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The aim of the present study was to evaluate the response in larvae of the anuran species Rhinella arenarum, Rhinella dorbignyi and Odontophrynus americanus exposed to glyphosate (GLY, 2.5mg L -1 ), cypermethrin (CYP, 0.013mg L -1 ), chlorpyrifos (CP, 0.1mg L -1 ) and glufosinate-ammonium (GLU, 15mg L -1 ) using two behavioral endpoints: mean speed (MS) and total distance moved (TD); and two enzymatic biomarkers: acetylcholinesterase (AChE) and butyrylcholinesterase (BChE).

In order to assess a global response and to determine the most sensitive species, an integrated biomarker response (IBR) index was calculated. Behavioral biomarkers were tested at 1 and 60 min, and the enzymes at 60 min after exposure. The results showed that: (1) there were statistical differences between species in a series of responses in swimming behavior, and cholinesterase activities within the first-hour of exposure to CYP, GLY, and CP at environmentally relevant concentrations (ERC);

(2) IBR determined that Rhinella species were the most sensitive of the species tested and

(3) IBR provided a comprehensive assessment of the health status of species exposed to ERC of a wide variety of agrochemicals globally and frequently used.

Introduction

Contaminants such as pesticides and fertilizers are known to contribute to freshwater pollution and have become an important threat to aquatic species worldwide. [START_REF] Dudgeon | Freshwater biodiversity: importance, threats, status and conservation challenges[END_REF] Among these, amphibian larvae became a critical tool for determining the ecotoxicity of single [START_REF] Sparling | Comparative toxicity of chlorpyrifos, diazinon, malathion and their oxon derivatives to larval Rana boylii[END_REF] or complex chemical mixtures as a model organism [START_REF] Relyea | A cocktail of contaminants: how mixtures of pesticides at low concentrations affect aquatic communities[END_REF] , and in recent years, they have been used in numerous studies that integrate several biological endpoints. [START_REF] Robles-Mendoza | Esterases activity in the axolotl Ambystoma mexicanum exposed to chlorpyrifos and its implication to motor activity[END_REF][START_REF] Peltzer | Cholinesterase activities and behavioural changes in Hypsiboas pulchellus (Anura: Hylidae) tadpoles exposed to glufosinate ammonium herbicide[END_REF] Amphibian larvae are particularly sensitive to contaminants because their skin is highly permeable and physiologically involved in gas, water, as well as electrolyte interchange with the environment.

In the last few decades, the need for biological tools in environmental monitoring became evident [START_REF] Connon | Effect-based tools for monitoring and predicting the ecotoxicological effects of chemicals in the aquatic environment[END_REF] leading the search for biochemical variables that could be related to environmental parameters [START_REF] Rohr | The pros and cons of ecological risk assessment based on data from different levels of biological organization[END_REF] together with the development of integrative tools such as the integrated biomarker response (IBR) by Devin [START_REF] Devin | The integrated biomarker response revisited: Optimization to avoid misuse[END_REF] . In addition, the inhibition of Cholinesterases (ChE) is a validated endpoint used in monitoring some neurochemicals like organophosphates and carbamates. This group of enzymes includes acetylcholinesterase (AChE, EC 3.1.1.7), responsible for the degradation of the neurotransmitter acetylcholine in cholinergic neurotransmission and butyrylcholinesterase (BChE, EC 3.1.1.8), involved in the detoxification of several neurochemicals and neurodegenerative diseases. [START_REF] Darvesh | Neurobiology of butyrylcholinesterase[END_REF] At the individual level, behavioral endpoints integrate exogenous and endogenous factors proving to be effective indicators of contamination. [START_REF] Peterson | Integrative behavioural ecotoxicology: Bringing together fields to establish new insight to behavioural ecology, toxicology, and conservation[END_REF] In amphibian larvae, impairment of swimming has been linked to disturbances in neural, endocrine, and metabolic processes. [START_REF] Widder | Tadpole size, cholinesterase activity, and swim speed in four frog species after exposure to sub-lethal concentrations of chlorpyrifos[END_REF] It has also been used as an indicator of sublethal effects associated with exposure to several chemicals. [START_REF] Denoël | Using sets of behavioural biomarkers to assess short-term effects of pesticide: a study case with endosulfan on frog tadpoles[END_REF] Moreover, novel video tracking software offers the opportunity to accurately quantify locomotor behavior in aquatic organisms [START_REF] Juszczak | Computer assisted video analysis of swimming performance in a forced swim test: Simultaneous assessment of duration of immobility and swimming style in mice selected for high and low swim-stress induced analgesia[END_REF][START_REF] Tooming | Sub-lethal effects of the neurotoxic pyrethroid insecticide Fastac® 50EC on the general motor and locomotor activities of the non-targeted beneficial carabid beetle Platynus assimilis (Coleoptera: Carabidae)[END_REF][START_REF] Egea-Serrano | Contrasting effects of nitrogenous pollution on fitness and swimming performance of Iberian waterfrog, Pelophylax perezi (Seoane, 1885), larvae in mesocosms and field enclosures[END_REF] , as well as to detect effects at chemical concentrations that are orders of magnitude below those that can cause mortality. [START_REF] Denoël | Using sets of behavioural biomarkers to assess short-term effects of pesticide: a study case with endosulfan on frog tadpoles[END_REF] According to their metabolic and biochemical pathways of action, several pesticides commonly applied in different crops worldwide have immediate effects in target and non-target species (e.g. wild fauna). [START_REF] Sharma | Worldwide pesticide usage and its impacts on ecosystem[END_REF][START_REF] Phillips | Agrochemical industry development, trends in R&D and the impact of regulation[END_REF] In addition, mixtures of active and auxiliary ingredients in commercial pesticide formulations may accelerate the permeation rate and lag-time. However, few studies analyze the immediate effects of pesticides on wild fauna, such as amphibians, which are the most sensitive aquatic vertebrates because of high permeable skin, particularly at larval stages. Thus, the present study evaluates two behavioral and two enzymatic biomarkers in three anuran species exposed to environmentally relevant concentrations (ERC) of commercial formulations of glyphosate (GLY), cypermethrin (CYP), and chlorpyrifos (CP) at 1 and 60 min. Additionally, a sublethal concentration of glufosinate-ammonium (GLU) was tested as a positive control. Likewise, biomarker responses were incorporated in one integrated biomarker response index (IBR) to determine the most sensitive species. The current study examined the hypothesis that at short time exposure behavioral biomarkers would be more effective at detecting different types of pesticides than ChEs and that GLU would induce higher IBR scores.

Materials and methods

Experimental design and chemicals

Experiments were carried out under static conditions, with ten replicates (one larva of each species individually exposed), for each of the pesticide treatments and to a negative control (N = 50 tadpoles per species), with dechlorinated tap water (DTW). When dealing with pesticide treatments, each larva was placed at the center of the arena (15-cm diameter, 2-cm deep glass Petri dish), with 100 mL of the solution. In the case of control treatment, each larva was in DTW.

Behavioral biomarkers were evaluated at one and 60 min while enzymatic biomarkers were tested at 60 min. Tadpoles used for the biochemical analyses were exactly the same to those used in the behavioral tests.

The study of active ingredients (a.i.) without coadjutants overlooks real environmental effects of massive pesticide application at a global scale, therefore, commercial formulations of CYP (cyano-3-phenoxyphenyl)-2,2dimethylcyclopropane-1-carboxylate, trade name Mamboretá Z® 25% w/v), GLY (Nphosphonomethyl glycine, trade name Roundup Ultramax®, 74.7% a.i.), CP (0,0-diethyl-0,3,5,6-trichloropyridin-2yphosphorothioate, Tauro®L.O, 48% w/v), and GLU (3amino-3-carboxypropyl) methyl phosphinate Liberty ® 20 % a.i.), were used to evaluate pesticide effects. The active ingredient was not analyzed without coadjutants since the field application is not done in this form. These agrochemicals were selected like test substances because they are massively used in soybean crops. [START_REF] Grube | Pesticide's industry sales and usage 2006 and 2007 market estimates[END_REF] Tested concentrations of GLY (2.5mg L -1 ), CYP (0.013mg L - 1 ), and CP (0.1mg L -1 ) were considered ERC according to Wagner et al. [START_REF] Wagner | Questions concerning the potential impact of glyphosate-based herbicides on amphibians[END_REF] , Greulich and Pflugmacher [START_REF] Greulich | Differences in susceptibility of various life stages of amphibians to pesticide exposure[END_REF] , Manjunatha, and Philip [START_REF] Manjunatha | Reproductive toxicity of chlorpyrifos tested in zebrafish (Daniorerio): Histological and hormonal end points[END_REF] , respectively. A sublethal concentration (15mg L -1 ) of GLU was used as a positive control according to Peltzer et al. [START_REF] Peltzer | Cholinesterase activities and behavioural changes in Hypsiboas pulchellus (Anura: Hylidae) tadpoles exposed to glufosinate ammonium herbicide[END_REF] to test IBR sensitivity.

Species selected

Rhinella arenarum (Bufonidae), Rhinella dorbignyi (Bufonidae) and Odontophrynus americanus (Odontophrynidae), eggs were collected using sweep nets in water from temporary ponds, far from any agricultural activities in the nearby areas (31°10'21.10"S; 60°15'31.73"W Cayastá, Garay Department, Santa Fe Province, Argentina). Previous reports had determined that these ponds were free of anticholinesterase chemicals. [START_REF] Lajmanovich | Activity levels of B-esterases in the tadpoles of 11 species of frogs in the middle Paraná River flood plain: Implication for ecological risk assessment of soybean crops[END_REF][START_REF] Attademo | Biological endpoints, enzyme activities, and blood cell parameters in two anuran tadpole species in rice agroecosystems of mid-eastern Argentina[END_REF] All larvae were collected with authorization from the Ministry of Water, Public Services and Environment of Santa Fe Province, Argentina. These anuran species with benthic larvae are widely distributed in the Neotropical region (Argentina, Paraguay, Uruguay, Bolivia, and Brazil). [START_REF]IUCN: The International Union for Conservation of Nature and Natural Resources. An Analysis of Amphibians on the 2010[END_REF] In Argentina, these amphibian species from two different families are categorized as ''Least Concern'' [START_REF] Vaira | Categorización del estado de conservación de los Anfibios de la República Argentina[END_REF] , and they are frequently found in modified environments such as rice fields, soybean crops and urban areas, where they are likely exposed to contaminants during their breeding season and early development. [START_REF] Attademo | Amphibians occurring in soybean and implications for biological control in Argentina[END_REF][START_REF] Peltzer | Diversity of anurans across agricultural ponds in Argentina[END_REF][START_REF] Duré | Diversity of amphibians in rice fields from north-eastern Argentina[END_REF] For each species, eggs of different clutches were mixed to homogenize genetic variation, and then kept to a 12 h-light/dark cycle, with dechlorinated tap water (DTW) in 15-L glass tanks, with a pH of 7.4 ± 0.05, a conductivity of 165 ± 12.5 µS cm -1 , a dissolved oxygen concentration of 6.5 ± 1.5 mg L -1 , light >200 lx, and a hardness of 50.6 mg L -1 of CaCO 3 at 24 ± 2 º C until stages 30-33. [START_REF] Gosner | A simplified table for staging anuran embryos and larvae with notes on identification[END_REF] Larvae were fed with boiled lettuce ad libitum until the experiments started. The average size (snout-tail tip) of larvae varied among sampled species (R. arenarum: 18.95 ± 0.57 mm, R. dorbignyi 14.18 ± 0.50 mm and O. americanus 26.68 ± 1.11mm), but Gosner stages (stages 30-33) were similar for all individuals. These stages were chosen because of their relative stability in key traits, despite some reservations regarding hind limb development. [START_REF] Gosner | A simplified table for staging anuran embryos and larvae with notes on identification[END_REF] 

Swimming activity analysis

The larvae swimming behavior was evaluated at one min and at 60 min of exposure. Ten larvae per species per treatment were individually exposed to each pesticide´s concentration and one negative control with dechlorinated tap water. Swimming behavioral of the same individual was recorded during one min at one min, and 60 min exposure. The videos were recorded with a digital camera (Genius® HD 2.0 MP) placed just above the arena, and then analyzed using MedeaLab 5.9.0.1 tracking System (Medea AV GmbH, Germany) after 15 s acclimation period. Two behavioral endpoints were analyzed at one min and 60 min: mean speed (MS) (cm sec -1 ), and total distance (TD) i.e. total distance moved (cm) in 1 min.

Enzymatic determination

Immediately after 60 min exposure, control and exposed larvae were euthanized according to the criteria reported in ASIH et al. [30] with the approval from the Bioethics Committee of the School of Biochemistry and Biological Sciences (FBCB-UNL). Larvae exposed for 60 min were homogenized on ice in 0.1% t-octylphenoxypolyethoxy ethanol (triton X-100) in 25 mMtris (hydroxymethyl) aminomethane hydrochloride (pH 8.0) using an homogenizer. The homogenates were centrifuged at 10000 rpm at 4°C during 15 min, and the supernatant was collected and frozen at -80°C until assayed for enzymatic determination. Total protein concentrations in the supernatants were determined in duplicate according to the Biuret method. [START_REF] Kingbley | The direct biuret method for the determination of serum proteins as applied to photoelectric and visual colorimetry[END_REF] Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) of 10 individuals per species and per condition were used as biomarkers of pesticide exposure and their activities were measured following Ellman et al. [START_REF] Ellman | A new and rapid calorimetric determination of cholinesterase activity[END_REF] The reaction mixture consisted of 0.01 mL extract, 2 mM dithiobis 2-nitrobenzoic acid, 20 mM acetylthiocholine, and butyrylthiocholine iodide, 25 mM Tris-HCl, and 1 mM CaCl 2 (pH 7.6). Assays were conducted at 25°C. Variation in optical density was recorded at 410 nm at 25°C for 1 min using a Jenway6405 UV-VIS spectrophotometer. The enzymes AChE and BChE were expressed as nmol min -1 mg -1 protein using a molar extinction coefficient of 14.15 x 10 3 M -1 cm -1 for AChE, and 13.6 x 10 3 M -1 cm -1 for BChE.

Integrated Biomarker Response

The Integrated Biomarker Response (IBR) was calculated for the four biomarkers at 60 min exposure following the method developed by Devin et al. [START_REF] Devin | The integrated biomarker response revisited: Optimization to avoid misuse[END_REF] , initially described in Beliaeff and Burgeot [START_REF] Beliaeff | Integrated biomarker response: A useful tool for ecological risk assessment[END_REF] . The first step consisted of the standardization of the mean value of each biomarker obtained for an X condition, using the mean value for all conditions (m) and the standard deviation for all conditions (s) to produce a value called Y: Y=(X-m)/s. After this standardization, the Z value was computed: Z = Y or Z = -Y whether an activation or an inhibition of the biomarker was expected in response to a contamination. The S value was lastly computed, with S = Z+|Min|, where the minimum value (Min) was observed for all exposure conditions for each biomarker, and finally, plotted on a radar diagram. These S values, thus, represent the gradient of values for each biomarker in the different exposure conditions, with the highest values corresponding to the highest biological effects. Since induction of their activity was expected in exposed organisms, positive coefficients were associated with AChE and BChE. Behavioral responses (MS and TD) were associated to negative coefficient, since an inhibition of movements was expected in exposed organisms. The IBR was calculated as the total area displayed by the radar diagram. The higher the IBR, the higher the stress level of the organisms.

IBR was computed independently for each species since the four markers raw levels were too different to allow direct comparisons. Moreover, IBR calculation integrated different biomarker datasets and standardized values on a common scale to compare contaminants and species.

Statistical analyses

Overall, a two-way Multivariate Analysis of Variance (MANOVA) was performed with species and treatment as independent variables, and MS, TD as dependent variables at one min. The same MANOVA (species*treatment) was performed at 60 min including MS, TD, AChE, and BChE as dependent variables. This analysis was used to test whether the considered biological responses allowed for identifying significant differences between species and pesticides treatments, at 1 min and at 60 min exposure for behavioral biomarkers, and after 60 min exposure for enzyme biomarkers. In addition, a one-way analysis of variance (ANOVA) was performed independently for each species on each biological response (MS, TD, AChE, and BChE) to identify more thoroughly pesticide exposure effects. When suitable, Dunnet post hoc tests were performed to determine differences in pesticide treatments against control. Finally, the IBR values computed through the permutation procedure, standardized biomarkers values across species. A two-way ANOVA was performed, with species and treatment as independent variables, to assess interactions between these two variables, and to define whether the different species exhibit the same response patterns to the different tested contaminants. Values were always normally distributed, and homoscedasticity was respected. All statistical analyses were performed with RStudio version 1.1.463, with R version 3.6.3. [START_REF]RStudio: Integrated Development for R[END_REF] 

Results

MANOVA using Pillai's trace indicated that tadpoles swimming behavior (MS and TD) differed between amphibian species (ʎ = 0.276, F = 60.18, p < 0.0001), and between pesticide treatments (ʎ = 0.81, F = 3.61, p < 0.001), with no interactions (ʎ = 0.87, F = 1.22, p > 0.05) after 1 min exposure. MANOVA results at 60 min indicated differences between amphibian species (ʎ = 1.27, F = 55.77, p < 0.0001) and between pesticide treatments (ʎ= 0.43, F = 3.92, p < 0.0001), with significant interactions (ʎ = 0.73, F = 3.68, p < 0.0001) regarding to MS, TD, AChE and BChE.

Statistical differences among treatments for MS (F = 4.98, p = 0.002) after exposure to CYP (p = 0.041) at 1 min were observed in exposed R. arenarum (Table 1), whereas no statistical differences were found for TD in none of the evaluated pesticides (F = 1.48, p > 0.05). Statistical differences among treatments for MS (F = 2.714, p = 0.041), TD (F = 7.99, p = 0.0001) and AChE (F = 11.25, p = 0.0001) were observed at 60 min (Table 1, Fig. 1). No differences were found for BChE (F = 1.00, p > 0.05). CYP produced a reduction in MS scores (p = 0.043), and in TD (p = 0.0001). GLY also produced a reduction in TD (p = 0.0001), GLU induced AChE (p = 0.001), whereas CP reduced TD (p = 0.001) and increased AChE activity (p = 0.011) respect to control (Table 1, Fig. 1). There were no statistical differences for R. dorbignyi MS (F = 2.35, p > 0.05) and TD (F = 2.48, p > 0.05) exposure in none of the pesticides evaluated at 1 min. Moreover, statistical differences for MS (F = 7.94, p = 0.0001), TD (F=16.97, p = 0.0001), AChE (F=13.445, p=0.0001), and BChE (F = 19.062, p = 0.0001) at 60 min were observed (Table 1, Fig. 1).

Dunnett's post hoc test revealed that CYP induced MS (p = 0.0001), and TD (p = 0.0001). In addition, GLU increased AChE (p = 0.0001) and BChE (p = 0.0001) activities, while CP only induced AChE (p = 0.012) respect to control (Table 1, Fig. 1).

Differences were noticed for MS (F = 3.18, p = 0.022) in exposed O. americanus at 1 min.

The TD values showed statistical differences among treatments (F = 6.583, p = 0.0001) that decreased after GLY exposure (Dunnett´s post hoc test p = 0.001) at 1 min also. Similarly, the values of MS and TD showed statistical differences (F = 6.793, p = 0.0001; F = 5.308, p = 0.001; respectively) at 60 min. Dunnett's test revealed that CYP inhibited MS (p = 0.001) and TD (p = 0.0001) as shown in Table 1 and Figure 1. No statistical differences were observed in AChE (F = 1.16, p > 0.05) or BChE (F = 0.41, p > 0.05) in none of the evaluated pesticides.

IBR Results

Radar plots (Fig. 2) evidenced important differences between species responses. CYP showed a marked response in behavioral endpoints for R. arenarum, but low effects on R. dorbignyi. In addition, when O. americanus was exposed to CYP, they presented important effects in enzymatic and behavioral endpoints. With respect to behavioral biomarkers, the most sensitive species to GLY was R. dorbignyi. Biological responses in both Rhinella species were similar when exposed to CP, except for R. arenarum which showed a lower response in MS after exposure to CP. O. americanus seemed less affected by CP.

The IBR ANOVA table evidence a highly significant effect of the interaction between pesticide and anuran species (Fig. 3, Table 2), indicating that the effect of contaminants differed for each species. Control IBR levels were similar for the three species. These results confirmed those that had been described through the radar plots, with GLU high toxicity in the three considered species. In addition, Rhinella species appeared to be the most sensitive since three contaminants induced a significant increase of the IBR when compared to the control; O. americanus was only affected by CYP and GLU.

Discussions

The results of our study showed that short-term exposure at environmentally relevant concentrations of GLY, CYP, and CP, and NOEC of GLU affects swimming performance and cholinesterase activities of amphibian larvae; all these variables are essential for self-preservation.

Ecological death is defined as the inability of an organism to function in an ecological context that might lead to premature death. [START_REF] Scott | The effects of environmental pollutants on complex fish behaviour: integrating behavioural and physiological indicators of toxicity[END_REF] In this context, the shift from a normal swimming behavior may limit the ability to find food, shelter and affect the outcome of a predator-prey relationship. [START_REF] Junges | Predatorprey interactions between Synbranchus marmoratus (Teleostei: Synbranchidae) and Hypsiboas pulchellus tadpoles (Amphibia: Hylidae): Importance of lateral line in nocturnal predation and effects of fenitrothion exposure[END_REF] In general, Dunnett tests showed more differences between treatments and control in behavioral biomarkers than enzyme biomarkers. All swimming parameters were affected by CYP at ERC, in all the species included in this experiment. The xenobiotic showed the highest behavioral toxicity among the four tested species, even after 1 min exposure. This insecticide is lipophilic, which facilitates its rapid access to several organs and tissues leading to a high affinity to the central nervous system and favoring body accumulation. [START_REF] Polat | Investigation of acute toxicity of betacypermethrin on guppies Poecilia reticulata[END_REF] Xenobiotics diffuse into the body of amphibians through the skin depending on their hydrophobicity, [START_REF] Quaranta | Why amphibians are more sensitive than mammals to xenobiotics[END_REF] and the high CYP hydrophobicity may explain its rapid effect on tadpole behavior. The findings of the present study, agrees with many other studies, which showed that pyrethroid affects the swimming behavior of amphibian larvae such as twisting, writhing, and not coordinated swimming. [START_REF] Berrill | Lethal and sublethal impacts of pyrethroid insecticides on amphibian embryos and tadpoles[END_REF][START_REF] Majumder | Variation in acute toxicity between technical grade and commercial formulation of cypermethrin to some non-target freshwater organisms[END_REF][START_REF] Curi | Signals from predators, injured conspecifics , and pesticide modify the swimming behaviour of the gregarious tadpole of the Dorbigny ' s Toad , Rhinella dorbignyi (Anura : Bufonidae)[END_REF] Noticeably, similar behavioral changes were described for fish species such as Poecilia reticulata, presenting loss of general activity and equilibrium [START_REF] Viran | Investigation of acute toxicity of deltamethrin on guppies Poecilia reticulata[END_REF] ; in Oncohrhynchus mykiss [START_REF] Velísek | Effects of deltamethrin on rainbow trout (Oncorhynchusmykiss)[END_REF] presented loss of coordination thus, showing that CYP similarly affects the behavior of phylogenetically distant organisms from communities in aquatic ecosystems.

Thus, in this study, R. arenarum presented alterations in TD, showing irregular swimming and immobility when exposed to CP (Table 1), as it was observed in leopard frog tadpoles (Rana blairi) by Ruiz de Arcaute. [START_REF] Ruiz De Arcaute | Influence of existing site contamination on sensitivity of Rhinella dorbignyi (Anura, Bufonidae) tadpoles to Lorsban 48E formulation of chlorpyrifos[END_REF] In addition, Widder and Bidwell [START_REF] Widder | Tadpole size, cholinesterase activity, and swim speed in four frog species after exposure to sub-lethal concentrations of chlorpyrifos[END_REF] observed reduced swimming speed in two of four anuran larvae species exposed to the same CP concentration during a longer period of exposure; this implies that the different inter-species sensitivity registered in this study can be noticed as early as at 60min of exposure and that the deleterious effects could persist for at least up to 12 days as reported in the same study. Ceschin [START_REF] Ceschin | Toxicogenomics: new strategies for ecotoxicology studies in autochthonous species II. The "omic" era in non-model species. Transcriptome analysis for biomarker screening[END_REF] found that exposure of R. arenarum larvae to two organophosphates (CP and azinphos methyl) at sub-lethal concentrations produced changes in the expression of hundreds of genes as early as 6 h after exposure, though it did not affect detoxification enzymes. Moreover, exposure to GLU reduced 45% the MS and the TD by the O. americanus tadpoles in this assay (Table 1). Although these results were not statistically significant (p=0.063; p=0.095 respectively), IBR results showed a marked response of these behavioral biomarkers which are discussed below (Fig. 2 and3). The target of GLU, glutamine synthetase, is present both in plants and animals. Glutamine synthetase is mainly located in astrocytes which main role is to protect neurons against excitotoxicity resulting in excessive stimulation of receptors. [START_REF] Suárez | Glutamine synthetase in brain: effect of ammonia[END_REF] Previous studies evidenced that GLU is toxic and has a detrimental impact by reducing behavioral responses of the amphibian tadpole Boana pulchella at sublethal concentrations, which might be explained by the build-up of ammonia and glutamate in the brain affecting neuronal functions. [START_REF] Peltzer | Cholinesterase activities and behavioural changes in Hypsiboas pulchellus (Anura: Hylidae) tadpoles exposed to glufosinate ammonium herbicide[END_REF] It has also been pointed out that GLU increases zebrafish embryo mortality, induces yolk sac edemas, and causes spinal deformities at concentrations ranging from 2-10 μg L -1 , considered ERC, [START_REF] Geng | Glyphosate, aminomethylphosphonic acid, and glufosinate ammonium in agricultural groundwater and surface water in China from 2017 to 2018: Occurrence, main drivers, and environmental risk assessment[END_REF] and inducing immunotoxicity and oxidative stress in zebrafish adults. [START_REF] Xiong | Immunotoxicity and transcriptome analysis of zebrafish embryos in response to glufosinate-ammonium exposure[END_REF] In addition, Ebert et al. [START_REF] Ebert | Summary of safety evaluation toxicity studies of glufosinate ammonium[END_REF] reported neurological symptoms in rats following exposure to GLU and suggested that its neurotoxic symptoms may result from GLU interfering with the neurotransmitter role of glutamate (due to their structural similarity) or by the inhibition of the enzyme glutamine synthetase. Moreover, TD was significantly reduced by GLY in O. americanus and R. arenarum larvae tested in this study. The observed behavioral alterations in exposed individuals are consistent with previous reports on glyphosate-based herbicides. [START_REF] Lushchak | Low toxic herbicide Roundup induces mild oxidative stress in goldfish tissues[END_REF][START_REF] Nwani | Mutagenic and genotoxic effects of carbosulfan in freshwater fish Channa punctatus (Bloch) using micronucleus assay and alkaline single-cell gel electrophoresis[END_REF][START_REF] Shiogiri | Acute exposure to glyphosate-based herbicide affects the gills and liver of the Neotropical fish, Piaractus mesopotamicus[END_REF] Likewise, Nwani et al. [START_REF] Nwani | Investigation on acute toxicity and behavioural changes in Tilapia zillii due to glyphosate based herbicide, force up[END_REF] demonstrated that fish exposed to GLY presented erratic swimming, with jerky movements and hyperactivity.

Consequently, GLY sublethal effects include accelerated [START_REF] Cauble | Sublethal effects of the herbicide glyphosate on amphibian metamorphosis and development[END_REF] or delayed development, [START_REF] Howe | Toxicity of glyphosate-based pesticides to four North American frog species[END_REF] reduced size at metamorphosis, [START_REF] Cauble | Sublethal effects of the herbicide glyphosate on amphibian metamorphosis and development[END_REF][START_REF] Howe | Toxicity of glyphosate-based pesticides to four North American frog species[END_REF] developmental malformations, [START_REF] Lajmanovich | Induction of mortality and malformation in Scinax nasicus tadpoles exposed to glyphosate formulations[END_REF] and symptoms of oxidative stress. [START_REF] Lajmanovich | Toxicity of four herbicide formulations with glyphosate on Rhinella arenarum (Anura: bufonidae) tadpoles: b-esterases and glutathione s-transferase inhibitors[END_REF] Remarkably, the most active species R. arenarum [START_REF] Lajmanovich | B-esterases and behavioral biomarkers in tadpoles exposed to pesticide Pyrethroid-TRISADA®[END_REF] , seemed more sensitive to behavioral biomarkers than R. dorbignyi [START_REF] Curi | Signals from predators, injured conspecifics , and pesticide modify the swimming behaviour of the gregarious tadpole of the Dorbigny ' s Toad , Rhinella dorbignyi (Anura : Bufonidae)[END_REF] and O. americanus [START_REF] Lajmanovich | Insecticide pyriproxyfen (Dragón®) damage biotransformation, thyroid hormones, heart rate, and swimming performance of Odontophrynus americanus tadpoles[END_REF] , considering that these species showed behavioral effects by CYP, GLY, and CP (Table 1).

Additionally, a significant induction of AChE activity was detected in R. arenarum and R. dorbignyi exposed to GLU and CP after being exposed for 1 h, while BChE activity was only induced in R. dorbignyi tadpoles exposed to GLU. Induction [START_REF] Attademo | Biological endpoints, enzyme activities, and blood cell parameters in two anuran tadpole species in rice agroecosystems of mid-eastern Argentina[END_REF] and inhibition [START_REF] Attademo | B-esterase activities and blood cell morphology in the frog Leptodactylus chaquensis (Amphibia: Leptodactylidae) on rice agroecosystems from Santa Fe Province (Argentina)[END_REF] of ChE were previously reported in tadpoles from agricultural areas. Lajmanovich et al. [START_REF] Lajmanovich | First evaluation of novel potential synergistic effects of glyphosate and arsenic mixture on Rhinella arenarum (Anura: Bufonidae) tadpoles[END_REF] found induction of AChE of R. arenarum after 48 h exposure to a calculated NOEC of 10mg L -1 GLY. However, AChE of Scinax squalirostris tadpoles was inhibited after 48 h exposure to 1.26, 3.12, and 6.25 mg L -1 GLY. [START_REF] Lajmanovich | Glyphosate and glufosinate ammonium, herbicides commonly used on genetically modified crops, and their interaction with microplastics: Ecotoxicity in anuran tadpoles[END_REF] Interestingly, in the same experiment Lajmanovich et al. [START_REF] Lajmanovich | Glyphosate and glufosinate ammonium, herbicides commonly used on genetically modified crops, and their interaction with microplastics: Ecotoxicity in anuran tadpoles[END_REF] found that GLU mixed with polyethylene microplastic particles (PEMPs) inhibited AChE of S. squalirostris when exposed to 1.26, 3.12 and 6.25 mg L -1 GLU during 48h, but GLU alone reduced AChE only at 6.25 mg L -1 . Farchi et al. [START_REF] Farchi | Chronic acetylcholinesterase over expression induces multilevelled aberrations in mouse neuromuscular physiology[END_REF] linked elevated levels of neuronal AChE to muscle exhaustion by a combination of modest aberrations in synaptic transmission, muscle function, and muscle morphology. In addition, Lev-Lehman et al. [START_REF] Lev-Lehman | Synaptogenesis and myopathy under acetylcholinesterase over expression[END_REF] suggested that both, the increase, and the reduction of synaptic activity imposed physiological stress on the muscle. The muscle stress is then translated into changes in gene expression having long-term implications for neuromuscular function. All these effects on ChE can potentially affect the behavior of tadpoles and impair their survival in an ecological context. Interestingly, there are some published studies that have examined this relation in amphibians and have found a correspondence between behavioral responses and AChE inhibition after a long-time (from 2 to 12 days) of exposure. [START_REF] Widder | Tadpole size, cholinesterase activity, and swim speed in four frog species after exposure to sub-lethal concentrations of chlorpyrifos[END_REF][START_REF] Richards | Physical effects of chlorpyrifos on two stages of Xenopus laevis[END_REF][START_REF] Barreto | Sensitivity of Boana pulchella (Anura: Hylidae) tadpoles to environmentally relevant concentrations of chlorpyrifos: effects at the individual and biochemical levels[END_REF] Likewise, inhibition of ChE's by CYP injected subcutaneously in amphibians after 24 h exposure [START_REF] Khan | Effect of Cypermethrin and Permethrin on Cholinesterase Activity and Protein Contents in Rana tigrina (Amphibia)[END_REF] and by GLY after 48 h exposure has been already reported by different authors. [START_REF] Lajmanovich | Toxicity of four herbicide formulations with glyphosate on Rhinella arenarum (Anura: bufonidae) tadpoles: b-esterases and glutathione s-transferase inhibitors[END_REF] The sublethal concentrations used in the present study plus the relatively short time of exposure of tadpoles (1 h) could be a feasible explanation for the lack of AChE and BChE inhibition by GLY and CYP found during this study. Also, smaller tadpoles possess higher metabolic rates than larger tadpoles [START_REF] Hulbert | Basal metabolic rate: history, composition, regulation, and usefulness[END_REF] , while metabolically active organisms metabolize toxicants more readily [START_REF] Talent | Effect of temperature on toxicity of a natural pyrethrin pesticide to green anole lizards (Anolis carolinensis)[END_REF] . In this context, smaller R. dorbignyi tadpoles with presumably higher metabolic rates as well as more active tadpoles like R. arenarum may explain why their ChEs were affected after 1 h exposure to GLU and CP, while those of O. americanus were not affected. Also, O. americanus has higher ChE activity levels than Rhinella species (Fig. 1). However, this leads us to conclude that, for agrochemicals, the concentrations examined were sufficient to exert an effect on tadpoles swimming activity in a very short time of exposure. Indeed, this may also evidence that the impairment of swimming skills of tadpoles precedes the detectable effects on ChE activity, indicating that behavioral parameters are early indicators of short-term effects produced by pesticides and they could display the action of other underlying physiological pathways of toxicity.

Moreover, some authors have found that body size modifies the tolerance parameters of exposed individuals to several toxicants, [START_REF] Bianchini | acute silver toxicity in aquatic animals is a function of sodium uptake rate[END_REF][START_REF] Grosell | Sodium turnover rate determines sensitivity to acute copper and silver exposure in freshwater animals[END_REF][START_REF] Vesela | Effect of body size on toxicity of zinc in neonates of four differently sized effect of body size on toxicity of zinc in neonates of four differently sized Daphnia species[END_REF] while others found the opposite, i.e. that size has no significant effect on the tolerance. [START_REF] Cairns | The relationship of bluegill sunfish body size to tolerance for some common chemicals[END_REF][START_REF] Pickering | Acute toxicity of some important petrochemicals to fish[END_REF] Tadpoles of R. dorbignyi are considerably smaller than those of R. arenarum and O. americanus. Smaller tadpoles possess a greater surface area relative to body volume [START_REF] Ockleford | Scientific opinion on the state of the science on pesticide risk assessment for amphibians and reptiles[END_REF] . The amphibian skin high permeability [START_REF] Quaranta | Why amphibians are more sensitive than mammals to xenobiotics[END_REF] could explain the relative toxicant rate uptake. Furthermore, the ChE response in bufonids could be explained by a higher uptake because of their rudimentary lungs and higher cutaneous gas exchange when compared with species like O. americanus with a more developed pulmonary breathing system. [START_REF] Ultsch | Physiology: coping with the environment[END_REF] The IBR provided both a graphical synthesis and a numeric value that summarize different biomarker responses. Since the first step of IBR calculation, a scaling of each dataset is present, allowing comparing species with raw basal levels that differ and determining the most sensitive one. IBR results suggests that both Rhinella species are the most vulnerable among the three species included in the present study. In a previous report regarding relative risk [START_REF] Lajmanovich | Activity levels of B-esterases in the tadpoles of 11 species of frogs in the middle Paraná River flood plain: Implication for ecological risk assessment of soybean crops[END_REF] , R. dorbignyi and O. americanus larvae ranked second and fourth among 11 Neotropical anuran species due to their low enzyme activities (BChE and carboxylesterases), and the high overlap between their geographical distribution and reproductive period with soybean land use and soy phenology (R. arenarum was not tested). Interestingly, Rhinella species belong to the Bufonidae family which was globally categorized as over-threatened by Bielby et al. [START_REF] Bielby | Taxonomic selectivity in amphibians: ignorance, geography or biology?[END_REF] although not when analyzed at a national level Vaira et al. [START_REF] Vaira | Conservation status of amphibians of Argentina: An update and evaluation of national assessments[END_REF] R. arenarum is a non-threatened, widely distributed, still abundant, and one of the most frequently used Neotropical species in ecotoxicology tests. Nevertheless, this work highlights its sensitivity to widely used agrochemicals.

The highest IBR scores induced by GLU in the three anuran species evaluated, indicated that IBR was able to distinguish between lower ERC and higher sub-lethal concentrations. This was an expected result since IBR allows to distinguish between sites with different levels of contamination. [START_REF] Devin | The integrated biomarker response revisited: Optimization to avoid misuse[END_REF] High IBR values might be explained by the high concentration of GLU chosen as a positive control, which induced AChE of both Rhinella species and BChE in R. dorbignyi.

The insecticide CYP was the second biggest inducer of IBR scores, mainly because of the changes produced in larval MS and TD of the three species studied. In addition, Rhinella species showed similar IBR responses, with GLY IBR scores mainly determined by changes in the behavioral parameters (in R. arenarum these alterations were not detected by IBR but by Dunnett's post hoc test), and CP IBR scores mostly affected by cholinesterases activities.

These results highlight the importance of testing multiple amphibian species that differ in natural history, such as behavior and metabolic traits, to evaluate the environmental risk of contaminants. In addition, IBR appears as a proper tool to provide a suitable characterization of different anuran species health status exposed to sub-lethal and environmentally relevant concentrations of pesticides. The integration of those biomarkers at short time of exposure provides an efficient and non-expensive tool for environmental monitoring.

Conclusions

Overall, the present results demonstrate that (1) there are statistical differences between species in a series of responses in swimming behavior and ChE concentrations within the firsthour of exposure to CYP, GLY, and CP at ERCs; (2) IBR determined that Rhinella species were the most sensitive of the species tested and (3) IBR appears as a suitable tool to provide a comprehensive assessment of the health status of species exposed to ERC and sub-lethal concentrations of a wide variety of agrochemicals globally and constantly used. to cypermethrin (0.013mg L -1 ), glyphosate (2.5mg L -1 ), chlorpyrifos (0.1mg L -1 ) and glufosinate ammonium (15mg L -1 ). Asterisk represents significant differences against control (p<0.05). 
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 1 Mean and standard deviation values of mean speed (MS) and total distance traveled in one minute (TD) of Rhinella arenarum, Rhinella dorbignyi and Odontophrynus americanus exposed to cypermethrin (0.013mg L -1 ), glyphosate (2.5mg L -1 ), chlorpyrifos (0.1mg L -1 ) and glufosinate ammonium (15mg L -1 ) during 1 min and 60 min.
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