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

Response:
Thank you. The manuscript was proofread again.

2. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.

Response:
We have made the change accordingly (line 124).

3. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). 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.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.

Response:
We have made these corrections.

4. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.

Response:
We have moved these parts to the discussion section.

5. Line 141-143: Please specify the dimensions of the 3D spatial cues.

Response:
We have added this information (lines 150-151).

6. Line 207: Please use standard abbreviations for time units preceded by a numeral. Examples: 5 h, 10 min, 100 s, 8 days, 10 weeks

Response:
We corrected this (line 230) and checked for others throughout the manuscript.

7. Please title case and italicize journal titles and book titles. Do not use any abbreviations. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.

Response:
We corrected our referencing style accordingly.




Response to Reviewers

Reviewer #1
Manuscript Summary:
This manuscript by Bayraktar et al provides a detailed protocol for the use of a spontaneous exploration, object-place spatial memory task. The protocol is presented well, the schematics help understand complicated aspects (such as counterbalancing conditions) and the authors provide convincing evidence of the utility of this assay as a way to study memory persistence. There are no major issue with the manuscript. The manuscript will benefit from some rewording/editing to aid clarity. Moreover, I have a series of comments, suggestions and questions and the authors may wish to address.

Major Concerns:
None

Comment 1:
Line 68 since this behaviour is not only innate in rodent (pigs, birds etc) maybe here you can rephrase to emphasize that preference for novelty (in some ways reflecting curiosity) is extremely conserved across species.

Response:
Thank you for your comment. We updated the phrasing (line 68).

Comment 2:
Line 69: setting, maybe use a different word, since the setting is not natural. The behaviour is spontaneous and naturalistic but the setting is highly artificial.

Response:
We agree on this point and we removed this phrasing from line 70, instead we updated the phrasing in line 74-75 to convey this message accordingly.

Comment 3:
Line 75: This sentence does not follow logically from the previous. This object-location task requires the hippocampus as well as perirhinal cortex (lesion studies cite). I would suggest refraining from using semi-quantitate words such as 'mainly' since there is no evidence on the relative contribution of different neural systems in object-location memory.

Response:
Thank you -we rephrased the part starting with line 70. However, lesion studies have shown show that the perirhinal cortex is required for object recognition but not for spatial components, so it appears that it is not required for object location recognition task.

Please see page 4 in Aggleton & Nelson, Brain Neurosci Adv., 2020: ‘Consistent with this prediction, hippocampal lesions are associated with object-location deficits (Barker and Warburton, 2011b; Mumby et al., 2002; Save et al., 1992), while perirhinal cortex lesions spare performance (Barker et al., 2007).’


Comment 4:
Line 80: Can you substantiate this claim? Are there any studies suggesting that not well handled animals are more neophobic?

Response:
We do not know of any study that directly shows handling minimizes neophobia. Combining the pieces of evidence and experiences, however, these two seem likely to influence one another. There are studies reporting that anxiety/fear state can cause neophobia if it overcomes the exploratory instinct of the animal (Ennaceur, Michalikova, Bradford, & Ahmed, Behav Brain Res, 2005; Hughes, Neurosci. Biobehav. Rev., 2007). Other studies report that not well-handled animals tend to exhibit higher anxiety in tasks such as open-field test and elevated plus maze (Schmitt and Hiemke, Pharmacol. Biochem. Behav., 1998; Hurst and West, Nat. Methods, 2010; Costa et al., J Am Assoc Lab Anim Sci, 2012; Gouveja and Hust, Sci Rep, 2017). Hence, these suggest that a not-well-handled animal may experience high anxiety due to handling during the encoding/test trials, which may result in loss of attention in the task and hindered natural behavior that is driven by curiosity and is what the task at hand is largely dependent on, and finally cause reluctance to approach novelty.


Comment 5:
Lines 95-96: I think the authors should consider citing two papers: Migues et al 2016 J Neurosci and Maingret et al 2015 Nat Neurosci. In both these manuscripts the authors used the object location task multiple times (within animal design) to study memory decay (Migues et al) and the importance of HPC-PFC coordination during sleep for the consolidation of spatial memories (Maingret et al). Moreover, many other studies have reported repeated object exploration tasks in the same animals either for adults or during development (to name a few; Langston and Wood 2010, Barker and Warburton 2017, Asiminas et al 2019). 

Response:
Thank you for referring to these studies. We rephrased our statement and referred to some of these papers in the text (line 97 and on).


Comment 6:
Line 130: Can the authors comment on the importance of the shape of the box. Is square essential? Could a cylindrical box work as well since it does not have any corners which are known to serve as strong spatial cues to rodents?

Response:
Thank you for addressing this. Indeed, there are studies in the literature that reports the use of either square, rectangular or cylindrical arenas/open fields for object location tasks and similar kinds. So, it would be possible to use another shape for the arena in this protocol too. However, some considerations should be given before deciding for a change of arena shape. One of the main characteristics of this protocol is the use of four distinct contexts. For this we largely make use of different patterns/colors of second layer of each wall and 3D cues, which altogether serve as spatial cues. We think that while this can still be easily achieved using a rectangular arena, the use of cylindrical arena poses a bigger challenge for this purpose. However, it still can be made possible with adjustments and given that these conditions are provided, we think that a cylindrical arena would also ensure the same results.

We have now added a part about this in the discussion (line 623 and on).


Comment 7:
Line 141: Can the authors comment on the significance of 3D cues instead of 2D?

Response:
Our colleagues have previously experienced that rats need salient 3D cues for allosteric spatial learning in the Morris water maze task. Based on that experience, we expect that 3D cues in the open field represent spatial ‘landmarks’ for rats and promote allocentric learning strategies in the object location task better than 2D cues. So, based on these, we use and recommend the use of distinct 3D cues for this task. 


Comment 8:
Line 211: Can the authors comment on the significance of this? Why reduce handling to a minimum?

Response:
This was intended to be an option, so if the animals reach a point where they are comfortable being handled, we think that maintaining a dense handling protocol is not necessary. The frequency can be reduced or kept the same, depending on the wish of the experimenter. We changed the sentence such that it is now clear that it is ‘optional’ (line 237).


Comment 9:
Line 217: Can the authors comment on the reason behind the 30min idle time in the experimental room?

Response:
This is a common practice whenever the animals are transported from the housing room to another room (e.g., the experimental room). The time (not strictly 30 min) is given such that before beginning any handling, habituation or experiment, the animals can calm down and habituate to the room and the presence of the experimenters. Reaching this state before proceeding with any process is important as high activity or anxiety arising due to the change can agitate the animals, reduce the efficiency of the habituation or reduce the attention of the animals on the task. In this particular step, no additional process follows. So basically, this time is given for a general habituation before returning the cages back to the housing room.


Comment 10:
Line 348: Is that for only higher or lower as well? If a rat is deemed an outlier in one of the four trials, will it be excluded from all trials? What is the biological basis of that exclusion?

Response:
It is in the case of both higher and lower preferences than mean  (2 × SD). We tried to implicate this by saying higher preference for either object, as a high preference for one object means low preference for the other (line 384).

The exclusion is based on the encoding trial of each session and the rat is excluded from the analysis of only that particular session (e.g., only in context 1).

The reliable interpretation of a change in the preference for exploring the object at the novel location in test trials depends on the absence of any initial preferences for either object in encoding trials. On this basis, we decided that rats that have stronger preference than mean  (2 × SD) should be excluded. In a test trial this value and above is typically interpreted as a preference that indicates a strong memory of the object location. Thus, we do not accept the presence of such a strong preference during encoding.


Comment 11:
Line 351: Can you please clarify this? Preference against what? Since the objects are identical why would there be a preference in objects? Also if an animal has a preference for a given corner, is this take into account in the interpretation of the test phase results?

Response:
Thank you for pointing out this remark. We intended to say that there might be differences in the corners hosting the objects that may rise from the differences in the surrounding context. 

We removed this from the text, but we discuss how our counterbalancing method overcomes this problem in the discussion, also addressing your second question (line 609 and on).

Our extensive counterbalancing method is meant to minimize the systematic recurrence of this kind of preferences and hence its effect on the interpretation of the test results. So unless the animal has a preference for a corner hosting an object and this appears as a strong preference for either object in encoding trials, we do not take any action to exclude or disregard this animal. Only if there is a strong preference for either object in the encoding trial as explained in the protocol, we exclude the rat from further analysis of the respective test.


Comment 12:
Line 375: 'preference' Do you mean memory? Or preference for novelty?

Response:
The meaning of ‘preference’ was explained in the following part of the sentence. So we mean the preference for exploring the object at the novel location, and this represents both the memory for stable object location and the preference for novelty. We hope this explanation helps. We also made a slight change in the phrasing of the sentence now in line 413.


Comment 13:
Line 507: Can you please clarify what do you mean by interference?

Response:
We removed this from the text as we decided that it does not reflect what we aimed to tell. Thank you for addressing it.





Reviewer #2
Manuscript Summary:
The authors applied a well-described protocol of the object place preference test, a commonly applied paradigm in the measurement of object recognition memory in rodents, and experimental results resulted from the protocol. They provided a stepby-step illustration of the protocol that can be used to run the same cohort of animals several times by introducing animals into distinct contexts. The protocol is also applicable and convenient in the investigation of weaker or stronger traces of memory as controlling times of learning. The description of the protocol is direct, straightforward and in detail, images of the materials, testing environments and objects used are concrete, and the experimental results are genuine. Below I have some points that do not compromise the main structure of the manuscript.


Major Concerns:

Comment 1:
1. Please add connected sentences about why each step is required to conduct. For instance, why habituate animals into the object bucket? To reduce neophobia towards objects or general stress (or help the animal to learn in the following contexts as in the discussion)? Why different times of learning were used to create weak or strong memory? Cite articles if possible. A review paper (Chao et al., 2020 Neuroscience and Biobehavioral Reviews) can be referenced.

Response:
We added this connecting information to sections where it was missing (lines 250, 266 and 277). We hope that it is clearer now - thanks.

Changing the encoding duration affects the strength of the memory and hence, whether it will be behaviorally observed as a short-term and/or long-term memory in test trials. We explain our reason behind demonstrating strong and weak memories in this protocol, that is, these memories of varying strength can either be used for studies of memory enhancement or impairment (lines 113-116). We now refer to this review paper that you recommended in the text (lines 113 and 116). 


Comment 2:
2. The weak memory results from a single trial of learning (20 min exposure to object explorations), while the strong memory comes from 3 times of object exposure of learning (5 min x3). Apparently, the total amount of exploration time is longer in the weak condition (20 min) than the strong one (5min x3), which is counter-intuitive the general concept and empirical data of the longer the encoding, the stronger the memory. Although the experimental results support the protocol, the reason to apply this design is lacking. Why not applying a single 10 min encoding versus a single 15 min encoding in the weak and strong memory conditions, respectively (control times of learning trial)? Or 15 min encoding in the weak condition versus 5 min x3 encoding in the strong condition (control the total amount of object exploration)? Is it more beneficial to use the design of the protocol?

Response:
Thank you for addressing this. We understand that it is not straightforward to see the rationale behind these protocols. We added a section explaining this in the discussion (line 590 and on).

As we explain now in the text, the main difference and the critical point here is that one protocol utilizes a single long trial whereas the other a protocol with trials interleaved with short rest periods. The former results in rats losing interest in objects after 5-10 min of exploration, the latter results in higher attention and exploration of the objects. Thus, they ensure weak and strong encoding, respectively. We observed these as we started out trying 20 min encoding initially, then switched to 3 x 5 min encoding. These protocols were functional, and the results were good enough for our purposes and that’s why we did not try to further optimize the durations. However, it certainly is possible to use a slightly different combination of encoding durations as you suggest that would still give the same results. 


Comment 3:
3. In 3. Data analysis, lack of statistical methods of applying ANOVA in the comparison of different groups or conditions. Please specify.

Response:
Thank you for reminding us of this. We added the option of using ANOVA for comparison of more than two groups in data analysis section 3.6 (line 395).


Minor Concerns:

Comment 4:
1. In 1.1.7. Please specify the adjustment of light intensity in the corners of open fields as different light intensity might be affecting the animals' exploratory behaviors.

Response:
We made changes in the text to clarify it (line 174). The mentioned range (100-120 lux) is reflecting the values measured at the corners of the arena. There is a variation rising from the differences in wall colors and patterns, but this falls within the range. As the difference is not very large, we do not observe strong tendencies in animals’ preferences for corners. Additionally, any potential preference will not be able to accumulate as we implement a complex counterbalancing method that eliminates or minimizes these effects. We also discuss this now in the discussion (line 610).


Comment 5:
2. In 2.8.1. Please specify whether identical or different objects were used in the protocol.

Response:
We clarified it by adding ‘identical’ (line 302). 


Comment 6:
3. If one likes to treat animals with pharmacological agents or others, at which step is appropriate to administrate? And what details should be noted? Please add it.

Response:
We added possible options for such a scenario in the protocol, first in the handling section after 2.4 (line 246) and then in the encoding section after 2.8 (line 297). However, precisely when and how these should be done would depend on the nature of the manipulation.




Reviewer #3

Manuscript Summary:
This article provide a set of standardized procedures to assess hippocampal-dependent spatial memory in rats using an object location task. They included an extensive protocol to perform repetitions using the same cohort of rats. Interestingly, the authors added two separate protocols to provide weak and strong encoding for forming short and long-term memories. I believe this protocol represents a contribution to the behavioral neurosciences and I will definitively support its publication. I have only one major comment and some minor comments which the authors may address to optimize their article.


Major Concerns:

Comment 1:
The authors claim that the object place recognition task is a hippocampus-dependent type of memory; however, to my understanding according to the protocol the experimental setup and preparation of the distinct contexts include the preferential use of proximal cues (i.e., spatial cues presented only within the arena). In my view this is an important matter in any behavioral study. Whether the test used is valid i.e., to what extent a test accurately measures what it is supposed to measure, is at utmost importance. The validity of the test will support the correct interpretation of the data obtained. Accordingly, the authors should clarify to what extent a spatial task which only contains proximal cues can be solved by an allocentric spatial strategy (and therefore claim as being hippocampal-dependent). It has been suggested that allocentric, contrary to egocentric navigation, is characterized by the ability to navigate using distal cues that is cues or landmarks located outside and at some distance from the organism (Vorhees and Williams, 2014_ILAR Journal). The authors should comment on this issue and make clear which spatial strategy (i.e., egocentric or allocentric) is used to solved this protocol and confirm its hippocampal-dependency.

Response:
Thank you for raising this important remark. We agree that it is important to make sure that a test measures what is intended to. Object place recognition tasks have been shown to require intact hippocampus. There are variations in the object place recognition apparatus used in these reported studies and particularly in the use of spatial cues. In contrast to studies using the Morris water maze, the features and the localization of these cues are often not clear (e.g., whether it is a proximal or distal location) in studies using object place recognition tasks, while some report explicitly that they are located distally, as you suggest. Similarly, the discussion of the extent of allocentric versus egocentric strategies utilized in object place recognition tasks are sparingly found in these studies. Regardless, the results largely overlap with indications of requiring intact hippocampus for a successful discrimination of object locations.

In our setup, the whole context and spatial cues are contained within the enclosed box. Altogether these cues (wall patterns and 3D cues) form a complex environment that the rats need to understand in order to successfully acquire the object locations in the encoding trial before exhibiting a preference for the displaced object in the test trial. Even though these cues are proximal, we believe that they, especially the 3D cues, still represent spatial ‘landmarks’ similar to distal ones. The rats would potentially need to use these 3D cues to disambiguate the features of the distinct walls and the locations of the objects, which calls for more dominantly allocentric strategies. The rat needs to use the relative information of these three factors, the walls, the 3D cues and the object locations, to be able to correctly discriminate the object at a novel location.

This is also supported by the fact that we use a thorough counterbalancing method and a large group of object location combinations (counters). Due to this counterbalancing, we do not think it very likely that the rats always use one single cue in isolation to learn object locations and discriminate subsequent changes in object location (from encoding to test), although perhaps this does happen on rare occasions.

The task itself does not contain any real navigation, serial turns or choice points that promote egocentric strategies. Thus, we do not think that there is a big egocentric strategy component to this task and setup. Additionally, the start location and orientation of the rats (i.e., the wall or corner that the rat faces when put in the box) is different in encoding and test trials as a result of one of the objects moving to a new location. This should also promote a more allocentric strategy.

There are studies indicating that proximal cues can also influence place cell firing which is associated with allocentric spatial mapping and work together with distal cues to create a spatial map (see a review; Knierim and Hamilton, Physiol. Rev., 2011). Cressant et al., J Neurosci., 1997 shows that addition of a single white cue card on the wall of a cylindrical arena containing 3D objects placed at the center results in control over the angular position of hippocampal place cell firing fields, in contrast to the scenario without the cue card on the wall, in line with the previous report from Muller and Kubie, J Neurosci., 1987. Furthermore, a similar control over place-cell firing was observed by Cressant et al. when the 3D objects were placed next to the walls instead of the center of the arena, indicating that intramaze cues that are at the periphery (i.e., a more distal location) can contribute to place cell activity and spatial mapping of an arena. 

Using a similar setup with 3D intramaze cues, but in the Morris water maze, two studies (Sakamoto and Okaichi, Psychobio., 1998; Save and Poucet, Behav. Brain Res., 2000) reported comparable results to the previously described place cell studies, that is, hippocampal lesioned rats had impaired performance to an extent and impaired use of a ‘place strategy’ in learning the platform location in this kind of setup, indicating the need of the hippocampus for spatial learning based on proximal cues in the Morris water maze.

Altogether, the setups that were reported in these mentioned studies resemble our setup with slight differences: our cues are 3D and hung on the walls instead of the floor of the arena/hung over the pool, making them inaccessible to the rats and potentially representing more stable and distal landmarks to guide spatial mapping.

Finally, Tintorelli et al., Sci. Rep., 2020 uses a very similar setup as ours, not enclosed but with only proximal cues being reported. They describe a rectangular box with white floor, two opposite walls that are white and with visual cues hung on these walls, one transparent front wall and one back wall that is hatched. They show that inhibition of neuronal activity in the dorsal hippocampus by muscimol injections immediately after encoding trial in this described box for spatial object recognition task impairs the memory in the test trial whereas an increased preference for moved object in the control (vehicle injected) group is reported. Similar to this, other manipulations in the hippocampus interferes with the memory in this study. These supports that this task in the described setup, which shows high resemblance to ours, still largely depends on hippocampal function, as the disruption of hippocampal neural activity impaired the object place recognition.

So, we are aware that our setup withholds some variations, but we believe that the essence of the task is still comparable to the originally reported versions of object place recognition task. Based on the points described above, we believe that this task using this specific setup should still largely use allocentric strategies and spatial memory that requires hippocampal function.


Minor Concerns:

Comment 1:
1. Would be useful when the authors point out at the beginning of the article that this protocol is meant to be used only for adult rats. In my view, before to claim that can be used for pup rats several modifications should be done.

Response:
We added that we use adult rats in this protocol in the introduction (line 110). We also added a part in the discussion (line 575 and on) that discusses the possibility of using younger rats under certain circumstances and after required considerations and adjustments. We hope that these have addressed your concerns correctly.


Comment 2:
2. The authors should mention at the Introduction section (not only at the end in the Discussion) that one of the advantages (very important one) of the recognition tasks based in spontaneous preference is that the correct handling and habituation will reduce significantly the level of "stress".

Response:
Thank you very much for your valuable advice.  We emphasized this further in line 81-82.


Comment 3:
3. Strictly, the tasks based in spontaneous recognition include not just the object recognition and object place recognition but several others. L.64

Response:
Thank you for the correction. We changed the text accordingly (line 63).


Comment 4:
4. I am not sure if the concepts of positive and negative reinforcement are correctly used in the Introduction section. Negative reinforcement is not directly comparable with fear as the authors mentioned. L74-75.

Response:
We made changes to the text to clarify it (lines 74-75). We intended to say that these reinforcements introduce further parameters and brain regions as responsible for the task and hence, making it less straightforward to study spatial memory.


Comment 5:
5. Within the field, a more standard name for "box" is "open field" or "arena".

Response:
We made changes such that now we refer to the enclosed experimental apparatus as ‘box’ and the object location task box as ‘arena’.


Comment 6:
6. The proper use of the object needs a prerequisite which involved testing whether they are equally comparable in terms of the unconditioned preferences.

Response:
Thank you for raising this issue. We added a sentence emphasizing this in our protocol (line 161). 

For our case, all four objects result in comparable total exploration time and we do not observe a significant correlation between the total exploration time in the encoding trial and the respective performance in the test trial.


Comment 7:
7. Would be appropriate if the authors describe the position of the light within the setup. In our experience the best location for the lights is from below and never above the open field.

Response:
The position of the light source is described in the protocol in the note below 1.1 (line 132) and we further give information on the features of the light source at 1.1.7 (line 173). 

In our setup, the LED light is located along the edges of the ceiling and it creates a more diffused light. This works well in our setup, but alternatives of light position should be functional as well. We also added a note about the option of changing the light intensity (line 178).


Comment 8:
8. I could not find the ITI (inter trial interval) between the task´s repetitions. Please the authors should present a clear timeline, which should include the total time need it to apply the four repetitions. To my knowledge the minimum of the ITI should be twice long the retention interval used i.e., if the retention interval lasted 24 hours, then before to repeat the task an interval of 48 hours should be applied.

Response:
Thank you for your suggestion. We clarified the description regarding the intervals between sessions (repetitions). Now the reader can find the information in the note (line 356) under 2.9.4 in the protocol and in the legend of Figure 3 (line 500-501).

We also talk about it in the discussion starting at line 632.


Comment 9:
9. It is not clear enough how many times the steps should be done in 2.8.3 until 2.8.6 Are those steps including the repetitions? If yes, please make it clear.

Response:
We made some changes to the text to clarify these. 


Comment 10:
10. One easy way to assure that the objects are not going to be moved is making them heavy enough. In this way one can avoid the use of tape or any other material which make the cleaning even more difficult.

Response:
Thank you for the suggestion. We agree that this could be a reasonable option for mice but with rats, they are typically able to move objects no matter how heavy they are (bearing in mind size constraints) unless they are somehow stuck down. Climbing behavior also makes it risky to not use any attaching method. We also think that using too-heavy objects poses practical challenges. 


Comment 11:
11. Could the authors specify why they choose to present data by using transgenic rats?

Response:
This transgenic rat line will be used in our future experiments that involves optogenetics. That’s why we use these rats. As mentioned in the results and discussion section, the results produced using this transgenic rat line and wildtype rats were comparable. We also added a sentence explaining the reason in the results section (line 403).


Comment 12:
12. Would be important to mention what is the number of animals expected to be used in order to get enough statistical power in both conditions: one single trial or with repetitions.

Response:
Thank you for addressing this. We now added a part explaining this in the discussion (line 663 and on) based on our power and sample size calculations.


Comment 13:
13. I find a bit strict the criteria of minimum object exploration established by the author in 10 s, could the authors support this statement.

Response:
It should of course depend on the evaluation of the behavior of the population and the characteristics of each specific setup. In our case, we almost never experience such low total exploration time, the average is around 33 seconds for test trials. Thus, a rat with below 10 seconds of total exploration represents an outlier in our population using this protocol.


Comment 14:
14. Why do the authors name the axis Y as "% exploration time" and in the text they name it "Discrimination ratio". Would be better to keep consistent.

Response:
We use the term ‘discrimination index’ only in the protocol 3.4 (lines 380 and 382), to show the reader that there are two common ways of calculating the percentage or discrimination for exploration of an object (i.e., 1. percentage of exploration, and 2. discrimination ratio). In our calculations we use the first way, that is, the percentage of exploration for each object. For the rest of the text and results we use the percentage of exploration for an object, also referring to it as ‘preference’ at times. We hope this does not any confusion for the reader.


Comment 15:
15. When exactly should be done the habituation to the different contexts when using the protocol for repetitions? Considering all the habituations, how many days are required to apply the four repetitions?

Response:
We hope to clarify this with the addition of the information about the interval between repetitions in line 356 and in the legend of Figure 3.

Each repetition including the respective context habituation over 3 days and encoding/test session over 1 or 2 days depending on the delay period, takes around 4-5 days. We recommend giving a break of 48 hours to 1 week between each repetition. 

So in the case of 48-hours breaks, meaning repetitions are performed in consecutive weeks, it would require 5 weeks (1 week for initial object bucket and box habituation followed by 4 weeks for repetitions). In the case of following 1-week breaks, it would take roughly 8 weeks (1+7 weeks).


Comment 16:
16. It caught my attention that the weak encoding last longer than the strong encoding (20 min vs. 15 min). Could the authors explain this effect?

Response:
We understand that it is not straightforward to see the rationale behind these protocols. We added a section to explain this in the discussion (line 590).

As we explain now in the text, the main difference and the critical point here is that one protocol consists of a single long trial whereas the other consists of trials interleaved with rest periods. The former results in rats losing interest and sitting in a corner after 5-10 min of exploration, the latter results in higher attention and exploration of the objects. Thus, they ensure weak and strong encoding, respectively.


Comment 17:
17. Please specify the time of the day that the protocol should be done.

Response:
We added the information on when we have performed our experiments (Line 220). 


Comment 18:
18. In the Discussion section it is mentioned that the rats could present "aversion toward novelty". What would be the rational and empirical foundation for such a statement?

Response:
We do not know of any study that directly shows this, but there are studies that indicate in this direction.
 
Some studies report that anxiety/fear state can cause neophobia if it overcomes the exploratory instinct of the animal (Ennaceur, Michalikova, Bradford, & Ahmed, Behav Brain Res, 2005; Hughes, Neurosci. Biobehav. Rev., 2007). As novelty has an inverted U-shape effect, with maximal effect when the novelty is medium level, weak novelty can go unnoticed and too strong novelty can cause anxiety or fear that stops the rat from interacting with it. 

Other studies report that not-well-handled animals tend to exhibit higher anxiety in tasks such as open-field test and elevated plus maze (Schmitt and Hiemke, Pharmacol. Biochem. Behav., 1998; Hurst and West, Nat. Methods, 2010; Costa et al., J Am Assoc Lab Anim Sci, 2012; Gouveja and Hust, Sci Rep, 2017). 

A combination of these suggest that a not-well-handled or not-well-habituated animal may experience high anxiety due to handling and experiencing new environments during the encoding/test trials, which may result in loss of attention in the task and hindered natural behavior that is driven by curiosity and is what the task at hand is largely dependent on, and finally cause reluctancy to approach novelty.


In the referred case (line 582 and on), with some rats we observed an increased preference for exploring the stable object (at the familiar location) instead of the object that was at the novel location. Based on the combination of the preceding sub-optimal handling these rats had received due to starting at a late age, their general anxious behavior and the preference for the familiar location instead of the novel, we speculated that the rats were perhaps not sufficiently habituated to handling, which also resulted in general high anxiety in the experimental setup and hence, were not comfortable in approaching the ‘novelty’ that is the object at the novel location. This is of course a speculation, but based on the evidence in the literature, it is a likely scenario, with at least partial responsibility of the observed behavior.


Comment 19:
19. There are two typo mistake from an old ms version, probably. L422 and L504.

Response:
Thank you. We hope that they are corrected now.



