[bookmark: _Hlk140776560]RESPONSE TO REVIEWER 1

[bookmark: _Hlk140776537]Manuscript title: “A New Approach for Detecting Sublethal Effects of Neonicotinoids on Bumblebees Using Optical Sensor Technology.”
The authors would like to thank the reviewer for their comments on the manuscript. In addition to the answers given to each comment below, the authors have gone through the manuscript, to improve readability and to correct any additional mistakes. The authors emphasize that the methods were described in more details to ensure that readers without prior knowledge of machine learning could understand them, however attempts were made to improve this part as well. Furthermore, the discussion section of the manuscript has been revised in accordance with the feedback received from the reviewers. This ensures that the discussion incorporates relevant insights and addresses the points raised during the review process.

Answer to the Reviews:

Line 29-30: source of exposure should be defined in the abstract
Thank you, the authors corrected this in the manuscript.

Line 59: it would be appropriate to change the sentence as “Considering the findings…”, moreover it would be nice to write a few words about how the test is carried out.

Thank you, the authors have added a few words about the test.

Line 65: paralysis is not the only clinical symptom of neonicotinoid exposure. I would suggest reporting other symptoms which could strengthen the importance of the study
We address the clinical symptoms of imidacloprid of the sublethal doses on bumblebees in lines 108-115. In line 65 we only refer to how neonicotinoids acts and cause death as pesticide. We believe that is a repetition to mention again in line 65 all the clinical symptoms caused by imidacloprid again in line 65 would be redundant.

Line 65-69: Consider changing the sentence to: “They are systemic insecticides which are applied to plants as foliar sprays, and to soil as drenches, in granular form, or as seed coating. Seed coating is the most common application method of neonicotinoids as their systemic action offers protection to the plant as it grows [14,16], however only around 10% is absorbed by the plant while the rest remains in the soil”.
Thank you, the authors have revised this sentence and changed it to match the above suggestion.

Line 74-75: References 19-21 were published in year 2012, I believe there are more recent studies or even better reviews that could be added to the bibliography. I would also suggest to update bibliography throughout the manuscript. Moreover, I would change the word “risk” with “effects” as references 19-21 focus on the effects of exposure and not the risk of exposure.
The references from the year 2012 are included because these studies were published prior to the EU ban on neonicotinoids, and these reviews played a significant role in informing the decision. Our aim was to emphasize that there were existing studies highlighting the sublethal effects of neonicotinoids on pollinators before the EU memorandum was implemented. Line 92, cites a more recent review that specifically examines the impact of neonicotinoids on bumblebees. Nonetheless some attempts were made at updating the reference list.
Thank you, the word risk was changed according to the suggestion.

Line 81-83: Consider changing the sentence as follows: “Since the moratorium, crop yields have decreased, while pest control necessities have increased, and neonicotinoids were replaced with other insecticides, which are not as effective but can still harm pollinators.”
Thank you, the authors have revised this sentence and changed it to match the above suggestion.

Lines 86-91: Probably it would increase readability to move them to line 80 after reference 26.
Thank you, those sentences were moved as suggested by the reviewer.

Line95-97: You could probably remove this sentence to improve readability of the manuscript, or move the reference to line 141 and line 166 next to reference 57, where the administered dose of pesticides is calculated.
Thank you, those sentences were moved as suggested by the reviewer.

Lines 112-115: Consider changing the sentence as follows: “Most of the up-forementioned studies were conducted under laboratory conditions; therefore, to have a complete picture of the exposure effects of neonicotinoids on bees more research is needed especially for field exposure.”
Thank you, the authors have revised this sentence and changed it to match the above suggestion.

Line 119: “automatic traps [50], and cameras [51], radars [52,53]…”
Thank you, the authors corrected this in the manuscript.

Line 120: “The optical sensor described in Rydhmer et al.”, the year of the study is missing. Check and harmonize throughout the manuscript the addition or removal of the year of publication after the name of authors.
Thank you, the authors added that the Rydhmer et al studied was carried out in 2022.

Line 122: “volume[55].” Add space
Thank you, the authors corrected this in the manuscript.

Line 122-125: Consider changing the sentence as follows: “The recorded signals generate insect data which is analyzed using different methods, by evaluating features of the insect’s signal (for example the wingbeat frequency, body size, wing size) or by machine learning.” However, it is not clear how the evaluation of the features and how machine learning analysis are performed. I would suggest to add a sentence to better clarify these elements.
Thank you, the authors have revised this sentence and changed it to match the above suggestion.

Line 129: “The optical sensor is a real-time….”
Thank you, the authors corrected this in the manuscript.

Line 140-142: Consider changing the sentence as follows “Bees were orally exposed to field realistic concentration of imidacloprid, which corresponds to 10μg / L (10ppb) [46,57] and chronic and acute exposure were tested.”
Thank you, the authors have revised this sentence and changed it to match the above suggestion.

Line 148: were the hive boxes kept in an incubator, or how were standard conditions maintained? Was there also a standard humidity?
The bumblebees were not kept in an incubator but in the lab, where the temperature was maintained at a standard level using an air conditioner. Additionally, there was a temperature sensor continuously monitoring the lab temperature. No measurements were taken for humidity. It is worth noting that both hives of the control and treatment experiments were kept in the same room. Therefore, any climatic conditions affecting one hive would also affect the other hive.

Line 150-152: Consider changing the sentence as follows “For each repetition bees were collected from different hives, and from each hive individuals of different sizes were sampled to avoid size-biased data since wing beat frequency (wbf) can be affected by the size of the body [58].”
Thank you, the authors have revised this sentence and changed it to match the above suggestion.

Line 157-168: This paragraph is not easy to understand. I would suggest to rewrite the paragraph in order to increase readability.
Thank you, the authors have re-written the paragraph and hope that it is now easier to understand.

Line 182: I would suggest to use the specific “bumblebee” word throughout the manuscript when it applies to reinforce to context of the study to avoid possible confusion.
Thank you, the authors corrected this in the manuscript.

Line 192: “15 ml falcon tube”
Thank you, the authors corrected this in the manuscript.

Line 197: “Subsequently, bees were released…”
Thank you, the authors corrected this in the manuscript.

Lines 208-209: Feels like repetition.
Thank you, the authors corrected this in the manuscript.

Lines 200-212: The following sentence “After 10 days, an equal number of bees from both treatments was released into the flight cages (58 in the first repetition and 55 in the second repetition), where the recording of the flying activity started. This experimental procedure was repeated two times” is a bit confusing. I would suggest Authors to try to be more concise and specific.
Thank you for the suggestion, the authors have rewritten these sentences to make it clearer.

Line 232: Consider changing the sentence as follows “For each insect event wbf was calculated using the wbf considered in the study by Rydhmer et al. [55].”
Thank you, the authors corrected this in the manuscript.

Line 266: the sentence “Several methods exist for creating such visualisations” can be removed.
Thank you, the authors corrected this in the manuscript.

Line 421 and line 423: (78% accuracy) and (68% accuracy).
Thank you, the authors corrected this in the manuscript.

Line 425: “In fact, this aligns with another study in which minimal….”
Thank you, the authors corrected this in the manuscript.

Line438-439 and 453-457:  It is difficult to imagine to use optical sensors as a monitoring tool to “diagnose” poisoning of bumblebees. On the contrary, I believe that this study sets basis for the use of optical sensors as a scientific tool to better understand the effects of pesticides on pollinators. I would be more prone to discuss results in this sense .
Thank you, the authors adapted the 2 last paragraphs of discussion according to this scope.

