindicators
of the trophic status of aquatic systems. Their short life cycle, sensitivity to environmental
stressors, and their key position in the aquatic food web make them highly responsive to
variations in water quality and biological interactions. This study aimed to explore the role of
cladoceran species, viz., D. pulex and M. macrocopa, as a bioindicator of aquatic pollution by
incorporating a field study with laboratory analysis. These microcrustaceans exhibit distinct
sensitivities to changes in water quality parameters, including temperature, nutrient
concentrations, dissolved oxygen levels, pH, and the presence of toxic substances such as
pesticides. Combining bioassessment of cladoceran species with physicochemical analysis
provides useful insights into the trophic status of water bodies. Laboratory experiments measured
the lethal concentration (LC,) and monitored sublethal effects like clutch size, population size, and
survival during controlled pesticide exposure. Parallel field studies were conducted in both
pesticide-affected and reference aquatic environments to evaluate population dynamics, species
diversity, and their relationships with physicochemical factors. The findings indicated that D. pulex
demonstrated greater sensitivity to contaminants, characterised by lower LC, values and
significant reproductive suppression, while M. macrocopa exhibited a comparatively higher
tolerance but displayed alterations in population structure in response to field conditions. The
integration of lab and field findings confirmed that laboratory assays provide precise toxicity
thresholds, while field studies validate ecological relevance under complex, multi-stressor
environments. The integrated approach emphasises the importance of utilizing cladoceran species
as complementary bioindicators, with D. pulex acting as an early-warning species and M.
macrocopa indicating wider ecological effects.

KEYWORDS: Bioindicator, Pesticide, Pollution, D. pulex, M. macrocopa, Physico-chemical
analysis

INTRODUCTION

Bioindicators serve as important tools for scientists
investigating pollution, since living organisms are
among the most dependable indicators of ecosystem
changes. They provide direct evidence of the actual
biological impacts caused by environmental
disruptions (Zhou et al., 2008). A bioindicator is a
species or group of species that reveals the biological
or physical condition of an environment, providing

insight into the effects of environmental changes on
a habitat, community, or ecosystem (McGeoch,
1998). They can also detect ecological shifts
triggered by pollutants, which may affect
biodiversity and the different species living within
the ecosystem (Gerhardt, 2002; Holt and Miller,
2010). Monitoring seasonal variations and
zooplankton presence is essential for assessing
freshwater ecosystems (Zannatul and Muktadir,
2009). Cladocera thrive under various
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environmental conditions; however, elements such
as oxygen, temperature, salinity, pH, and other
physicochemical properties can impose limits on
their growth and distribution. Earlier research has
demonstrated that rising zooplankton biomass is
associated with increased levels of eutrophication. In
lake ecosystems, Cladocera-a group of tiny aquatic
crustaceans-are regarded as one of the most reliable
indicator groups for pollution due to their strong
ability to reflect environmental changes (Jeppesen et
al., 2011; Rumes et al., 2011).

Cladocera are widely distributed and commonly
found in almost all freshwater habitats. Their role in
aquatic ecosystems is vital due to their key position
within the food web (Leppanen, 2018). Cladocera
are distributed globally and are most commonly
found in both temporary and permanent freshwater
bodies, though certain species have adapted to
survive in marine or brackish waters (Richter et al.,
2007). They are sensitive to environmental
fluctuations and can respond rapidly to a variety of
changes within short timeframes. Cladocera are an
essential group in bio-monitoring research due to
their important role in trophic cascades within
aquatic ecosystems. They are sensitive to pollution
and capable of reacting to even minimal levels of
contaminants (Ferdous and Muktadir, 2009; Sharma
and Chandrakiran, 2011). Zawisza et al. (2016)
investigated the use of cladoceran species as
bioindicators and identified Alonella excisa, Acroperus
harpae, Alonella nana, Alona affinis, and Camptocercus
rectirostris as the most suitable indicator species for
dystrophic conditions. According to Venkatraman
(2003), C. cornuta, M. micrura, Macrothrix spinosa, and
C. borroisi are dependable bioindicator species for
detecting aquatic pollution.

Investigating a phenomenon in both natural
(field) and artificial (laboratory) environments offers
a unique blend of authenticity and control. Field
studies showcase the intricate dynamics of real-
world scenarios, uncovering complex patterns that
may be elusive or impractical to recreate within the
confines of a lab setting. These on-site observations
can illuminate how various factors interact in their
natural habitats, revealing insights that are often lost
in more controlled experiments. Conversely,
laboratory experiments provide the opportunity to
isolate and manipulate specific variables, allowing
researchers to rigorously test hypotheses and
examine particular aspects of these patterns under
highly controlled conditions. This dual approach not
only enhances our understanding of the

phenomenon but also bridges the gap between real-
world applicability and scientific precision.

MATERIAL AND METHODS

Chautal Pond at Aligarh is located at a latitude of
27°54’47"N and longitude 78°4’3"E. It is a sewage-
fed, perennial, eutrophic pond with an average
depth of about 0.5 meters to 4 meters. The primary
sources of water input to the pond include domestic
sewage from nearby residential areas and surface
runoff from the surrounding landscape.
Additionally, the pond is frequently utilised by
washermen for activities such as washing clothes
and bathing livestock, which introduces detergents
and other anthropogenic chemicals into the system,
thereby altering the composition and growth
dynamics of the local aquatic flora and fauna (Fig.

-
L
]

[,

L. g al
srn WS

ot (O
-.' -
v
e

]
8

o

Fig. 1. Satellite image of the Chautal pond, Aligarh
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Field analysis

Water samples were collected from the sampling site
over two years, from January 2023 to December
2024. The experimental design for sample collection,
preservation, and identification, as well as the
calculation of the number of individuals and
analysis of environmental variables, followed the
methodology provided by Agarwal et al. (2025).

Pesticide analysis

Water samples were collected properly in the plastic
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bottles at the sampling sites, packed in the ice box,
and brought to the laboratory. The standard method
given by Muir and Sverko (2006) was followed to
detect the presence of pesticides in the water
samples. GC system instrument used: Agilent GC-
7890 with auto sampler; Column used: HP-5MS Ul
15m, 0.25 pm, 25 mm ID capillary column. The
graph is plotted using MS Excel version 1088.

Statistical analysis

The monthly averages and standard deviations of
environmental variables were calculated using MS
Excel version 1088.

Correlation analysis

The relationship between cladoceran species and
environmental variables was calculated from the
correlation matrix with PAST statistics software
version 4.13. Pearson correlation coefficients are
considered significant with a 95 % confidence level
(p < 0.05).

Canonical Correspondence Analysis: The data on
cladoceran species assemblages were analysed
concerning environmental variables, including
dissolved oxygen (DO), carbon dioxide (CO,), pH,
temperature, nitrates, and phosphates. Statistical
analyses were conducted with PAST software,
version 4.13.

Laboratory analysis

Culture and maintenance of D. pulex and M.
macrocopa

The experiments were carried out at the Laboratory.
The Daphnia and Moina used in the contamination
tests were collected by plankton net of mesh size 60
pm from the sampling site and were cultured in a 5-
litre capacity plastic tub filled with 4 L of RO water
in the laboratory under suitable environmental
conditions. The animals were fed once a day with a
mixture of Chlorella vulgaris (1-2 x 10u cells mL-?)
cultivated under 12h light and harvested by
centrifugation (Connon, 2007), and yeast prepared
by dissolving a pinch of dry yeast powder in 200
grams of warm water containing about 1500 cells
per ml. The culture medium was partially replaced
with fresh RO water twice a week to minimise
chloride build-up during the culturing phase
(Woodley, 2023; Long Eco’s Water).

Chemicals

Commercial formulations, intead of technical-grade
actives, were deliberately chosen to mimic field

exposure. 2,4-D ethyl ester 38 % EC (trade name
“Noweed”, Batch #NO001, 38 g a.i. per 100 mL,
Northern Insecticides Pvt. Ltd., Muzaffarnagar,
India). Malathion 50 EC (trade name “Mal-50",
Batch #MAL-2306, 50 g a.i. per 100 ml, Green Chem
Agro, Ghaziabad, India). Both products were
purchased from a licensed pesticide retailer and
stored at 4 °C in the dark. Active-ingredient contents
were verified against the manufacturers’ Certificates
of Analysis (= 98 % of label claim). Stock solutions
were prepared in de-ionised water immediately
before each test; nominal concentrations therefore
refer to active ingredient (a.i.).

Acute toxicity test (OECD 202)

For the definitive 24h and 48 h acute test, six
concentrations of 2,4-D (0.50, 1.00, 3.00, 5.00, 7.00,
10.00 mg/L) and six concentrations of Malathion
(0.06, 0.10, 0.20, 0.50, 0.80, 5.00 pg/L) plus a control
were prepared for D. pulex. For M. macrocopa, six
concentrations, i.e. (1.00, 2.50, 5.00, 7.50, 10.00 and
15.00 mg/L) for 2,4-D and (1.0, 2.5, 5.0, 7.5, 10.0,
12.5,15.0 pg/L) for malathion were prepared. All
dilutions were made in ASTM hard-water medium
(re-constituted; hardness 160 mg CaCO,L™?) to
enhance reproducibility. Three replicates per
concentration, each with 10 neonates (< 24 h), were
maintained in 100 mL glass beakers containing 80
mL of test solution. Because of the short duration,
the animals were not fed, and the medium was not
renewed. Tests were run at 20 + 2 °C with constant
illumination (600 1x). Mortality and immobility were
scored at 24 h and 48 h; individuals failing to swim
within 15 s of gentle agitation were considered
immobile. Water-quality parameters (pH, DO,
conductivity, and hardness) were measured at 0, 24h
and 48 h.

Chronic toxicity test (OECD 211)

Four sub-lethal concentrations, derived as fractions
of the 48 h LC,, along with a control, were tested
over 11 days. For D. pulex, the concentrations were
for 2,4-D: 0.08, 0.10, 0.50, 0.80 mg/L; for Malathion:
0.04, 0.06, 0.08, 0.10 ng/L. In M. macrocopa, the
concentrations were 2,4-D: 0.5, 1.0, 1.5, 2.0, and 2.5
mg/L; for Malathion: 0.5, 0.8, 1.0, 1.5, 1.8 pg/L. Each
concentration and control group of D. pulex was
made up of 10 separately housed neonates in glass
beakers of 50 mL filled with 40 ml of test solution,
while the concentration and control of M. macrocopa
comprised 20 neonates. The medium was renewed
every 48 h and freshly dosed from stock. During the
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11 days, animals were fed daily with 0.5 ml of C.
vulgaris suspension (= 5 x 10t cells), and debris was
carefully removed at each renewal. End-points
recorded were clutch size (number of neonates per
brood) and cumulative population size (total live
offspring per female).

Statistical analysis

The 24 h and 48 h LC, values and their 95 % fiducial
limits were estimated by probit regression (Graph
Pad Prism 10, “log-probit” model, slope + SE
reported). Goodness-of-fit was assessed with the %2
test supplied by the software. In the chronic test,
data were examined for normal distribution with
the Shapiro-Wilk test and for equal variances using
the Levene test. Differences between control and
treatment groups at each endpoint were assessed
through one-way ANOVA, followed by Dunnett’s
post-hoc test (a0 = 0.05). Where assumptions were
violated, data were log-transformed. All statistics
were performed in GraphPad Prism 10, and values
are reported as mean + SE unless stated otherwise.

RESULTS

During the study period, the maximum values of
dissolved oxygen were recorded in the winter
season, whereas the minimum values were recorded
during the summer and monsoon seasons. The
minimum TDS concentrations were recorded during
the winter season whereas the maximum
concentrations were recorded during the monsoon
season. In this study, the minimum nitrate (NO,")
and phosphates (PO,") concentrations were recorded
during the summer and winter seasons, whereas the
monsoon exhibited maximum values at the
sampling site. The lowest pH values were recorded
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during the monsoon season whereas the highest
levels were observed in the winter months. The
lowest CO, concentration was recorded in winter,
while the highest levels were seen during the
summer season. The minimum temperature was
observed during the winter season, whereas the
maximum values were recorded during the summer
season. The mean + SD of physicochemical variables
is shown in Table 1. We have recorded the moderate
diversity of cladoceran species in the summer
season, when the concentration of pesticides was
recorded as moderate, whereas the lowest diversity
was recorded in the monsoon season, when the
pesticide concentration was recorded as maximum

(Fig. 2).

The Chautal Pond
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Fig. 2. Pesticide concentration in water at the Chautal
pond in different seasons

Cladoceran species as a bioindicator in the field

The summer season revealed a notable prevalence of
M. macrocopa, with an impressive density of 271 +
183 individuals per litre (Fig. 3). This peak in
population coincided with the highest recorded
temperatures, which likely contributed to a

Table 1. Mean+SD of Physicochemical characteristics at the Chautal pond throughout the sampling period from January

2023 to December 2024.
Parameters Seasons
Winter Summer Monsoon Post-monsoon

Min-Max Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max Mean+SD
Temp. (°C) 14.7-21.8 18.4+2.9 25.5-36.0 31+4.1 27.0-34.7 31.5+2.9 22.0-25.0 23.3+x1.2
DO (mg/1) 3.3-39 3.65+0.2 2.7-35 2.95+0.3 2.6-3.4 2.9+0.3 2.6-3.6 3.1+0.5
CO, (mg/1) 28-35 31.0+2.7 28.4-37.0 34.1+2.9 28.0-39.5 33.8+4.2 29.0-38.0 33.8+3.8
TDS (mg/1) 650-895 767+91 680-2086  1370+508 1725-2195 1994+182  698-1960 1313.3+688
pH 6.3-7.0 6.7+0.3 6.1-6.8 34.0£2.9 6.2-6.8 6.5+0.3 6.4-7.0 6.7+0.3
TH (mg/1) 192-360 270.2+62.0  208-320 259+33.6 268-380 311+43.7 235-375 299.3+60.2
Nitrates (mg/1) 5.2-6.3 5.7+0.4 3.5-6.9 4.7+1.3 4.5-8.7 6.5+1.8 3.8-5.8 4.8+1.0
Phosphates (mg/1) 0.51-0.62 0.6+0.03 0.36-0.68 0.49+0.1 0.49-0.92 0.64+0.2 0.47-0.6 0.5+0.1

EC (uS cm™?)

1308-1498 1421.5+100.8 1525-1954 1677.4+153.4 1505-1755

1615+99.1 1480-1615 1551+64.8
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Fig. 3. Species abundance of D. pulex and M. macrocopa
throughout the study period

significant drop in dissolved oxygen levels. This
reduction in oxygen availability not only led to a
decline in pH levels but also affected the total
hardness of the water at the sampling sites. These
observations suggest that M. macrocopa
demonstrates a clear affinity for environments
characterised by lower oxygen concentrations and
higher levels of pollution. M. macrocopa showed a
positive correlation with temperature (r=0.51),
whereas an inverse relation was observed with DO
(r=-0.43). M. macrocopa show a positive correlation
with temperature and CO, in canonical
correspondence analysis (CCA). They are weakly
correlated with nitrate (NO,") and phosphate (PO,)

concentration (Fig. 4).

The field analysis also showed that the
population of D. pulex declined during the monsoon
and the summer season, when the concentration of
pesticides was recorded as the highest, which clearly
suggests its sensitivity towards pesticide pollution
and its importance as a bioindicator species. The low
dominance of D. pulex (44+22) ind./L was recorded
in the winter season (Fig. 3), when the minimum
temperature and CO, were recorded, whereas the
dissolved oxygen as well as pH were recorded at
their highest during this season. Moderate
concentration of nitrates and phosphates was also
recorded. These findings indicated a preference of
Daphnia sp. for well-oxygenated, less-polluted
waters. We have recorded a positive, significant
correlation between the D. pulex, DO (r=0.69), and
pH (r = 0.42), whereas a negative correlation was
observed with temperature (r=-0.71). Canonical
Correspondence Analysis (CCA) also interprets that
there is a strong correlation between D. pulex and
DO (Fig. 4).

In laboratory
The acute-exposure assay revealed pronounced
differences in the susceptibility of D. pulex and M.

macrocopa to the two commercial formulations. In
case of D. pulex, for Malathion 50 EC, concentration—
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Fig. 4. The Canonical Correspondence Analysis (CCA) illustrating the relationship between specific cladoceran

species and physicochemical parameters

Axis Eigen values % of constr. in. % of total inertia
1 0.474 80.07 48.69
2 0.116 19.6 11.92
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response curves were steep, yielding 24-h and 48-h
LC values of 0.76 png/L (95 % CL 0.432-1.361 pg/L)
and 0.25 ng/L (95 % CL 0.175-0.345 ng/L),
respectively. In contrast, exposure to 2,4-D ethyl
ester 38 % EC produced LC, values of 3.5 mg/L (95
% CL 2.65-7.56 mg/L) at 24 h and 2.3 mg/L (95 %
CL 2.96-5.04 mg/L) at 48 h. In the case of M.
macrocopa, for Malathion 50 EC, 24h and 48h LC,
were 8.3 ng/L (95% CL 8.79 to 12.2 pg/L) and 5.6
(4.3 to 7.4 png/L), respectively. For 2,4-D ethyl ester
38 % EC, 24h and 48h LC, values were 10.6 mg/L
(95% CL 8.35 to 11.3 mg/L) and 7.9 mg/L (95% CL
4.8t0 9.6 mg/L). Thus, on an active-ingredient basis,
Malathion was several orders of magnitude more
lethal than 2,4-D under the same test conditions.

Chronic toxicity (11 d)
2,4-D ethyl ester 38 % EC

Sub-lethal, 11-day exposures corroborated the acute
patterns. When daphnids were reared in sub-mg/L
concentrations of 2,4-D, their physiological and
reproductive traits declined only at the upper end of
the range. Clutch size decreased modestly at 0.10
mg/L and more sharply at 0.80 mg/L, falling to 12
+ 1.2 neonates per brood versus 16.5 = 1.2 in
controls. The total population output declined by 22
% at the highest concentration (Fig. 5a). Control
mortality never exceeded 10 %. For M. macrocopa,
the clutch size reduced significantly to 18.6+0.9 at
2.5 mg/L, whereas the population size reduced to
1941+52.2 at 2.0 mg/L and 1858+37.7 at 2.5 mg/L
(Fig. 5b).
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Fig. 5a. Clutch size and population size (ind/L) of D.
pulex (mean = SD) after 11 days of exposure to
different concentrations of 2,4-D ethyl ester 38%
EC (a.i. 2-4 D) in chronic toxicity tests. An
asterisk (*) denotes that the values differ
significantly from the control (p < 0.05, Dunnett’s
test)
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Fig. 5b. Clutch size and population size (ind /L) of M.
macrocopa (mean + SD) after 11 days of exposure
to different concentrations of 2,4-D ethyl ester
38% EC (a.i. 2-4 D) in chronic toxicity tests. An
asterisk (*) denotes that the values differ
significantly from the control (p < 0.05, Dunnett’s
test)

Malathion 50% EC

Malathion caused far stronger sub-chronic effects in
D. pulex. The clutch size declined at every
concentration, dropping to 4 + 0.8 neonates per
brood at 0.10 pg/L. Population size mirrored these
trends, falling by roughly one-third at 0.06 ng/L and
by 72 % at 0.10 pg /L (Fig. 6a). For M. macrocopa, the
clutch size reduced to 19.6+1.7 and population size
to 1966+8.1 at 1.0 png/L and higher, as compared to
the control (Fig. 6b).

Clutch size
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Fig. 6a. Clutch size and population size (ind/L) of D.
pulex (mean + SD) after 11 days of exposure to
different concentrations of Malathion 50% EC in
chronic toxicity tests. An asterisk (*) denotes that
the values differ significantly from the control (p
< 0.05, Dunnett’s test)

DISCUSSION

Temperature is an essential component of water
bodies as it strongly influences the biological,
chemical, and physical properties of water, like the
solubility of dissolved oxygen, carbon dioxide, and
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Fig. 6b. Clutch size and population size (ind/L) of M.
macrocopa (mean + SD) after 11 days of exposure
to different concentrations of Malathion 50% EC
in chronic toxicity tests. An asterisk (*) denotes
that the values differ significantly from the
control (p < 0.05, Dunnett’s test)

other gases (Dallas and Day, 2004). Dissolved
oxygen (DO), primarily generated by aquatic algae
and macrophytes, is a critical factor influencing the
growth and survival of Cladocera (Khan et al., 2020).
A decline in DO levels, whether directly or
indirectly, can lead to increased mortality among
aquatic organisms. Elevated water temperatures
further exacerbate this issue by reducing the
solubility of oxygen, thereby posing a significant
threat to the stability and health of aquatic
ecosystems (Singh et al., 1990). Because cold water
retains more oxygen than warm water, the rise in
temperature during summer and the monsoon
season causes a reduction in dissolved oxygen
levels, whereas the lower temperatures in winter
lead to an increase in dissolved oxygen (Ansari,
2017). As a result, the Daphnia sp., which are
sensitive to dissolved oxygen levels, were more
numerously recorded in the winter season in our
study. Agrawal et al. (2025) also recorded the
maximum abundance of Daphnia sp. in the winter
season. In contrast, M. macrocopa, a more resilient
species, is frequently observed during the summer
months. Its ability to thrive in low-oxygen
conditions can be attributed to its capability to
produce haemoglobin, which is influenced by the
concentration of dissolved oxygen in the water.
Additionally, factors such as elevated temperatures
and increased population density can also trigger
haemoglobin production (Rottman et al., 2018).
Nitrates (NO,") and phosphates (PO,"), though
typically present in low concentrations in aquatic
environments, are essential nutrients that support
the growth and metabolic functions of zooplankton

species. An increase in the level of nitrates and
phosphates may lead to eutrophication and
subsequently decline the water quality (Khan et al.,
2020; Mustapha, 2010). The reduced concentrations
of nitrates and phosphates during the winter and
summer seasons are likely due to limited surface
runoff, minimal fertiliser input, and low biological
activity in surrounding catchment areas. pH is vital
for aquatic life as it affects critical physiological
functions, including ion exchange with the
surrounding water and respiration. Different aquatic
species show varying sensitivities to changes in pH,
leading to diverse effects across different water
bodies. Rahman et al. (2021) also recorded the
highest values of pH in the winter season, whereas
the lowest pH values were recorded in the summer
season. Low pH levels can lead to the dissolution of
heavy metals in water. As the concentration of these
metals rises, the toxicity of the water also increases
(Atlas Scientific, 2025). Mounira et al. (2023)
similarly noted that pH and turbidity significantly
influence the distribution and abundance of
invertebrates. Increased CO, levels in aquatic
environments can have a direct effect on Cladoceran
species such as Daphnia. Higher concentrations of
CO, cause water bodies to acidify, which in turn
reduces pH levels. Research indicates that D. magna
exposed to low pH conditions experience lower
survival rates, hindered growth, and diminished
reproductive success (Parra et al., 2016). Sakaguchi et
al. (2023) also reported the lower concentration of
CO, in the winter season. These seasonal
fluctuations in CO, can influence freshwater
organisms, such as Cladocera (Daphnia sp.),
impacting their physiology and ecology (Shi et al.,
2017). Gillooly (2000) reported that at low
temperatures, cladoceran species invest more in
body size and produce fewer and larger offspring. In
contrast, at high temperatures, they invest in
reproduction and reproduce quickly and produce
smaller offspring.

Pesticides also have a deleterious effect on the
growth and survival of Cladoceran species. Elevated
summer temperatures combined with the influx of
excessive fertilisers into a water body can lead to
decreased levels of dissolved oxygen, placing stress
on local aquatic organisms (USGS, 2018). Exposure
to pesticides such as organophosphates, pyrethroids,
and herbicides can lead to acute toxicity, reduced
reproductive output, developmental abnormalities,
and even population collapse, ultimately reducing
biodiversity in contaminated waters (Oda et al.,
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2012). Nyantakyi et al. (2022) concluded in their
study that the highest concentrations of pesticides
were reported during the monsoon season, whereas
the lowest concentrations were recorded during the
dry season. Fijalkowska et al. (2022) also recorded
the lowest concentration of pesticides in February,
whereas the highest concentration was recorded in
June.

Malathion causes a reduction in population size
for numerous non-target organisms, especially
insects and aquatic life, due to its neurotoxic effects.
In D. pulex, Malathion concentrations as low as 0.06
png/L reduced clutch size, while a concentration of
0.10 pg/L decreased population output by 72%. In
contrast, M. macrocopa exhibited the detrimental
effects on the population size at 1.8 pg/L. These
endpoints coincide with the acetylcholinesterase
(AChE) inhibition and metabolic reallocation
described by Hernandez et al., 2014. Mesocosm
work shows that such individual-level effects can
cascade to community shifts, e.g. declining
cladocerans and phytoplankton blooms (Groner and
Relyea, 2011), highlighting the ecological
significance of our findings. Hernandez et al. (2014)
studied the toxic effects of malathion on the
survivorship and reproductive variables of D. pulex
and Diaphanosoma birgei. They recorded that for
either cladoceran species, the increase in malathion
concentration resulted in a reduction in survivorship
and fecundity.

The impact of 2,4-D on animals and plants varies
based on its specific form. Certain ester forms of 2,4-
D can be extremely harmful to fish and other aquatic
organisms, while the salt forms tend to be less toxic
to aquatic life. Furthermore, aquatic animals show
increased sensitivity to 2,4-D as water temperatures
rise. In the laboratory, 2,4-D produced detectable
impacts only at the highest tested level (0.80 mg/L)
with a net 22 % reduction in population size. These
thresholds echo “no-effect” outcomes reported for
Daphnia magna and Ceriodaphnia silvestrii at <0.1 mg/
L (Kashian and Dodson, 2002; Moreira et al., 2023)
but converge with Silva et al. (2020) observation of
clutch suppression in C. silvestrii above 60 mg/L.

Lower pesticide levels can impact zooplankton in
natural environments through complex ecological
interactions and prolonged exposure. In contrast,
laboratory settings are designed to eliminate many
of these intricate variables, allowing scientists to
conduct acute toxicity tests under controlled
conditions. Here, higher concentrations of pesticides
are typically needed to observe immediate toxic

effects. This simplification means that while
laboratory tests can provide valuable data on the
acute impact of pesticides, they may fail to capture
the nuanced responses that occur in natural habitats.
The controlled nature of laboratory experiments
often results in direct physiological responses that
can differ dramatically from those observed in the
wild, where numerous environmental variables and
interactions can temper or amplify these impacts.
These results vary because natural ecosystems are
complex, whereas labs provide simplified
conditions.

CONCLUSION

The integration of laboratory and field studies
confirms that D. pulex and M. macrocopa are highly
sensitive bioindicators for aquatic pollutants.
Laboratory toxicity assays provide precise
thresholds such as LC, values and sublethal
endpoints such as clutch size and population size,
while field investigations validate these responses
under natural, multi-stressor conditions. Together,
these approaches demonstrate that D. pulex and M.
macrocopa not only react predictably to controlled
pollutant exposure but also reflect real-world
ecological risks. This combined evidence
underscores its reliability in biomonitoring
programs and highlights its importance in
developing ecologically relevant water quality
guidelines. The findings suggest that Malathion
significantly affects the reproductive capacity and
overall population dynamics of D. pulex and M.
macrocopa at concentrations that are considerably
lower than those needed to achieve similar
outcomes with 2,4-D. Moreover, higher
concentrations of both pesticides exhibit more
pronounced detrimental effects on M. macrocopa
compared to D. pulex, indicating that M. macrocopa
demonstrates a greater tolerance to certain
pollutants in contrast to D. pulex. These results
advocate for their inclusion in regular biomonitoring
initiatives and the development of water quality
standards that are ecologically relevant.
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