Sensitivity of tropical woodland savannas to EI Nifio droughts

Referee #1

Originality and significance

The manuscript titled “Sensitivity of tropical woodland savannas to El Nifio droughts”
provides an ecosystem-level analysis of the effects of the strongest El Nifio event on
record on the biomass productivity of two vegetation types (Cerrado and Cerraddo) in
the Brazilian Cerrado. The study synthesizes approximately eight years of productivity
data, some of which were collected at an intra-annual frequency. This research is
valuable as it expands our understanding of a critically important and endangered biome
in South America.

Response: Thank you for your thoughtful and positive feedback. We have carefully
considered the comments raised in this review and have made revisions throughout our
manuscript to address each point.

General comments

Overall, the manuscript is well-written, though certain sections could benefit from
further clarification, and organizing content into subsections may help enhance
readability. For example, the discussion is currently presented as a single section that
addresses multiple aspects of ecosystem productivity: stems, canopy, fine root
production, biomass allocation, and ecosystem-level NPP. The authors might consider
restructuring these sections to better highlight their results. This suggestion also applies
to the results section. Additionally, some passages could be refined to improve clarity,
and certain sentences might benefit from adjustments in English style and grammar to
enhance overall readability. Some of my general comments include:

Response: Thank you very much for your positive and constructive feedback. We
appreciate your suggestions on improving clarity and readability by introducing
subsections within the results and discussion sections. We agree that this restructuring,
particularly within the discussion on ecosystem productivity, will help better highlight
key findings and make the manuscript more accessible.

In line with your recommendation, we will also refine certain passages and make
adjustments in style and grammar to enhance overall readability. We are confident that
these revisions will significantly improve the manuscript, and we are grateful for your
guidance in achieving this.

e Introduction & main hypothesis: What are the expected differences in how
these plant communities respond to ENSO events, and what are the underlying
reasons for these differences? The introduction currently lacks sufficient
information to propose a well-developed hypothesis in this direction. It mainly



describes basic characteristics of the plant communities without clearly linking
this information to the research objectives, making it difficult for the reader to
grasp the relevance of these details. A critical missing element is a discussion on
biomass allocation patterns in response to drought and their significance for
productivity in the Cerrado, which is essential given that much of the discussion
revolves around these patterns. Additionally, a more nuanced description of
physiological differences beyond those briefly mentioned in lines 85-96 could
better illustrate how these differences influence sensitivity to climate change,
providing stronger context for the study’s hypotheses. Addressing these gaps
would require a comprehensive revision and restructuring of the introduction,
including clearer research questions. Breaking down the introduction, results,
and discussion into distinct sections could also improve the flow and clarity of
the manuscript.

Response: Thank you very much for your detailed suggestions. We will restructure the
introduction to provide a more comprehensive overview of biomass allocation patterns,
particularly in relation to drought conditions and productivity in the Cerrado. We
recognise the importance of these patterns for understanding the research findings and
will aim to highlight their significance more effectively. Furthermore, we will expand
on the physiological differences between plant communities, going beyond the initial
description in lines 85-96, to better contextualise the anticipated sensitivities of these
communities to climate change.

We note, however, that there is currently very limited information available on the
effects of ENSO specifically on the Cerrado, which restricts our ability to elaborate in
this area fully. Nevertheless, we will incorporate as much relevant information as
possible to strengthen the context of our hypotheses.

e NPP estimated metrics: It is unclear why the authors estimate the contribution
of herbivory to NPP and coarse root production, as these estimates are not used
in any analysis or discussion. Including these estimates adds confusion and does
not contribute significantly to the overall narrative, especially since these fluxes
were not directly measured. Inferring their sensitivity to ENSO based on
estimations with prescribed uncertainty could be highly misleading and does not
add anything to the manuscript.

Response: Thank you very much for your comments on the NPP estimated metrics. We
understand your concerns regarding the inclusion of herbivory and coarse root
production estimates, especially given that these fluxes were not directly measured and
are not used in the analysis or discussion.

We included these estimates to avoid underestimating NPP, following common practice
in similar studies (as noted in GEM network publications). Including this component
allows for a more accurate and comparable NPP estimate with other studies.
Additionally, these estimates are scaled from other measured components and, as such,
do not influence the interpretation of the interannual variation in NPP.



In light of your feedback, we will ensure that this rationale is clearly stated in the
manuscript to avoid any potential confusion. Thank you once again for highlighting
this, as we believe these clarifications will strengthen the clarity of our approach.

e Cerrado 2018 productivity data: The 2018 productivity data for the Cerrado is
not clearly explained, and the authors only briefly touch upon the reasons for the
observed decline. Why was productivity so much lower in 2018? The authors
suggest a lack of accuracy in the diameter readings (lines 367-370), raising
concerns about the reliability of the data. This also prompts the question: was
the data prior to 2018 accurate, or could similar measurement errors have led to
overestimations and potentially flawed conclusions?

Response: Thank you for your observations regarding the 2018 Cerrado productivity
data and the potential sources of error in diameter measurements. We understand your
concerns about the reliability of this dataset and the need for a clearer explanation of the
decline observed in that year.

The significant decrease in productivity in 2018 is likely due to a combination of
environmental factors and natural variation in individual growth responses within the
plant community, rather than solely issues with measurement accuracy. While some
stems may exhibit bark shedding, we do not believe this to be a major source of error in
the diameter measurements for this dataset. The variability observed is more likely to
reflect genuine differences in growth responses among individual plants.

We would like to emphasise that the data collected throughout the entire experiment,
including prior to 2018, are considered reliable. We followed consistent quality control
procedures and applied standardised protocols to all measurements, ensuring data
accuracy across the study period.

Nevertheless, we will verify the 2018 data by cross-checking the diameter
measurements. Additionally, we have quarterly diameter measurements for 200 trees,
which will allow us to reassess the accuracy of the 2018 data. This re-evaluation will
help us confirm the robustness of our findings and ensure transparency in our analyses
and conclusions.

e Statistical analysis: This section lacks critical information. The statistical
models used for each analysis are not clearly described, leaving the reader
uncertain about which model was applied to address specific research questions.
This is particularly important because the data originate from only two plots
(n=1 per forest type), raising questions about the sample size and analysis
approach. Did the authors use subplots, litterfall traps, or individual trees as
sampling units instead? If so, how was spatial autocorrelation within subplots
accounted for? None of these methodological details are explained in the
statistical analysis section, making it difficult to assess the robustness of the
results.



Response: Thank you for your comment. We appreciate the opportunity to clarify the
statistical approach used in this study.

For the comparison of stem biomass, we used subplots within each forest type as the
sampling units. For canopy biomass, we relied on litterfall collectors. The plots were
systematically distributed in a contiguous manner, while the litterfall collectors were
randomly placed within each 1-hectare plot to ensure representative sampling.

In our statistical models, we included subplots and litterfall collectors as random effects
to account for spatial variability within the plots. Additionally, we tested for interactions
between plot and year to address temporal variability. This modeling approach allowed
us to address the inherent variability in the data while making full use of the available
sampling units.

We will revise the manuscript to include these methodological details in the statistical
analysis section, ensuring that the description is clear and transparent for readers.

e Figures: The figures need several enhancements to improve clarity. For
example, pairwise comparisons are not indicated, making it difficult for readers
to discern if values are significantly different. Some figures, like Figure 1, have
font sizes that are too small, and others, like Figure 6, are missing error bars. In
Figure 2, letters appear within the panels (upper left corner) that are not
explained in the figure legend, leading to confusion. Although the manuscript
specifies that the color scheme was chosen to be accessible to color-blind
readers (lines ), many bar plots still use similar shades of green and include a
dashed red line, which may not be effective. A simpler color scheme, such as
using white and dark gray/black, might improve readability.

Response: Thank you for your comments regarding the figures. We agree that some
improvements are needed to enhance clarity and facilitate data interpretation. Below are
the actions we will take to address your suggestions:

Regarding pairwise comparisons, statistical differences will be indicated in the figures,
with significant results clearly marked. However, including too many letters on the
figures may hinder readability. If this becomes an issue, we will provide a
supplementary table with the detailed pairwise comparisons for the readers' reference.

Regarding font sizes in figures, we will adjust the font size in the figures, particularly in
Figure 1, to ensure all text is legible.

For Figure 6, we calculated the mortality rate for the plot, which is why no error bars
are included. We will clarify this in the text.

The letters appearing in the panels of Figure 2 are not correct, and we will remove these
letters to improve clarity.

Regarding colour scheme, we will revise the colour scheme to ensure it is accessible to
colour-blind readers. Although we initially chose a specific scheme for this purpose, we
will now adjust the bar colours to use higher contrast combinations.



Line-by-line comments below:

Lines 25-26: Perhaps you could also highlight whether these differences persisted
during ENSO.

Response: Okay. We will highlight whether these differences persisted during ENSO
events.

Line 42: | think the neotropics in general experience the strongest drought on record.
For instance tropical dry forest in Central America suffer exacerbated mortality rates, to
the point that up 30% of all individuals of a given species died (Powers et al., 2020).

Response: We will include this information in the manuscript to provide a broader
context for the significance of drought impacts on ecosystem productivity and mortality
in the region.

Line 66: This idea repeats one item (wildfires) in the list above. Maybe delete from the
list and just state it here.

Response: We agree and will exclude wildfires from the list above, addressing it
directly in the following sentence instead.

Line 89: Perhaps you can use the word “indicates” instead of “means”.

Response: We will replace the word “means” with “ensures” in line 89 to improve the
clarity and precision of the language.

Lines 89-90: Is this a hypothesis you are proposing? One could argue that the earlier the
leaf loss is due to more hydraulic vulnerability in these species (Reich & Borchert,
1984; Eamus, 1999; Brodribb et al., 2002; Sobrado, 2015; Vargas G. et al., 2021).

Response: Thank you for your comment. To clarify, this is not a hypothesis but rather a
finding reported by Araujo et al. (2021b). In this study, we are examining the same
species co-occurring at both sites to investigate their responses under different
environmental conditions. We will revise the text to make this distinction clearer.

Line 93: tree height and plant vulnerability to drought. Maybe you would like to check
the work by Olson and collaborators (2018, 2020).

Response: Thank you for your suggestion. We will review the work by Olson and
collaborators (2018, 2020) to incorporate relevant insights into our text.

Additionally, the work we previously cited as "under revie " has now been published:
Araujo, Igor; Marimon, Beatriz S.; Marimon Junior, Ben Hur; Oliveira, Carla H.L.;
Silva, José W.S.; Bel, Raiane G.; da Silva, Ivone Vieira; Simioni, Priscila F.; Tavares,
Julia V.; Phillips, Oliver L.; Gloor, Manuel U.; Galbraith, David R. (2024). Taller trees
exhibit greater hydraulic vulnerability in southern Amazonian forests. Environmental
and Experimental Botany, 226, 105905.

Line 97: Maybe state the main hypothesis of the study here. Also, what are the broader
implications of studying these responses. Can they inform how we predict the fate of
this ecosystem in a warmer/drier world.



Response: Thank you for the suggestion. We agree that stating the main hypotheses or
expectations of the study at this point would strengthen the introduction. We will revise
the text to include our hypotheses, focusing on the effects of the EI Nifio event on
productivity and biomass allocation.

However, we believe that discussing the broader implications, such as the fate of this
ecosystem in a warmer or drier world, is more appropriate for the Discussion section.
There are limitations to extrapolating short-term changes to long-term responses, and
we will address these in the context of our findings in the Discussion.

Line 108: What is the size of the plots, how many subplots are there? Something
missing in the site description is the water table proximity, which is really important in
this region of the world (Mattos et al., 2023).

Response: Thank you for your comment. We will provide additional details about the
plot size and the number of subplots in the revised manuscript to clarify this aspect.

Lines 157-159: Are you referring here to the hydrological year? Or is just the period
being there was ENSQO? | think using the hydrological year is the most appropriate
(Aragéo et al., 2007; Feng et al., 2013; Schwartz et al., 2020).

Response: Thank you for your comment. We are using the hydrological year in this
section, as defined by Aragdo et al. (2007). We will revise the text to clarify this point
and ensure consistency with the reference to the hydrological year.

Table 1: the writing in some of the descriptions is confusing (e.g., LAI).

Response: We will review and revise the descriptions, including those related to LAI, to
improve clarity and readability.

Table 1: Loss to leaf herbivory and coarse root net primary productivity. Is the 1.37 the
average of "shrubland” in Miranda et al. 20147 Since this was not measured and the
systematic uncertainty seems arbitrary and do not follow the CV presented by Miranda
et al. 2014, I would restrain of using this.

Response: Thank you for your comment. The value of 1.37 is indeed based on the
average for "shrubland” from Miranda et al. (2014). We acknowledge the limitations of
applying this estimate and the associated uncertainty. However, we believe these
components are valuable for estimating total NPP, as they provide a more complete
picture of ecosystem productivity. While estimating total NPP is not the core aim of this
paper, we find it useful to include this information, given the scarcity of such estimates
for savannas.

Additionally, we note that a recent study by Terra et al. (2023) found a similar
relationship, with a value of 1.58 for belowground productivity in Brazilian savannas.
We will incorporate this reference to provide further context and support for the
inclusion of these estimates in our discussion.

Lines 182-198: | would focus the estimations on the measurements you have data for.
The problem of adding estimations with systematic errors, is that these can be highly
inaccurate and can lead to misleading results. While | appreciate the intend to be as
precise as possible in estimating the NPP. The focus of the study is to quantify the



effects of ENSO on the measured fluxes. Adding all this information on unmeasured
quantities is just confusing and does not seem to add much to the study.

Response: Thank you for your insightful comment. We understand your concern
regarding the inclusion of estimations for unmeasured quantities and the potential for
systematic errors to introduce inaccuracies. However, as mentioned in a previous
response, we believe these components are valuable for estimating total NPP, as they
provide a more comprehensive picture of ecosystem productivity.

Line 188: This is just the production of fine roots, because you are not considering the
production of coarse roots.

Response: We agree with your observation and we will exclude this equation.

Lines 207-210: Maybe is worth explaining here the decision making process to define
these % of error propagation.

Response: Thank you for your comment. These values were, to some extent,
conservative expert judgements based on our familiarity with the methods and potential
systematic issues. We aimed to strike a balance between acknowledging uncertainties
and providing reliable estimates. We will add a more detailed explanation of this
process in the revised manuscript to ensure transparency and improve the readers'
understanding of our approach.

Lines 215-216: Please describe the models more. Main effects? nested effects?
Interactions? Also, how did you deal with a sample size of 1 per forest type?

Response: Thank you for your comment. To clarify, for the comparison of stem
biomass, we used the subplots within each forest type, while for canopy biomass, we
used the litterfall collectors. The plots are systematically distributed in a contiguous
manner, and the litterfall collectors are randomly placed within each 1-hectare plot.

We included the subplots and collectors as random effects in the models and tested for
interactions between plot and year. This approach allowed us to account for spatial and
temporal variability effectively. We will revise the manuscript to make these
methodological details clearer for the reader.

Lines 220-221: This is unnecessary, and shades of green with red dashed lines is not a
color-blind friendly combination of colors.

Response: We agree with your observation and will exclude this information from the
manuscript.

Line 229: Can we say then that ENSO did not affect the Cerrado?

Response: Yes, we can say that ENSO did not affect the overall productivity of the
cerrado. This information was in the paragraphs below, but now I have included it in the
same paragraph.

Line 240: What are these little letters in the upper left corners, what do they represent?

Response: We believe these elements are unnecessary and propose their exclusion.



Lines 250-253: This is not correct. First, 3 b) shows dbh growth, not NPP of alive trees.
Second, npp should consider the biomass lost to mortality (Anderson-Teixeira et al.,
2016).

Response: Thank you for your suggestion. We agree and will exclude it to avoid any
potential confusion.

Line 260: Can you indicate whether you observed differences in the plot?
Response: Yes, we can proceed with that.

Line 276: Again, indicate with letters pairwise comparisons.

Response: Yes, we can proceed with that.

Line 291: Indicate significance here.

Response: We can include letters to indicate significance; however, the figure may
become overly cluttered. It might be more appropriate to include a table in the
supplementary material instead.

Lines 310-312: This is not clear from the figures.

Response: We changed the text and also included more information. We have also
included the allocation text along with the total productivity (Figure 2) as suggested by
reviewer 2 and we believe it is now easier to understand.

Line 318: Add the color scale to the plot as a legend, the axes should be black and same
with the gridlines.

Response: We agree with your suggestion and will implement the necessary changes.

Line 325: This is not clear from the figures. Resistant, yes when comparing absolute
values. Did you try looking at the relative change in productivity? Resilient, is
impossible to compare when the 2018 data seem wrong.

Response: Thank you for your insightful comment. We understand that the figures may
not clearly support the interpretation, and we appreciate your suggestion to consider
relative changes in productivity. We have analysed the relative changes, and it is
evident that stem NPP was affected in the cerraddo but not in the cerrado. We will
revise the text to clarify this finding and improve the interpretation of the results.

Additionally, we will verify the 2018 data by checking the diameter measurements. We
also have quarterly diameter measurements for 200 trees, which will help us assess the
accuracy of these data. This re-evaluation will ensure that our analyses and conclusions
are robust and transparent.

Lines 335-338: This is unnecessary, and just fill space.

Response: Thank you for your comment. While we understand your concern, we
believe that the comparison is important as it provides a broader context for our
findings, offering a global perspective on the observed values. This comparison helps to
position our study within the wider body of literature and highlights how our results
relate to similar studies in different tropical forest regions. However, to address your



point, we have summarised the text to make it more concise, while retaining the
essential comparison. We hope this revision improves the clarity and focus of the
manuscript.

Lines 343-344: dominant species or most important species might be the most
appropriate term.

Response: We cahanged to “dominant”.

Line 345: plants can adjust this... See Guo et al (2020)
(https://doi.org/10.1111/nph.16196) and Guo et al. (2024)
(https://doi.org/10.1111/nph.19805). Perhaps is not a matter of adjusting their stomatal
control, but more about their hydraulic safety margin? Nowhere in the discussion or
introduction hydraulic safety margins are mentioned. Also, in Jankoski et al. 2022,
Tachigali vulgaris seems to be partially isohydric (Fig. 3), which suggests some degree
of stomatal regulation.

Response: Thank you for your insightful comment. We will revise the sentence to
incorporate your suggestion, emphasising the role of hydraulic safety margins (HSM).
Additionally, we will refer to the HSM50 value from Jankoski et al. (under review),
based on her doctoral thesis. This value indicates that T. vulgaris operates within a
critical negative safety margin (-0.2), supporting the idea of hydraulic constraints rather
than relying solely on stomatal control.

Lines 349-351: How does the amount of embolisms link to wind resistance? In your
previous article (Reis et al. 2022), you assessed mortality but did not gather enough
information to suggest that drough+heat decreased the capacity of stems to resist winds.
Please explain?

Response: Thank you for your comment. We have revised the text to address your
concern. The reference to weakened xylem tissue has been removed, as we
acknowledge that the data presented in Reis et al. (2022) did not provide direct evidence
to support this claim. The revised text now focuses on the role of wind intensity and tree
structure in explaining the high mortality observed in the cerraddo. We believe this
change makes the discussion more accurate and aligned with the available evidence.

Lines 354-355: higher productivity when?

Response: We have revised the sentence to clarify that the higher stem productivity
refers to the period after the El Nifio event.

Lines 362-364: This is not clear from that reference....

Response: We will review the reference and revise the text to ensure it aligns more
accurately with the findings of the cited study.

Lines 367-370: plants were competing also before ENSO. This statement does not make
sense. Was there a fire event after or during ENSO???? The one problem is the
magnitude of the inaccuracy, that is concerning.



Response: Thank you for your comment. We agree that competition among plants was
also occurring prior to the El Nifio event, and we will revise the explanation to clarify
this point.

Regarding fire events, the area did not experience any fires during or after the El Nifio
event. The last recorded fire in the area occurred in 2008.

As mentioned in a previous response, we will also verify the accuracy of the stem NPP
data to address concerns about potential inaccuracies and ensure the robustness of our
findings.

Lines 377-378: This could also be root phenological patterns associated to water
availability (Kummerow et al., 1990; Kavanagh & Kellman, 1992).

Response: Thank you for your suggestion.We included the text: “The strategy observed
in the cerrado was similar to that of tropical dry forests, reflecting root phenological
patterns linked to water availability (Kummerow et al., 1990; Kavanagh & Kellman,
1992).”

Lines 388-390: Yes, but this was not measured. Something the authors have not
developed is whether plants are deciduous or evergreen or brevideciduous and how the
underlying physiological differences link to observed responses. There are only a couple
of lines about that, but that might have implications in the different responses of the two
plant communities. For example:

e It might be important in the regulation of water transport and photosynthesis
(Brodribb et al., 2002).

e It might also be related with rooting depth (Smith-Martin et al., 2019, 2020).

Response: Thank you for your valuable comment. We acknowledge that we did not
collect data on the deciduousness of the species, which limits our ability to fully explore
the role of leaf phenology in the observed responses. Our intention in discussing leaf
loss during the El Nifio year was to highlight its potential contribution to reduced
productivity, as there is a well-established relationship between leaf area and plant
growth (Zhang et al., 2014). We will clarify this in the revised manuscript, emphasizing
that the increased leaf loss may have impacted the productivity of the plants.

Line 396: this terminology (wood-fine root trade-offs) is confusing as is not defined.
The manuscript will benefit from better staging of these concepts in the introduction.

Response: Thank you for your comment. We will revise the manuscript to define this
concept more clearly in the introduction and provide a better framework for
understanding it. This will ensure that the term is introduced with adequate context and
will improve the overall clarity of the manuscript.

Lines 397-400: This is an interesting proposition, but it will benefit from more
background information. Basically, can we expect different biomass allocation patterns
among biomes?



Response: Thank you for your comment. We agree that this proposition could benefit
from additional background information. To strengthen this point, we will expand on
the concept of biomass allocation patterns across different biomes.

Line 407: Maybe “important” is more appropriate than “vital”.

Response: Done.

Line 411: Are you referring to ENSO or drought?

Response: We are referring to ENSO. The text has been revised to clarify this.
Line 413: this was not quantified.

Response: We have revised the sentence to include the phrase “as observed in a recent
study in the region (Gatti et al., 2021)”.

Lines 414-415: Why is this? It just appear out of the bleu.

Response: Thank you for your observation. We have revised the text to clarify the role
of the cerradé@o as a transitional vegetation type within the Amazon-Cerrado ecotone.
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Referee #2



In this manuscript, the authors examined how the vegetation in the Cerrado responded to
the 2015-16 EI Nifio event, using field measurements collected between 2014 and 2019.
They discovered contrasting patterns between the cerrado and cerraddo ecosystems. The
dataset employed in this study is particularly valuable and unique, with intriguing results.
Nevertheless, there are two major issues that the authors need to address during the
revision.

Response: Thank you for your positive feedback. We will carefully consider the
comments raised in this review and will make revisions throughout our manuscript to
address each point.

1. The ‘Results’ and ‘Discussion’ sections must be better structured. At present, the
authors present all the information without using sub-headings, particularly in the
‘Discussion’ section.

Below are the suggestions for the structure of the ‘Results’ section.
3.1 Total NPP and its allocation

3.2 Canopy NPP

3.3 Stem NPP and mortality

3.4 Root NPP

3.5 Dynamics among canopy, stem and root NPP

The ‘Discussion’ should adopt a similar structure.

Response: Thank you very much for your constructive comment. We will revise the
Results and Discussion sections to organise them into thematic topics, as well as
restructure the Materials and Methods section. We believe these changes will enhance
the clarity and readability of the manuscript.

2. The authors defined the 12 months from May 2015 to April 2016 as the 2015-16 El
Nifo event (lines 157-158) and presented temperature, precipitation, and MCWD
anomalies during this period compared to other years (Fig. 1). Why not use this same
May-to-April definition for the remaining figures in the study? This would provide a
clearer understanding of the 2015-16 EI Nifio event's impact on vegetation.

Response: Thank you very much for your comment. Some variables, such as fine root
and branch NPP, are measured quarterly, while others, such as stem NPP and stem
mortality, are measured annually. This makes it challenging to calculate NPP for the
period from May to April. On the other hand, variables like litterfall are measured
monthly, enabling such calculations. We have analysed the data both on an annual basis



and using a May-to-April calendar year. However, the results were similar because
plants typically take time to respond to climatic phenomena.

We chose to present the data on an annual basis because adopting a May-to-April
timeframe would result in the loss of one year of data: four months from the first year
(before May) and eight months from the final year (after April). Since the results are
comparable, losing an entire year of data collection would not be advantageous.



