
Dear Editor, 

Thanks for sending us two detailed reviews with critical comments on our manuscript. 

The reviewer comments are useful and help to improve the manuscript. Both reviewers highlight that our 
Hg tree ring dataset is valuable to gain insight into how climate could affect mercury tree ring concentra-
tion in oak and Douglas fir trees. However, they do not recommend publication. We offer to reinterpret 
and to reconsider our results. We think, that a more descriptive way of our approach would help to make 
the manuscript more valuable for readers. 

Additionally, the title could be changed in: Climate warming may alter mercury accumulation in trees. 

Please let us know, if you follow our argumentation. If our manuscript will be considered for publication, 
we adjust our manuscript accordingly. 

Please find below our responses to the raised concerns: 

 
RC1: 'Comment on egusphere-2025-2325', Anonymous Referee #1, 18 Jun 2025 

The submitted paper by Land et al. is well written, both interesting and controversial study. After reading 
the whole paper I was not convinced that the oak tree ring Hg records are a valid archive of atmospheric 
Hg pollution. Also, I believe that drawing a global conclusion about changes in the assimilation of mer-
cury (Hg) by trees due to climate change, as indicated by the title of the paper, requires more than a 
study of two sites (one contaminated and one background). Many of the presented observations lack 
sufficient evidence and previous study including two oak species by Gustin et al. (2022) concluded that 
broadleaved species are not suitable for studying Hg trends in tree rings over time. But let’s discuss this 
with authors… 

First, increasing air mercury (Hg) due to Hg re-emission originating from increasing air temperature due 
to climate change is definitely plausible. The question is to what extent climatic variables affect Hg assi-
milation and tree ring Hg. A recent paper by Boonen et al. (2025) that was not included in the list of refe-
rences assessed that 7% of the variability in the annual tree-ring Hg of Douglas fir could be explained by 
changes in precipitation during the active growth period. For European larch, 2% of the variability in 
tree-ring Hg was affected by spring temperatures. Since temperature has increased in the study area 
over time, a consistent trend of increasing or decreasing Hg in tree rings would correlate with tempera-
ture. However, this does not necessarily imply a causal relationship. It is implausible that a temperature 
increase of about 2°C would cause a tenfold increase in mercury concentrations in oak trees. 

Land et al.: Contrary to your opinion, we analysed Hg data from more than two sites. In our investigation 
we analysed Hg data from several locations throughout the northern hemisphere. In the paper of Gustin 
et al. it remains unclear why broadleaves are considered as a group of trees not suitable as historical Hg 
records. At the contaminated site atmospheric temperature increase resulted in a sixfold increase of Hg 
in oak tree rings during the past 100 years. Physiological processes in trees are often not linear but ex-
ponential. So, we do not find this implausible at the contaminated oak site. At the uncontaminated oak 
site the increase of tree ring Hg is threefold during the past 100 years and is, in our opinion, also realis-
tic. 

We suggest to soften the title somewhat and present our results in a more descriptive manner. We want 
to make clear, that our oak Hg data set is one of the most comprehensive. 

  

I did not fully understand the explanation as to why, at the two studied oak sites, tree ring mercury (Hg) 
increased over time, while none of the other oak tree ring records (nor those of many other species) 
from the Northern Hemisphere (except those from permafrost areas) indicated elevated Hg assimilation 
due to climate change. Other oak tree ring records, including those from Scanlon et al. (2020), Siwik et 
al. (2010), and Gustin et al. (2022), all from the Northern Hemisphere, indicated either no trend in tree 
ring Hg concentration or reversed behaviour with respect to annual changes in air Hg. 



Land et al.: The data of the mentioned papers, do show similar trends. The depiction in the mentioned 
papers is unsatisfying. Also, no further dendroclimatological methods are used and no standardization 
procedure is given. This leaves the reader unclear regarding trends and climate. 

 Previous studies have shown that at sites with elevated atmospheric mercury (GEM) concentrations, 
trees typically have elevated mercury in their assimilatory organs, resulting in elevated concentrations of 
mercury in their tree rings. Thus, one would expect to see reports of increasing Hg in tree tissues. How-
ever, in the German Specimen Bank (https://www.umweltprobenbank.de/de), all sampled assimilatory 
organs of spruce, beech, and poplar trees indicate decreasing air Hg concentrations, similar to the indi-
cations of decreasing GEM concentrations from European air monitoring. This leaves the reader with 
the question of why increasing Hg in the tree rings of oaks at the two studied sites (one contaminated 
and one background) would not be coupled with increasing air Hg. As demonstrated by McClenahen et 
al. (2013) in Pennsylvania, oak assimilatory organs reflect decreasing atmospheric Hg emissions and air 
Hg levels. 

Land et al.: Currently, we investigate Hg concentration in litter fall to get a deeper inside into the Hg con-
centration at the site compared to air Hg from the German Specimen Bank. 

 

The explanation for the increasing trend of mercury (Hg) in tree rings could be the physiological functio-
ning of oak bole. Previous studies have shown patterns of increasing elemental concentrations in direc-
tion from the pith to the bark, as demonstrated by Lévy et al. (1996), Bukata and Kyser (2008), and Jao-
zandry et al. (2024). Jaozandry et al. (2024) explained increasing nutrient concentrations (and also 
some pollutants) from pith to bark by translocation of elements between rings. The porous character of 
oak wood, which is typical of vessels (diffusive-porous wood type), is thought to play a significant role in 
radial translocation. The authors quickly dismiss the alternative explanation that the temporal mismatch 
between the tree-ring Hg and Hg emissions in Fig. 4 (which seems rather small to me) is caused by ra-
dial translocation. As we know from literature in case of conifers translocation occurred the other way 
i.e. contrastingly to oaks in direction from bark to the pith. For broadleaved species like oak, it is much 
more plausible that a substantial portion of Hg (and many other nutrients and other elements) remains in 
the xylem sap or is re-mobilized and moves outward as the sapwood grows. 

Land et al.: First of all, Figure 4 do not show any oak tree ring Hg series. When comparing tree ring Hg 
series from the northern hemisphere, a clear overall trend is seen throughout different species and diffe-
rent age classes. If we would follow your argumentation, it would mean that different tree species with 
different age translocate Hg radially from bark to pith and store Hg within the same precisely dated tree 
rings throughout the northern hemisphere? In our opinion, this is not plausible. Thus, it is more likely that 
there is a close relationship between atmospheric Hg, temperature change and tree ring Hg concentra-
tion. 

  

At the same time, the absence of a mercury (Hg) signal in the tree rings at the cinnabar smelting site rai-
ses questions about the validity of oak tree rings as an archive of atmospheric pollution. As indicated in 
the beginning of this assessment, broadleaved species were evaluated as not suitable for evaluation of 
Hg trends in tree rings over time (Gustin et al. 2022). Although Gustin et al. (2022) paper is in the list of 
references, no discussion was dedicated to addressing this statement. 

Land et al.: The sampling site is about 6 km distant from the former smelter and not in the main wind di-
rection. Moreover, the amount of ore roasted was relatively small. We believe that the relatively high Hg 
emission from the local naturally Hg loaded soils has overwritten the distant atmospheric signal. This is 
supported, by the observation, that Hg in fir needles is highly elevated today indicating a local dominant 
source. Gustin et al. (2022) analysed only a few oak trees from one location in their study. Gustin et al. 
(2022) do not postulate that oak species is not suitable for Hg studies. 

  



Additionally, I don’t believe the distinction between isohydric and anisohydric species adequately ex-
plains the significant variations in tree-ring mercury (Hg) levels. In study of previously mentioned Boo-
nen et al. (2025), European larch (anisohydric) produced similar results to Douglas fir (isohydric), which 
suggests that stomatal behavior may not be a key factor in long-term trends. 

Land et al.: To answer that, much more investigations are needed. According to our findings, we think 
that the isohydric / anisohydric theory is adequate to explain the differences. But we understand the re-
viewer´s concern. We propose to discuss this explanation as one possible explanation. 

  

Given the above-mentioned reservations, I cannot recommend publication of this paper unless the au-
thors reconsider and reinterpret their observations. 

Land et al.: Given our above responses, we offer to reconsider and reinterpret our results. 

  

More comments and remarks: 

Sampling sites 

In a study dealing with climate change I would expect to have a complete information on site elevation, 
mean annual precipitation and temperature to have a background for further interpretation and discus-
sion. This information is missing. 

Land et al.: We will add this information. 

 
Paragraph 95 

The method of sapwood tree ring estimation is missing… Another issue is the specification of mid-point 
years 2017, 2012, 2007 and so forth… when were the trees sampled and why is the first midpoint 2017? 

Land et al.: Sapwood tree rings were simply counted. They show a light brown colour compared to the 
dark brown colour of the hardwood. We think, that this information is not important for the reader. We 
have chosen these mid-points, because they reflect a five year increment interval (e.g. 2015-2019). 
Scanlon et al. (2020) have chosen a ten year interval (e.g. 2004-2013). Siwik et al. (2010) cut 3 or five 
tree rings for an interval (depending on the species). Thus, we see no issue in our specification of the 
mid-points. Our mid-points start in 2022, 2017 is not correct and will be changed. 

  

Paragraph 105 

Here is a major problem, why would you aggregate contaminated site and uncontaminated site tree ring 
Hg records for further analysis – this does not make sense at all. If the contaminated site has been af-
fected by the local emission or re-emission sources then it should not be used for extrapolation with the 
regional averages. Why was the further analysis not performed on the record of background site only? 

Land et al.: For our analyses we used standard methods from dendroclimatology. This includes a stan-
dardization method to have all single tree time records the same mean value and standard deviation. 
This should always be done when combining several tree time series to one "mean" series (often called 
chronology). After analysing contaminated and uncontaminated Hg records separately, we found no dif-
ference between them. To receive a more robust "mean" series for the climate-Hg study, we decided to 
increase the number of tree time series. The higher the replication of a chronology the more robust it is. 

  



Paragraph 155 

Where in paper was the leaf activity used? 

Land et al.: We do not understand this question. 

  

Paragraph 185 

I could not find Fig. S1 within the submission… 

Land et al.: That is correct. There is no Fig. S1 included in the manuscript. 

  

Paragraph 200 

The concentration ranges should have units. 

Land et al.: Will be added. 

  

Paragraph 215 

If such an important strong Hg emission source would not be recorded in a Hg tree ring record I would 
end up asking myself if the tree ring record records atmospheric Hg levels or not? The possible tree 
physiology effects such as radial translocation are kind of left behind in this paper. Many previous works 
(including those in the list of refs) indicated risks of using the sapwood tree rings without caution. Exa-
mple for all one of the most recent papers Peng et al. 2024. 

Land et al.: See our comments above to the topic of radial translocation. The sampling site is about 6 
km distant from the former smelter and not in the main wind direction. Moreover, the amount of ore 
roasted was relatively small. We believe that the relatively high Hg emission from the local naturally Hg 
loaded soils has overwritten the distant atmospheric signal. This is supported, by the observation, that 
Hg in fir needles is highly elevated today indicating a local dominant source. 

  

Paragraph 220 

…studies in oak are quite rare. Please include the refs so that readers can refer to these studies. 

Land et al.: Here we will add some references. 

  

Paragraph 320-360 

This part of the discussion is missing the fact recently published by Peng et al. (2024) indicating that 
sapwood tree rings should be interpreted with high caution. 

Land et al.: What does „high caution“ mean? In relation to what? This remains totally unclear in all pa-
pers and shows that there is still a big lack of knowledge. We think, that our manuscript opens a new 
door in terms of how Hg data in tree rings could also be seen and discussed. 



  

Paragraph 345 

…soil water lowers… e.g. soil moisture decreases… would be better 

Land et al.: Will be changed to soil moisture decreases. 

  

The following Refs will be added. 
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