Water temperature interacts with the neonicotinoid insecticide imidacloprid to alter acute lethal and sub-lethal toxicity to mayfly larvae
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Supplementary Appendix S1. Concentration-response experiments
Materials and Methods
Invertebrate collection
Invertebrates for the two concentration-response experiments were collected on two separate occasions during austral autumn 2015 by electrofishing the same 100-m reach of Silver Stream (45.8096°S, 170.4211°E) using a pulsed DC backpack electro-shocker (Kainga EFM300; NIWA, Christchurch, New Zealand). On each occasion, at least 500 specimens (either Deleatidium spp. or Coloburiscus humeralis) were collected. In a climate-controlled room (set to 15 ± 0.5 °C with a 16:8 hour light:dark photoperiod), specimens were transferred to aerated holding containers with ASW and stainless steel mesh substratum and left for approximately 48 hours to acclimate.
Experimental design
[bookmark: _GoBack]The concentration-response experiments for Deleatidium spp. and C. humeralis were conducted separately in consecutive weeks in April 2015. The Deleatidium experiment was performed with the following ten concentrations of imidacloprid: 0, 0.8, 1.6, 3.2, 6.4, 12, 24, 36, 48 and 60 µg L-1; and the C. humeralis experiment using the following ten concentrations: 0, 2, 4, 7, 11, 16, 22, 29, 37 and 46 µg L-1. Both concentration ranges were determined using the results of a preceding pilot experiment (described in Macaulay 2015) which tested the sensitivity of several stream invertebrate taxa (including Deleatidium spp. and C. humeralis) to imidacloprid using five imidacloprid concentrations (0, 3, 9, 27 and 50 µg L-1). Based on their responses to imidacloprid in the pilot experiment, the concentrations for the full concentration-response experiments for Deleatidium spp. and C. humeralis were chosen so that they would cover both an EC50 (median effect concentration; expected to cause an adverse reaction, in this case, immobility, in 50 % of exposed organisms) and an LC50 (median lethal concentration; expected to cause mortality in 50 % of organisms) for each taxon. Each imidacloprid treatment had four replicates containing ten specimens per replicate, therefore 400 healthy specimens were required for each experiment.
In each experiment, the four replicates of each imidacloprid concentration were randomly allocated to 40 aerated 250-mL glass beakers. The ten exposure concentrations were prepared by dosing 800 mL ASW (American Society for Testing and Materials) with the required amount of 10 mg/L imidacloprid working stock, mixing for 1 minute using a magnetic stirrer (502P-2; PMC Industries, Inc. San Diego, CA, U.S.A.), and dividing among the four replicates (200 mL per beaker). One mL aliquots were collected from each treatment and stored in 4-mL glass vials with Teflon caps. Samples were refrigerated below 4 °C for determination of imidacloprid concentrations using an enzyme-linked immunosorbent assay (ELISA) kit (Imidacloprid ELISA Kit, 96 Test Microtiter Plate, Product No. 500800; ABRAXIS LLC, Warminster, PA, USA) within 3 weeks of completing the experiment (see Supplementary Appendix S2 for details). A random sample of ten healthy specimens representative of the range of sizes and instars collected were distributed to each beaker with a stainless-steel mesh substratum. Beakers were covered with Parafilm® to reduce evaporative water loss and placed in a random position in an aeration tubing set-up using four air pumps (Aqua One Precision 7500; Aqua One, Ingleburn, NSW, Australia) to aerate all 40 beakers.
Determination of mayfly responses
At 24-hour intervals, the numbers of dead, alive and immobile mayfly larvae and the number of moults in each beaker were determined. In these experiments, immobile specimens were recorded as individuals that were unable to move – either by swimming or walking – and could only twitch their legs and tail filaments. Immobility was determined by gently nudging the invertebrates off the stainless-steel mesh substratum with forceps and observing their ability to move by swimming or walking on the bottom of the beaker. Dead specimens and shed exuviae were removed to reduce the risk of their being colonised by microbes and thus contaminating beakers. The number of moults was determined based on the number of complete shed exuviae removed from the beaker.
In the C. humeralis concentration-response experiment, beakers in which the water level had dropped slightly below the 200 mL mark were topped up with ASW. This procedure differed from the Deleatidium concentration-response experiment where beakers remained static (no change to the solution within) during the whole 96 hours. To determine if these differing procedures affected the final concentrations of imidacloprid in each treatment at the end of the respective experiment, imidacloprid concentrations were compared between samples taken at the start and end of each experiment (see Supplementary Appendix S2). After the 96-hour exposure readings had been taken, a 250 µL aliquot was collected from each beaker and stored in glass vials (so that each vial contained a 1000 µL sample of each imidacloprid treatment). Vials were labelled for each treatment as “final sample” and refrigerated below 4 °C for subsequent determination of imidacloprid concentrations in the ELISA (see Supplementary Appendix S2).
Data analysis
Regression analyses were performed in SPSS (IBM SPSS Statistics; IBM Company, Chicago, IL, U.S.A.) for the responses of survivorship and immobility of C. humeralis and Deleatidium. The type of regression varied depending on the “best fit” curve fitted to the data. The continuous predictor variable for the survivorship regressions was imidacloprid with ten concentrations, which was log-transformed for the immobility regression as this resulted in a better fit to the data and improved compliance with the assumptions of the parametric analysis. The significance level α for all tests was P = 0.05.


Results
In both C. humeralis and Deleatidium, survivorship was greatly reduced with exposure to increasing concentrations of imidacloprid (Figure S1a). Moreover, at higher concentrations survivorship of C. humeralis decreased more strongly than that of Deleatidium. Immobility of both mayfly taxa was also affected by increasing imidacloprid concentration (Figure S1b). While both taxa showed a similar pattern of rising immobility in response to increasing imidacloprid concentration, their responses varied slightly as immobility in Deleatidium increased more rapidly than in C. humeralis at lower concentrations but tapered at the highest concentrations where C. humeralis immobility rose sharply to 100 % (Figure S1b).
Using the equations of the best-fitting curves for the survivorship regressions of each taxon (rounding to the nearest 0.5 µg L-1), the LC50 of Deleatidium was calculated as 40.5 µg L-1. This was 9 µg L-1 higher than the LC50 of C. humeralis, which was 31.5 µg L-1 (Figure S1a). The respective EC50 for Deleatidium and C. humeralis were calculated as 8 and 12.5 µg L-1 from the equations of the best-fitting curves for the respective immobility regressions of each taxon (Figure S1b).
[image: ]
Figure S1. Average (a) survivorship and (b) immobility of Deleatidium and Coloburiscus humeralis after 96 hours of exposure to a range of concentrations of imidacloprid. Survivorship and immobility regression curves represent the line of best fit for each taxon. The x-axis for immobility has been log-transformed (log10 (concentration in µg L-1 + 1)) to maximise the fit of the regressions. The survivorship regression equations are y = -1.0513x + 92.685 for Deleatidium, and y = -0.023x2 - 0.5363x + 90.154 for Coloburiscus. The immobility regression equations are y = -0.513x3 + 1.4036x2 - 0.3578x for Deleatidium, and y = 0.4511x2 - 0.0626x for Coloburiscus. P-values and R2 values (in parentheses) of each regression analysis are presented beneath the figure legend for each curve. Error bars are standard errors.
Because we employed regression techniques that are rarely used in ecotoxicology to determine the EC50 and LC50 for C. humeralis and Deleatidium, we also evaluated the reliability of our calculations by re-analysing the data from the two concentration-response experiments using log-logistic regression (performed in R v 3.3.1; R Core Team 2016), the standard statistical analysis for concentration-response experiments in ecotoxicology. The EC50 and LC50 for each species were predicted using the dose.p function in package MASS (Venables, W. N. & Ripley, B. D. 2002). The concentrations obtained from this re-analysis are compared with the concentrations determined by our regressions in Table S1. All concentrations determined by regression were within 1.13-3.61 µg L-1 of the corresponding concentrations determined by log-logistic regression and fell easily within the 95% confidence intervals of the latter. Therefore, we conclude that while our original regression analyses were not necessarily the standard or most suitable analytical method, they still produced reliable results.
Table S1. LC50 and EC50 concentrations for Deleatidium and C. humeralis obtained from our regression analyses (which used the actual imidacloprid concentrations) and the equivalent log-logistic regression analyses (with lower and upper 95% confidence intervals shown).
	 
	Deleatidium
	 
	C. humeralis
	 

	 
	Regression (actual concentrations used)
	Log-logistic regression (95% CI)
	Regression (actual concentrations used)
	Log-logistic regression (95% CI)

	LC50 (µg L-1)
	40.61 (40.5)
	37.28 (27.2550.86)
	31.72 (31.5)
	28.11 (21.7936.18)

	EC50 (µg L-1)
	8.19 (8.0)
	9.32 (7.5211.50)
	12.31 (12.5)
	10.98 (9.5012.68)
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