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Abstract Daphnia magna were exposed under semistatic

conditions (i.e., conditions taking natural degradation into

account) to a pesticide mixture consisting of a pyrethroid

insecticide (cyfluthrin) and a pre-emergent herbicide (diu-

ron) as well as pesticides individually using a full life cycle

exposure (21 days). Subsequently, offspring from the sec-

ond reproductive brood were used to continue exposure for

a second generation. Survival, time to first brood, total

number of offspring produced, number of broods produced,

growth rate, and population growth rate were recorded for

each generation and concentration. Significant differences

existed between F0 and F1 D. magna for survival, in which

F1 were less sensitive to pesticide mixtures than F0. In

addition, F1 D. magna were significantly smaller than F0,

which resulted in longer time to first brood. There were no

differences in any end point examined between D. magna

exposed to the pesticide mixture and diuron alone, although

differences existed in survival, total number of offspring,

total number of broods, and population growth rate when

F0 D. magna were exposed to cyfluthrin alone. This study

illustrates the utility of a two-generation study design that

may more fully reflect, and more accurately predict, pop-

ulation level effects of pesticide exposures to short-lived

aquatic organisms.

Acute and chronic toxicity testing using Daphnia magna

has been used extensively to study pesticide effects in

nontarget aquatic organisms (Day and Kaushik 1987).

Although these studies show important information on

lethal and sublethal effects, they frequently fail to repli-

cate the environmental exposure that may occur over

multiple generations, particularly for organisms with short

generation times or persistent compounds. Traditionally,

acute and chronic toxicity tests are initiated with

D. magna neonates derived from unexposed mothers, thus

ignoring potential transfer of contaminants from moth-

ers to offspring during oogenesis and embryogenesis

(Sanchez et al. 1999) or other maternal effects. Therefore,

these previous studies may not reflect actual environ-

mental exposure. Extending chronic toxicity testing for

two generations can yield additional insight into more

ecologically relevant scenarios for pesticide exposure and

effects (Van Leeuwen et al. 1985; Sanchez et al. 1999;

Villarroel et al. 2000; Brausch and Smith 2009; Salice

et al. 2009).

Daphnia magna have been used extensively for identi-

fication of pesticide effects on nontarget aquatic inverte-

brates due to their high sensitivity and fast growth and

reproductive rates (Organisation for Economic Co-opera-

tion and Development 1984; Munzinger and Monicelli

1992). Rapid generation times can subject multiple gen-

erations of D. magna to contaminants, even xenobiotics,

which are not considered environmentally persistent.

Moreover, these characteristics of D. magna allow for

calculation of lethal (i.e., LC50s) and sublethal end points,

such as reproduction, growth rate, and population growth

rate (k), during a short period of time. Population growth

rate has been widely recommended as a useful ecologic end

point because it incorporates sublethal end points, such as

fecundity, as well as lethal end points that can illustrate
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population-level effects (Stark et al. 1997; Forbes and

Calow 1999).

The objective of the present study was to evaluate the

effects of an environmentally relevant pesticide mixture on

D. magna using a two-generational approach. Under the

Federal Insecticide, Fungicide, and Rodenticide Act,

effects of pesticides are typically investigated by single-

chemical toxicity testing (Lichtenstein et al. 1973);

however, aquatic organisms are likely subject to multiple

pesticide stressors simultaneously due the use of multiple

pesticides in a season and subsequent runoff and/or spray

drift (Thurman et al. 2000). These chemicals can have

complex effects on growth, reproduction, and survival, and

the effects of multiple pesticides can be antagonistic,

additive, or synergistic (Lichtenstein et al. 1973; Cairns

1983; Hoegland et al. 1993). For this study, D. magna were

exposed to a postemergent herbicide (diuron), a pyrethroid

insecticide (cyfluthrin), or a mixture of both compounds for

two generations. We hypothesized that pesticide mixtures

would be more toxic to D. magna than individual pesti-

cides, similar to what has been observed in other studies

(Lichtenstein et al. 1973; Kungolos et al. 1999; Munn et al.

2006). In addition, we hypothesized D. magna from

mothers exposed to pesticide mixtures would result in

increased sensitivity and decreased fitness of neonates (F1

generation). Individual parameters, such as survival,

growth, brood time, and fecundity, were monitored and

used to calculate k. By extending the typical 21-day life

cycle assessment to a second generation, important infor-

mation regarding pesticide effects on D. magna popula-

tions could be determined.

Diuron is the active ingredient in Karmex DF (Dupont)

and is used in production of numerous agricultural crops

(Brausch et al. 2006). Diuron has been detected in surface

water at relatively high concentrations throughout the

United States as a result of agricultural runoff and spray

drift (Thurman et al. 1998, 2000). Cyfluthrin, the active

ingredient in Tempo SC Ultra, is a pyrethroid insecticide

registered for use on cotton and many food crops (United

States Environmental Protection Agency [USEPA] 1997).

We chose to use diuron and cyfluthrin in this study because

they are commonly applied at similar times in the pro-

duction of many crops (Coupe et al. 1998). In addition,

Lichtenstein et al. (1973) demonstrated that herbicides

have the propensity to synergize toxic effects of insecti-

cides when administered simultaneously to Drosophila

melanogaster, Musca domestica, and Aedes aegypti;

therefore, the common practice of coapplying insecticides

and herbicides could have greater-than-expected effects.

Based on Lichtensetin et al.’s (1973) results, an additional

objective of this research program was to determine whe-

ther diuron could synergize the toxic effects of cyfluthrin

when applied as a pesticide mixture.

Materials and Methods

Chemicals

Cyfluthrin, a pyrethroid insecticide, and diuron, a pre-

emergent herbicide, were selected for this study based on

use, toxicity, and potential to enter aquatic ecosystems

(Brausch et al. 2006; Thurman et al. 1998, 2000). These

pesticides were purchased from a pesticide supplier as their

formulated product, Tempo SC Ultra (11.8% cyfluthrin)

and Karmex DF (80% diuron). The concentrations of diu-

ron used in this study are environmentally relevant because

concentrations of diuron in agricultural runoff have been

observed at concentrations [1 mg/l (Rupp et al. 2006).

Concentrations for cyfluthrin were chosen to be equivalent

percentages of the established LC50 as diuron.

Daphnia magna

Daphnia magna used in this study were derived from a

single individual in March 2009 according to the USEPA

guideline EPA-821-R-02-012 (USEPA 2002). D. magna

were maintained in moderately hard synthetic freshwater

(hardness 89 mg/L as CaCO3; pH 8.1; alkalinity 60 as

CaCo3; temperature 24 ± 0.1�C) under a 16:8-hour light-

to-dark cycle. Complete water changes occurred three

times per week. D. magna were fed daily with 0.1 mL

Selenastrum capricornutum (3.0 9 107 cells/ml) and every

other day with a 0.1 mL YCT (yeast, cerophyll, and trout

chow) mixture as defined by the USEPA (2002). These

conditions were maintained for the study duration.

Multigeneration Toxicity Tests

Twenty-one–day chronic toxicity life cycle tests were

performed according to USEPA guidelines (1986) using

second brood (\24 h old) D. magna. Toxicity tests were

conducted in 30-mL glass jars with one D. magna/jar. Jars

were randomly assigned to 1 of 256 positions in an incu-

bator (Altair Plant Growth Chamber; Altair Refrigeration,

Stafford, TX). D. magna were exposed to diuron or cyf-

luthrin (8 replicates/treatment, 4 different treatments) or to

a mixture of both pesticides (16 replicates/treatment, 5

treatments and 1 control). Each concentration was prepared

using a serial dilution and were normalized based on

reported LC50 concentrations (USEPA ECOTOX data-

base). The concentrations chosen for both mixtures and

individual compound toxicity testing were based on a

preliminary study and corresponded to 11.8, 7.1, 4.2, 2.6,

and 1.5% of the established 48-hour LC50 value for the

active ingredient. These percentages corresponded to

nominal concentrations of 1.0, 0.6, 0.36, 0.216, and

0.1296 mg/l diuron and 0.02, 0.012, 0.0072, 0.0043 and
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0.0026 lg/l cyfluthrin, respectively. The 4.2% concentra-

tion data are not be presented because numerous D. magna

died. A preliminary experiment was conducted with con-

centrations of 10, 5, 2.5, 1.25, and 0.6125 mg/l diuron; 0.2,

0.1, 0.05, 0.025, and 0.0125 lg/l cyfluthrin; or a mixture of

both compounds. The preliminary study was conducted to

determine concentrations resulting in sublethal effects for

the pesticide mixture. For the definitive study, sufficient

amounts of each concentration were prepared at experi-

ment initiation to last the entire study duration for use in

water changes. D. magna were exposed to freshly made

mixture or to individual pesticide concentration at experi-

ment initiation, and the compounds were then allowed to

degrade naturally under conditions identical (temperature

and light) to those of the study. For complete water

changes, water was replaced from the reserves that were

made initially to replicate a single field application with

natural degradation. This design was intended to simulate

an application or runoff event in which pesticides enter the

system and degrade somewhat before a second exposure

event. D. magna were monitored for survival, growth, total

number of offspring, time to first brood, and total number

of broods. To continue the experiment for a second gen-

eration, offspring from the second brood were removed and

placed in clean exposure chambers. One randomly selected

neonate from each parent was then exposed to a freshly

prepared concentration for 21 days corresponding to the

concentration of its parent. Growth was measured from

digital images that were captured using a digital camera

attached to a LEICA EC3 microscope. Length was mea-

sured from eyespot to posterior end of the carapace using

Image J software (http://rsbweb.nih.gov/ij/). Instantaneous

growth rate (IGR) was calculated using the following

equation: IGR = ln(final length) - ln(initial length)/d,

where initial length is the mean length of 20 randomly

selected neonates at the beginning of the exposure, final

length is the mean length of D. magna for each replicate,

and d is the number of exposure days (Lampert and Tru-

betskova 1996). Population growth rate (k) was estimated

for each individual using an age-based matrix model, and

data on survival and reproduction was incorporated. The

time step was a single day, and survival per day was

entered on the subdiagonal, whereas fecundity was inclu-

ded on the first row. The model was a 21 9 21 matrix

representing each day of the 21-day experimental genera-

tion. Population growth rate was obtained as the dominant

eigenvalue of the resulting matrix model (Caswell 2001).

Statistical Analysis

Data analysis was performed using the statistical software

R (version 2.5.1; R Development Core Team, Boston, MA,

USA). Data were analyzed using analysis of variance;

where appropriate, post-hoc Dunnett’s test was used.

Controls for the F0 and F1 generations were compared

using Student t test. Significance was set at p \ 0.05.

Results

F1 D. magna appeared to be less sensitive than F0 D. magna

for all mixture concentrations examined (except for the

7.1%) based on comparison of survival (Tables 1, 2;

Fig. 1a), although there was a slight increase in control

survival as well. Although differences in survival and other

end points occurred between F0 and F1 control D. magna,

none of these differences were observed to be significant.

Survival for cyfluthrin-exposed D. magna was greater than

Table 1 Survival, growth, and reproduction of F0 D. magna exposed to a pesticide mixture of diuron and cyfluthrin for 21-day life-cycle

assessment

Concentration

(%)a
Total

survival

(%)

Longevity

(day)b
Length

(mm)

Days

to first

brood

Offspring

per

individual

Number of

broods

kc IGRd

Control 87.5 18.6 ± 6.5 3.40 ± 0.16 8.1 ± 0.6 19.7 ± 5.4 3.7 ± 0.8 1.19 ± 0.12 0.066 ± 0.002

1.5 88.8 17.6 ± 3.6 3.30 ± 0.08 8.5 ± 1.1 6.4 ± 2.0* 1.3 ± 0.5* 1.16 ± 0.08 0.065 ± 0.001

2.6 81.3 17.6 ± 7.4 3.14 ± 0.10 8.4 ± 0.8 11.9 ± 2.8* 3.4 ± 1.0 1.03 ± 0.13 0.063 ± 0.001*

7.1 100 21.0 ± 0.0 3.00 ± 0.13 9.6 ± 2.4* 8.6 ± 5.2* 2.8 ± 1.1 1.13 ± 0.08 0.061 ± 0.002*

11.8 81.3 17.6 ± 7.4 3.04 ± 0.11 10.1 ± 2.4* 9.2 ± 4.7* 2.8 ± 1.0 0.97 ± 0.12 0.061 ± 0.002*

a Concentrations are percentages of reported 48-hour LC50 values. All concentrations are nominal
b Values are presented as means ± SDs
c Population growth rate
d Instantaneous growth rate

* Significant difference compared with controls (p \ 0.05)
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those exposed to the pesticide mixture for the F0 generation;

however, survival was not different among pesticide mixture

and diuron alone.

Time to first reproductive brood was significantly

increased in response to both generation and concentration

(Tables 1, 2; 1c). Increasing mixture concentrations resul-

ted in increased time to first reproductive event for all

concentrations studied for the F0 generation, and this trend

was also observed for the F1 generation. F1 D. magna

generally took longer to reproduce than F0 D. magna when

exposed to all pesticide mixture concentrations, but this

difference was not significant. When comparing individual

pesticides with the pesticide mixture, there were no sta-

tistical differences in time to first brood for F0 D. magna.

All pesticide exposure concentrations significantly

decreased total number of offspring produced per individual

for F0 D. magna (Table 1), although for F1 D. magna only

the highest mixture concentration decreased the total num-

ber of offspring (Table 2; Fig. 1d). No statistical difference

between number of offspring produced between F0 and F1

D. magna existed, although F0 D. magna produced slightly

more offspring overall. Offspring produced per individ-

ual was not significantly different between exposed

D. magna for the mixture or diuron but was significantly

decreased compared with cyfluthrin only–exposed D. magna

(Table 3).

Number of broods produced per individual D. magna

was not affected by mixture concentration (Tables 1, 2). F0

control D. magna had more reproductive events than only

the 1.5% exposed D. magna, but F1 D. magna did not have

differences in number of reproductive events regardless of

exposure to the pesticide mixture. F0 D. magna had more

broods than F1 D. magna for two mixture concentrations

(2.6 and 7.1%), whereas F1 D. magna had more broods for

the 1.5% concentration, although the differences were not

significant (Fig. 1e). No statistical difference in total

number of broods existed between mixture- and diuron-

exposed D. magna; however, cyfluthrin-exposed D. magna

had statistically more broods than both (Table 3).

No significant differences in k between concentrations

existed for the pesticide mixture,, although k decreased

with increasing concentrations. A similar trend was also

observed for F1 D. magna. No statistical differences

existed between generations, although k approached sig-

nificance between F0 and F1 generations (Fig. 1f). Popu-

lation growth rate was not significantly different between

diuron and the pesticide mixture but was significantly

different than cyfluthrin alone (Table 3).

IGR decreased significantly with increasing pesticide

concentration for F0 D. magna but not for F1 D. magna

offspring exposed to the pesticide mixture. F0 D. magna

had higher IGR than corresponding F1 D. magna for all

concentrations, except for the 7.1% concentration (Fig. 1g).

In addition, F0 D. magna were significantly larger than

F1 D. magna. Diuron- and pesticide mixture–exposed

D. magna were significantly smaller than cyfluthrin-

exposed D. magna (Table 3). In addition, a positive relation

between size of F0 D. magna and number and size of off-

spring for all pesticide concentrations for mixtures and

individual chemicals was observed.

Discussion

Results of our multigenerational exposure with a naturally

degrading exposure regimen indicated differences in sen-

sitivity of D. magna between generations. D. magna

exposed to the pesticide mixture while still in the brood

pouch (F1) were less sensitive in terms of mortality than

non–previously exposed (F0) D. magna. Decreased

Table 2 Survival, growth, and reproduction of F1 D. magna exposed to a pesticide mixture of diuron and cyfluthrin for a 21-day life cycle

assessment and second brood F2 size

Concentration

(%)a
Total

survival

(%)

Longevity

(day)b
Length

(mm)

Days to

first brood

Offspring per

individual

Number

of broods

kc IGRd F2 size (mm)

Control 100 21.0 ± 0.0 3.11 ± 0.26 9.4 ± 1.8 12.6 ± 6.7 2.5 ± 1.3 1.18 ± 0.09 0.060 ± 0.005 0.91 ± 0.06

1.5 100 21.0 ± 0.0 2.88 ± 0.26 10.5 ± 1.3 5.8 ± 3.9 2.4 ± 0.7 0.93 ± 0.23 0.060 ± 0.004 0.88 ± 0.006

2.6 100 21.0 ± 0.0 2.97 ± 0.11 11.2 ± 2.9 7.3 ± 3.9 2.3 ± 0.9 1.17 ± 0.02 0.057 ± 0.002 0.90 ± 0.04

7.1 93.8 20.3 ± 2.5 2.88 ± 0.18 11.8 ± 4.1 6.4 ± 4.3 2.6 ± 0.8 0.99 ± 0.12 0.060 ± 0.004 0.88 ± 0.04

11.8 100 21.0 ± 0.0 2.96 ± 0.13 11.6 ± 3.6 5.4 ± 5.3* 2.8 ± 1.0 0.83 ± 0.16 0.063 ± 0.003 0.87 ± 0.04

a Concentrations are percentages of reported 48-h LC50 values. All concentrations are nominal
b Values are presented as means ± SDs
c Population growth rate
d Instantaneous growth rate

* Significant difference compared with controls (p \ 0.05)
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mixture containing cyfluthrin

and diuron for two generations.

SDs are listed in Tables 1 and 2
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pesticide sensitivity in F1 D. magna was possibly due to

previous exposure and hence the induction of detoxifying

mechanisms. Tolerance is a decreased response to a toxi-

cant due to previous exposure and causes previously

exposed individuals to survive xenobiotic concentrations

that would otherwise cause mortality (Eaton and Klaassen

2001). Development of tolerance in D. magna has previ-

ously been demonstrated in response to cadmium (Ward

and Robinson 2005) and diazanon exposure (Sanchez et al.

1999), although other studies (Villarroel et al. 2000) have

demonstrated that D. magna exposed while still in the

brood pouch were significantly more sensitive than non–

previously exposed neonates (Fig. 1).

Numerous studies have examined pesticide effects on

multiple generations of D. magna (Sanchez et al. 1999;

Villarroel et al. 2000); however, these studies have had

conflicting results. Sanchez et al. (1999) found that F0

D. magna were strongly affected by diazinon, whereas

offspring demonstrated normal survival with only minimal

effects on growth and fecundity. Using a slightly different

study design, Villarroel et al. (2000) observed F1 offspring

that were significantly more sensitive to tetradifon than F0

D. magna. Results of our study coincide with results

observed by Sanchez et al. (1999) in that F1 offspring were

significantly less sensitive than F0 D. magna, parsimoni-

ously due to exposure of neonates in the brood pouch and

the development of tolerance; however, we observed

decreases in reproductive parameters in the F1 generation.

Interestingly, in our range-finding study, F1 D. magna

exposed to higher concentrations of the pesticide mixture

were significantly more sensitive than mixture-exposed F0

D. magna, contrary to what was observed in the definitive

study. F0 D. magna exposed to pesticide mixture survived

only at the lowest concentration; however, offspring of the

surviving D. magna only survived an average of 9 days,

and no reproduction occurred. Although replication was

low (only 8 D. magna/concentration), these results suggest

that there is an upper limit of exposure because neonates

that can convey tolerance and maintain offspring viability

rather than too high of exposure that can compromise the

biologic integrity of offspring. One explanation proposed

by Villarroel et al. (2000) was maternal transfer, in which

offspring accumulate sublethal concentrations of pesticide,

and additional exposures overwhelm detoxifying mecha-

nisms, thus leading to mortality. Tsui and Wang (2004)

demonstrated the capacity of D. magna adults to offload

contaminants to both neonates and developing eggs in the

brood pouch. These investigators demonstrate that depu-

ration into offspring was a significant elimination method

of methylmercury in D. magna. Previous studies indicate

that diuron has the potential for accumulation and transfer

in D. magna (Isensee 1976); thus, maternal offloading is

likely at high levels of diuron exposure. This could explain

the increased sensitivity in offspring in our preliminary

study due to high levels of offloading, but our definitive

study suggests that at lower pesticide concentrations tol-

erance can develop and not negatively affect the biologic

integrity of offspring. Additional research must be con-

ducted to determine the extent of pesticide offloading that

is beneficial for adults without compromising offspring

fitness.

Our results did not corroborate the results of Lichtenstein

et al. (1973) in which herbicides synergized insecticide

toxicity because diuron did not alter cyfluthrin toxicity; in

fact, diuron was likely responsible for the overall toxicity of

the mixture (Table 3). Toxicity of the pesticide mixture to

D. magna differed compared with cyfluthrin alone, but did

not differ from that of diuron (Table 3). This suggests that

diuron was largely responsible for the toxicity of the pes-

ticide mixture, possibly due to diuron’s slow degradation

rates compared with cyfluthrin. This belief is supported by

time-to-death data (not shown) indicating that the majority

of mortality occurred at 4 days in the mixture study; how-

ever, studies of individual pesticides demonstrate that cyf-

luthrin-sensitive D. magna died from pesticide effects

within the first 48 h, whereas mortality in diuron-suscepti-

ble D. magna was delayed (96 h [unpublished data]). Fur-

thermore, cyfluthrin degrades much more rapidly than

diuron and based on its half-life of approximately 1 day

(USEPA 1992) would be expected to be at low concentra-

tions by the time mortality was occurring. Contrary to

cyfluthrin, diuron is relatively stable in surface water

(Howard 1991), and thus higher concentrations would have

remained throughout. Furthermore, diuron’s major metab-

olite 3,4-dichloroaniline (DCA) has also been observed to

be toxic to aquatic invertebrates (Kersting 1975).

Table 3 Table of significant differences among F0 D. magna
exposed to diuron or cyfluthrin compared with D. magna exposed to a

pesticide mixture

Parameter Diuron Cyfluthrin

Survival – ***

Longevity – ***

Time to first brood – –

Offspring per individual – ***

Total number of broods – **

Instantaneous growth rate – ***

Population growth rate – ***

–, No significant differences (p [ 0.05)

* Significant difference (0.01 \ p \ 0.05)

** 0.001 \ p \ 0.01

*** p \ 0.001
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Based on study design, which allowed for natural deg-

radation of diuron, it is likely that D. magna would have

been exposed to DCA. Concentrations of DCA would have

been increasing throughout the study based on the half-life

and degradation rates of diuron in water (DPR Pesticide

Chemistry Database 2003) but would have remained low

throughout due to its short half-life. Low-level DCA

exposure has been implicated in increased developmental

time and decrease in offspring production (Baird et al.

1990). These effects would not have been observed during

a short-term toxicity test with diuron due to its relatively

long half-life. This further illustrates the need for long-term

life cycle testing for compounds with toxic metabolites

such as diuron.

Numerous studies have identified decreased reproduc-

tion as a result of contaminant exposure. Villarroel

et al. (2000) observed decreased offspring production in F1

D. magna as a result of multigenerational tetradifon

exposure. Bervoets et al. (1993) and Baldwin et al. (1995)

both observed decreased reproduction in second-generation

offspring exposed to wastewater and diethylstilbes-

trol, respectively. Similar to these studies, we identified

decreased reproduction in D. magna in response to pesti-

cide mixture; furthermore, we observed decreases,

although not statistically significant, in D. magna repro-

duction in the F1 generation that appear to manifest as a

decrease in overall k. This could have deleterious effects

on D. magna populations exposed to persistent or contin-

uously applied chemicals because it could decrease repro-

ductive rates to a point where population growth stalls,

leading to local extinctions or to possible indirect effects on

other taxa.

Population growth rate (k) and intrinsic rate of natural

increase (r) are important end points to examine for long-

term studies because they provide the most environmen-

tally relevant measures of toxic effects. Because they

incorporate both lethal and sublethal effects, realistic

assessment of effects from pesticide exposure on popula-

tions can be derived. Our study indicates that population

level effects could occur based on low-level pesticide

mixture exposure as a result of slight decreases in k and

IGR. Furthermore, our study indicates that diuron alone is

likely to decrease population growth at environmentally

relevant concentrations.

Previous studies have also indicated that exposure to

xenobiotics causes decreased growth and overall size in

D. magna (Flickinger et al. 1982; Hammers-Wirtz and Ratte

2000). Exposure to numerous compounds, such as carbaryl

(Hanazato 1998), tetradifon (Villarroel et al. 2000), and

cadmium (Ward and Robinson 2005), have been implicated

in decreased growth and overall size in D. magna. Hanazato

(1998) observed larger adult D. magna produce larger and a

greater number of offspring compared with smaller

D. magna. Furthermore, it was identified that size was

inversely related to sensitivity, with smaller neonates being

more sensitive to carbaryl exposure than larger neonates

(Hanazato 1998), and similar results were observed by

Enserink et al. (1990) resultant of Cd exposure. We found

similar effects in our study in that larger F0 D. magna pro-

duced more offspring, but due to the lack of mortality in the

F1 generation we did not observe increased sensitivity in

smaller neonates.

How the development of tolerance, and thus decreased

sensitivity, versus decreased size of offspring, resulting in

increased sensitivity, influences pesticide sensitivity of

D. magna populations remains unclear. Our studies indi-

cate that tolerance has the ability to overcome decreased

size, but this may be influenced by compounds ability for

maternal transfer, capability of D. magna to develop tol-

erance, chemical mode of action, among others.

Currently, fitness of offspring exposed to pesticides is not

incorporated or considered in ecologic risk assessment. As a

result of this study, in which relevant concentrations of

pesticide mixtures decreased fitness in D. magna, it is vital

to evaluate fitness of offspring, either through multiple-

generation life cycle assessments or through population

growth experiments. Other studies have identified similar

effects in F1 D. magna, and these investigators have also

recommended replacing Daphnia reproduction tests with

population growth experiments to produce the most rele-

vant information for ecologic risk assessments (Hammers-

Wirtz and Ratte 2000).

Conclusion

Substantial differences existed between time to first brood

and instantaneous growth rates for the mixture study,

although no differences were observed for survival between

generations. However, at slightly higher concentrations used

in the range-finding study, significant differences in survival

between parental and first-generation offspring existed.

Furthermore, this study indicates that D. magna were

strongly affected by diuron exposure, more so than cyfluth-

rin, at the concentrations studied. Based on our results, it is

possible that diuron is causing sublethal effects to aquatic

invertebrates at the current application rates. This study

indicates that the use of two-generation toxicity testing can

identify the effects of contaminants that are otherwise unseen

using a classical chronic-exposure regime.
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