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Abstract: Ecologically, potential bioindicator taxa operate at different scales within agricultural
ecosystems, and thereby provide a means to investigate the influence of changing management
practice on biological diversity at different scales within the agro-ecosystem. Surveys of grassland
plant species at field level, parasitoid Hymenoptera at the field and farm scale, and bird populations
and habitats at farm scale were carried out on 119 grass-based farms across three regions in the
Republic of Ireland. In addition, habitat richness and aquatic macroinvertebrates were quantified at
landscape scale. Agricultural intensity on the surveyed farms was quantified by mean farm stocking
rate, calculated as livestock units per ha (LU/ha), and generalized linear mixed models used to evaluate
relationships between stocking rate and the incidence of chosen bioindicator groups. Field scale
bioindicators (plant species richness and parasitoid taxon richness and abundance) were negatively
associated with mean farm stocking rate. Over much of its observed range, mean farm stocking rate
was positively associated with total bird species richness and abundance, and the species richness and
abundance of Farmland Bird Indicator species recorded in the winter season. However, these
relationships were quadratic, and above a relatively high upper limit of 2.5-3.5 LU/ ha, further increase
in farm stocking rate had a negative influence. Results demonstrate that different bioindictors
measured at different spatial scales vary in their response to agricultural intensity. The lack of a
consistent bioindicator response to farm stocking rate suggests that within predominantly farmed
regions, maximising biodiversity requires a careful targeting and monitoring with bioindicator taxa
that are informative of influences at relevant operational scales. The insights provided may then be
much more informative for the design and implementation of agri-environment measures that
maximise biodiversity within farmed landscapes.

Response to Reviewers: Dear Prof. Dr. Felix Miiller
Thank you for your email of the 27nd November and the reviewers comments on our submission. In
revising the MS as you suggested, we have tried to attend to the important and extremely useful

comments. In response individual comments of the reviewers are listed below.

Reviewer #1:



The authors have performed a timely analysis, which is extremely useful in the context of the
interaction of agricultural land use intensity, biodiversity and landscape structure etc.

Please let me highlight some elements which (besides the important general indicator results) I found
particularly worth mentioning:

a) The methodology applied seems very adequate to me, as indicators have been selected which indeed
cover different spatial scales and thus are suitable to show the variability of responses to agricultural
intensity.

b) The selection process for the research sites seems very appropriate and the sheer number of areas
investigated is impressive and gives confidence in the findings.

While in principal I like the manuscript very much, let me just the same make a few suggestions for
modifications and/or adjustments:

a) The justification of the selection of the taxa investigated could still be a bit improved. There are also
quite a number of other groups which often are used as indicators of agricultural systems and which
e.g. are much easier to assess than e.g. parasitoids (which might be a suitable indicator in terms of
scientific analysis, but much less so in everyday application of indicators; e.g. in rice ecosystems in Asia
- within a project called LEGATO www.legato-project.net - we presently check for the suitability of
bees as indicators for parasitoids, which are a core component of the functioning of agro-ecosystems);
such groups are e.g. butterflies, bees, grasshoppers. If you could elaborate a bit on this I think it would
be a good addition.

An additional sentence has been included to acknowledge that there are other bioindictors within
agricultural ecosystems (106-108). As there is a paragraph (Line 66-79) dedicated to the identification
of bioindicators within agricultural ecosystems we feel this highlights the Reviewer’s point without
going into too excessive detail.

b) While for the birds you present a quite interesting interpretation of the findings you made, you did
not do so for the other groups. E.g. for the parasitoids it would also be nice to have some more insights
into the kind of parasitoids you found - [ mean their functional relationship to the system. Maybe in
some cases you have good indications of the hosts concerned and their relationship to the grassland
systems (via the food web in which they are imbedded?)

The reason for the detailed analyses of the winter bird community response was to investigate if it was
solely the general community that responded in a quadratic manner to stocking rate or was the
response also visible in the farmland indicator species. A more thorough investigation of the
relationship between some of the taxa (e.g. parasitoids and plants) and stocking rate is ongoing and
will be the subject of research future output.

c) Would be careful with a statement like: ".. first attempt to integrate information regarding such a
wide range of indicators that operate at a range of scales within an agricultural landscape" (page 5
bottom). I think there are numerous studies especially in the more agriculture related domain, which
also integrate quite some ranges of indicators (albeit different ones than her - and with less focus on
biological ones)

The biological aspect to the research has been focused upon in the change included. This statement can
be reworded or removed at the Reviewer’s discretion. However, we feel it appropriate to emphasise
the taxa operating at different biological scales presented in this MS.

d) line 175 must read ".. carried OUT within..", or ?
Done.



e) How did you assess that species are "not interacting with fields or field boundaries"? (page 8
bottom)

This statement is to differentiate between raptor species, which were hunting over fields and field
boundaries, and other bird species flying overhead. Raptors hunting over fields and field boundaries
were included in the counts but other species were not. A reference has been included, Perkins et al.
2000, where this method has been employed in a previous study.

f) line 298: 287 species is quite exact for an approximation, I would rather say 300 then.
Done

g) A more thorough elaboration of the indicator discussion at the end of the manuscript might make it
even more appropriate for the Journal you have selected; e.g. discussing the differences in choice of
indicators compared to other studies, or e.g. the HANPP concept which is the background of the Haberl
et al. publication(s) and which could deserve more discussions especially in the context of your bird
data.

A Conclusion section has been added in relation to the scale of at which biodiversity is measured.

While having raised some critical points. Let me tell you, that I like your paper very much; there is a
good concept behind (as e.g. summarized in table 1) and you moved into a very relevant field of
research given the contemporary discussions on agriculture, biodiversity and ecosystems.

REVIEW (This part will also be sent to the author):

1. Does the subject of the paper fall within the scope of the journal?
YES

2.Is it a new and original contribution? (not applicable for review articles)
YES

3. Does the paper support the progress in indicator development or does it provide interesting and
new indicator applications?
YES

4. Are the interpretations and conclusions sound, justified by the data and consistent with the
objectives?
YES

If the answers are positive, please continue with the following items:

5. Does the title of this paper clearly reflect its content?
YES

6. Is the abstract sufficiently informative especially when read in isolation?
YES

7. Are the keywords informative and appropriate?

YES

comments: [ would add "habitat heterogeneity" or something similar to the list
Habitat heterogeneity has been added to the keywords.

8. Is the statement of objectives of the paper adequate and appropriate in view of the subject matter?
YES



9. Are the methods exposed correctly and sufficiently informative to allow replications of the research?
YES

10. Are the statistical methods used correctly and adequate?
YES (as far as I can judge, but that's not my field of expertise any longer)

11. Are the results clearly presented?
YES

12.Is the article structured in agreement with the guidelines for authors? Is the organization of the
article satisfactory?

YES (for the organization; [ don't care about the agreement with the guidelines for authors, as [ don't
regard this as a task for a referee)

13. Does the content justify the length of the article?
YES

14. Are the illustrations and tables all necessary, complete, clearly presented, and are the captions
adequate and informative?
YES

15. Are the references adequate and in agreement with the Guide for Authors?
YES (for adequacy; I don't care about the agreement with the guide for authors, as I don't regard this as
a task for a referee)

16. Is the quality of the English satisfactory and understandable for a multidisciplinary and
multinational readership?
YES (I assume that the authors are native speakers anyhow)

Reviewer #2:

Dear Author/Authors,
First let me apologize for the delay in the review process caused by the birth of my baby girl. I found
the work well written and organized.

The concept of scale presented needs some clarification in the text: you are changing the "support
region" or dimension/scale of the sampling area and thus of the aereal/spatial value of the information
provided. Such information is compared or tries to explain a single scale measure, the LU/ha. My
suggestion is to better address the implications of such comparison as you are moving along the
boundaries of the "MAUP problem" (Dennis E. Jelinski and Jianguo Wu, 1996."The modifiable areal unit
problem and implications for landscape ecology", Landscape Ecology vol. 11 no. 3 pp 129-140.) But it
seems without noticing it. Furthermore it would be important to stress even more the message that a
single scale-measure may be biased. An integrated multiscale index could be better able to provide a
complete description of the complex reality behind an agricultural landscape. Please consider as an
example the paper "Zaccarelli, N., K. Riitters, I. Petrosillo and G. Zurlini,. 2008.

Indicating disturbance content and context for preserved areas, Ecological Indicators 8: 841-853".

Another point is the use of LU/ha is justified for the case study, and can be generalized to other
countries. But it is important to note that there are agricultural landscapes, like the Mediterranean
ones, dominated by arable lands or permanent cultivations (like olive groves in South Italy), where the



identified relationships may not hold. This aspect could be better discussed or transferred in the
conclusions.

For the "Conclusions" section, it would be great to consider the possibility of adding some
recommendations for further researches and for indicators for policy agencies;

All of the above points have been considered. Our findings have been put in context Line 326-330. A
Conclusion section has been added with specific reference to the recommended papers and
recommendations for research and policy makers Line 429-448.

Please, change (page.line = p.1.):

-p.3.1.47 "NW" with "North-West"

- p.6.1.137 add a space between 1x1 and m

- p.6.1.138/9 add a space between 10 and m
-p.7.1.140 add a space between 1.5 and m and 20 and m
-p.7.1.151 add a space between 20 and m

-p.7.1.156 add a space between 1 and m

- p.7.1.157 add a space between 1.5 and m

- p.7.1.158 add a space between 10 and m

- p.8.1.166 add a space between 1.5 and m

- p.8.1.168 add a space between 2 and km

- p.8.1.185 add a space between 1 and km, 10 and km
- p.8.1.186 add a space between 1 and km, 10 and km
-p-13.1.292 change K of kilometers into small k
-p.13.1.294 add a space between 1 and km
-p-13.1.300 change K of kilometers into small k

Done

REVIEW (This part will also be sent to the author):

1. Does the subject of the paper fall within the scope of the journal?
YES
If no, comments:

2.Is it a new and original contribution? (not applicable for review articles)
YES
If no, comments:

3. Does the paper support the progress in indicator development or does it provide interesting and
new indicator applications?

YES

If no, comments:

4. Are the interpretations and conclusions sound, justified by the data and consistent with the
objectives?

YES

If no, comments:

But it would be better to have a dedicated section to "Conclusions" and one for the discussion. Please
consider the suggestion I made for the conclusion and discussion.

A Conclusion section has been added Line 429-448.



5. Does the title of this paper clearly reflect its content?
YES
If no, comments:

6. Is the abstract sufficiently informative especially when read in isolation?
YES
If no, comments:

7. Are the keywords informative and appropriate?
YES
If no, comments:

8. Is the statement of objectives of the paper adequate and appropriate in view of the subject matter?
YES but.

If no, comments:

The main focus of the work is on data analysis (a really extensive work of field sampling and data
collection!), and it moves from the underlying assumption of a possible negative effect of LU/ha on
biodiversity indicators for different scales (or aggregation units). So there is no real "examination" (cfr.
Paper p.5.1.110) of the assumption of "[.]Jthat increased stocking rate, has an invariably negative
influence [.]". I think the Authors/Authors should soften such point. And at the same time the
Authors/Authors should better discuss the implication of such hypothesis in the discussion section, by
providing some insight on other realities not dominated by grassland landscapes (such as
Mediterranean crop/arable lands).

This sentence has been removed. In addition, the results have been put in context in the first paragraph
of the Discussion Line 326-330.

9. Are the methods exposed correctly and sufficiently informative to allow replications of the research?
YES
If no, comments:

10. Are the statistical methods used correctly and adequate?
YES
If no, comments:

11. Are the results clearly presented?
YES
If no, comments:

12. Is the article structured in agreement with the guidelines for authors? Is the organization of the
article satisfactory?

NO

If no, comments:

[t is lacking the "Conclusions" section. This section can start from p.19.1.421.

A Conclusion section has been added Line 429-448.

13. Does the content justify the length of the article?

YES

If no, comments:

14. Are the illustrations and tables all necessary, complete, clearly presented, and are the captions
adequate and informative?
NO



If no, comments:

Figure 2 seems not very effective in the context of the discussion. I believe it could be dropped without
harming the paper in its present form. The figure is not pointing to possible mechanisms, feedback
loops or tradeoffs from "Agriculture” to "Enhanced bird populations” (and not that it is a different
concept from birds biodiversity). There is no arrow from birds to agriculture.

Figure 2 has been removed and all references to it within the Text.

15. Are the references adequate and in agreement with the Guide for Authors?

YES

If no, comments:

16. Is the quality of the English satisfactory and understandable for a multidisciplinary and
multinational readership?

YES

If no, comments:

We again would like to thank you for your considerable help in this process.

Sincerely,

Barry



Response to Reviewers

Dear Prof. Dr. Felix Miller

Thank you for your email of the 27" November and the reviewers comments on our
submission. In revising the MS as you suggested, we have tried to attend to the important and
extremely useful comments. In response individual comments of the reviewers are listed
below.

Reviewer #1:

The authors have performed a timely analysis, which is extremely useful in the context of the
interaction of agricultural land use intensity, biodiversity and landscape structure etc.

Please let me highlight some elements which (besides the important general indicator results)
| found particularly worth mentioning:

a) The methodology applied seems very adequate to me, as indicators have been selected
which indeed cover different spatial scales and thus are suitable to show the variability of
responses to agricultural intensity.

b) The selection process for the research sites seems very appropriate and the sheer number
of areas investigated is impressive and gives confidence in the findings.

While in principal I like the manuscript very much, let me just the same make a few
suggestions for modifications and/or adjustments:

a) The justification of the selection of the taxa investigated could still be a bit improved.
There are also quite a number of other groups which often are used as indicators of
agricultural systems and which e.g. are much easier to assess than e.g. parasitoids (which
might be a suitable indicator in terms of scientific analysis, but much less so in everyday
application of indicators; e.g. in rice ecosystems in Asia - within a project called LEGATO
www.legato-project.net - we presently check for the suitability of bees as indicators for
parasitoids, which are a core component of the functioning of agro-ecosystems); such groups
are e.g. butterflies, bees, grasshoppers. If you could elaborate a bit on this I think it would be
a good addition.

An additional sentence has been included to acknowledge that there are other
bioindictors within agricultural ecosystems (106-108). As there is a paragraph (Line 66-
79) dedicated to the identification of bioindicators within agricultural ecosystems we

feel this highlights the Reviewer’s point without going into too excessive detail.

b) While for the birds you present a quite interesting interpretation of the findings you made,
you did not do so for the other groups. E.g. for the parasitoids it would also be nice to have
some more insights into the kind of parasitoids you found - | mean their functional
relationship to the system. Maybe in some cases you have good indications of the hosts
concerned and their relationship to the grassland systems (via the food web in which they are
imbedded?)

The reason for the detailed analyses of the winter bird community response was to
investigate if it was solely the general community that responded in a quadratic manner



to stocking rate or was the response also visible in the farmland indicator species. A
more thorough investigation of the relationship between some of the taxa (e.g.
parasitoids and plants) and stocking rate is ongoing and will be the subject of research
future output.

c) Would be careful with a statement like: ".. first attempt to integrate information regarding
such a wide range of indicators that operate at a range of scales within an agricultural
landscape" (page 5 bottom). I think there are numerous studies especially in the more
agriculture related domain, which also integrate quite some ranges of indicators (albeit
different ones than her - and with less focus on biological ones)

The biological aspect to the research has been focused upon in the change included. This
statement can be reworded or removed at the Reviewer’s discretion. However, we feel it
appropriate to emphasise the taxa operating at different biological scales presented in
this MS.

d) line 175 must read ".. carried OUT within..", or ?

Done.

e) How did you assess that species are "not interacting with fields or field boundaries"? (page
8 bottom)

This statement is to differentiate between raptor species, which were hunting over fields
and field boundaries, and other bird species flying overhead. Raptors hunting over
fields and field boundaries were included in the counts but other species were not. A
reference has been included, Perkins et al. 2000, where this method has been employed
in a previous study.

f) line 298: 287 species is quite exact for an approximation, I would rather say 300 then.

Done

g) A more thorough elaboration of the indicator discussion at the end of the manuscript might
make it even more appropriate for the Journal you have selected; e.g. discussing the
differences in choice of indicators compared to other studies, or e.g. the HANPP concept
which is the background of the Haberl et al. publication(s) and which could deserve more
discussions especially in the context of your bird data.

A Conclusion section has been added in relation to the scale of at which biodiversity is
measured.

While having raised some critical points. Let me tell you, that | like your paper very much;



there is a good concept behind (as e.g. summarized in table 1) and you moved into a very
relevant field of research given the contemporary discussions on agriculture, biodiversity and
ecosystems.

REVIEW (This part will also be sent to the author):

1. Does the subject of the paper fall within the scope of the journal?
YES

2. Is it a new and original contribution? (not applicable for review articles)
YES

3. Does the paper support the progress in indicator development or does it provide interesting
and new indicator applications?
YES

4. Are the interpretations and conclusions sound, justified by the data and consistent with the
objectives?
YES

If the answers are positive, please continue with the following items:

5. Does the title of this paper clearly reflect its content?
YES

6. Is the abstract sufficiently informative especially when read in isolation?
YES

7. Are the keywords informative and appropriate?
YES
comments: | would add "habitat heterogeneity" or something similar to the list

Habitat heterogeneity has been added to the keywords.

8. Is the statement of objectives of the paper adequate and appropriate in view of the subject
matter?
YES

9. Are the methods exposed correctly and sufficiently informative to allow replications of the
research?

YES

10. Are the statistical methods used correctly and adequate?



YES (as far as | can judge, but that's not my field of expertise any longer)

11. Are the results clearly presented?
YES

12. Is the article structured in agreement with the guidelines for authors? Is the organization
of the article satisfactory?

YES (for the organization; | don't care about the agreement with the guidelines for authors, as
| don't regard this as a task for a referee)

13. Does the content justify the length of the article?
YES

14. Are the illustrations and tables all necessary, complete, clearly presented, and are the
captions adequate and informative?
YES

15. Are the references adequate and in agreement with the Guide for Authors?
YES (for adequacy; | don't care about the agreement with the guide for authors, as | don't
regard this as a task for a referee)

16. Is the quality of the English satisfactory and understandable for a multidisciplinary and
multinational readership?
YES (I assume that the authors are native speakers anyhow)

Reviewer #2:

Dear Author/Authors,
First let me apologize for the delay in the review process caused by the birth of my baby girl.
| found the work well written and organized.

The concept of scale presented needs some clarification in the text: you are changing the "support
region" or dimension/scale of the sampling area and thus of the aereal/spatial value of the information
provided. Such information is compared or tries to explain a single scale measure, the LU/ha. My
suggestion is to better address the implications of such comparison as you are moving along the
boundaries of the "MAUP problem" (Dennis E. Jelinski and Jianguo Wu, 1996."The modifiable areal
unit problem and implications for landscape ecology”, Landscape Ecology vol. 11 no. 3 pp 129-140.)
But it seems without noticing it. Furthermore it would be important to stress even more the message
that a single scale-measure may be biased. An integrated multiscale index could be better able to
provide a complete description of the complex reality behind an agricultural landscape. Please
consider as an example the paper "Zaccarelli, N., K. Riitters, I. Petrosillo and G. Zurlini,. 2008.
Indicating disturbance content and context for preserved areas, Ecological Indicators 8: 841-853".



Another point is the use of LU/ha is justified for the case study, and can be generalized to other
countries. But it is important to note that there are agricultural landscapes, like the Mediterranean
ones, dominated by arable lands or permanent cultivations (like olive groves in South Italy), where the
identified relationships may not hold. This aspect could be better discussed or transferred in the
conclusions.

For the "Conclusions” section, it would be great to consider the possibility of adding some
recommendations for further researches and for indicators for policy agencies;

All of the above points have been considered. Our findings have been put in context
Line 326-330. A Conclusion section has been added with specific reference to the
recommended papers and recommendations for research and policy makers Line 429-
448,

Please, change (page.line = p.1.):

- p.3.1.47 "NW" with "North-West"

- p.6.1.137 add a space between 1x1 and m

- p.6.1.138/9 add a space between 10 and m

- p.7.1.140 add a space between 1.5 and m and 20 and m
- p.7.1.151 add a space between 20 and m

- p.7.1.156 add a space between 1 and m

- p.7.1.157 add a space between 1.5 and m

- p.7.1.158 add a space between 10 and m

- p.8.1.166 add a space between 1.5 and m

- p.8.1.168 add a space between 2 and km

- p.8.1.185 add a space between 1 and km, 10 and km
- p.8.1.186 add a space between 1 and km, 10 and km
-p.13.1.292 change K of kilometers into small k
-p.13.1.294 add a space between 1 and km
-p.13.1.300 change K of kilometers into small k

Done
REVIEW (This part will also be sent to the author):

1. Does the subject of the paper fall within the scope of the journal?
YES
If no, comments:

2. Is it a new and original contribution? (not applicable for review articles)
YES

If no, comments:

3. Does the paper support the progress in indicator development or does it provide interesting



and new indicator applications?
YES
If no, comments:

4. Are the interpretations and conclusions sound, justified by the data and consistent with the
objectives?

YES

If no, comments:

But it would be better to have a dedicated section to "Conclusions™ and one for the
discussion. Please consider the suggestion | made for the conclusion and discussion.

A Conclusion section has been added Line 429-448.

5. Does the title of this paper clearly reflect its content?
YES
If no, comments:

6. Is the abstract sufficiently informative especially when read in isolation?
YES
If no, comments:

7. Are the keywords informative and appropriate?
YES
If no, comments:

8. Is the statement of objectives of the paper adequate and appropriate in view of the subject
matter?

YES but.

If no, comments:

The main focus of the work is on data analysis (a really extensive work of field sampling and
data collection!), and it moves from the underlying assumption of a possible negative effect
of LU/ha on biodiversity indicators for different scales (or aggregation units). So there is no
real "examination" (cfr. Paper p.5.1.110) of the assumption of "[.]Jthat increased stocking
rate, has an invariably negative influence [.]". | think the Authors/Authors should soften
such point. And at the same time the Authors/Authors should better discuss the implication of
such hypothesis in the discussion section, by providing some insight on other realities not
dominated by grassland landscapes (such as Mediterranean crop/arable lands).

This sentence has been removed. In addition, the results have been put in context in the
first paragraph of the Discussion Line 326-330.

9. Are the methods exposed correctly and sufficiently informative to allow replications of the
research?



YES
If no, comments:

10. Are the statistical methods used correctly and adequate?
YES
If no, comments:

11. Are the results clearly presented?
YES
If no, comments:

12. Is the article structured in agreement with the guidelines for authors? Is the organization
of the article satisfactory?

NO

If no, comments:

It is lacking the "Conclusions" section. This section can start from p.19.1.421.

A Conclusion section has been added Line 429-448.

13. Does the content justify the length of the article?
YES
If no, comments:

14. Are the illustrations and tables all necessary, complete, clearly presented, and are the
captions adequate and informative?

NO

If no, comments:

Figure 2 seems not very effective in the context of the discussion. | believe it could be
dropped without harming the paper in its present form. The figure is not pointing to possible
mechanisms, feedback loops or tradeoffs from "Agriculture™ to "Enhanced bird populations™
(and not that it is a different concept from birds biodiversity). There is no arrow from birds to
agriculture.

Figure 2 has been removed and all references to it within the Text.

15. Are the references adequate and in agreement with the Guide for Authors?
YES
If no, comments:

16. Is the quality of the English satisfactory and understandable for a multidisciplinary and
multinational readership?

YES

If no, comments:



We again would like to thank you for your considerable help in this process.
Sincerely,

Barry
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ABSTRACT

Ecologically, potential bioindicator taxa operate at different scales within agricultural
ecosystems, and thereby provide a means to investigate the influence of changing management
practice on biological diversity at different scales within the agro-ecosystem. Surveys of
grassland plant species at field level, parasitoid Hymenoptera at the field and farm scale, and
bird populations and habitats at farm scale were carried out on 119 grass-based farms across
three regions in the Republic of Ireland. In addition, habitat richness and aquatic
macroinvertebrates were quantified at landscape scale. Agricultural intensity on the surveyed
farms was quantified by mean farm stocking rate, calculated as livestock units per ha (LU/ha),
and generalized linear mixed models used to evaluate relationships between stocking rate and
the incidence of chosen bioindicator groups. Field scale bioindicators (plant species richness
and parasitoid taxon richness and abundance) were negatively associated with mean farm
stocking rate. Over much of its observed range, mean farm stocking rate was positively
associated with total bird species richness and abundance, and the species richness and
abundance of Farmland Bird Indic