Editorial comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

2. Please revise the protocol to contain only action items that direct the reader to do something. The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”

3. Please simplify the Protocol so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step.

4. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action.

5. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense.

6. Figure legends: Please shorten the figure legends. The Discussion of the Figures should be placed in the Representative Results.

7. References: Please do not abbreviate journal titles. Please include volume and issue numbers for all references.
Answers to editorial comments:
1. We carefully went through the manuscript to ensure grammar and spelling issues, they can be seen in tracking changes of the document.

2, 3, 4.
Protocol was revised, simplified and clarified.
5.
Essential steps and note were highlighted.

6.
Figure legends were shortened and their description moved to results.

7.
References were fixed.

Reviewers' comments:
Reviewer #1:

Manuscript Summary:

This is a nice study in presenting another approach to monitor heart rate in crayfish and likely in other crustaceans as well. I feel people will benefit from seeing this procedure implemented in JoVE's format.

Major Concerns:

No major concerns

Minor Concerns:

Re: Continuous noninvasive measuring of crayfish cardiac and behavioral activities. JoVE58555

This is a nice study in presenting another approach to monitor heart rate in crayfish and likely in other crustaceans as well. I feel people will benefit from seeing this procedure implemented in JoVE's format.

A few points I think need to be addressed for the reader's sake:

1. Attach the sensor to the crayfish dorsal carapace and try find the place in which the

Line171- "cardiac signal amplitude would be maximal. Hold the crayfish with sensor in one hand and put a drop of mixed glue using the other free hand to cover each of the four auxiliary wires located on the sensor (include them between steps 2.1.1 and 2.1.4.). Do not move the sensor at least 5 min until the glue hardens (glue hardening depends on ambient temperature and humidity)."

Maybe it will be explained in the movie but I was not sure from the text if a small hold is made in the cuticle for the LED to reflect off the heart or if the LED is to penetrated through the cuticle.

If a hole is made, well I assume that is stressful to the crayfish just as previous procedures to implant 2 wires for impedance measures.

If a hole is not made, would not the penetration of the LED light depend on the color of the cuticle, thickness, molt stage as the new underlying cuticle is forming.

2. The weight of the entire apparatus was not listed and the potential limitations such as size of animal where the device becomes an impact on the animals ability to freely move, since the authors mentioned this could also be used for examining animals while they are behaving. The wires leading out of the animal and the black tube appear to be large, could they not be a thinner and less cumbersome for the crayfish to be able to move more freely?

3. Some crayfish/crustaceans have very dark pigmentation based on diet, could this also be a limitation?

4. Please list the weight and size (head to tail or postorbital to cephalothorax).

Answers to reviewers' comments:

1. It will definitely be demonstrated in the video, and there are no holes in the cuticle should be made to attach the sensor, as we would like to underline that the approach in noninvasive. Thus there is no a significant stress to crayfish from this manipulation.
No, there is no effect of the cuticle color and thickness on the near infrared light penetration, however there could be a complication when recording a heart rate in the crayfish in premolting stage: with forming of a new cuticle, cardiac signal amplitude will decrease and with subsequent detachment of an old cuticle, the cardiac signal will be lost, as the sensor will stay attached to the old cuticle.
2. The weight of the sensor is approximately 5 g, the diameter of a wider measuring part is 10 mm and the diameter of coated wires is 2 mm. It could be thinner if remove an external coating, however, in that case it is not recommended to rely on it for a long time as crayfish can easily bite uncoated wires and damage one of them, and the signal will produce a significant noise or the sensor will stop working at all.
3. Color of experimental animal is not a problem for the NIR sensor as its light is strong enough to illuminate cardiac area, but at the same time NIR light is not harmful for crayfish or other large crustacean physiology.

4. Crayfish shown at the picture had 56.8 mm long carapace measured from the tip of the rostrum to the posterior edge of the cephalothorax.
Reviewer #2:

Manuscript Summary:

In the present study, a sensor was used to continuous monitoring of crayfish cardiac and locomotor activities. Method was explained about how the system work.

Major Concerns:

More info is needed about how long crayfish can carry the sensor?

How many crayfish were used to test cardiac and locomotor activities? If more than one is used, do author test if there is any significant difference between control groups?

How long sensor can record the activities?

Is it possible to change battery of the sensor?

Does sensor have negative effect on feeding and behavioral activities of crayfish?

Minor Concerns:

Abstract: Authors did not conduct an experiment to measure behavioral activities related to water quality deterioration. However, they studied and published it in another journal (Environmental Science and Pollution Research 25, 8396-8403). Thus, this sentence should be deleted from the text.

Give more information about the waterproof dielectric gel i.e. name of the producer
Answers to reviewer’s comments:

1. Theoretically, crayfish can carry the sensor if attached approximately one week post molting and up to the next molting, i.e. several month. Practically, we observed crayfish within 15 weeks before last of them lost the sensor, or better say glue lost its adhesive properties. Therefore, we assume that maximal period of sensor carriage strongly depends on the glue, as well as additional manipulations with crayfish, use of shelters and other individual conditions that can impact glue attachment and adhesiveness.
2. We did not count number of crayfish, as we had many experiment since approach development, but there were definitely hundreds of them.

3. The sensor can record cardiac activities as long as it attached to the crayfish. The duration of recording can also depend from capacity of internal or external hard disk where data are recorded and stored and number of crayfish as space of the disk decreases with number of experimental animals.
4. It is not possible change the battery as the sensor does not contain it, instead it is directly connected to analog-to-digital converter and needs continuous electrical supply.

5. According to our experience, the sensor does not negatively impact feeding or behavioral activities of crayfish. It can have minor effect during first day post attachment, but then crayfish is getting adapted very fast without any subsequent physiological or ethological disturbances.

6. In this manuscript, there is no data on crayfish ethological reactions during the water quality deterioration included, as it primarily presents an approach how to evaluate those parameters, regardless of ambient conditions. The results reporting crayfish reactions and behavior to water quality deterioration have been previously published by Pautsina et al., 2014 and Kuklina et al., 2018.
7. Krayden, Sylgard 535 waterproof dielectric gel.
Reviewer #3:

Manuscript Summary:

A noninvasive measuring system was developed for continuous recording and analyses of crayfish cardiac and locomotor activities. This system consisted of a near infrared optical sensor, a video tracking module, and software for evaluating crayfish heartbeats that reflected its physiological condition and for characterization of crayfish behavior during heartbeat fluctuations. This approach, in which the biological organisms are implemented into environmental evaluation processes, provides a reliable and timely alarm for warning of and preventing acute water deterioration in an ambient environment.

Minor Concerns:

What camera and special software is used for recording and analyses of crayfish cardiac and locomotor activities?

Lines 248-255. Figure 4. What kind of food is meant?
Answers to reviewer’s comments:
1. There was used Kinect video camera for behavioral tracking.

2. Software provides calculation of the heartbeat frequency via analysis of cardiac signal based on detection of its minimums and maximums and on analysis of the signal frequency spectrum via Fourier analysis. For detection of locomotion, the method of dynamic background detection is used. Both methods are coupled in such way, that the system for locomotion detection provides the system for cardiac activity analysis with information on individual crayfish movements. Such combination enable to eliminate impact of crayfish locomotion on analysis of its cardiac activity in relation to environmental changes.
3. Odor of milled chironomidae larvae filtered through the filtration paper and diluted with water.

Reviewer #4:

Manuscript Summary:

This is a well-written paper containing very interesting results which merit publication. The data provided are very important for toxicology and aquaculture. It is demonstrated that signal crayfish can use as a bioindicator of water quality. Moreover, in addition to providing a better understanding of stereotypic crayfish behaviors induced by common and chemical stressors, the results of this study may serve as reference data for the evaluation of crayfish suitability for water quality tests.

For the benefit of the reader, however, a number of points need clarifying and certain statements require further justification. There are given below.

I made some comments regarding things I believe you could do to improve your work. It does not mean that you have to agree or rewrite in the same way. It is only a suggestion and different view, with the objective to contribute.

1) The reason for choosing signal crayfish, Pacifastacus leniusculus, as a model object in this study? Did other species, i.e. narrow-clawed crayfish Astacus leptodactylus, European crayfish Astacus astacus, etc., use in this study?

2) Which weight and length of signal crayfish, Pacifastacus leniusculus, are adequate and appropriate to use in this model test?

3) Which food odors were used in this model? What was the relationship between the intensity of food odor stimuli and the cardiovascular system responses?

4) Which any changes were observed in other systems and organs?

5) Were similar results obtained in the peculiarities of crayfish heartbeat using an electrocardiography approach and noninvasive biomonitoring system (a near infrared optical sensor, a video tracking module, and software for evaluating crayfish heartbeats)?

The manuscript is well written, objectives are clear, and discussion is properly addressed. The paper could be accepted after minor revisions.
Answers to reviewer’s comments:
1. Noninvasive crayfish, Pacifastacus leniusculus, was chosen for this study due to its wide availability in Czech waters, while native crayfish (Astacus astacus, Astacus leptodactylus) are generally forbidden for using in such types of experiments because of their endangered status.
2. Crayfish of any species with sufficient carapace size (at least 30 mm CL) are appropriate for this type of study. However, it is evidently, that bigger crayfish is better to manipulate with.
3. There were used odor of chironomidae larvae in this model. We show here a reaction of crayfish to the very low food odor concentration, to see whether experimental animal would be able to immediately detect its entrance to water. Generally, crayfish reacted more intensively to higher food odor concentrations that reflected in higher heart rates increase. Intensity of cardiac reactions was also pronounced in prolonged maintenance of the heart rate at a high level, while at the low food concentration the heart rate stabilized to normal within shorter time.
4. Only effect on heart rate and locomotory activity were not tested in this study.

5. Depending on the intensity of the stimulus, crayfish demonstrated a decreasing heartbeat within approximately 60 s followed by the slightly delayed HR increase. Such peculiarity of crayfish cardiac reaction in presence of disturbance has been previously reported from analysis of electro-cardiograms.

