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Recommendation?
Accept with minor revision (please list in comments)

Comments to the Author(s)

The authors developed a model for simultaneous estimation of seasonal changes in different
parameters for an example wild boar population in Japan. The model is a combination of the
random encounter model and the staying time model and includes harvest records and trap cam
data to estimate wild boar density on a broad spatial and seasonal scale.

It is an interesting manuscript with a timely topic. The topic is very important from the
management point of view, because wild boar can impose heavy impacts on biodiversity and
human activities. I think that this manuscript can be a major contribution to the research field.
The manuscript is also in general well-structured and clear.

Still, I think that there are some revisions required.
I start with some major concerns:

1. I think that this manuscript is written as a standard research paper right now but has the
potential to be written up as a more methodological paper. At the moment the authors mention
that they introduce a novel statistical framework, but as reader you do not get the feeling that this
is the main focus. I would advise restructuring the manuscript and put the main focus on the
method development and using the wild boar population as a case study. Annotations in the
attached r-script can help to make it reproducible for researchers dealing with similar
topics/challenges. That will also involve that the advantages (“simultaneous estimation”) of this
novel statistical framework get more attention. The authors mention it, but in my opinion it
misses some depth an details. It seems that the simultaneous estimation is one major advantages,
but it gets a bit lost in the biological interpretation of the case study (wild boar population). I
think that by restructuring it to a “methodological paper”, the authors can reach a much broader
audience of researchers dealing with harvest species in general.

2. This leads me directly to the next feedback point. At the moment the authors show that this
“novel statistical framework” can be used for harvest species. But couldn’t they

expand/ generalize it for species that need to be protected? The authors could also reach
conservationists by showing how this method could be used for an endangered species for
instance. Proper and reliable density estimation are also of huge importance for endangered
species.

3. I am a bit concerned to what extent this model can be used by managers/researcher that do not
have harvest records/trapping data, but only rely on camera trap data for instance. It seems that
in Japan trapping records are important measure to control the population of wild boar, however,
in Europe, as I know, hunting plays most important role and trapping is not allowed to control
the population. That makes it difficult to translate this approach to a European situation. I would
advise that the authors elaborate this issue (challenges and limitations for generalization of the
statistical framework) in a separate section of the manuscript. In addition, adding information
about a more general use will make it much more interesting to a broader public. I also miss this
aspect in the last section of the manuscript about management implications. Can this model be
used if no trapping data are available? How would I need to deal with it?

4. One confusing thing for the reader is that the authors switch between the terms “harvest
record” and “trapping records”. They need to be consistent with it to not confuse the reader. In
addition, it would be good to explain “harvest record” already shortly in the introduction, since it
also appears in figure 1 (in the introduction). To me the difference between hunting bag and
harvest record was not clear in the beginning. Defining harvest record will help the reader a lot.



5. I am a bit concerned about the fact that the authors did not include more age classes. They used
only juveniles (<4 months) and adults (>4 months). As mentioned in my specific comments
below, I would add yearlings because we cannot be certain that adults and yearlings do not differ
in their habitat use, activity pattern and catchability.

6. I would also recommend to the authors to make clearer in the result section that the analysis
were conducted on different spatial scales. At the moment it seems that some interpretations
from the results are not correct, however, after reading carefully the methods again it becomes
clear. As an example. In the summary, the authors mention the habitat preference of forests
adjacent to abandoned fields. From the result section, this conclusion does not become really
clear, still I am certain that the analysis were done on this.

7. A bit a minor remark, but since it is a general remark and not mentioned in specific minor
comments: In general I would rather refer to “landscape variables” than “environmental
variables”, since environmental can be much broader and are less specific. Landscape gives the
reader a more concrete idea of what is meant.

You find my specific (minor) comments below. I hope they be useful

Minor comments:

Page 2:

L40: instead of “;” - sign, I would advise a point as end of the sentence.

L44: evaluated “as an example population”. I would add this to make it clearer for the reader.
L45: mainly due to harvesting

L45-146: I do not see where this conclusion/result come from in your result section. In your
results, you do not say that forests adjacent to abandoned fields are preferred and I don’t think
that you analysed this. If you did so, please make it clear to the reader.

L47: so throughout the season? I would add this in the sentence to make it clearer to the reader.
L50: for me it sounds that attractiveness of trap bait and activity changes in response to food
scarcity is similar or at least closely related. I would rather write: ...., which probably reflected
changes in the attractiveness of the trap bait due to activity changes in response to food scarcity.

Page 3:

L3: I advise putting keywords in alphabetical order.

L9: I would recommend mentioning some example mammal populations in brackets.

L16: I think I understand what you mean by field signs but maybe short elaboration is better.
Give an example for instance. I am not sure if field sign is the most appropriate word here.

L27: what is the difference between hunting bag and harvest record? I would have expected that
it is the same. Thus, I would advise explaining the definition of harvest record already in an early
stage since it is also used in the title.

L41: can you elaborate a bit more which parameters for instance are estimated by the camera trap
data so that it is better to understand for a reader without the background knowledge of the
REST model?

L51: You can even put it in a broader context. Not only in Japan but worldwide wild boar are
causing damage. You could start with the fact that worldwide wild boar are causing damage with
some countries as example and then narrow down to also in Japan they are causing damage and
continue your story. That makes it maybe even more interesting for a broader public.

L52: “ As abandonment of agricultural fields increases due to human population aging, sites
preferred by wild boar, including abandoned fields and bamboo forests, have been increasing,
thereby leading to crop damage near residential areas. This sentence is not really clear to me. It is
a long sentence and a bit confusing. I would recommend rephrasing it.

Page 4:

L2: delete “the” in front of “environmental conditions”.

L2-L9: that paragraph is a bit confusing to me. I think the main points you want to make is that
catchability, population size as well as habitat use change spatially and seasonally. Because you



mention the reason for two of the factors (habitat use and population size) in between of the
enumeration of the three parameters the readers gets a bit confused. I would advise rephrasing
this paragraph.

L17: Why does simultaneous estimation in a Bayesian framework results in less error? I would
recommend giving some additional explanation for this. Does not need to be long, but one
addition sentence may help to get more clarity here.

L20: You mention here trapping records. I guess that this is the same as harvest records? But that
is a guess and nt really clear. I would advise using consistent words for it. And also some
additional information about it. I was wondering for instance how sure you are about the fact
that trapping by different municipalities and during different seasons was conducted with a
constant effort? If that is an assumption you have to be quite certain about it, because I think that
this can have huge impact on the results if it is not conducted with constant effort. Otherwise it
might be really similar to hunting bag? I see now that you mention the trapping effort in the
methods. That’s good, but I would say, make sure that the reader knows here already that you
take different trapping effort into account. Simply one short additional sentence should be
enough.

L.24-1.29: I would rephrase this last part of the introduction. At the moment it feels a bit lost from
the earlier paragraph. I would recommend something like: “Based on seasonal dynamics of the
three parameters, we proposed an effective trapping strategy for sites and timing of trap
placement on a landscape level for an example study area in the southern part of Chiba
prefecture, central Japan.” By simply switching first and last part of your paragraph it better links
to the earlier paragraph.

Page 5:

L1: There seems to be a clear distinction between hunting and trapping. I think that this needs to
be clearer for the reader at an early stage. I start now understanding that there is a difference, but
it can be much easier for the reader if it is explained clearly at the beginning of the manuscript. I
think that it namely not so common to have trapping (as you define it) next to hunting methods
for wild boar control. At least not in Europe. Thus, I guess that European readers may be a bit
confused here.

L6-L11: I think that you can better combine those two sentences. Now it seems a bit that you
rephrase the same sentence again.

L14: If I understand correctly you distinguished between juveniles (0-4 months) and adults
(>4months). Wouldn't you expect differences in catchability and habitat use between piglets (<13
months), sub-adults/yearlings (13-24 months old individuals) and adults (>24 months old
individuals) as well? I understand if the distinction of other age classes only on camera traps is
not possible but I think that it is important to mention this possible limitation of the study here.
L21: where the camera traps randomly distributed throughout the area? I guess so because you
used the Rowcliffe method, but I don’t see that you mention it in this paragraph.

L35: “The environmental variable was based on land use data...” ] add “was based” to your
sentence.

L37: add “average” home range? That is probably more appropriate.

L45: I think that it is clearer if you write “... six landscape elements...” instead of “six
environmental elements”.

L60: see my comments on the age classes before. I think some additional explanation is necessary
why you did not distinguish between yearlings and adults as well. Especially when you have
trapping data more than only the two age classes you distinguish may be available.

Page 6:

L9: replace “rest were” by “remaining percentage was”.

L29: what is the distribution of the staying time? is there a lot of variation? I would like to see a
histogram of the staying time variable in the supplementary material.

Page 8:
L17: Put posterior distributions in the supplemental material please.



L28: rather than “environmental variables”, I would name it “landscape variables”. That is more
precise and clearer to the reader.
L39-41: I would put those two lines in the methods instead of in the results.

Page 9:

L27: “simultaneous estimation”. Is that one of the major advantages of this technique/tool that
you used here? If so, | would make that clear to the reader. At the moment it pops up in the title
and her in the first sentence of discussion, but to me it is not really clear if that is an important
point or not. Needs some clarification here. Ok, I see now in the next sentences of the discussion
that you mention the advantages. I would already see those points in the introduction (when
elaborating the problem).

L29: delete “quite” in sentence “quite useful”. It is useful!

L40: I miss a bit more in-depth detail about how exactly this methods shows advantages. Why
and how are parameter estimates more reliable?

L45: refer to the reports. How do we know what is the “correct” density? How do we know if
those estimates are more reliable than others, which are also estimated? That is not explained
enough here and should be more convincing.

L60: can you add and overview of number of cameras in each landscape element in the study
area (in supplemental material) so that you can underline your word “mainly” by a

number/ percentage. That makes your sentence more convincing.

Page 10:
L4: ON average. Not “in average”.

Page 11:

L20: Can you also mention management implications for countries that do not use trapping as
control measure for the population?

L39-L46: As mentioned in my general comments, you can put much more focus on this last
paragraph in your introduction and make it much more interesting for a broader public.

Page 12:
L10: reference nr 17 poplationabundance should be two separate words.

Page 15:

Figure 1: What are the boxes and circles indicating? Mention it in the figure description. I anyway
need some addition explanation for figure 1. When you only read the introduction where the first
time is referred to figure 1 and by having only those information from introduction and figure
description it is difficult to understand the figure. For instance, what is meant with

density /mesh? I would advise either give additional explanation in introduction and/ or figure
description or make an easier graphical representation for the introduction.

Page 16:

L 50: Figure 4: is juvenile density never below adult density or not visible in month December-
April for the juveniles because it lies below the density of the adults? If the latter is the case I
would advise to use lines instead of filling the surface. Wouldn't be nicer to add also the bars in
the two different colors (light and dark grey) for the two age classes? What is the reason to use
the 50% credible interval and not a 95% confidence interval or a standard error?

Page 17:

L20: put the x-axis with the month at the bottom (at y=-1 for instance) so that it is easier to read
and not all the months names are below the lines and points. This makes the graph a bit
confusing.

L54: “throughout the year” instead of “through a year”.

Supporting information:
L14: typing error: “monitoring”.



L20: Fig. S4: b) y axis is entitled with number of videos with two most left graphs, but has
frequency on y-axis for the two most right and two central graphs. I think that you should
remove the “frequency” on the y-axis, as it is also removed in (a). I don’t understand in the figure
description what you mean with y-values of circular points in the figures. I don’t see any circular
points.

L26: In reference Rowcliffe et al, (2014) is missing.

Review form: Reviewer 2

Is the manuscript scientifically sound in its present form?
Yes

Are the interpretations and conclusions justified by the results?
Yes

Is the language acceptable?
Yes

Do you have any ethical concerns with this paper?
No

Have you any concerns about statistical analyses in this paper?
Yes

Recommendation?
Major revision is needed (please make suggestions in comments)

Comments to the Author(s)
Dear authors,

I'have found you work timely and interesting. My main concern is the potential
pseudorreplication in your experimental design. I think that the incorporation of the camera id as
arandom term (e.g., intercept), will improve your Bayesian modelling preventing from getting
spurious effects (see, Paul-Christian Biirkner. 2020. Package ‘brms’ 2.12.0 version).

Other minor comments have been included in the pdf (Appendix A).

I hope that my comments will be useful for your investigation
Yours sincerely

Decision letter (RSOS-200579.R0)

We hope you are keeping well at this difficult and unusual time. We continue to value your
support of the journal in these challenging circumstances. If Royal Society Open Science can assist
you at all, please don't hesitate to let us know at the email address below.

Dear Dr Miyashita,
The editors assigned to your paper ("Simultaneous estimation of seasonal population density,

habitat preference, and catchability of wild boars based on camera data and harvest records")
have now received comments from reviewers. We would like you to revise your paper in



accordance with the referee and Associate Editor suggestions which can be found below (not
including confidential reports to the Editor). Please note this decision does not guarantee
eventual acceptance.

Please submit a copy of your revised paper before 19-Jun-2020. Please note that the revision
deadline will expire at 00.00am on this date. If we do not hear from you within this time then it
will be assumed that the paper has been withdrawn. In exceptional circumstances, extensions
may be possible if agreed with the Editorial Office in advance. We do not allow multiple rounds
of revision so we urge you to make every effort to fully address all of the comments at this stage.
If deemed necessary by the Editors, your manuscript will be sent back to one or more of the
original reviewers for assessment. If the original reviewers are not available, we may invite new
reviewers.

To revise your manuscript, log into http://mc.manuscriptcentral.com/rsos and enter your
Author Centre, where you will find your manuscript title listed under "Manuscripts with
Decisions." Under "Actions," click on "Create a Revision." Your manuscript number has been
appended to denote a revision. Revise your manuscript and upload a new version through your
Author Centre.

When submitting your revised manuscript, you must respond to the comments made by the
referees and upload a file "Response to Referees" in "Section 6 - File Upload". Please use this to
document how you have responded to the comments, and the adjustments you have made. In
order to expedite the processing of the revised manuscript, please be as specific as possible in
your response.

In addition to addressing all of the reviewers' and editor's comments please also ensure that your
revised manuscript contains the following sections as appropriate before the reference list:

* Ethics statement (if applicable)

If your study uses humans or animals please include details of the ethical approval received,
including the name of the committee that granted approval. For human studies please also detail
whether informed consent was obtained. For field studies on animals please include details of all
permissions, licences and/or approvals granted to carry out the fieldwork.

* Data accessibility

It is a condition of publication that all supporting data are made available either as
supplementary information or preferably in a suitable permanent repository. The data
accessibility section should state where the article's supporting data can be accessed. This section
should also include details, where possible of where to access other relevant research materials
such as statistical tools, protocols, software etc can be accessed. If the data have been deposited in
an external repository this section should list the database, accession number and link to the DOI
for all data from the article that have been made publicly available. Data sets that have been
deposited in an external repository and have a DOI should also be appropriately cited in the
manuscript and included in the reference list.

If you wish to submit your supporting data or code to Dryad (http://datadryad.org/), or modify
your current submission to dryad, please use the following link:
http://datadryad.org/submit?journallD=RSOS&manu=RSOS-200579

* Competing interests
Please declare any financial or non-financial competing interests, or state that you have no
competing interests.

¢ Authors’ contributions
All submissions, other than those with a single author, must include an Authors” Contributions
section which individually lists the specific contribution of each author. The list of Authors



should meet all of the following criteria; 1) substantial contributions to conception and design, or
acquisition of data, or analysis and interpretation of data; 2) drafting the article or revising it
critically for important intellectual content; and 3) final approval of the version to be published.

All contributors who do not meet all of these criteria should be included in the
acknowledgements.

We suggest the following format:

AB carried out the molecular lab work, participated in data analysis, carried out sequence
alignments, participated in the design of the study and drafted the manuscript; CD carried out
the statistical analyses; EF collected field data; GH conceived of the study, designed the study,
coordinated the study and helped draft the manuscript. All authors gave final approval for
publication.

* Acknowledgements
Please acknowledge anyone who contributed to the study but did not meet the authorship
criteria.

* Funding statement
Please list the source of funding for each author.

Once again, thank you for submitting your manuscript to Royal Society Open Science and I look
forward to receiving your revision. If you have any questions at all, please do not hesitate to get
in touch.

Kind regards,

Andrew Dunn

Royal Society Open Science Editorial Office
Royal Society Open Science
openscience@royalsociety.org

Associate Editor's comments:

Two reviewers have provided feedback on your work. As there are a number of queries that
should be addressed in your revision, please ensure you fully respond to these in your revised
manuscript and accompanying response to reviewers document.

Reviewers' Comments to Author:

Reviewer: 1
Comments to the Author(s)

The authors developed a model for simultaneous estimation of seasonal changes in different
parameters for an example wild boar population in Japan. The model is a combination of the
random encounter model and the staying time model and includes harvest records and trap cam
data to estimate wild boar density on a broad spatial and seasonal scale.

It is an interesting manuscript with a timely topic. The topic is very important from the
management point of view, because wild boar can impose heavy impacts on biodiversity and
human activities. I think that this manuscript can be a major contribution to the research field.
The manuscript is also in general well-structured and clear.

Still, I think that there are some revisions required.

I start with some major concerns:



1. I think that this manuscript is written as a standard research paper right now but has the
potential to be written up as a more methodological paper. At the moment the authors mention
that they introduce a novel statistical framework, but as reader you do not get the feeling that this
is the main focus. I would advise restructuring the manuscript and put the main focus on the
method development and using the wild boar population as a case study. Annotations in the
attached r-script can help to make it reproducible for researchers dealing with similar
topics/challenges. That will also involve that the advantages (“simultaneous estimation”) of this
novel statistical framework get more attention. The authors mention it, but in my opinion it
misses some depth an details. It seems that the simultaneous estimation is one major advantages,
but it gets a bit lost in the biological interpretation of the case study (wild boar population). I
think that by restructuring it to a “methodological paper”, the authors can reach a much broader
audience of researchers dealing with harvest species in general.

2. This leads me directly to the next feedback point. At the moment the authors show that this
“novel statistical framework” can be used for harvest species. But couldn’t they

expand/ generalize it for species that need to be protected? The authors could also reach
conservationists by showing how this method could be used for an endangered species for
instance. Proper and reliable density estimation are also of huge importance for endangered
species.

3. I am a bit concerned to what extent this model can be used by managers/researcher that do not
have harvest records/trapping data, but only rely on camera trap data for instance. It seems that
in Japan trapping records are important measure to control the population of wild boar, however,
in Europe, as I know, hunting plays most important role and trapping is not allowed to control
the population. That makes it difficult to translate this approach to a European situation. I would
advise that the authors elaborate this issue (challenges and limitations for generalization of the
statistical framework) in a separate section of the manuscript. In addition, adding information
about a more general use will make it much more interesting to a broader public. I also miss this
aspect in the last section of the manuscript about management implications. Can this model be
used if no trapping data are available? How would I need to deal with it?

4. One confusing thing for the reader is that the authors switch between the terms “harvest
record” and “trapping records”. They need to be consistent with it to not confuse the reader. In
addition, it would be good to explain “harvest record” already shortly in the introduction, since it
also appears in figure 1 (in the introduction). To me the difference between hunting bag and
harvest record was not clear in the beginning. Defining harvest record will help the reader a lot.

5. I am a bit concerned about the fact that the authors did not include more age classes. They used
only juveniles (<4 months) and adults (>4 months). As mentioned in my specific comments
below, I would add yearlings because we cannot be certain that adults and yearlings do not differ
in their habitat use, activity pattern and catchability.

6. I would also recommend to the authors to make clearer in the result section that the analysis
were conducted on different spatial scales. At the moment it seems that some interpretations
from the results are not correct, however, after reading carefully the methods again it becomes
clear. As an example. In the summary, the authors mention the habitat preference of forests
adjacent to abandoned fields. From the result section, this conclusion does not become really
clear, still I am certain that the analysis were done on this.

7. A bit a minor remark, but since it is a general remark and not mentioned in specific minor
comments: In general I would rather refer to “landscape variables” than “environmental
variables”, since environmental can be much broader and are less specific. Landscape gives the
reader a more concrete idea of what is meant.

You find my specific (minor) comments below. I hope they be useful



Minor comments:

Page 2:

L40: instead of “;” - sign, | would advise a point as end of the sentence.

L44: evaluated “as an example population”. I would add this to make it clearer for the reader.
L45: mainly due to harvesting

L45-146: I do not see where this conclusion/result come from in your result section. In your
results, you do not say that forests adjacent to abandoned fields are preferred and I don’t think
that you analysed this. If you did so, please make it clear to the reader.

L47: so throughout the season? I would add this in the sentence to make it clearer to the reader.
L50: for me it sounds that attractiveness of trap bait and activity changes in response to food
scarcity is similar or at least closely related. I would rather write: ...., which probably reflected
changes in the attractiveness of the trap bait due to activity changes in response to food scarcity.

Page 3:

L3: I advise putting keywords in alphabetical order.

L9: I would recommend mentioning some example mammal populations in brackets.

L16: I think I understand what you mean by field signs but maybe short elaboration is better.
Give an example for instance. I am not sure if field sign is the most appropriate word here.

L27: what is the difference between hunting bag and harvest record? I would have expected that
it is the same. Thus, I would advise explaining the definition of harvest record already in an early
stage since it is also used in the title.

L41: can you elaborate a bit more which parameters for instance are estimated by the camera trap
data so that it is better to understand for a reader without the background knowledge of the
REST model?

L51: You can even put it in a broader context. Not only in Japan but worldwide wild boar are
causing damage. You could start with the fact that worldwide wild boar are causing damage with
some countries as example and then narrow down to also in Japan they are causing damage and
continue your story. That makes it maybe even more interesting for a broader public.

L52: “ As abandonment of agricultural fields increases due to human population aging, sites
preferred by wild boar, including abandoned fields and bamboo forests, have been increasing,
thereby leading to crop damage near residential areas. This sentence is not really clear to me. It is
a long sentence and a bit confusing. I would recommend rephrasing it.

Page 4:

L2: delete “the” in front of “environmental conditions”.

L2-L9: that paragraph is a bit confusing to me. I think the main points you want to make is that
catchability, population size as well as habitat use change spatially and seasonally. Because you
mention the reason for two of the factors (habitat use and population size) in between of the
enumeration of the three parameters the readers gets a bit confused. I would advise rephrasing
this paragraph.

L17: Why does simultaneous estimation in a Bayesian framework results in less error? I would
recommend giving some additional explanation for this. Does not need to be long, but one
addition sentence may help to get more clarity here.

L20: You mention here trapping records. I guess that this is the same as harvest records? But that
is a guess and nt really clear. I would advise using consistent words for it. And also some
additional information about it. I was wondering for instance how sure you are about the fact
that trapping by different municipalities and during different seasons was conducted with a
constant effort? If that is an assumption you have to be quite certain about it, because I think that
this can have huge impact on the results if it is not conducted with constant effort. Otherwise it
might be really similar to hunting bag? I see now that you mention the trapping effort in the
methods. That's good, but I would say, make sure that the reader knows here already that you
take different trapping effort into account. Simply one short additional sentence should be
enough.

L24-1.29: I would rephrase this last part of the introduction. At the moment it feels a bit lost from
the earlier paragraph. I would recommend something like: “Based on seasonal dynamics of the



three parameters, we proposed an effective trapping strategy for sites and timing of trap
placement on a landscape level for an example study area in the southern part of Chiba
prefecture, central Japan.” By simply switching first and last part of your paragraph it better links
to the earlier paragraph.

Page 5:

L1: There seems to be a clear distinction between hunting and trapping. I think that this needs to
be clearer for the reader at an early stage. I start now understanding that there is a difference, but
it can be much easier for the reader if it is explained clearly at the beginning of the manuscript. I
think that it namely not so common to have trapping (as you define it) next to hunting methods
for wild boar control. At least not in Europe. Thus, I guess that European readers may be a bit
confused here.

L6-L11: I think that you can better combine those two sentences. Now it seems a bit that you
rephrase the same sentence again.

L14: If I understand correctly you distinguished between juveniles (0-4 months) and adults
(>4months). Wouldn’t you expect differences in catchability and habitat use between piglets (<13
months), sub-adults/yearlings (13-24 months old individuals) and adults (>24 months old
individuals) as well? I understand if the distinction of other age classes only on camera traps is
not possible but I think that it is important to mention this possible limitation of the study here.
L21: where the camera traps randomly distributed throughout the area? I guess so because you
used the Rowrcliffe method, but I don’t see that you mention it in this paragraph.

L35: “The environmental variable was based on land use data...” [ add “was based” to your
sentence.

L37: add “average” home range? That is probably more appropriate.

L45: 1 think that it is clearer if you write “... six landscape elements...” instead of “six
environmental elements”.

L60: see my comments on the age classes before. I think some additional explanation is necessary
why you did not distinguish between yearlings and adults as well. Especially when you have
trapping data more than only the two age classes you distinguish may be available.

Page 6:

L9: replace “rest were” by “remaining percentage was”.

L29: what is the distribution of the staying time? is there a lot of variation? I would like to see a
histogram of the staying time variable in the supplementary material.

Page 8:

L17: Put posterior distributions in the supplemental material please.

L28: rather than “environmental variables”, I would name it “landscape variables”. That is more
precise and clearer to the reader.

L39-41: I would put those two lines in the methods instead of in the results.

Page 9:

L27: “simultaneous estimation”. Is that one of the major advantages of this technique/tool that
you used here? If so, I would make that clear to the reader. At the moment it pops up in the title
and her in the first sentence of discussion, but to me it is not really clear if that is an important
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1. Summary

Analyses of life history and population dynamics are essential for effective population control of wild
mammals. We developed a model for the simultaneous estimation of seasonal changes in three parameters—
population density, habitat preference, and trap catchability of target animals—based on camera-trapping
data and harvest records. The random encounter and staying time model, with no need to individual
recognition, is the core component of the model; by combining this model with harvest records, we estimated
density at broad spatial scales and catchability by traps. Here, the wild boar population in central Japan was
evaluated. We found that the estimated population density increased after the birth period and then decreased
until the next birth period, due mainly to harvesting. Habitat preference changed seasonally, but forests
adjacent to abandoned fields were generally preferred. These patterns can be explained by patterns of food
availability and resting or nesting sites. Catchability by traps also changed seasonally, with relatively high
values in the winter, which probably reflected changes in the attractiveness of the trap bait or activity changes
in response to food scarcity. Based on these results, we proposed an effective trapping strategy for wild boars,

focusing on when and where to set traps.

* Author for correspondence: Tadashi Miyashita (tmiya@es.a.u-tokyo.ac.jp).
TPresent address: Graduate School of Agriculture and Life Sciences, University of Tokyo, Bunkyo Ward, Tokyo, 113-8657, Japan
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2. Introduction

Excessive increases in some mammal populations have a wide range of negative consequences, such as
degradation of ecosystems [1], agricultural damage [2,3], and disease transmission [4]. Implementation of
effective management strategies for wildlife populations requires detailed knowledge on the life history and
population dynamics of the target species [5-8]. However, mammals in the wild are often cryptic with rare

sightings; even their field signs are often difficult to find.

The wild boar (Sus scrofa), with its broad geographical range, is one such species [9,10]. It causes crop damage
[11-13] and spreads disease to livestock [14,15]. Although population density and seasonal dynamics are key
factors for the effective management of wild boar [16], conventional methods for estimating their numbers are
not sufficiently precise or accurate and therefore a standard methodological framework is lacking [17].
Estimating wild boar population sizes by direct observation is difficult due to the preference for dense
understory shrubs and nocturnal and cautious behaviors [18,19]. Indirect indices, such as hunting bag
statistics or pellet counts, have been used to estimate population density (e.g., 20-22), but these indices can be
affected by several factors, including season, weather conditions, and visibility in habitats [17]. They are thus

context-dependent and not reliable due to seasonal and spatial variation.

Camera traps represent a potential alternative for the reliable estimation of the absolute density of wild boars.
Recently developed approaches to estimate animal density without individual recognition might be applicable
to wild boars. Rowcliffe ef al. [23] presented the random encounter model (REM) based on ideal gas models
[24]. Nakashima, Fukasawa & Samejima [25] improved the feasibility of REM by developing the random
encounter and staying time (REST) model, in which all required parameters are estimated exclusively by
camera trap data. More recently, Nakashima, Hongo & Akomo-Okoue [26] have incorporated habitat
covariates into the REST model, allowing for likelihood-based estimation of the relationship between habitats
and animal density. This approach yields reliable density estimates at the landscape scale, accounting for

spatial and temporal heterogeneity in animal detectability.

In Japan, the spread of wild boar populations has caused serious agricultural damage [27]. Wild boars
accounted for about 30% of total crop damage caused by wildlife in 2018 [28]. As abandonment of agricultural
fields increases due to human population aging, sites preferred by wild boar, including abandoned fields and
bamboo forests, have been increasing, thereby leading to crop damage near residential areas [29]. Box and
snare traps are typically used to control wild boar populations [30], but trapping is based on empirical or
anecdotal knowledge, as opposed to an informed and systematically designed approach. Moreover, the

hunter population is aging and decreasing [31,32], emphasizing the need for higher trap catchability with less

R. Soc. open sci. https://mc.manuscriptcentral.com/rsos
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effort. Catchability is affected by the environmental conditions and season [33,34]; accordingly, seasonal and
spatial variation in catchability need to be clarified at the landscape level. Furthermore, due to the high
fertility and omnivorous diet of wild boars [35], population size and habitat use are likely to change spatially
and seasonally within a given year. These comprehensive ecological factors should be incorporated into

management strategies for wild boar populations [11].

We developed a model for the simultaneous estimation of seasonal changes in three parameters—population
density, habitat preference, and trap catchability of wild boars—by integrating the REST model and harvest
records (figure 1). Simultaneous estimation in a Bayesian framework results in less error than that associated
with independent estimates [36]. First, to estimate local density and seasonal habitat use, environmental
variables were incorporated into the REST model. Second, using estimated environmental parameters and
local density, we estimated population density at a large spatial scale, at which trapping records collected by
municipal governments are available. This allowed us to estimate catchability by box and snare traps in each
month. The field study area is in the southern part of Chiba prefecture, central Japan, where an isolated wild
boar population has been increasing since the 1980s, causing severe crop damage [37]. Based on seasonal
dynamics of the three parameters, we proposed an effective trapping strategy for the sites and timing of trap

placement in a landscape context.

3. Materials and Methods

Study area and species

The study area included four municipalities in Chiba prefecture, in eastern Japan (35°N, 140°E). The total size
of the study area was 799.6 km?, occupying about 15.5% of the prefecture. The climate was classified as warm
temperate, with a mean monthly temperature of 4°C-25°C and annual precipitation of 2,000-2,400 mm.
Forests, including broad-leaf forests (dominated by Castanopsis sieboldii and Quercus spp. with high acorn
production) and conifer plantations (Cryptomeria japonica and Chamaecyparis obtusa), accounted for about 60%
of the area, and farmlands composed mainly of paddy fields accounted for 20% of the study area [38]. Owing
to the high browsing pressure by sika deer, the forest understory vegetation is generally sparse [39], except for
abandoned fields where dense shrubs dominate. Bamboo forests, which provide food for wild boars, were
also common (3% of the study area). The landscape has a mosaic structure composed of different types of

forests, farmlands, and residential areas, with severe crop damage by wild boars from adjacent landscapes.

Crop damage caused by wild boars in the study area was about 730,000 USD in 2018 [40]. About 11300 wild
boar individuals were removed by permitted trapping and hunting in 2018 in the study area, with a peak in

late autumn to winter (Supplementary material figure S1). The hunting season lasts from November 15 to

https://mc.manuscriptcentral.com/rsos R. Soc. open sci.
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February 15, and the number of hunted individuals accounted for about 3% of all individuals captured,

indicating that trapping accounts for the majority of captures.

Most female wild boars in Japan give birth to a litter of about four piglets in average during May and June

[41]; accordingly, the population size of wild boars can fluctuate considerably even within a year. Due to their
omnivorous diet, wild boars are known to change their habitat use seasonally, depending on food availability
[11,42]. In Japan, wild boars eat various kinds of foods, such as bamboo shoots, oak mast, and grasses, and the

food items change according to season [29,43].

In this study, juveniles were defined based on a distinct stripe pattern by camera observation. This stripe

pattern is lost at 4 months after birth, when the body weight exceeds 15 kg [44].

Data collection

In total, 180 motion-activated camera traps (Strike Force HD Pro; Browning Trail Cameras, Morgan, UT) were
placed in forests (broad-leaved, conifer plantation, or bamboo) in the study area. Although the wild boar also
uses abandoned fields [29], cameras were not placed in these areas to avoid the infringement of privacy rights
(i-e., to avoid obtaining images of people in the areas). Camera density was about 1 camera/4.4 km? (figure 2).
Camera records were obtained from June 2018 to May 2019. Each camera was set on a tree trunk about 1 m
above the ground. An infrared flash enabled the camera to capture images of animals passing in front of it,
even at night. All cameras captured 20-s videos with a 1-s delay between consecutive images. About every 3

months, the SD card and battery were replaced in all cameras.

The environmental variable was land use data within a 500-m fixed-radius buffer around each camera. This
buffer size was determined by referring to the home range size of wild boars reported in Japan [45]. Six types
of landscape elements were extracted from a national survey carried out from 2000 to 2008 [38]: broad-leaf
forest, conifer plantation forests, farmland, bamboo forest, abandoned area, and residential area. Using
ArcGIS 10.6 (Esri Inc., New York, NY), the percentage of each landscape element within each buffer was
calculated. All variables were standardized (mean = 0, SD = 1) prior to analysis. To eliminate multicollinearity,
six environmental variables were summarized by principal component analysis (PCA). Principal component
axes 1-4 were used as environmental variables that may influence wild boar ecology (see Results for PCA

axes).

Harvest records were provided by the governments of Chiba Prefecture, Futtsu City, and Minamiboso City.
These data included numbers of active traps and the details of individual animals trapped (e.g., date, sex,
body weight, type of trap). Numbers of traps were recorded at the level of “management unit” defined by the
municipal government (figure 2), with management units ranging from 4 km? to 55 km? Numbers of active
traps during a month were used as trapping effort. Individuals weighing less than 15 kg with juvenile-specific

stripe patterns were defined as juveniles; otherwise, individuals were classified as adults [44].

R. Soc. open sci. https://mc.manuscriptcentral.com/rsos
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Two types of traps were used in the study area: box traps (Supplementary material figure S2: left side) and
snare traps (Supplementary material figure S2: right side). Box traps contained bait such as rice bran to attract
wild boars. Snare traps consisted of a wire and spring and were buried underground. When an individual
stepped on a snare trap, the wire entangled a leg. In the study area, about 72% of all captured wild boars were

trapped by box traps, 25% were trapped by snare traps, and the rest were hunted.
Analysis

Seasonal changes in population density, habitat use, and trap catchability were estimated by a series of

equations described later using a Bayesian framework (figure 1).
(1) Local population density and habitat use

Using the REST model [25], wild boar density was estimated from camera-trap data. The REST model is an
extension of the REM [23]. The REM assumes that the detection rate is a function of animal density, animal
movement speed, and the detection area of a camera; movement speed needs to be estimated from an
alternative data source, such as radiotelemetry. However, the REST model uses staying time in a
predetermined area within view of a camera (hereafter, staying time), instead of movement speed. Staying
time is inversely proportional to movement speed and is easily measured from camera recordings. To fix the
camera detection area, an equilateral triangle with a side length of 1.9 m within the view of a camera in the
field was set (Supplementary material figure S3). We assumed that all animals passing through the focal area
could be detected, like Nakashima et al. [25]. Passages by wild boars were counted, and the staying time at

each passage was measured following the protocol described by Nakashima et al. [25].

To estimate wild boar density by the REST model, the following data were extracted from camera records in
each month: (1) number of passages through the focal area and (2) staying time within the focal area. Density

was estimated by the following equation:

. [Numbers of passage through focal area];,,  [Staying time estimates],
[DenSltY] i,m = [Area of focal area] x [Active time],, , eqn (1)

where i indicates the camera ID (i=1, 2, ..., 180) and m indicates the month (m =1, 2, ..., 12). Because wild
boar activity is assumed to change seasonally, the staying time within the focal area was measured for each
month. About 50 videos were selected from several sites each month, and staying time was measured using a
stopwatch in a laboratory. To estimate the average staying time for each month, staying time data were fit to
four distributions (exponential, gamma, log-normal, and Weibull distributions), and the best-fit model was
determined by the Wyckoff -Akaike information criterion (WAIC) [46]. The log-normal distribution fitted the
data the best. The staying time of juveniles and adults were estimated separately. The density of juveniles was
estimated only from June to October in 2018 and in May in 2019 beause the counts were too small to estimate

staying time in other months. The “active time” in equation (1) was calculated from the total recording period
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multiplied by the “daily activity proportion of time.” The daily activity proportion of time was estimated as
the daily change in the number of times wild boars were recorded by camera [47], or the proportion of active
time in a 24-h period. The REST model assumes that all individuals are active at the peak of the activity
rhythm [25]. Because the daily activity proportion may differ among months and ages, separate estimates
were obtained for juveniles and adults each month (see supplementary material figure S4). The negative
binomial distribution was fitted to the number of passages through the focal area, as in Nakashima et al. [25].

The details of the REST model and analysis are described in Nakashima et al. [25].

Seasonal habitat use was assessed by incorporating environmental variables (summarized as PCA axes) as
covariates into the REST model, as expressed in equation (2). The coefficient a associated with environmental
variables was used as the index of habitat use in the home range, as  indicates fine-scale spatio-temporal

variation in wild boar densities. The following equation was used to assess habitat use:
. 4
[Density]; m = exp (Qo,m + X _ 0%, m X [PC]e,1), eqn (2)

where i indicates the camera ID (s =1, 2, ..., 180), m indicates the month (m =1, 2, ... 12), and e indicates the
type of environmental variable. PC indicates the principal component scores summarizing environmental
variables around each camera, o represents for the intercept (average density across environments), and a; to
ay represent how each landscape composition affects the local wild boar density (i.e., the habitat preference in

each month).
(2) Population density at the management-unit level

To estimate the wild boar density at the management-unit level, densities in 1 km? grid cells over the whole

study area were estimated by equation (3), assuming that landscape variables determine density:
. 4
[Denisty]. m = exp (ag,m + Ze —1%,m X [PCle, o), eqn (3)

where cindicates a 1 km? cell (c=1, 2, ..., 897) and m indicates the month. Principal component scores for the
1 km? cells were calculated by the percentages of landscape elements at each cell, combined with PCA axes in
equation (2). Second, the density at the management-unit level was estimated by calculating the weighted

average of cell densities, with the weights based on forested area in each cell.
(3) Catchability

Catchability was estimated by harvest records of wild boars and the estimated parameters in equations 1 and
2. We assumed that the number of captured individuals was proportional to trap effort and animal density,
and the proportionality constant was defined as trap catchability, as in Osada et al. [22]. The following

equation was used to estimate catchability:

[Trapped number], m| [Average of trapped number], ,, -~ Poisson ([Average of trapped number], )

R. Soc. open sci. https://mc.manuscriptcentral.com/rsos
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. [Average of trapped number] m
[CatChablhtY] umt = [The number of traps],m X [Density], m” eqn (4)

where u indicates the management unit defined by the municipal government (u=1, 2, ..., 33), m indicates the
month (m=1, 2, ..., 12), and t indicates the type of trap (t=1, 2; 1 indicates box trap and 2 indicates snare
trap). The number of trapped individuals and the number of traps were obtained from harvest records

provided by municipal governments.

We constructed a hierarchical Bayesian model including eqns (1) to (4) to estimate parameters simultaneously.
Prior distributions for o« were uniform (-3, 3), and those for catchability parameters were uniform (0, 1).
Posterior samples and distributions were obtained by MCMC sampling. The number of MC iterations was
50000, the burn-in was 10000 iterations, and the thinning interval was 20. The number of chains was 3. The
convergence of the MCMC samples for all estimates was checked using Rhat (<1.1; [48]). This analysis was

performed using JAGS [49] with R (ver. 3.5.0, [50]). The JAGS code and settings are provided in the Appendix.

4. Results

The PCA axes summarizing environmental variables at camera sites are shown in figure 3. PC1 was positively
associated with forests and negatively associated with the other landscape elements. PC2 represented a
gradient of broad-leaved forests vs. conifer plantation forests, with positive scores for plantations and
negative scores for broad-leaf forests. PC3 was positively associated with abandoned fields. PC4 represented
mainly bamboo forests. The proportions of environmental variation explained by the four axes were 36%,

23%, 17%, and 13%, respectively, for axes 1-4.

From June in 2018 to May in 2019, we observed 2191 passages of adults and 1306 passages of juveniles within

the focal area, and these data were used for the REST model.
(1) Population density

Seasonal patterns in population densities differed between adult and juvenile wild boars (figure 4). The
density of adults increased gradually from July to November and decreased thereafter. The density of
juveniles increased in May and gradually decreased until October. This contrasting pattern may reflect the
birth season in May in Japan [41] and the subsequent high mortality of juveniles and recruitment of juveniles

into the adult stage, which may increase the adult population.
(2) Habitat preference

The habitat preference of wild boars was assessed from the coefficients associated with environmental
variables (figure 5). The coefficient score for PC1 was mostly negative throughout the year, indicating a

preference for landscapes with farmlands and bamboo forests. The coefficient for PC2 was also negative for
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most of the year, with strongly negative values from October to November and from April to May, indicating
a preference for broad-leaved forests over conifer plantation forests, particularly in the periods from October
to November and from April to May. The coefficient score for PC3 was generally positive throughout the year,
with relatively large values in June and from December to February, indicating a particularly strong
preference for abandoned fields during these periods. The coefficient for PC4, representing mainly bamboo

forests, was positive throughout the year, but the effect was weaker than those of other PC axes.
(3) Catchability

Catchability by box traps was about 1.7 times higher and more variable than that by snare traps (figure 6). The
catchability by both types of traps showed clear seasonal patterns. A common feature is the increase in
catchability from December to January (figure 6). From August to November, the trends differed between box
and snare traps. The catchability of box traps remained relatively low in this season, while that by snare traps

increased over time.

5. Discussion

Using a Bayesian framework, we achieved the simultaneous estimation of seasonal dynamics of population
density, habitat preference, and trapping catchability of wild boars. These parameters are quite useful for
wildlife management, including the efficient spatial and temporal allocation of trapping effort, assessment of
the effectiveness of population control programs, and habitat management to reduce crop damage. The
simultaneous estimation of these three parameters (i.e., population density, habitat preference, and trapping
catchability) has a substantial advantage over separate estimates with respect to accuracy and precision. The
statistical model that we developed uses two different data types with contrasting spatial resolution; camera
trapping data are locally precise, while harvest records provided by municipal governments can cover a broad

spatial scale. This improves the reliability of parameter estimates.

Our approach provided more reasonable estimates of density and seasonal fluctuations than those in previous
reports. The maximum density estimated in our study was in agreement, albeit slightly lower than in a
previous estimate for the same area of 26/km? after the population increase within a season and before
harvesting [22]. Moreover, the difference in seasonal density patterns between adults and juveniles can
generally be explained by differences in life history and harvesting patterns in the study area. Females give
birth in May and June [41], juveniles grow and lose their stripes in about 4 months [44], and mortality by
harvesting increases in the winter (see supplementary material figureS1). There are, however, two points that
should be addressed. First, the rapid density decrease after November cannot be explained solely by harvest
mortality. It can potentially be explained by the shift in habitat preferences from forests to abandoned fields,
as demonstrated by the increase in the PC3 coefficients (figure 5). This seems plausible because abandoned
fields are known habitats for wild boars in Japan [29]. Because cameras were set mainly in forests, density

estimates in forests may have decreased in this season. Another point to note is that estimated juvenile
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densities were lower than those of adults, which should be an underestimate. On average, most female wild
boars in Japan give birth to a litter of about four piglets in average [41]. With the assumption of an even sex
ratio, the density of juveniles should be about twice that of adults just after the breeding season. The
underestimation could be explained by the behavior of juveniles. Soon after birth, juveniles are cared for by
females around the resting sites [35], while females spend time on foraging activities because lactation
increases energetic needs [51]. Due to frequent resting by juveniles, the assumption of the REST model that all
individuals are active at the peak of the activity rhythm could be violated. This might lead to the

underestimation of the daily activity and thereby juvenile densities.

The detected habitat preferences also seemed to accurately reflect the feeding and behavioral habits of wild
boars. We found that wild boars prefer broad-leaf forests, abandoned fields, and bamboo forests to varying
degrees. The preference for broad-leaf forests was rather high and became stronger in the autumn and in
spring. Conifer plantations (Cryptomeria japonica and Chamaecyparis obtusa) are known to be less preferred by
wild boars due to the lack of food resources [29,52], while broad-leaf forests are good feeding sites for the
species [42,52]. In the study area, broad-leaf forests consisting mainly of Fagaceae trees produce a large
number of acorns in the late autumn, which are highly digestible and nutritional for wild boars [53].
Moreover, soil invertebrates such as earthworms become abundant in broad-leaf forests from April to May

[54]. Such food phenology may explain the seasonal dynamics observed in this study.

We found effects of various surrounding landscape elements on local densities in forests. In particular,
farmlands, abandoned fields, and bamboo forests generally enhanced the local density of wild boars in forests.
These landscape elements seemed to provide wild boars with seasonal resources. For instance, we detected a
preference for bamboo forests from December to February. In Chiba prefecture, wild boars consume bamboo
shoots in the winter [55]. In addition, we detected a strong preference for abandoned fields in June and
December—February. Abandoned fields provide feeding and resting sites to wild boars in Japan [29,43],
including aboveground plant materials from the spring to summer [56] and roots in the winter [43].
Furthermore, the hunting season from November 15 to February 15 is likely to promote the use of abandoned
fields as refuges [57]. Because the understory vegetation in forests is highly browsed by sika deer in our study
area [39], wild boars may use abandoned fields with dense shrubs as resting sites, rather than forests with

sparse vegetation.

We also clearly detected seasonal trends in trap catchability, as reported in earlier studies [33]. One prominent
feature was an increase in catchability in the winter, which was common to both box and snare traps. This can
be attributed to the food shortage in the winter, when there are no crops on farmlands and the nutritional
condition of wild boars is poor [56]. A food shortage leads to an extension of the home range to search for
foods [58], which may enhance the capture probability. Increased attraction to trap bait due to food shortage
may also explain the higher catchability in winter, but this applies only to box traps. Contrary to the common

trend in the winter, the catchability trends from August to November were different between box and snare
https://mc.manuscriptcentral.com/rsos R. Soc. open sci.
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traps. Catchability by box traps in July was rather high and decreased thereafter, which could be due to

1
5 abundant food resources. In particular, acorns in broad-leaf forests are abundant in the autumn. Because acorn
3 availability is negatively correlated with the consumption of other resources [59], wild boars are less likely to
8 y p y
4
5 be attracted by baits in this season. Catchability by snare traps showed a different pattern; it increased slightly
6
7 from June to November. The reason for this trend is not clear, and further work is needed to determine
g whether it is significant and meaningful.
10
11 Management implications
12
13 - . .
14 We developed a novel statistical framework using camera trapping and harvest records to uncover seasonal
15 changes in the population density, habitat preference, and trapping catchability of wild boars in Japan. Most
16 8 pop y p pping y p
17 of the observed changes could be explained by the dynamics of food availability in landscapes, the
18 8 P y y y 1%
reproductive cycle, and harvesting by humans. These results can help hunters and local policymakers
19 P Yy &by P policy
;? determine effective seasons and landscape types for trap placement.
22
23 Our results provide a basis for specific recommendations for the management of wild boar populations.
24
25 Trapping effort should be increased in the winter when catchability is high. In this season, wild boars showed
;? relatively high utilization of abandoned fields; accordingly, setting box traps around abandoned fields, with
28 daily inspection, should be prioritized. In other seasons, trapping locations can be determined based on wild
29
30 boar habitat selection. For instance, from September to October, the main habitat shifts from abandoned fields
31
32 to broad-leaf forests, and the opposite directional shift is found from November to December. The seasonal
33 atterns of habitat use and catchability may be regional and hence are not generalizable. However, such
P y may 8 8
34
35 information can be obtained by the application of our model in cases where camera trapping data and harvest
36
37 records by municipal governments are available.
38
39 One of the advantages of camera-trapping observations is that all animals passing in front of cameras are
40 8 ppmg p 8
41 detectable. We focused on the wild boar, but the methodology can be readily applied to sympatric species.
42
Moreover, camera-trapping data spanning several years make it possible to estimate demographic parameters
43 ppmg P 8 y p graphic p
2‘5" (such as survival rates) and long-term population dynamics. These technical advances will make a substantial
46 contribution to the management of wildlife that are difficult to detect by traditional methods.
47
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Figure 4 Seasonal changes in the estimated densities of juveniles (gray line) and adults (black line) . Whiskers

represent the 50% credible interval.

Figure 5 Estimated values of coefficients associated with the environmental variables. Filled symbols indicate

coefficints whose 95 % credible intervals do not overlap 0.

Figure 6 Seaonal change in estimated catchability of two types of traps (box and snare traps) in each month.

Whiskers represent the 50% credible interval.
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Appendix B

Responses to Reviewer: 1

Thank you for valuable comments. Most of them are very useful for improving our
manuscript, and we have revised it accordingly. The revised parts are indicated by red
letters in the revised manuscript. Below you can see the responses to each of your
comments.

1. I think that this manuscript is written as a standard research paper right now but has
the potential to be written up as a more methodological paper. At the moment the
authors mention that they introduce a novel statistical framework, but as reader you do
not get the feeling that this is the main focus. I would advise restructuring the
manuscript and put the main focus on the method development and using the wild boar
population as a case study. Annotations in the attached r-script can help to make it
reproducible for researchers dealing with similar topics/challenges. That will also involve
that the advantages (“simultaneous estimation”) of this novel statistical framework get
more attention. The authors mention it, but in my opinion it misses some depth an
details. It seems that the simultaneous estimation is one major advantages, but it gets
a bit lost in the biological interpretation of the case study (wild boar population). I think
that by restructuring it to a “methodological paper”, the authors can reach a much
broader audience of researchers dealing with harvest species in general.

— We had an intention that this is a methodology-oriented paper, rather than focusing
on wild boars. Nonetheless, as you pointed out, readers may feel this paper to be case
study oriented. We have rewritten the Introduction so that more general issues are
addressed. In particular, the order of paragraphs has been changed (L.23-36). The two
responses (revisions) to your comments below may also raise the impression that this
paper is methodology oriented, rather than species specific.

2. This leads me directly to the next feedback point. At the moment the authors show
that this “novel statistical framework” can be used for harvest species. But couldn’t they
expand/generalize it for species that need to be protected? The authors could also reach
conservationists by showing how this method could be used for an endangered species
for instance. Proper and reliable density estimation are also of huge importance for
endangered species.

— We agree with you, and thank you for helpful advice. Our method can be applied to
various situations, including endangered species conservation and invasive alien
management. For instance, wildlife populations in tropics are often hunted by local
people to get bushmeat, and hunting records are available. Combined with a high
resolution camera data, it is possible to know precise estimation of population densities,
which is useful for making balance between conservation and utilization. Off course our
models can be used for eradication programs of invasive aliens. These statements have

been added to the Abstract (L13-14 ), Introduction (LL68-70), and Discussion (L313—323).

3.1 am a bit concerned to what extent this model can be used by managers/researcher
that do not have harvest records/trapping data, but only rely on camera trap data for
instance. It seems that in Japan trapping records are important measure to control the
population of wild boar, however, in Europe, as I know, hunting plays most important
role and trapping is not allowed to control the population. That makes it difficult to



translate this approach to a European situation. I would advise that the authors
elaborate this issue (challenges and limitations for generalization of the statistical
framework) in a separate section of the manuscript. In addition, adding information
about a more general use will make it much more interesting to a broader public. I also
miss this aspect in the last section of the manuscript about management implications.
Can this model be used if no trapping data are available? How would I need to deal with
it?

—  Our model used trapping data indeed, but the essence of our model is to integrate
“catch-effort model” and REST model (using camera data), so it can be readily used for
any types of hunting data, including ground and aerial shooting, if effort data are
available. This means that our model is quite general for wildlife management. This sort
of statement has been added to the Discussion, along with the model’s utility for alien

species management and endangered species conservation mentioned above (1.313 —
323 ).

4. One confusing thing for the reader is that the authors switch between the terms
“harvest record” and “trapping records”. They need to be consistent with it to not confuse
the reader. In addition, it would be good to explain “harvest record” already shortly in
the introduction, since it also appears in figure 1 (in the introduction). T

o me the difference between hunting bag and harvest record was not clear in the
beginning. Defining harvest record will help the reader a lot.

— As you suggested, we have made the usage of terms being consistent. The harvest
record we used in this study is only trapping data, as the number of shot individuals
accounted for only 3% of the total number of hunted. Such a definition has been described

in M &M.

5.1 am a bit concerned about the fact that the authors did not include more age classes.
They used only juveniles (<4 months) and adults (>4 months). As mentioned in my
specific comments below, I would add yearlings because we cannot be certain that adults
and yearlings do not differ in their habitat use, activity pattern and catchability.

— From camera observation, yearlings without stripe patterns are indistinguishable from
adults, so only the two age groups (uvenile and adult) were used in this study. This
statement has been added (1.95-97).

6. I would also recommend to the authors to make clearer in the result section that the
analysis were conducted on different spatial scales. At the moment it seems that some
interpretations from the results are not correct, however, after reading carefully the
methods again it becomes clear. As an example. In the summary, the authors mention
the habitat preference of forests adjacent to abandoned fields. From the result section,
this conclusion does not become really clear, still I am certain that the analysis were
done on this.

— As you already noticed, habitat preference of wild boars was estimated from
surrounding landscape structures that are spatially broader than the local camera sites.
We have rephrased to make the meaning clearer, “landscape variables surrounding
camera sites set in forests” (I.205), and “landscape variables around camera traps”(L.219) in
the results section. The corresponding part of the abstract has also been changed; “forests
having abandoned fields nearby were generally preferred”(L9).



7. A bit a minor remark, but since it is a general remark and not mentioned in specific
minor comments: In general I would rather refer to “landscape variables” than
“environmental variables”, since environmental can be much broader and are less
specific. Landscape gives the reader a more concrete idea of what is meant.

— Done.

Minor comments:

Page 2:
L40: instead of “” — sign, I would advise a point as end of the sentence.
Done

L44: evaluated “as an example population”. I would add this to make it clearer for the
reader.
Done

L45: mainly due to harvesting
Done

L45-1.46: I do not see where this conclusion/result come from in your result section. In
your results, you do not say that forests adjacent to abandoned fields are preferred and
I don’t think that you analysed this. If you did so, please make it clear to the reader.
—As with the above response to the major comment 6, we have rephrased to become the
meaning clearer.

L47: so throughout the season? I would add this in the sentence to make it clearer to the
reader.
Done

L50: for me it sounds that attractiveness of trap bait and activity changes in response to
food scarcity is similar or at least closely related. I would rather write: ...., which
probably reflected changes in the attractiveness of the trap bait due to activity changes
in response to food scarcity.

Done.

Page 3:
L3: I advise putting keywords in alphabetical order.
Done.

L9: I would recommend mentioning some example mammal populations in brackets.
Done.

L16: I think I understand what you mean by field signs but maybe short elaboration is

better. Give an example for instance. I am not sure if field sign is the most appropriate
word here.

— Footprints and feces have been described as examples.



L27: what is the difference between hunting bag and harvest record? I would have
expected that it is the same. Thus, I would advise explaining the definition of harvest
record already in an early stage since it is also used in the title.

— We have made the usage of terms being consistent, and clarified the definition.

L41: can you elaborate a bit more which parameters for instance are estimated by the
camera trap data so that it is better to understand for a reader without the background
knowledge of the REST model?

— Population density has been added as an example.

L51: You can even put it in a broader context. Not only in Japan but worldwide wild boar
are causing damage. You could start with the fact that worldwide wild boar are causing
damage with some countries as example and then narrow down to also in Japan they are
causing damage and continue your story. That makes it maybe even more interesting for
a broader public.

Done.

L52: “As abandonment of agricultural fields increases due to human population aging,
sites preferred by wild boar, including abandoned fields and bamboo forests, have been
increasing, thereby leading to crop damage near residential areas. This sentence is not
really clear to me. It is a long sentence and a bit confusing. I would recommend
rephrasing it.

— This sentence has been split and rephrased to make it clearer (1L47-49 ).

Page 4:
L2: delete “the” in front of “environmental conditions”.
Done.

L2-1.9: that paragraph is a bit confusing to me. I think the main points you want to make
is that catchability, population size as well as habitat use change spatially and
seasonally. Because you mention the reason for two of the factors (habitat use and
population size) in between of the enumeration of the three parameters the readers gets
a bit confused. I would advise rephrasing this paragraph.

— As you pointed out, the logical flow of this paragraph was not good and unclear. We
have rewritten the paragraph to make it clearer (L47-56).

L17: Why does simultaneous estimation in a Bayesian framework results in less error?
I would recommend giving some additional explanation for this. Does not need to be long,
but one addition sentence may help to get more clarity here.

— The following sentence has been added, “because independent estimates can amplify
errors by themselves”.  (LL60-61)

L20: You mention here trapping records. I guess that this is the same as harvest records?
But that is a guess and nt really clear. I would advise using consistent words for it. And
also some additional information about it. I was wondering for instance how sure you
are about the fact that trapping by different municipalities and during different seasons



was conducted with a constant effort? If that is an assumption you have to be quite
certain about it, because I think that this can have huge impact on the results if it is not
conducted with constant effort. Otherwise it might be really similar to hunting bag? 1
see now that you mention the trapping effort in the methods. That’s good, but I would
say, make sure that the reader knows here already that you take different trapping effort
into account. Simply one short additional sentence should be enough.

— The following information on the harvest records has been added “mainly number of
trapped individuals and trapping effort” in the introduction part (L66).

1.24-1.29: T would rephrase this last part of the introduction. At the moment it feels a bit
lost from the earlier paragraph. I would recommend something like: “Based on seasonal
dynamics of the three parameters, we proposed an effective trapping strategy for sites
and timing of trap placement on a landscape level for an example study area in the
southern part of Chiba prefecture, central Japan.” By simply switching first and last part
of your paragraph it better links to the earlier paragraph.

Done

Page 5:

L1: There seems to be a clear distinction between hunting and trapping. I think that this
needs to be clearer for the reader at an early stage. I start now understanding that there
1s a difference, but it can be much easier for the reader if it is explained clearly at the
beginning of the manuscript. I think that it namely not so common to have trapping (as
you define it) next to hunting methods for wild boar control. At least not in Europe. Thus,
I guess that European readers may be a bit confused here.

— As with the earlier responses, we have made the usage of terms being consistent, and
clarified the definition. (166, 87-88)

L6-L11: I think that you can better combine those two sentences. Now it seems a bit that
you rephrase the same sentence again.
Done.

L14: If I understand correctly you distinguished between juveniles (0-4 months) and
adults (>4months). Wouldn’t you expect differences in catchability and habitat use
between piglets (<13 months), sub-adults/yearlings (13-24 months old individuals) and
adults (>24 months old individuals) as well? I understand if the distinction of other age
classes only on camera traps is not possible but I think that it is important to mention
this possible limitation of the study here.

—The limitation of distinguishing yearlings using camera traps has been described, as
mentioned in the response to major comment 6.

L21: where the camera traps randomly distributed throughout the area? I guess so
because you used the Rowcliffe method, but I don’t see that you mention it in this
paragraph.

Done

L35: “The environmental variable was based on land use data...” add “was based” to
your sentence.
Done



L37: add “average” home range? That is probably more appropriate.
Done.

L45: T think that it is clearer if you write “... six landscape elements...” instead of “six
environmental elements”.
Done.

L60: see my comments on the age classes before. I think some additional explanation is
necessary why you did not distinguish between yearlings and adults as well. Especially
when you have trapping data more than only the two age classes you distinguish may be
available.

— Yearlings are not always distinguishable for some individuals due to rapid body

growth in Japan. Even more important is to match the trapping data with camera data.

Page 6:
L9: replace “rest were” by “remaining percentage was”.
Done.

L29: what is the distribution of the staying time? is there a lot of variation? I would like
to see a histogram of the staying time variable in the supplementary material.

— added as a supplementary information (S4).

Page 8:
L17: Put posterior distributions in the supplemental material please.

—added as a supplementary information (S6).

L28: rather than “environmental variables”, I would name it “landscape variables”. That
1s more precise and clearer to the reader.
Done.

L39-41: I would put those two lines in the methods instead of in the results.
Done.

Page 9:

L27: “simultaneous estimation”. Is that one of the major advantages of this
technique/tool that you used here? If so, I would make that clear to the reader. At the
moment it pops up in the title and her in the first sentence of discussion, but to me it is
not really clear if that is an important point or not. Needs some clarification here. Ok, I
see now in the next sentences of the discussion that you mention the advantages. I would
already see those points in the introduction (when elaborating the problem).

—1I have already descried a brief explanation in the introduction part.

L29: delete “quite” in sentence “quite useful”. It is useful!
Done.

L40: I miss a bit more in-depth detail about how exactly this methods shows advantages.
Why and how are parameter estimates more reliable?



— We agree “more reliable” is not appropriate here. Now rephrased as follows,

“Considering seasonal fluctuations, we seemed to have obtained reasonable estimates of
population density”.(1.245)

L45: refer to the reports. How do we know what is the “correct” density? How do we know
if those estimates are more reliable than others, which are also estimated? That is not
explained enough here and should be more convincing.

— We have removed the phrase of the more precise estimates in comparison to
previous reports.

L60: can you add and overview of number of cameras in each landscape element in the
study area (in supplemental material) so that you can underline your word “mainly” by
a number/percentage. That makes your sentence more convincing.

— “Mainly” was actually incorrect, and reworded as “all”.

Page 10:
L4: ON average. Not “in average”.
Done.

Page 11:
L20: Can you also mention management implications for countries that do not use
trapping as control measure for the population?

— The applicability of our model to any types of hunting data, including shooting data,
has described in the paragraph. (L313-316)

L39-L46: As mentioned in my general comments, you can put much more focus on this
last paragraph in your introduction and make it much more interesting for a broader
public.

— We have described the general focus of our study, with two sentences, in the
introduction part (1.23-25, 68-70).

Page 12:
L10: reference nr 17 poplationabundance should be two separate words.
Done.

Page 15:

Figure 1: What are the boxes and circles indicating? Mention it in the figure description.
I anyway need some addition explanation for figure 1. When you only read the
introduction where the first time is referred to figure 1 and by having only those
information from introduction and figure description it is difficult to understand the
figure. For instance, what is meant with density/mesh? I would advise either give
additional explanation in introduction and/or figure description or make an easier
graphical representation for the introduction.

— We have revised the figure and added detailed description in the figure legend to
make the meaning clearer. The framework includes estimated parameters (circles) and



data (rectangles) at three different spatial scales (camera site, approximate home range, and
management unit). We believe the new figure becomes much easier to understand.

Page 16:

L 50: Figure 4: is juvenile density never below adult density or not visible in month
December-April for the juveniles because it lies below the density of the adults? If the
latter is the case I would advise to use lines instead of filling the surface. Wouldn’t be
nicer to add also the bars in the two different colors (light and dark grey) for the two age
classes? What is the reason to use the 50% credible interval and not a 95% confidence
interval or a standard error?

— This is actually a stacked area graph, rather than line graph with filled area. No
juveniles were observed from December to March. Such explanation has been added in
the figure legend. Since we used Bayesian estimation of population density, “credible
intervals” are more appropriate. 50% credible intervals are often used in applied studies,
such as fisheries management, epidemiology, and climatic predictions. This is because
the aims are parameter estimation, not statistical testing. As we want to know seasonal
trends in population density and trap catchability, we used 50% credibility intervals. For
estimating environmental preference (Fig. 6), we used 95% credible intervals, as we want
to know whether forests with a particular land-cover nearby are preferred more than
just a chance.

Page 17:

L20: put the x-axis with the month at the bottom (at y=-1 for instance) so that it is easier
to read and not all the months names are below the lines and points. This makes the
graph a bit confusing.

Done.

L54: “throughout the year” instead of “through a year”.
Done.

Supporting information:

L14: typing error: “monitoring”.
Done

L20: Fig. S4: b) y axis is entitled with number of videos with two most left graphs, but
has frequency on y-axis for the two most right and two central graphs. I think that you
should remove the “frequency” on the y-axis, as it is also removed in (a). I don’t
understand in the figure description what you mean with y-values of circular points in
the figures. I don’t see any circular points.

— We have removed the description of circular points.

L26: In reference Rowcliffe et al, (2014) is missing.
Done



Responses to Reviewer: 2
Thank you for valuable comments. The revised parts are indicated by red letters in the
revised manuscript. Below you can see the responses to each of your comments.

I have found you work timely and interesting. My main concern is the potential
pseudorreplication in your experimental design. I think that the incorporation of the
camera id as a random term (e.g., intercept), will improve your Bayesian modelling
preventing from getting spurious effects (see, Paul-Christian Biirkner. 2020. Package
‘brms’ 2.12.0 version).

— Thank you for the comment. We agree that pseudoreplication may be an important

issue in the analyses of spatial data. However, the current model should have already
considered the possible random effects at camera stations. We assume that the number
of videos captured by camera traps follows a negative binomial distribution, which is
equivalent to the Poisson distribution with gamma random effects. Although we did not
consider the random effects in the staying time, our preliminary analyses based on WAIC
model selections suggest that models accounting for the effect were mostly not better
than those without it, as shown below. In the manuscript, we added the explanations in
Line 152-154, 163.

Table. Values of WAIC (Watanabe-Akaike widely applicable information criterion,
Watanabe 2013) after fitting log-normal distribution with and without random effect
at camera stations to the staying time. Minimum values are shown in bold.

No. Age Year Month With Without
random random
effect effect

1 Adult 2018 6 280.0 267.3

2 Adult 2018 7 292.7 270.4

3 Adult 2018 8 259.5 264.0

4 Adult 2018 9 261.1 247.7

5 Adult 2018 10 251.6 238.5

6 Adult 2018 11 318.2 293.2

7 Adult 2019 12 309.5 283.1

8 Adult 2019 1 289.4 282.7

9 Adult 2019 2 298.8 289.8

10 Adult 2019 3 267.9 268.5

11 Adult 2019 4 275.8 267.8

12 Adult 2019 5 286.5 276.0

13 Juvenile 2018 6 259.8 256.5

14 Juvenile 2018 7 297.8 283.6

15 Juvenile 2018 8 279.3 263.7

16 Juvenile 2018 9 272.2 271.2

17 Juvenile 2018 10 103.2 99.3

18 Juvenile 2019 5 115.7 112.3

Other minor comments have been included in the pdf.

— The first comment is not relevant, as this sentence describes wildlife issues in general,

and citing references of deer is not out of place. The second comment is about the range
expansion of wild boars in urban areas. This has been briefly touched.(LL35-36)



Appendix C

Responses to the comments

Thank you for the comments.

I have revised the final manuscript as follows.

Minor comments:

Page 13:

Line 38: make clear that the reader understands the novelty of this approach. You say that it
accounts for spatial and temporal heterogeneity in detectability. Maybe it would be good to add
one sentence that in the previous approaches, this has not been done. I see that this is what you
want to make say, but I would state it in an additional sentence.

— The following sentence has been added, “Since earlier methods assumed simple situations

with no spatial structures of densities,”

Page 17:
Line 20: Put the table that you used as response to the comment from reviewer 2 in the
supplement as well and refer to it here.

— The table has been added to the supplementary file (table S1).

Page 22:
Line 27: What do you mean with “in separation”? seperately is maybe a better word?

— Changed as “with single density proxy or multiple proxies used separately”

Line 29: You say that the density estimates become much more precise. Is it precise? Or do you
mean accurate? You state it but you did not test (statistically) if the results are more
precise/accurate right? I would rephrase this sentence a bit to reduce the chance of
misinterpretation by the reader.

— Changed to “unbiased”

Line 30: Off course our models can also be used for eradication...”. Add also in the sentence for
clarity.

— “Off course” has been deleted and “Other than species conservation” has been added instead.





