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Author response 1 

We sincerely thank both reviewers for taking the Ɵme to thoroughly review our manuscript and for their 2 
posiƟve comments and insighƞul suggesƟons. We also thank the editor for her careful consideraƟon of our 3 
manuscript and helpfulness and support during the submission and review process.  4 

For clarity, reviewer’s comments are in standard black font, author responses are in blue font and links to the 5 
main changes to the manuscript are in red font. The numbers of lines used in reviewer’s comments refer to the 6 
originally submiƩed manuscript, the line numbers we refer to in this response correspond to the marked-up 7 
manuscript version. 8 

 9 

Response RC1: Alain Vanderpoorten 10 

I found this paper most original and useful as it addresses the very Ɵmely quesƟon of microclimates on diversity 11 
paƩerns, with a special emphasis on one key parameter: VPD. To give the paper the impact that it deserves and 12 
emphasize the relevance of VPD as an important, ecologically meaningful variable, I have two suggesƟons to 13 
make: (i) define VPD and explain, in the IntroducƟon, what its ecological relevance as compared to other 14 
microclimaƟc variables such as T or RH alone (in other words, why would it be important to integrate VPD in 15 
ecological studies) and (ii) show that VPD is indeed a beƩer predictor of species richness and composiƟon than 16 
T or RH alone. This could be easily done by re-running the analyses, using T and RH as predictors, and showing 17 
that the use of VPD results in a higher percent variance of bryophyte richness and composiƟon community 18 
explained.  19 

Thank you for the posiƟve assessment of our manuscript and useful comments and suggesƟons. Regarding your 20 
first suggesƟon (i), we added a definiƟon of VPD to the IntroducƟon, and we added an explanaƟon of its 21 
ecological relevance compared to temperature and relaƟve humidity. We also emphasized and explained in 22 
more detail the reasons why it is important to integrate VPD into ecological studies instead of, e.g. 23 
the temperature itself or relaƟve humidity. 24 

 VPD definiƟon: L39-40, L62-63 25 
 explanaƟon of VPD ecological relevance compared to T and RH: L40-47 26 
 main reasons for integraƟng VPD into ecological studies are discussed throughout the 27 

IntroducƟon (e.g. L48-62, L70-74, L78-83, L86-91) 28 

Regarding the second suggesƟon (ii), these three variables (VPD, T, RH) are closely corelated in our study area 29 
(see correlaƟon matrix on page 2 in our previous response AR1 hƩps://doi.org/10.5194/egusphere-2025-1244-30 
AC1 or Appendix A, Fig. A1 in the revision). Therefore, we cannot staƟsƟcally fully separate their effects, which 31 
we clearly stated in the revision (L212). It is indeed difficult to separate the effects of these variables with 32 
observaƟon data, and we expanded the discussion of this topic in the revision (L357-372, L455-480). 33 

However, based on a careful study of literature (e. g. Eamus et al., 2013; Grossiord et al., 2020; Fu et al., 2022; 34 
Novick et al., 2024), we agree with these authors that VPD is the most physiologically relevant variable (as we 35 
already discussed on lines 239-255 and 270-287 in the original manuscript and now also in more depth in the 36 
revision, e. g. L40-41, L46-47, L78-79 and elsewhere throughout the IntroducƟon and in secƟon 4.2 in the 37 
Discussion). VPD directly expresses the driving force of evaporaƟon, because it integrates both temperature and 38 
air humidity in a theoreƟcally and physically preferable way (Anderson 1936). In contrast, relaƟve humidity 39 
alone indicates very different atmospheric moisture condiƟons at different temperatures. An atmosphere with 40 
the same RH may be very "dry" (when the temperature is high) or it may be very "wet" (when the temperature 41 
is low). Thus, RH alone does not indicate the atmospheric moisture condiƟons in a physiologically meaningful 42 
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way. As Campbell and Norman (1997) stated in their famous book “An IntroducƟon to Environmental 43 
Biophysics” (page 49): “It is perhaps unfortunate that one of the most common measurements of atmospheric 44 
moisture is relaƟve humidity. The measurement itself is essenƟally useless as an environmental variable except 45 
as a means, along with air temperature, of obtaining the vapor pressure, mole fracƟon, or dew point 46 
temperature.” We fully agree with this view and therefore we decided not to use RH as a separate 47 
environmental variable in the revision. We summarize the reasons for this decision on L40-47. 48 

In the case of maximum air temperature, our previous studies showed that maximum air temperature is the 49 
most relevant factor linked to evaporaƟve stress both for forest vascular plants (Macek et al., 2019) and forest 50 
bryophyte communiƟes (Man et al., 2022). Unfortunately, none of these studies measured VPD. Therefore, in 51 
the revision we focused not only on the VPD but also on the maximum temperature, because all these 52 
microclimaƟc variables represent evaporaƟve stress. Nevertheless, atmospheric VPD consistently explained 53 
more variability in species composiƟon than either T or RH (as we showed in table on page 3 in our previous 54 
response AR1 hƩps://doi.org/10.5194/egusphere-2025-1244-AC1).  55 

For reasons given above, in the revision we also directly analyzed effects of the maximum air temperature and 56 
clearly indicated that the VPD is closely related to the temperature within our study region (L340-346, Appendix 57 
A). Nevertheless, while thinking about this reviewer comment, we realized that we should also explore not only 58 
the effects of maximum VPD but also mean VPD. We iniƟally decided to use the maximum VPD, because 59 
maximum temperature, which pracƟcally represented maximum VPD in our study area (Pearson correlaƟon 60 
between VPDmax and Tmax = 0.98), was the most important microclimaƟc variable affecƟng species composiƟon 61 
of vascular plants (Macek et al., 2019) as well as bryophytes (Man et al., 2022) in the central European region. 62 
However, thanks to the reviewer’s second comment (ii), we have renewed the discussion in our author team, 63 
and we have decided to reanalyze our data also with the mean VPD. The main moƟvaƟon for this change was 64 
that the averages beƩer capture the long-term characterisƟcs of site microclimaƟc condiƟons, which can be 65 
more important for bryophytes than short-term extremes captured by the maximum VPD (which can however 66 
be more relevant for vascular plants as they lack bryophyte’s unique ability to tolerate desiccaƟon). 67 
InteresƟngly, using the mean VPD instead of maximum VPD resulted in substanƟal increase in the explained 68 
variaƟon, both in bryophyte community composiƟon as well as species richness (Table 2).  69 

Therefore, we decided to analyze both mean and maximum VPD in the revision. This change allows us to show 70 
the reader our thought process in selecƟng microclimaƟc variables represenƟng evaporaƟve stress, to explore 71 
the role of mean and maximum VPD and maximum temperature, and to beƩer support our claims. At the same 72 
Ɵme, this change did not affect the conclusions about the importance of temperature as the main driver of VPD 73 
variability across the landscape.  74 

 we added correlaƟon matrix to Appendix A to show the correlaƟon between microclimaƟc variables 75 
represenƟng evaporaƟve stress 76 

 we explored the relaƟonship of the main gradients in species composiƟon and richness with variables 77 
represenƟng evaporaƟve stress (VPDmean, VPDmax and Tmax), see L195-200 and Fig. 2  78 

 we directly tested the effects of variables represenƟng evaporaƟve stress (VPDmean, VPDmax and Tmax) on 79 
species composiƟon and richness, see L201-206, L207-211 and Tab. 2 80 

 to disentangle the effects of atmospheric VPD from the effects of the maximum temperature, we 81 
parƟƟoned the variaƟon in species composiƟon and richness explained by mean VPD and maximum 82 
temperature into independent and shared fracƟons, L212-226 and Fig. 3 83 

 we expanded the discussion about the correlated effects of microclimaƟc variables represenƟng 84 
evaporaƟve stress in the Discussion, see L357-372 and secƟon 4.3 85 

One of the first results being discussed is the Ɵght relaƟonship between VPD and Tmax-it does not seem to me 86 
that this results directly stems out the analyses presented? Could this relaƟonship be actually evidenced based 87 
on the data generated? 88 



3 
 

Yes, based on our data, we have evidenced a close relaƟonship between VPD and T. This result stems from the 89 
analyses presented (Results part 3.1 VPD variability, second paragraph in the original manuscript). However, it is 90 
true that we do not directly report the relaƟonship between VPD and T, but instead the relaƟonship between 91 
VPD and saturaƟon vapor pressure (Psat), which is solely a funcƟon of temperature (as we stated on line 43 and 92 
109 in the original manuscript), so the relaƟonship between VPD and Psat also illustrates the relaƟonship 93 
between VPD and T. In the revision, we further highlighted this relaƟonship in order to make it more 94 
understandable for the reader. However, we decided not to add to the Appendix a plot directly showing the 95 
relaƟonship between VPD and T (see on page 3 in our previous response AR1 96 
hƩps://doi.org/10.5194/egusphere-2025-1244-AC1). Instead, we revised Figure 3 (in the revision Figure 6) and 97 
Figure 2 which now shows the relaƟonships between maximum VPD, mean VPD and maximum T, added 98 
correlaƟon matrix showing the correlaƟon between VPD and Tmax to Appendix A and added results of variaƟon 99 
parƟƟoning based on a mulƟple linear regression model with mean VPD as the response variable and mean Psat 100 
and Pair as the predictors.  101 

 see L64-65 102 
 see L258-261 and Fig. 6 103 
 see L391 104 

In the meanƟme, if VPD is Ɵghtly correlated with Tmax, does this not slightly undermine the premises of the 105 
study, that is, the potenƟal benefit of an integraƟve variable such as VPD in ecological studies as compared to a 106 
‘simple’ variable like Tmax? 107 

While we indeed found that VPD is driven by saturated vapor pressure (respecƟvely T), and the contribuƟon of 108 
actual vapor pressure is only small, the situaƟon at larger spaƟal scales or near water bodies may be different 109 
(discussed on L379-382). Under these condiƟons, the role of actual vapor pressure may be more prominent, 110 
and T alone may no longer be a good proxy of VPD. Therefore, we cannot recommend the use of a “simple” 111 
variable such as T instead of VPD. Generally, VPD is more physiologically relevant than T (as we discuss within 112 
the original manuscript) and even if we found that the T is closely correlated to VPD in our study area, this 113 
correlaƟon can change under different condiƟons elsewhere. Therefore, we would sƟll recommend measuring 114 
VPD directly, but also acknowledge that on landscape and finer scales, gradients in VPD and temperature can be 115 
very closely correlated and therefore difficult to disƟnguish. Nevertheless, our new results of variaƟon 116 
parƟƟoning of species composiƟon and richness showed that maximum temperature does not have any unique 117 
effect independent of VPD effect and that mean atmospheric VPD explains significantly more variaƟon in 118 
species composiƟon and richness than maximum temperature. 119 

 see L212-226, Fig. 3 and L366-L39 120 

Since the second main result discussed is that it is possible to esƟmate VPD from local T measurements with HR 121 
measured as nearby weather staƟons, I suggest moving the content of this appendix into the result secƟon of 122 
the main text. Would that mean that one can efficiently characterize microclimates using temperature sensors 123 
only, which are much cheaper than sensors combining T+HR? 124 

We considered including the esƟmaƟon of VPD from local T measurements with air humidity measured at a 125 
nearby weather staƟon in the main results, but we decided not to do it in the revision because this is more of 126 
an applicaƟon of our results rather than a hypothesis we have had at the beginning of our research. Moreover, 127 
it would even more expand the Methods. However, we are prepared to move these results into the main text, if 128 
the editor prefers to do so. 129 

The answer to the second part of your quesƟon, whether that would mean that one can efficiently characterize 130 
microclimates using temperature sensors, is partly discussed in our response to your previous quesƟon about 131 
using simple variables like T instead of VPD.  Our approach to the VPD esƟmaƟon can indeed be useful in cases 132 
where air humidity measurements are not available, but this should be done carefully and should be more 133 
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widely tested across different vegetaƟon types and spaƟal scales. Moreover, as we stated in the Discussion 134 
(L379-382) and in Appendix B, this approach does not provide a reliable esƟmate of absolute local atmospheric 135 
VPD, but rather the relaƟve posiƟon of the locality on the VPD gradient. So, we would not recommend 136 
characterizing microclimate using temperature sensors only. 137 

I was a bit surprised by the relaƟvely limited contribuƟon of VPD (about 11%) to variaƟon in species 138 
composiƟon among plots, whereas the introducƟon rightly emphasizes that in poikilohydric organisms like 139 
bryophytes, one could expect VPD to be a prime factor driving community composiƟon. Looking at Fig1, one 140 
would think that communiƟes at the top of a cliff would be very different from those in buffered condiƟons. I 141 
wonder whether this could be due to the fact that, as Fig1 suggests, this is a very rugged terrain, and that there 142 
is hence a huge (intra-plot) micro-habitat variaƟon that is actually more important than (inter-plot) 143 
microclimaƟc variaƟon. More informaƟon on the sampling sites would be welcome to understand the spaƟal 144 
heterogeneity potenƟally present in the sampling plots. 145 

ComposiƟonal variaƟon explained by a mulƟvariate analysis depends on dataset internal heterogeneity and 146 
therefore it is not comparable among datasets (Økland, 1999). Especially in ecological studies covering different 147 
vegetaƟon types with limited overlap of the species composiƟon between plots (as in our case), the percentage 148 
of the composiƟonal variaƟon explained by one variable is typically in similar range (Økland, 1999). To put the 149 
percentage of the explained variaƟon further into perspecƟve, the best theoreƟcally possible variable can 150 
explain max. of 30 % of composiƟonal variaƟon in our dataset (for methodological explanaƟon see e.g. Macek 151 
et al. 2019). We decided not to complicate the paper with the reporƟng of this maximum explainable 152 
composiƟonal variability which will require addiƟonal descripƟon of the methods used. 153 

Moreover, moƟvated by the reviewer comment about the relevance of maximum VPD, we recalculated our 154 
results also with mean VPD, which resulted in the substanƟal increase in the composiƟonal variaƟon explained 155 
by our analyses (Table 2). We are therefore confident that these results support our conclusion that 156 
atmospheric VPD is an important driver of bryophyte species composiƟon across the landscape. 157 

It would help the reader if it was reminded in the Result secƟon based on which analysis each result was 158 
obtained. For example, the variaƟon parƟƟoning and db-RDA are not menƟoned in the Result secƟon, and 159 
menƟoning them would help the reader making a link between the M&Ms and results. For example, I am not 160 
sure which analysis was implemented to reach the result described L179-180 (‘ecological relevance of VPD as 161 
compared to HR alone’). 162 

In the results, we clearly stated which results are based on which analysis (e. g. L272-273, L303-305, L314-316).  163 
Specifically, the results presented on lines 179-180 were obtained by the envfit funcƟon from the vegan R 164 
package with 999 random permutaƟons.  165 

In the discussion, it would be interesƟng to add a secƟon explaining what could be the factors accounƟng for 166 
the spaƟal variaƟon of VPD reported, and why Pair exhibits such a comparaƟvely narrow range of variaƟon. At 167 
present the discussion falls a bit short—especially since the enƟre §4.2 (from L239 onwards) actually belongs to 168 
the IntroducƟon (why bryophytes would be sensiƟve indicators of VPD variaƟon), and not to the Discussion as it 169 
does not help interpreƟng the results presented. 170 

Thank you for the suggesƟon. We tried to move the whole secƟon 4.2 from the Discussion to the IntroducƟon, 171 
but we think it is too detailed for the general IntroducƟon, so we moved it only partly (L78-79, L82-83). 172 
However, we think the informaƟon from secƟon 4.2 are interesƟng and serve as a good context for the 173 
Discussion, especially when we connected this informaƟon from literature to our results of reported VPD 174 
condiƟon in our study area (L433-435). Therefore, we prefer to leave most of this secƟon in the Discussion. 175 
Regarding the factors accounƟng for the spaƟal variaƟon of VPD, we already discussed them in secƟon 4.1 of 176 
the Discussion (lines 223-230), but we substanƟally expanded this discussion in the revision (L391-395, L399-177 
407). 178 
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Response RC2: Anonymous 202 

Dear authors, 203 

I very much enjoyed reading your manuscript and think you have done a good job in both seƫng the quesƟon, 204 
conducƟng the research and wriƟng the paper. It was easy to read and I think you have many strong points to 205 
raise including the strong effects of VPD, that it is the saturaƟon that varies, the strong link to maximum 206 
temperature and what that implies for our possibility to monitor and study the effects of VPD. Moreover you 207 
have illustrated that well with a data set of bryophytes. 208 

I will try to be construcƟve to point out a few things that perhaps could improve the clarity of the paper. In 209 
general I think you could take a careful look at the flow of the text to avoid repeƟƟon and increase clarity. 210 

We thank the reviewer for such a posiƟve evaluaƟon and useful feedback on our manuscript. We did our best 211 
to incorporate the suggesƟons and improve the clarity and fluency of the text. 212 

At the same Ɵme, we would like to draw your aƩenƟon to a changes we did based on suggesƟons from 213 
reviewer RC1 – most importantly, we used also mean VPD together with maximum VPD and maximum 214 
temperature in the revision. 215 

Design of the study. 216 

There is always a trade-off related to the size of the plot to study. A small plot as yours is good to capture the 217 
microclimate at one spot, but you will miss a lot of rare species in the landscape. In your case you have a 218 
circular plot of 1 meter radius, right? If wo it could be good to spell out. I lack some informaƟon on how you 219 
selected sites. Was it done using maps and satellite images and geƫng a coordinate from there? How did you 220 
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select them in the field? What if a tree was in the plot? Or a big boulder? Did you make any notes on substrate? 221 
Substrate composiƟon is oŌen an important driver of species composiƟon of bryophytes. You have an 222 
ambiƟous approach of covering the whole forest landscapes and then perhaps your sample size of 38 plots is a 223 
bit low. But you got very interesƟng results and have an interesƟng approach so I am sƟll fine with this. 224 

Yes, the species data presented in our manuscript were recorded on a circular plot of 1 meter radius. These 225 
plots were selected through straƟfied-random sampling to capture the main microclimaƟc gradients within the 226 
core zone of the naƟonal park. Specifically, using GIS and detailed digital terrain model, we first divided the core 227 
zone into geographical strata defined by the posiƟon on the terrain (valley boƩoms, lower slopes, upper slopes 228 
and ridges) and further separated the slopes into the slopes with predominantly northern and southern 229 
orientaƟon. Then, we used GIS algorithms to randomly sample the equal number of locaƟons within each 230 
defined strata with the addiƟonal condiƟons that the sampled locaƟons must be separated by at least 50 m. 231 

In the field, we navigated to the selected locaƟon with GPS device and placed the center of the plot 1.5 m 232 
to the north from the nearest tree. This tree was later equipped with the HOBO datalogger for air temperature 233 
and humidity measurements. AddiƟonal condiƟon for plot selecƟon in the field was that the circular area with a 234 
1 m radius around the plot center must not contain any rocks or big stones in order to reduce the within plot 235 
substrate heterogeneity.  236 

We fully agree that it would be nice to have more plots with complete data (both in situ measured microclimate 237 
and sampled bryophytes). However, we think that the 38 plots used in this study is sufficient for our aims. As we 238 
described above, the plots were carefully selected through straƟfied-random sampling. Therefore, they provide 239 
representaƟve sample of the environmental variability within the core zone of the naƟonal park. The potenƟal 240 
effects of within plot substrate heterogeneity were further reduced by the addiƟonal criteria for the plot 241 
selecƟon (specified above). 242 

Regarding the size of the research plots - we discussed it a lot, because we also collected larger (100 m2) plots in 243 
each measurement site. The smaller (3.14 m2) plots were always nested in the center of the larger 100 m2 plot.  244 
However, during the bryophyte sampling at the larger plot, we did not make detailed records of the substrate, 245 
so we finally decided to based our analyses on the smaller plots (3.14 m2), mostly because we wanted to 246 
minimize the intra-plot substrate variability, which is extremely important for bryophytes. Concerning 247 
bryophytes, such selecƟon of relaƟvely small sample plots agrees with the literature (PoƩer et al., 2013). 248 
However, we agree with the reviewer that using small plots can increase the probability of missing some 249 
(especially rare) species and potenƟally also increase the role of stochasƟc processes. MoƟvated by this 250 
reviewer comment, we repeated the analyses also with the bryophyte community sampled on the larger (100 251 
m2) plots (see results presented in the table on the page 2 in our previous response AR2 252 
hƩps://doi.org/10.5194/egusphere-2025-1244-AC2). The main conclusions of our study are fully supported by 253 
these new results, which basically mirror paƩerns found with the smaller plots. InteresƟngly, these new results 254 
further support our shiŌ from the maximum VPD to mean VPD as the main explanatory variable. To conclude, 255 
we sƟll prefer to base our results on smaller plots within the paper, mostly because of the possible issues with 256 
the substrate heterogeneity discussed above. However, we are ready to add the result based on larger plots 257 
either to the supplementary material or to the main text if the Editor prefers to do so. 258 

 informaƟon about the selecƟon of the research plots: L 129-134  259 
 specificaƟon of the plot size: L142 260 

VPD-variability. 261 

I had a bit difficulty in flowing the text of how you calculated VPD-variability and when you talked about the 262 
variability over Ɵme and over space. And then what you take an average of. I think you need to carefully revise 263 
so that a reader understands all of this. For example how can you have a mean value of the standard deviaƟon 264 
of the maximum value? And then you talk about range of plot means in Table 1. I am sure you have done it 265 
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correctly it is just that it become difficult to follow when you have mean and SD values in a day, between days, 266 
between plots etc. Especially rows 122-124 I couldn’t follow enƟrely, but revise also in other parts of the text 267 
and figure legends so that it is crystal clear when VPD variability consider spaƟal or temporal aspects for 268 
example. 269 

Thank you for bringing this reader's perspecƟve to our aƩenƟon, we tried to do our best to improve the 270 
descripƟon of our approach and results for VPD variability in the revised text. In the revision, we thoroughly 271 
revised the text for clarity, and we focused only on the most important aspects of the data variability crucial for 272 
our results.  273 

To avoid readers’ confusion, we did not present the variability over Ɵme in the revision, as these aspect was not 274 
necessary for the understanding of our results and served more as a meta-informaƟon for the reader (in the 275 
original manuscript on lines 157-160). We also revised Table 1 in order to present an overview of the 276 
microclimaƟc variables used in the analyses. These changes will hopefully provide a more structured and more 277 
easily understandable overview of our data and approach we used to analyze them. 278 

Regarding the spaƟal VPD variability: We express this spaƟal variability as the standard deviaƟon (SD) of 279 
plot-specific values. The mean value of these SD was calculated in two steps – first we calculated SDs for each 280 
individual day within the study period from daily values measured at all study plots and then we averaged these 281 
daily SDs values over the whole study period. We described this process on lines 122-124 in the original 282 
manuscript, but we revised the text to improve the clarity in the revision. 283 

 see Table 1 (overview of microclimaƟc variables represenƟng evaporaƟve stress and their components) 284 
 see updated secƟon 2.4.2 (L247-257) 285 
 see updated Fig. 5 and Fig. 6 286 
 we removed part about the VPD variability over Ɵme from the main text (L332-334), and therefore we 287 

also removed original Fig.A1 and Fig. A2 from the Appendix A  288 

Grouping of the bryophytes. 289 

Species could be grouped in many ways and you have three columns in Tablc C1: taxonomy, Major biome and 290 
Eastern limit. It seems in the results that you would like to say something on what is characterizing those that 291 
are sensiƟve to high VPD. However, in the results you have not really analysed the results in such a way and you 292 
instead talk about “small liverworts”, “hygrophilous bryophytes”, “suboceanic” and “mesic” species. And in 293 
several other places you talk about “azonal” species, which is a term not many readers will understand. Yet in 294 
other places you say “regionally rare species”. You have so many terms and none of these categories are in 295 
Table C1. And you use words such as “in contrast” but these groups are not contrasts to each other in most 296 
cases but just different ways of describing them. The number of species you have is not very large so perhaps it 297 
can be difficult to divide them into several group for the analysis and it might be just enough to tell the general 298 
staƟsƟcs on the community which you have done and present the results at the species level as in Figure 5. 299 
Then if you want you can exemplify species which are less and more sensiƟve, but perhaps don’t need to put 300 
them into a category. Or select one or two “traits” and do a formal test. Substrate is another category that is 301 
oŌen useful for describing bryophyte communiƟes. 302 

You are right that it is difficult to put the studied bryophytes into several clearly defined categories for the 303 
formal analyses. We indeed wanted to highlight that the species most sensiƟve to VPD are the species whose 304 
occurrence in the studied area can be seen as unexpected with regard to the regional macroclimate (for such 305 
species occurrences we used the term azonal in the original submission, in the revision we refer to these 306 
species as “species with disjunct occurrence in central Europe” or “species near their distribuƟonal range 307 
limits”, which is hopefully more understandable). These species are oŌen typical for more oceanic climates or 308 
species which mostly occur in the central European mountains. Joint occurrence of these species in 309 
excepƟonally low elevaƟon within the studied area always puzzled central European bryologists and nature 310 
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conservaƟonists. Here we found that i) these species are sensiƟve to atmospheric VPD, ii) occur predominantly 311 
in the sites with low VPD, and iii) therefore low VPD sites serve as their microclimaƟc refugia within otherwise 312 
unsuitable landscape matrix.  313 

In the revision, we did our best to explain these important results more clearly. Further, we tried to reduce 314 
the number of categories used to refer to these species and we removed the biogeographical categories from 315 
Table C1 to prevent the confusion. Following your suggesƟons, we focused more on individual species rather 316 
than on somewhat arbitrary defined species groups (L317-321).  As you menƟoned, the number of species we 317 
have is not very large, so it is difficult to strictly divide them into several groups for formal analysis. Instead, we 318 
formulated two hypotheses about the community structure and co-occurrence paƩerns along the VPD gradient 319 
and tested these hypotheses with the nestedness analyses in the revised manuscript. First, we tested the 320 
hypothesis that the bryophyte communiƟes from sites with high VPD are nested subsets of bryophyte 321 
communiƟes from sites with low VPD. Second, we tested the hypothesis that more frequent bryophyte species 322 
occur along the whole VPD gradient, but less frequent species are concentrated on sites with low VPD. Our new 323 
results supported both tested hypotheses and provide addiƟonal evidence about the importance of 324 
atmospheric VPD for bryophyte community structure. 325 

 see e. g. L27, L35, L495 326 
 nestedness analysis: Methods L187-188, L227-242, Results L312-316 327 
 see updated Fig. 4 328 

Detailed comments: 329 

SensiƟvity of bryophytes to high maximum temperatures and high VPD. I think there are more references on 330 
this even if they might be more implicit. But for example various studies on forest edge effects on bryophytes 331 
could be relevant. Check also Dahlberg et al. 2020 in Environmental and Experimental Botany, who saw some 332 
interesƟng correlaƟons with maximum temperature and distribuƟons. Perhaps you might also be interested in 333 
Merinero et al. 2020 in Ecology who used evaporometers to capture the importance of VPD as a driver of 334 
bryophtye performans. 335 

Thank you for your literature recommendaƟon. We searched the literature thoroughly, but the studies exploring 336 
directly the effects of atmospheric VPD on forest bryophytes are surprisingly rare. OŌen, the link is indirect and 337 
supported by the measurement of the different variables, as in both references you suggested. Nevertheless, 338 
we re-read these references and agree that they are relevant for our study, therefore, we referred to them in 339 
the revision (L376 and L424).   340 

Figure B1. Would it be good to indicate the 1:1 line in this graph and discuss a bit more on why your line is 341 
deviaƟng. But very interesƟng that you have such a strong relaƟonship! 342 

Thank you for the suggesƟon. We included the 1:1 line in Fig. B1 and discussed more the reasons for the 343 
general overesƟmaƟon of local VPD (posiƟve deviaƟon from 1:1 line), both in the Appendix B and in the 344 
Discussion (L379-382). 345 
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