
Introduction

Mediterranean wetlands are ecological systems with
a broad variety of natural resources with environmen-
tal, social and scientific values (Bernáldez 1987). In
Spain, as in many Mediterranean areas, these wetland
ecosystems have been subjected to a strong human in-
fluence, being that wetlands are one of the most altered
natural systems by the creation and development of
converging agricultural landscapes (Casado & Montes
1995). The regular procedures in agriculture generate
unquestionable environmental impacts, because agri-
cultural practices produce many ecological and pollu-
tant problems in aquatic ecosystems. Some of those
impacts are in relation with a water quality decrease,
due to the use of toxic products as herbicides or pesti-
cides, which induce changes in the ecological charac-
teristics and processes. 

In recent years, ecotoxicological studies have sub-
stantially increased in order to measure the ecological

effect of agricultural pollution on aquatic ecosystems
(Van Dam et al. 1998). The use of acute toxicity data is
essential to the ecotoxicological assessment of chemi-
cals and has been recommended to improve the current
toxicity database for different trophic groups in fresh-
water and saltwater ecosystems (Lenwood et al. 1998).
The number and variety of freshwater species and bio-
assay procedures currently recommended in European
Directives for assessing the risk posed by pollutants to
freshwater ecosystems are rather limited (Pascoe et al.
2000). Algae, bacteria, and aquatic invertebrates are
attractive organisms because their generation spans are
shorter than those of higher organisms such as fish.
The ecological relevance, and the advantages associa-
ted with the use of freshwater invertebrates for eco-
toxicological tests have already been described (Snell
et al. 1991, Snell & Moffat 1992, Janssen et al. 1993).
Rotifers and cladocerans are the most used organisms
in toxicity tests, while copepods were used in a lower
frequency (Calow 1998). Copper and dimethoate are
both used regularly in the olive tree culture to control
pest or nuisance organisms. Copper sulphate is nor-
mally used in olive tree cultivation in spring and au-
tumn against Cycloconium oleaginum. Copper has two
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main oxidation states : 1+ and 2+. The Cu2+ ion is the
most environmentally relevant to aquatic systems and
is generally considered the most toxic form to aquatic
life (Lenwood et al. 1998). Exposure to high concen-
trations of copper can affect populations and indivi-
duals at morphological, physiological, biochemical or
genetic levels (Troncoso et al. 2000). Dimethoate is an
organophosphate insecticide, normally used in olive
tree cultivation in spring against Bactrocera oleae. It is
fairly soluble, stable in water, and its toxicity for aqua-
tic organisms and birds has been reported as moderate
to high (WHO 1989). Acute toxicity tests with dime-
thoate on non-target organisms have shown that seve-
ral freshwater and marine species are sensitive, and es-
pecially crustaceans (WHO 1989, Sørensen et al.
1995, Bayley & Baatrup 1996).

The literature related to the toxic effects of copper
and dimethoate show that acute toxicity data were
available for some freshwater and saltwater species,
primarily benthos and fish, but reduced information is
available on copepods (Calow 1998, Sorensen 1991).
Given the past research with these two pesticides, the
main hypothesis of this study was that copper and di-
methoate may cause permanent reductions in the zoo-
plankton communities in wetlands near olive tree plan-
tations. Our goal was to determine the effect on survi-
val and recruitment in the calanoid copepod Arcto-
diaptomus salinus (Daday), exposed to different cop-
per and dimethoate concentrations.

Material and methods

A. salinus used in laboratory experiments were col-
lected in Lagura Honda (UTM-geographic coordi-
nates : 30SVG9961 ; 460 m.a.s.l.), an inland shallow
ecosystem, situated in the Guadalquivir basin, sou-
thern Spain (Table 1). Copepods, the dominant fraction
of zooplankton in this ecosystem (Castro 2004), were
collected with a plankton net and brought into the la-
boratory immediately after collection. After one day of
accommodation to laboratory conditions, females with
egg sacs were gently separated from the rest of the
sample. Part of this group was placed in a Petri dish to
separate carefully the egg sac with fine needles. Egg
sac carrying females and the isolated egg sacs were
used in separate toxicity tests. The copepods were not
fed during acclimation and subsequent exposure.

Toxicity experiments were carried out in periods in
which the olive tree cultivation in Lagura Honda drai-
nage basin was not treatment with pesticides or herbi-
cides. Moreover, lake water was analysed and copper
and dimethoate were not detectable. The female toxici-

ty experiments consisted of static tests with a control
and different copper and dimethoate concentrations
(ranging from 0 to 4 mg Cu L-1 and from 0 to 50 mg di-
methoate L-1) that were added to previously filtered
water from the lake. Three replicates at each concen-
tration, with at least 15 females carrying egg sacs were
placed in experimental glass vessels (50 mL). Controls
consisted of glass vessels with females taken in the sa-
me collection and using the above mentioned lake wa-
ter. The vessels were incubated at 20°C. Copepod mor-
talities were recorded in each vessel at 24-h intervals
and dead individuals were removed. The lethal
concentration values affecting 50% of the population
in 24-h, 48-h, 72-h and 96-h (LC50) were determined
from the linear regressions between the mortality pro-
bits and log-transformed values of dimethoate and
copper concentrations. Values for 95% confidence li-
mits were also calculated in all cases (Abel & Axiak
1991). LC50 values were considered to be significant-
ly different (p<0.05) if the confidence intervals did not
overlap (Roast et al. 1999).

Static tests with the egg sacs were conducted in
conventional 24-well polystyrene multiwell plates.
One control and three different copper concentrations
(0.5, 1 and 2 mg Cu L-1) and two dimethoate concen-
trations (2 and 20 mg dimethoate L-1) prepared as
mentioned above, were used. Each well received one
egg sac and three replicates were used at each concen-
tration. The plates were also incubated at 20°C. After
96-h, hatching rates and nauplii survival were registe-
red (mean hatching time of A. salinus at 20°C is 82.4 ±
0.4 h ; Jiménez-Melero, unpublished data). The effect
of copper and dimethoate concentration on hatching
rate and nauplius survival was tested and analysed by
one way ANOVA (Sokal & Rohlf 1995). 

Results 

Copepods mortality vs. copper/dimethoate concen-
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Table 1. Limnological characteristics of Lagura Honda. Data from
Castro (2004). (T.D.S. Total Dissolved Solids).



trations in adult female experiments of A. salinus du-
ring 24, 48, 72, and 96-h are shown in Figure 1. There
was no mortality in control vessels during all tests. To-
tal mortality occurred at 2 mg Cu L-l after 24-h and

0.15 mg Cu L-l after 96-h test. In dimethoate experi-
ments, the values ranged between 40 mg dimethoate L-l

after 24-h and 10 mg dimethoate L-l after 96-h test.
The fitting parameters of the linear regressions of pro-
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Fig. 1. Mortality in Arctodiaptomus salinus females after 24-h (A) ; 48-h (B) ; 72-h (C) and 96-h test (D) under dif-
ferent dimethoate and copper concentrations.



bits vs. log-transformed copper/dimethoate concentra-
tions are shown in Table 2. The mortality probit exhi-
bited a positive correlation with the log-transformed
copper/dimethoate concentrations and all regression
lines showed high correlation values (p ≤ 0.02). These
regressions were used to estimate the LC50 and their
95% confidence limits at each exposure time (Table 3).

Hatching rates after 96-h of exposition time were si-
gnificantly reduced in egg sacs exposed to 1 mg Cu L-l

and 20 mg dimethoate L-l (Table 4). Results obtained
with copper concentrations showed that over these va-
lues there was no hatching process. No differences we-
re found between hatching rates in control wells and in
the wells with 0.5 mg Cu L-l and in 2 mg dimethoate L-l

wells, respectively. So, these concentrations can be
considered as no observed effect concentration
(NOEC).

After 96-h of exposure time, total nauplii mortality
occurred when they were exposed to 1 mg Cu L-l and
20 mg dimethoate L-l. No mortality occurred in control
wells and in 0.5 mg Cu L-l wells, so, this last concen-
tration can also be considered as NOEC.

Discussion 

Criticisms of the Method
It has been hypothesised that a significant portion of

applied and residual chemicals in most water bodies
exists in unavailable forms (i.e., complexed, precipita-
ted, and/or sorbed to particulate matter or dissolved or-
ganics). In closed laboratory systems, total concentra-
tion from initial application will remain constant, al-
though the forms within the testing chambers may
transform over time (Mastin & Rodgers 2000). There-
fore, experiments employing “clean” laboratory wa-
ters overestimate actual risks to non-target species (su-
ch as copepods), which live in aquatic systems where
additional binding sites (i.e., ligands), may decrease
acute toxicity (US EPA 1980, Gauss et al. 1985, US
EPA 1992, Benson et al. 1994, Dobbs et al. 1994).
Supporting more complex toxicity tests, Lenwood et
al. (1998) indicate that microcosm and mesocosm data
provide a more useful information for assessing the
impact of a stressor on aquatic communities (e.g. ag-
gregate responses of multiple species, observation of
population and community recovery after exposure,
and indirect effects resulting from changes in food
supply). These kinds of experiences are worth carrying
out to give a conclusion for the information related to
the toxic effects on ecosystem production. However,
European Directives for assessing the risk in aquatic
toxicity projects recommended the validation process
in which results of laboratory tests were compared wi-
th values obtained in the field, using structural and
functional responses of communities. Pascoe et al.
(2000) concluded that appropriately designed, relati-
vely simple and inexpensive laboratory toxicity tests
with a selection of test species are generally adequate,
with small application factors, for predicting the envi-
ronmental risk of polluting chemicals to freshwater
ecosystems. Therefore, we believe that it is necessary
to obtain a better database with this kind of “simple”
experiment, increasing our knowledge to be able to
manage the ecosystem in the future. Then we can ob-
tain more information about how zooplankton compo-
sition and community structure can be altered as a re-
sult of its high susceptibility to a toxic. Additionally,
we can also obtain information about the effects and
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Table 2. Summary of regression parameters obtained in the acute
toxicity tests on Arctodiaptomus salinus females exposed to dif-
ferent dimethoate and copper concentrations and during different
exposure times (Y, mortality expressed in probit ; X, logarithmic
dimethoate or copper concentrations).

Table 3. LC50 values and 95% confidence limits after 24, 48, 72 and
96-h test in Arctodiaptomus salinus females.

Table 4. Arctodiaptomus salinus eggs hatching rates and nauplius
mortality observed at different dimethoate and copper concentra-
tions after 96-h exposition.



consequences on higher trophic levels because zoo-
plankton is on a principal pathway for the energy flow
in the ecosystem (Álvarez-Cobelas & Rojo 2000).

Toxicity effect on A. salinus : secondary produc-
tion and risk assessment

The use of copper and dimethoate in olive tree agri-
culture in Andalusia is widely recognised (Guerrero
1991), but no information has been developed to know
the effect of these pesticides on the aquatic biota in
nearby watersheds. A review of the copper and dime-
thoate acute toxicity data on aquatic organisms is pre-
sented in Table 5. Our results indicate, when it is com-
pared with the data presented in the table above men-
tioned, that A. salinus showed an intermediate resis-
tance to copper (48-h LC50 0.62 mg Cu L-l), and is mo-
re resistant to dimethoate (96-h LC50 of 3.2 mg dime-
thoate L-l), at least in experiments with a short exposu-
re time. 

The negative effect of copper and dimethoate on this
planktonic crustacean is not only over the adults, but
also acts on species recruitment, as this study has de-
monstrated with the reduction in hatching rates and in
nauplius survival. The effect of the cupric ion activity
on survival and development in other adult and nauplii
copepods has been also described in the marine species
Acartia tonsa (Dana) by Sunda et al. (1987). Moreo-
ver, a negative copper effect in grazing activity has al-
so been reported in other calanoid copepods (Sharp &
Stearns 1997), and consequently in egg production
(Kiørboe et al. 1985). The negative effects of dime-
thoate over other crustacean have been also described
(Roast et al. 1999).  Sloof & Canton (1983) founded
that a concentration of 0.1 mg dimethoate L-l affect re-
production in D. magna. Thus, information about the
effects of the non-acute tests is crucial in freshwater
copepods in order to understand how the physiology
and bionenergetics of this zooplanktonic group can be

affected.
Based on LC50 values from the present study, copper

and dimethoate are toxic susbtances to A. salinus. This
species is one of the most important components in La-
guna Honda trophic web (Castro 2004), and conse-
quently, any negative effect on its population also has
an effect on the whole aquatic community, and on se-
veral ecological processes, such as secondary produc-
tion. This is a significant aspect that is normally remo-
ved from traditionally toxicology studies. In this sense,
if the estimation of secondary production in copepods
is based essentially on female biomass and on hatching
rates (Poulet et al. 1995), then special attention must
be paid to the negative effects over those parameters.
So, adult female mortality, nauplius stage mortality
and in addition the reduction in hatching rates induced
by copper and dimethoate involves a decrease in se-
condary production estimation.

Moreover, Laguna Honda is a shallow, saline lake
whose seasonal behaviour is strongly dependent on the
annual hydrological budget, and in addition limnologi-
cal and ecological characteristics have a large interan-
nual variability (Castro 2004). This implies that
changes in physicochemical conditions associated to
this interannual variability could be responsible for the
different bioavailability of chemical products; for
example, the toxicity generally decreases when water
hardness increases (Chapman et al. 1980). Then, the
results showed in this study must be considered over
the environmental and experimental conditions that
have been obtained.

Conclusion

Andalusia is a region situated in the south of Spain
that has been historically transformed by intensive
agricultural activity. In this area there are many wet-
lands completely surrounded by intensive agriculture
(Ortega et al. 2003). The olive tree is the main cultiva-
ted species, representing in this area a monoculture in
continuous growth. The culture techniques are highly
aggressive over aquatic natural ecosystems, mainly
due to ploughing and the increase in the use of herbi-
cides and pesticides (Guerrero et al. 2005), but these
are not the only chemicals used, and so the synergy si-
tuation must be considered. This variety of questions
(e.g. laboratory/field tests, single/multiple species,
toxicant interactions, etc.) must be taken into account
before initiating and designing any management plan
or process that improves the ecological situation in this
kind of ecosystems affected in a great manner by in-
tensive agricultural procedures. Finally, the results ob-

EFFECT OF PESTICIDES ON COPEPODS(5) 165

Table 5. Review of the copper and dimethoate acute toxicity data on
several aquatic organisms and different time of exposition.



tained in this study of 24-h LC50 are lower than the re-
gular dose used in agricultural procedures (1875-3750
mg Cu L-l and 400-600 mg dimethoate L-l ; De Liñán
1997). Consequently, special attention has to be paid to
the regulation of the use of pesticides in aquatic sys-
tems that are subjected to traditional agricultural tech-
niques.
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