
Sensitivity of tropical woodland savannas to El Niño droughts 

 

Referee #1 

 

Originality and significance 

The manuscript titled “Sensitivity of tropical woodland savannas to El Niño droughts” 

provides an ecosystem-level analysis of the effects of the strongest El Niño event on 

record on the biomass productivity of two vegetation types (Cerrado and Cerradão) 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 for your valuable and constructive feedback. We appreciate your 

suggestions on improving clarity and readability by incorporating subsections within the 

results and discussion sections. We agree that this restructuring, particularly within the 

discussion on ecosystem productivity, will better highlight key findings and enhance the 

manuscript’s accessibility. 

In line with your recommendation, we also refined certain passages and made 

adjustments in style and grammar in order to improve readability. We are confident that 

these revisions significantly strengthened the manuscript.  

 

● 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: We have restructured the introduction to provide a more comprehensive 

overview of biomass allocation patterns, particularly in relation to drought conditions 

and productivity in the Cerrado (lines 131-136). We recognise the importance of these 

patterns for understanding the research findings and aimed to highlight their 

significance more effectively. We have also expanded about physiological differences 

between plant communities, to better contextualise the anticipated sensitivities of these 

communities to climate change (lines 89-146). 

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. We have made an effort to incorporate as much relevant information as 

possible to strengthen the context of our hypotheses (lines 125-146).  

 

● 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: We included these estimates to avoid underestimating NPP, following 

common practice in similar studies (as noted in GEM network publications, e.g. Malhi 

et al., 2009, 2015, 2017; Riutta et al., 2018). 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 have clarified this rationale in the manuscript to prevent 

any potential confusion (lines 245-251).  

 

● 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: We carefully reviewed the whole dataset and identified an error for 2018 in 

which measurements considered tree basal diameter instead of tree breast-height 

diameter. This was the explanation for that abrupt drop in productivity.  We have 

accordingly corrected and recalculated all values, carefully double-checking the whole 

dataset.  

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. 

 

● 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: We appreciate the opportunity to clarify the statistical approach used in this 

study. We revised the manuscript to include these methodological details in the statistical 

analysis section, ensuring that the description is clear and transparent for readers (lines 

332-345). 

“Our analyses focused on comparing NPP across years (2014 to 2019), comprising the 

periods before, during, and after the El Niño 2015/2016 event, in both cerrado and 

cerradão. To compare total canopy NPP across years in each vegetation type (cerradão 

and cerrado), we performed a repeated-measures ANOVA. The statistical model 

considered year as a fixed factor, while litter traps were included as a random effect to 

account for the hierarchical structure of the data over time. When significant differences 

were detected, we used Tukey's post hoc test to compare total canopy NPP between years. 

We applied the same analysis to compare stem and fine root NPP across different years 

in each plot. For stem NPP, we used subplots as random effects, and for fine roots NPP, 

we used ingrowth cores as random effects. In cases where residuals violated ANOVA 

assumptions, we applied Friedman's non-parametric test.” 

 



● 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: Below are the actions we have included to address your suggestions: 

Regarding pairwise comparisons, we included statistical differences in Figures 4, 5, and 

6, with significant results clearly marked.  

We have adjusted the font size in the figures, particularly in Figure 1, to ensure all text 

is legible.  

We have removed letters in the panel from Figure 2 to improve clarity  

Figure 6: We have excluded the tree mortality rate from the figure (and from the 

manuscript)  

We have revised the colour scheme to ensure it is accessible to colour-blind readers. 

Although we initially chose a specific scheme for this purpose, we adjusted 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: We excluded this sentence to focus on the effect of El Niño on both plots. 

Line 42: I 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 rephrased that sentence to incorporate this information (lines 47-48). 

Line 66: This idea repeats one item (wildfires) in the list above. Maybe delete from the 

list and just state it here. 

Response: Yes, it is above, but it is only listed as one of the problems in the region and 

here it is linked to El Niño (lines 68-72). So it is important to keep both. 

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

Response: We changed the paragraph to better support the hypotheses as suggested by 

reviewer 1 and that word was deleted (lines 88-116). 



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: To clarify, this is not a hypothesis but rather supporting information for our 

hypotheses, which are now explicitly stated. We have revised the text for clarity (lines 

89–116). 

Line 93: tree height and plant vulnerability to drought. Maybe you would like to check 

the work by Olson and collaborators (2018, 2020). 

Response: We have included Olson et al. 2018 and also a relevant work on this topic in 

our study regions has been published and cited (Araujo et al., 2024) (lines 109-111). 

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: We agree that stating the main hypotheses or expectations of the study at this 

point would strengthen the introduction. We revised the text and included our 

hypotheses, focusing on the effects of the El Niño event on productivity and allocation 

(lines 125-146). 

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. However, 

there are limitations to extrapolating short-term changes to long-term responses. 

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: This information was in Table 1, but we have included it in the main text 

now (lines 230-298). Also, there is no evidence of a shallow water table (Marimon 

Junior & Haridasan, 2005). 

Lines 157-159: Are you referring here to the hydrological year? Or is just the period 

being there was ENSO? I think using the hydrological year is the most appropriate 

(Aragão et al., 2007; Feng et al., 2013; Schwartz et al., 2020). 

Response: We are using the hydrological year in this section, as defined by Aragão et al. 

(2007). We revised the text to clarify this point and ensure consistency with the 

reference to the hydrological year (lines 212-215). 

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

Response: We are not using LAI information in this new version of the manuscript and 

have excluded this information.  

Table 1: Loss to leaf herbivory and coarse root net primary productivity. Is the 1.37 the 

average of "shrubland" in Miranda et al. 2014? 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: The value of 1.37 is indeed based on the average for "shrubland" from 

Miranda et al. (2014), Table 4B. We acknowledge the limitations of applying this 

estimate and the associated uncertainty. However,  these components are valuable for 

estimating total NPP, as they provide a more complete picture of the whole 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, a recent study by Terra et al. (2023) using 144 plots found a similar 

relationship, with a value of 1.58 for belowground productivity in Brazilian savannas. 

We have incorporated this reference to provide further context and support for the 

inclusion of these estimates in our discussion (line 275). 

Lines 182-198: I 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 I 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: We only estimated leaf and coarse root herbivory. The information in lines 

234-235 refers to parameters we did not measure. We included this information to 

provide context on the contribution of unmeasured components to total 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 changed this equation to: NPPfine root = 

NPPfine root (line 307). 

Lines 207-210: Maybe is worth explaining here the decision making process to define 

these % of error propagation. 

Response: Here we were mostly following previous protocols and publications. For 

total NPP, the uncertainty value is calculated by combining uncertainty of each 

component, by error propagation (Hughes & Hase, 2010; Malhi et al., 2015).  So 

NPP_total_se is a mixture of systematic and random errors. For each component, we 

have provided more texts to explain the logic. For example, for NPP litter fall, we use 

standard error, instead of an arbitrary systematic error because we believe that 

systematic error is trivial for NPP litter fall (and a lot more explanations, please check 

them in the method section) 

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: To clarify, we changed the text to (lines 332-345): “Our analyses focused on 

comparing NPP across years (2014 to 2019), comprising the periods before, during, and 

after the El Niño 2015/2016 event, in both cerrado and cerradão. To compare total 

canopy NPP across years in each vegetation type (cerradão and cerrado), we performed 

a repeated-measures ANOVA. The statistical model considered year as a fixed factor, 

while litter traps were included as a random effect to account for the hierarchical 

structure of the data over time. When significant differences were detected, we used 



Tukey's post hoc test to compare total canopy NPP between years. We applied the same 

analysis to compare stem and fine root NPP across different years in each plot. For stem 

NPP, we used subplots as random effects, and for fine roots NPP, we used ingrowth 

cores as random effects. In cases where residuals violated ANOVA assumptions, we 

applied Friedman's non-parametric test. All analyses were conducted in the R 

environment, with a significance level of 0.05.”. 

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 excluded 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. 

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

Response: These elements were unnecessary and we excluded.  

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: Good point. We have decided to delete DBH growth (this Figure 3B) and 

focus only on productivity.  

Line 260: Can you indicate whether you observed differences in the plot? 

Response: Done. 

Line 276: Again, indicate with letters pairwise comparisons. 

Response: Done. 

Line 291: Indicate significance here. 

Response: We included letters to indicate significance among years to total components. 

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

Response: We changed the text and also included more information (lines 377-384). We 

have also included the allocation text along with the total productivity (Figure 2; section 

“3.1 Total NPP and its allocation”) 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 implemented 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: We appreciate your suggestion to consider relative changes in productivity 

and have incorporated additional information in the text (lines 393-394). Our analysis of 

relative changes confirms that stem NPP was affected in the cerradão but remained 

stable in the cerrado (lines 421-432). We revised the text to clarify this finding and 

enhance the interpretation of the results (lines 482-494). 

Additionally, we have verified the 2018 data by rechecking the diameter measurements 

and have now included the correct values, as explained above. 

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

Response: We agree and exclude (lines 497-503). 

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

appropriate term. 

Response: We changed 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: We excluded the results and discussion on tree mortality to focus on 

productivity.  

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: We excluded the results and discussion on tree mortality to focus on 

productivity. 

Lines 354-355: higher productivity when? 

Response: We excluded the results and discussion on tree DBH growth to focus on 

productivity. 

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

Response: Again, we excluded the results and discussion on tree DBH growth and 

mortality to focus on productivity.  

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: We excluded the results and discussion on tree DBH growth to focus on 

productivity. Regarding fire events, the area did not experience any fires during or after 

the El Niño event. The last recorded fire in the area occurred in 2008. 

Lines 377-378: This could also be root phenological patterns associated to water 

availability (Kummerow et al., 1990; Kavanagh & Kellman, 1992). 

Response: We included the text (lines 655-657): “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: 

● It might be important in the regulation of water transport and photosynthesis 

(Brodribb et al., 2002). 

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

Response: 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 Niño 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 have clarified 

this in the revised manuscript (lines 532-567).  

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: Sorry for the confusion. We have removed the term ‘trade-off’, which is not 

necessary because readers would understand fine with allocation to wood, root, leaves 

etc. Now the introduction mentions allocation and hypotheses about allocation without 

saying ‘trade-off’. 

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: Given that there is a huge spatial dynamics in NPP allocation within tropical 

ecosystems (Zhang-Zheng et al., 2024), with a space for time assumption, one would 

hypothesise NPP allocation change under El Nino. We have provided more context in 

this paragraph (lines 512-517). 

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 El Niño (ENSO). The text has been revised to clarify this 

(line 674). 

Line 413: this was not quantified. 

Response: We have revised the sentence to include the phrase “for other forest types in 

a recent study in the region (Gatti et al., 2021)”. Lines 675-676. 

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

Response: We have revised the text to clarify the role of the cerradão as a transitional 

vegetation type within the Amazon-Cerrado ecotone (ex. lines 25, 83, 150).  
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###################################################################### 

Referee #2  

In this manuscript, the authors examined how the vegetation in the Cerrado responded to 

the 2015-16 El Niño event, using field measurements collected between 2014 and 2019. 

They discovered contrasting patterns between the cerrado and cerradão 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 have carefully considered the 

comments raised in this review and made 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: We have revised the Results and Discussion sections to organise them into 

thematic topics, as well as restructured the Materials and Methods section. We hope 

these changes 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 

Niño 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 El Niño event's impact on vegetation. 

Response: 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. 


