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per year before 1990, but were around four per article per 
year after 2000; (2) the major subjects using tree ring stable 
isotopes include forestry, geosciences, and environmental 
sciences, contributing to 42.5% of the total during 1974–
2023; (3) the top three most productive institutions are the 
Chinese Academy of Sciences (423), the Swiss Federal Insti-
tute for Forest, Snow and Landscape Research (227), and 
the University of Arizona (204). These achievements result 
from strong collaborations; (4) review papers, for example, 
(Dawson et al., Annu Rev Ecol Syst 33:507–559, 2002) and 
(McCarroll and Loader, Quat Sci Rev 23:771–801, 2004), 
are among the most cited, with more than 1000 citations; (5) 
tree ring stable isotope studies mainly focus on climatology 
and ecology, with atmospheric CO2 one of the most popular 
topics. Since 2010, precipitation and drought have received 
increasing attention. Based on this analysis, the research 
stages, key findings, debated issues, limitations and direc-
tions for future research are summarized. This study serves 
as an important attempt to understand the progress on the 
use of stable isotopes in tree rings, providing scientific guid-
ance for young researchers in this field.
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Abstract  Analyses of stable isotopes (C, O, H) in tree 
rings are increasingly important cross-disciplinary pro-
grams. The rapid development in this field documented in an 
increasing number of publications requires a comprehensive 
review. This study includes a bibliometric analysis-based 
review to better understand research trends in tree ring stable 
isotope research. Overall, 1475 publications were selected 
from the Web of Science Core Collection for 1974–2023. 
The findings are that: (1) numbers of annual publications 
and citations increased since 1974. From 1974 to 1980, there 
were around two relevant publications per year. However, 
from 2020 to 2022, this rose sharply to 109 publications per 
year. Likewise, average article citations were less than four 
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Introduction

The importance of forests cannot be overemphasized in 
terms of their critical role in the global carbon, energy, 
and hydrological cycles. However, many forests are facing 
increasing stress (such as droughts, heatwaves) and may 
be highly affected or even decline under the impacts of 
global climate change (Mou et al. 2019; Senf et al. 2020; 
Hammond et al. 2022; Hartmann et al. 2022). To better 
forecast how forests may change under different climate 
conditions, it will be beneficial to obtain the historical 
picture of physiological and ecological processes affect-
ing forests under different climate conditions. Investiga-
tions using stable isotopes in tree rings are one of the most 
valuable tools to meet such demands (Gessler et al. 2018; 
Shestakova and Martínez-Sancho 2021).

Since the end of the twentieth century, stable isotopes 
(herein focused only on C, O, H) in tree rings have been 
increasingly applied in different fields such as forest ecol-
ogy and (paleo) climatology. More specifically, studies 
focusing on tree ring stable isotopes are indicative of net 
primary productivity (Belmecheri et al. 2014; Levesque 
et al. 2019), tree vitality and forest health (Cherubini et al. 
2021), as well as water sources (Wang et al. 2021a, b; 
Huang et al. 2022; Zhao et al. 2023a). Voelker et al. (2019) 
reported that stable carbon isotopes in tree rings indicated 
that fire suppression had compromised the drought resil-
ience of mixed-conifer forests and increased their vulner-
ability to biotic disturbances.

In addition, several ~ 1000-year tree ring isotope-inferred 
precipitation/temperature reconstructions have been pro-
duced worldwide (e.g., Feng and Epstein 1994; Treydte et al. 
2006, 2009; Wang et al. 2013; Grießinger et al. 2017; Nakat-
suka et al. 2020; Büntgen et al. 2021; Yang et al. 2021; An 
et al. 2022). With such enhanced progress, Siegwolf et al. 
(2022) published “Stable isotopes in tree rings: inferring 
physiological, climatic and environmental responses”, which 
reviews current advances in tree ring stable isotope research. 
Such rapid developments in tree ring isotope science neces-
sitates a state-of-the-art bibliometric review.

Bibliometric analysis, a scientific computer-assisted 
review methodology, is the statistical analyses of books, 
articles, and other publications (Ai et al. 2022). It is also 
referred to as “research on research”, providing a qualita-
tive description of trends based on a bibliometric analysis. 
Such methods are increasingly used in hydrology (Ning 
et al. 2019), climatology (Huang et al. 2020; Fu and Walt-
man 2022), geomorphology (Zhang and Chen 2020; Bovi 
et al. 2022), ecology (Chen et al. 2022), forestry (Polinko 
and Coupland 2021), and plant science (Adamo et al. 2021). 
Despite the substantial progress being made by tree ring 
isotope research, only few studies have used bibliometric 
methods to identify research trends in this field.

The aim of this study is to explore data on research out-
puts of stable isotopes in tree rings from the Web of Science 
(WOS) literature database, unveiling the global research sta-
tus and hot spots in this field. The research stages, key find-
ings, debated issues, and limitations for tree ring isotopes 
are also outlined. The results of this study can be a guide on 
tree ring stable isotope research.

Materials and methods

Data source

The Web of Science Core Collection was selected as our 
data source for bibliometric analysis, given its wide applica-
tion in ecology (Song and Zhao 2013; Wang et al. 2022a), 
forestry (Polinko and Coupland 2021) and hydrology (Cao 
et al. 2021).

To capture the relevant literature as comprehensively as 
possible, two search terms were used: “tree ring* AND iso-
top*” and “tree ring* AND (stable isotop* OR Delta O-18 
OR Delta C-13 OR delta H-2 OR Delta D)” (Note: the wild-
card isotop* matches both “isotopic” and “isotope”). The 
number of publications from these two retrieval terms was 
2251 and 1921, respectively. Fields like author, title, jour-
nal, cited frequency, abstract, address, affiliation, publica-
tion type, author keywords, keywords plus, Web of Science 
category and references in each record were downloaded for 
analysis. The web search covered the period from 1900 to 
2023, and the final data retrieval was performed on January 
17, 2023. After all the records were initially screened and 
merged, and repeated data deleted, 2393 records were left. 
Subsequently, all records were manually screened to select 
the relevant records. Finally, after two thorough manual 
screenings, only 1,475 records were selected for further anal-
ysis. Stable carbon, oxygen, and hydrogen isotopes in tree 
rings were focused on in this study depsite of the fact that 
there is an increasing number of publications using other 
isotopes in tree rings (e.g., nitrogen, Silva et al. 2016; Wang 
et al. 2022b). Other metal isotopes or non-stable isotopes 
(14C) are also excluded in this study.

Data analysis

Biblioshiny in the bibliometrix package in the statistical 
environment R (Aria and Cuccurullo 2017; R Core Team 
2023) revealed the temporal patterns of annual publications, 
citations, subjects, sources, authors, institutions, countries, 
key articles, research hotspots (indicated by keywords 
plus) for tree ring stable isotope studies. Biblioshiny is a 
shiny APP offering a web-interface for bibliometrix (Aria 
and Cuccurullo 2017). The detailed outline of this study is 
shown in Fig. 1.
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The Web of Science provides two types of keywords 
when possible: author keywords, selected by the author 
and submitted with the manuscript to the journal, and 
keywords plus assigned by the Web of Science. Herein, 
‘keywords plus’ instead of the authors’ keywords is used 
to explore the research hotspots. Detailed reasons are pro-
vided in the supporting materials.

Additionally, the synonym terms were merged into 
one to better understand the trend of tree ring isotope 
studies (“Friedrich Alexander Univ”, “Friedrich Alex-
ander Univ Erlangen Nuremberg”, “Friedrich Alexander 
Univ Erlangen Nurnberg”, “Friedrich Alexander Univ 
Erlangen Nurnberg FAU”, “Friedrich Alexander Univers 
Erlangen Nuremberg” were replaced with “Univ Erlan-
gen Nurnberg”). Other major synonyms are summarized 
in Table S1.

All data analysis and the resulting plots were applied in 
the statistical environment R (R Core Team 2023).

Results and discussion

Overview of publication outputs

A total of 1475 papers from 249 sources (journals, books 
and other materials) were published during 1974–2023. 
There were 3485 authors in these studies, and only 44 pub-
lished single–authored papers. On average, 5.1 authors con-
tributed to every document. Half of the 1475 papers (50.9%) 
included international co–authors (at least from two coun-
tries). In addition, the average publication age in our data-
set was 10.3 years, with 35.6 citations for every analyzed 
document.

Publications and citation trends

Both the annual number of publications and citations show 
an overall increase (Fig. 2, 1974–1980: two publications per 

Fig. 1   Workflow diagram
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year; 2020–2022: 109 publications per year; less than four 
average article citations before 1990; around four average 
article citations per year after 2000). Before 1990, there 
were only 17 publications related to tree ring stable isotopes. 
Two years with more than 20, and 100 publications were 
observed in 2000 and 2020, respectively. Annual publica-
tions increased from 1 in 1974 to 113 in 2022, leading to 
an average annual increase of 1.4% and 1475 accumulated 
publications. The number of publications per year have 
increased more than seven times from 2000 (15) to 2020 
(113). Since 2000, the annual number of publications has 
exhibited a stable increase.

Average article citations were less than four per year 
before 1990. After 2000, average article citations increased 
to around four per year. Average article citations per year 
increased before 2016, however, a decrease occurred after 
2016. Such a decrease in citations might be attributed to the 
time lag of two to three years after publication, which allows 
papers to accumulate sufficient citations (Belter 2015). Col-
lectively, this demonstrates that the field of stable isotopes 
in tree rings developed rapidly with remarkable outputs over 
the past decades.

Subject and sources characteristics

Forestry, geosciences multidisciplinary, and environmental 
sciences are the major areas for the application of tree ring 
stable isotope studies (Fig. 3a), accounting for 42.5% of all 
subjects during 1974–2023. Contributions from different 

fields changed during differing periods. Before 2000, around 
61.1% of related papers were on geosciences multidisci-
plinary, geochemistry and geophysics, ecology, meteor-
ology or atmospheric sciences, and forestry. Since 2000, 
contributions from forestry and environmental sciences 
have increased, while those from geosciences multidisci-
plinary have decreased. The percentage of articles in geo-
sciences multidisciplinary kept relatively stable during dif-
ferent periods. The increasing contributions from forestry 
and environmental sciences likely result from an emphasis 
from the public and society.

Studies of tree ring stable isotopes overall have appeared 
in 249 sources (journals, books, other materials). The num-
ber of sources remained stable at 45 from 1974 to 1999, 
and from 2000 to 2004. After 2004, the number of sources 
increased steadily, reaching 119 in 2015–2019. Addition-
ally, the journals, Tree Physiology (96), Trees-Structure and 
Function (54), and Dendrochronologia (52) were the most 
popular for researchers to publish their results. These three 
journals contributed 13.7% of the total sources. Publica-
tions in these journals showed a clear increase since 2000 
(Fig. 3b). This indicates that stable isotopes in tree rings 
were widely employed to investigate ecological/physiologi-
cal processes in forestry research.

Institutions and countries

Most productive institutions and countries

The top 10 institutions in terms of overall number of publica-
tions are provided in Table 1. The Chinese Academy of Sci-
ences (CAS) dominates with 423 publications, mainly from 
the Northwest Institute of Eco-environment and Resources 
(114), formerly the Cold and Arid Regions Environmen-
tal and Engineering Research Institute, and the Institute of 
Earth Environment (82). CAS is followed by the Swiss Fed-
eral Institute of Forest Snow and Landscape Research (WSL, 
227) and the University of Arizona (204). The large number 
of publications by these institutions clearly indicate their 
influence in the field.

Different countries have different dominant roles based on 
the number of publications by several authors, the number of 
publications by corresponding author, total citations, and the 
average article citations (Fig. 4). The USA leads in number 
of publications (1327, Fig. 4a), the number of publications 
by corresponding author (285, Fig. 4b), and total citations 
(14,114, Fig. 4c). China is second with regards to the num-
ber of publications (1012, Fig. 4a), and the number of docu-
ments by corresponding author (197, Fig. 4b). However, the 
total citations (2640) and average article citations (13.4) for 
China were behind the UK (total citations: 6475, average 
article citations: 62.3), Germany (total citations: 5856, aver-
age article citations: 38), Switzerland (total citations: 5515, 
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cle citations per year
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average article citations: 55.7), and Spain (total citations: 
3175, average article citations: 41.2, Fig. 4c, d). Further, the 
UK leads in average article citations (62.3, Fig. 4d). This 
may result from the highly cited review papers by authors 
affiliated with the UK (e.g., McCarroll and Loader 2004).

Collaborations among authors, institutions, and countries

Whether authors, institutions or countries are considered, 
collaborative studies at national and international levels 
are becoming increasingly common for tree ring isotope 
research. The average numbers of authors, institutions, and 
countries revealed an upward trend since 1974 (Fig. 5). Over 
2010–2023, the number was twice compared to 1974–1999 
(Fig. 5). Additional collaboration network analysis revealed 
that the most influential institutions and countries had high 
numbers of collaborations (Fig. S1). The importance of 

Fig. 3   a Percentage of major 
subject categories during 1974–
2023,1974–1999, 2000–2004, 
2005–2009, 2010–2014, 2015–
2019, 2020–2023. These were 
selected based on the develop-
ment and production of tree ring 
stable isotopes; b cumulative 
production for the top 6 most 
relevant sources related to tree 
ring stable isotopes
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Table 1   List of the top 10 institutes derived from the analysis includ-
ing affiliation, country, and number of articles

Affiliation Country Num-
ber of 
articles

Chinese Academy of Sciences China 423
WSL Switzerland 227
University of Arizona USA 204
Paul Scherrer Institute Switzerland 121
Swansea University UK 104
University of Erlangen-Nuremberg Germany 101
University of Bern Switzerland 87
Hokkaido University Japan 62
Columbia University USA 59
University of Lleida Spain 59
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cooperation is also stressed from a country comparison per-
spective (Jonathan 2013).

Key articles

Review papers were highly cited, the 10 most cited papers 
are listed in Table 2. All were published before 2010, and 

only one was published before 2000. Six of these ten papers 
were review articles, and the remaining were research arti-
cles. This suggests, specifically, that review papers have the 
highest potential to be highly cited. Apart from these review 
papers, publications related to thematic hot topics such as 
drought-induced forest decline (Barber et al. 2000) and 
original methods (Roden et al. 2000) were also attractive.

Hotspots indicated by ‘keywords plus’

The terms “climatology” and “ecology” appear to be the 
main themes of tree ring isotope studies. Thirty ‘keywords 
plus’ are provided in the co–occurrence network and can be 
classified into two groups. The red zone (Cluster 1) indicates 
the theme “climatology”, the blue zone (Cluster 2) repre-
sents the theme “ecology”. It is obvious that the two clusters 
are significantly inter-linked (Fig. 6).

The hotspots have changed over time from 1974 to 2023 
(Table 3). Atmospheric CO2 remained the main topic in all 
periods except for 2020–2023. From 1974 to 1999, atmos-
pheric CO2, leaves, photosynthesis, plants, and forests were 
the most prevalent topics, reflecting that basic theories and 
methods were the dominant focus (e.g., Pearman et al. 1976; 
Leavitt and Long 1986; Macfarlane et al. 1999; McCarroll 
and Loader 2004). In the 2000s, water-use efficiency, tem-
perature, and climate became more frequent topics, indicat-
ing a shift towards climate change impacts (e.g., Saurer et al. 
2004; Peñuelas et al. 2008; Gessler et al. 2009).

Fig. 4   Top 10 countries with 
publications related to tree ring 
stable isotopes: a number of 
documents irrespective of cor-
responding authors, b number 
of documents by corresponding 
authors, c total citations, d aver-
age article citation
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The 2010s saw even more focus on climate, variability, 
drought, and reconstruction of past climates using tree ring 
isotopes (e.g., Leavitt et al. 2011; Brienen et al. 2012; Qin 
et al. 2015). This possibly results from more frequent and 
destructive precipitation–related disasters (floods, droughts; 
IPCC 2021). Most recently in the 2020s, climate, atmospheric 
CO2, and precipitation have been dominant (e.g., Mathias and 
Thomas 2021; Yang et al. 2021; Freund et al. 2023).

Research stages in tree ring stable isotope

According to our bibliometric analysis, the development of 
tree ring isotope research has gone through three stages: the 
initial exploration stage, the rapid development stage, and 
the expansion and integration stage (Fig. 7). During the ini-
tial exploration stage (before 2000), the number of articles 
was 110, with minimal international cooperation. On aver-
age, two–three scholars from a single country and institution 
published an article. Research focused on basic methods and 
fractionation principles in a few areas (Francey and Farquhar 
1982; Roden and Ehleringer 1999).

In the rapid development stage (2000–2009), the num-
ber of articles published was 314, with an increase in 

international cooperation. On average, four scholars from 
one-two countries and two to three institutions published an 
article. The number of research sites gradually increased. 
Some scholars systematically reviewed the principles, meth-
ods, and applications of tree ring isotopes (Dawson et al. 
2002; McCarroll and Loader 2004), laying a foundation for 
tree ring isotope research. In addition, long time series of 
1000 years began to appear (Treydte et al. 2006).

In the expansion and integration stage (after 2010), up to 
the present, the number of articles published is about 1,050, 
with a significant increase in international cooperation. 
On average, five-six scholars from two countries and three 
to four institutions published an article. Drought research 
related to precipitation has increased. More chronologies 
exceeding 1,000  years have emerged (Grießinger et  al. 
2017; Büntgen et al. 2021; Yang et al. 2021). Research has 
expanded from single sites to regional comparisons (Freund 
et al. 2023; Xu et al. 2023) and research disciplines have 
expanded to multi-disciplines including forestry. Tree ring 
isotopes are increasingly closely integrated with mechanistic 
process models (Zeng et al. 2016, 2017) and atmospheric 
circulation models (Huang et al. 2019b).

Table 2   Top 10 cited articles derived from the analysis including information on respective documents, title, and year of publication

Document Title Type

Dawson et al. (2002) Stable isotopes in plant ecology Review
McCarroll and Loader (2004) Stable isotopes in tree rings Review
Barber et al. (2000) Reduced growth of Alaskan white spruce in the twentieth century from temperature-induced drought 

stress
Article

Ehleringer and Dawson (1992) Water-uptake by plants-perspectives from stable isotope composition Review
Roden et al. (2000) A mechanistic model for Interpretation of hydrogen and oxygen isotope ratios in tree-ring cellulose Article
Jones et al. (2009) High-resolution palaeoclimatology of the last millennium: A review of current status and future 

prospects
Review

Barbour (2007) Stable oxygen isotope composition of plant tissue: A review Review
Treydte et al. (2006) The twentieth century was the wettest period in northern Pakistan over the past millennium Article
Seibt et al. (2008) Carbon isotopes and water use efficiency: sense and sensitivity Review
Hesselbo et al. (2007) Carbon-isotope record of the Early Jurassic (Toarcian) Oceanic Anoxic Event from fossil wood and 

marine carbonate (Lusitanian Basin, Portugal)
Article

Fig. 6   Co-occurrence network 
of ‘keywords plus’ during the 
period 1974–2023
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Key findings, debated issues, and limitations of tree 
ring isotopes

Key findings

Tree ring isotopes are crucial in paleoclimatology research. 
The length of tree ring isotope chronologies has increased 
over time, with long chronologies spanning 6700 years in 
Asia (Yang et al. 2021), 1944 years in Europe (Büntgen 
et al. 2021), and some covering geological periods (Ren 
et al. 2021). The temporal resolution has also increased 
through more frequent intra-annual high-resolution stud-
ies, providing detailed climate change (Zeng et al. 2016 and 
2017; Szymczak et al. 2019; Xu et al. 2021, 2022; Bing et al. 
2022). In addition, tree ring isotope research has expanded 
spatially to include tropical low latitudes (Xu et al. 2023) and 
Arctic high latitudes (Xu et al. 2020). In addition to trees, 
shrubs have also attracted attention (Huang et al. 2019a; 
Wernicke et al. 2019; Driscoll et al. 2020; Li et al. 2020).

In ecology, tree ring isotopes have provided valu-
able insights. Intrinsic water-use efficiency is found to have 
increased in recent decades (Huang et al. 2017; Adams et al. 
2019; Grießinger et al. 2019; Liu et al. 2019). Globally and 
regionally, enhanced photosynthesis rather than reduced sto-
matal conductance is the primary cause of increased intrin-
sic water-use efficiency (Guerrieri et al. 2019; Mathias and 
Thomas 2021). However, such increased efficiency may not 
improve tree growth due to water stress and nutrient limitations 
(Rahman et al. 2019; Wang et al. 2021a, b; Yang et al. 2022; 
Li et al. 2023). Additionally, tree ring isotopes have tracked 
variability of vegetation productivity in the eastern USA and 
northeastern China (Belmecheri et al. 2014; Levesque et al. 
2019; Diao et al. 2023). Further, a conceptual model using 
tree ring isotopes assessed mechanisms and predispositions of 
drought-induced tree mortality (Gessler et al. 2018), providing 
a promising retrospective tool for physiological mechanisms.

Debated issues

CO2 fertilization.

The effects of rising atmospheric CO2 on tree growth remain 
controversial (Laffitte et al. 2023). Some tree ring isotope 
studies from northwestern China (Liu et al. 2014) and the 
southeastern Tibetan Plateau (Silva et al. 2016) reveal a 
positive tree growth response to elevated CO2, while other 
researches from the tropics suggest constraints from drought 
stress or nutrient availability override the influence of the 
CO2 increase on tree growth (Rahman et al. 2019). Further 
efforts are needed to clarify such complex relationship.
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Detrend or not for tree ring oxygen isotopes.

Whether age-related trends exist in tree ring oxygen iso-
topes remains under discussion. Studies in northern Pakistan 
detected an age-related trend in the oxygen isotope chro-
nology (Treydte et al. 2006), while research in the UK and 
Czech Republic did not (Duffy et al. 2019; Büntgen et al. 
2020). Given their potential influence on climate reconstruc-
tions, this warrants further attention.

Limitations

The limitations of tree ring isotopes are: (1) stresses can lead 
to a mismatch between leaf and tree ring isotopes (Andreu-
Hayles et al. 2022). Stem growth and carbon allocation to the 
stem may rapidly decline under stress before decreases in pho-
tosynthesis occur (Dobbertin 2005). This incomplete carbon 
transfer can result in unclear isotopic signals in the tree rings; 
(2) a temporal mismatch also arises from the use of different 
carbon pools for growth, each with unique isotopic signatures 
(Andreu-Hayles et al. 2022). While stored assimilates such 
as starch and sugars contain a blend of isotopic signals from 
previous and current seasons, their values diverge from newly 
produced assimilates (Kagawa et al. 2006). Such limitations 
should be considered in data analysis.

New frontiers in tree ring stable isotopes

Global synthesis for paleoclimatic reconstruction

The number of tree ring isotope sampling sites worldwide 
is increasing (e.g., Shestakova and Martínez-Sancho 2021; 
Freund et al. 2023; Xu et al. 2023). Creating global networks 

of tree ring isotope data can improve the accuracy of pale-
oclimatic reconstructions. This involves collecting data from 
various regions around the world and integrating it into a 
unified framework. Previous work has been done to create a 
global network of tree ring oxygen isotopes (Konecky et al. 
2020). Further efforts should consider adding carbon and 
hydrology isotopes to obtain a much clearer picture of cli-
mate variability.

Evaluation of recent droughts in a long‑term context

Drought has a significant impact on human beings. In recent 
years, an era of global warming has occurred, resulting in 
increased frequency and severity of droughts. Answer-
ing questions about the long-term historical perspective 
on recent droughts and their main driving factors requires 
long-term drought history data. Tree ring isotopes can record 
drought history and evaluate the severity of current droughts 
and their driving factors on a long-term scale (Feng et al. 
2022; An et al. 2023; Wang et al. 2023; Zhao et al. 2023b). 
However, current tree ring isotope drought research is lim-
ited to a few regions like Europe (Liu et al. 2022; An et al. 
2023; Freund et al. 2023), South America (Brienen et al. 
2012), Northern America (Leavitt et al. 2011) and China 
(Yang et al. 2021). More efforts are needed in areas like 
Africa.

Reconstructing past vegetation productivity using tree ring 
stable isotopes

Vegetation productivity, which reflects the net carbon bal-
ance between photosynthesis and respiration, is a key indi-
cator of ecosystem function and carbon cycling. However, 

Fig. 7   Three stages of tree ring 
isotopes research

1. Initial exploration stage 
(Before 2000)

Limited international cooperation;

Basic methods and principles.

2. Rapid development stage 
(2000–2009)

Increasing international 
cooperation;

Several key reviews about 
principles, method and 
applications.

3. Expansion and integration stage 
(After 2010)

Significant increase in international 
cooperation;

Multi-disciplines;

Integrations with models.
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long-term, high-resolution estimates of vegetation produc-
tivity across large spatial scales are generally scarce. Tree 
ring carbon and (or) oxygen isotopes have captured the inter-
annual variability of ecosystem productivity in temperate 
forests (Belmecheri et al. 2014; Levesque et al. 2019; Diao 
et al. 2023). Such results suggest a potential of tree ring iso-
topes for reconstructing past vegetation productivity.

Understanding the physiological mechanisms of tree 
decline and mortality

The effects of global warming are manifesting as a decrease 
or mortality in numerous forests globally (Hammond et al. 
2022). Tree ring widths provide fundamental insights into 
how tree growth has adapted to these changes (Rai et al. 
2020; Yu and Liu 2020). Additionally, isotopes in tree rings 
furnish supplementary data on long-term physiological 
alterations in trees, such as changes in water-use efficiency 
and water sources (Sarris et al. 2013; Cherubini et al. 2021; 
Lehmann et al. 2021; Quadri et al. 2021; Siegwolf et al. 
2023; Strange et al. 2023). This is crucial to understand-
ing the physiological mechanisms of forest decline or death 
(Gessler et al. 2018; Valor et al. 2020). For example, early-
warning signs of tree decline can be inferred from a reduced 
intrinsic water-use efficiency in the short-term (López et al. 
2021).

Conclusion

Tree ring stable isotopes (C, O, H) are increasingly being 
used as an important tool in ecological, climatological, and 
forest research, with fruitful outputs. In this study, we con-
ducted a bibliometric analysis to better understand trends 
in the current research during the period 1974–2023 with 
the retrieval type of “tree ring” and “stable isotope” in the 
topic. We found that the annual numbers of 1475 SCI/SSCI-
indexed documents and citations increased. Forestry, mul-
tidisciplinary geosciences, and environmental sciences are 
the main subjects of this increase during 1974–2023, and 
Tree Physiology was the most popular journal for research-
ers. There was a shift from pure ecology and plant science 
to forestry (more applied topics). Additionally, CAS, WSL, 
and the University of Arizona are the most productive insti-
tutions, with more than 200 records. Different countries 
exhibit differing dominance for the total number of publi-
cations, the number of publications by the corresponding 
author, total citations, and average article citations. The 
most cited papers are mainly originating from reviews such 
as Dawson et al. (2002) and McCarroll and Loader (2004), 
with > 1000 citations. “Atmospheric CO2” has been the most 

common theme, and precipitation-related studies have been 
given increasing attention since 2010.

Moreover, tree ring isotopes have undergone three distinct 
stages of development: the initial exploration stage (before 
2000), the rapid development stage (2000–2009), and the 
expansion and integration stage (since 2010). These stages 
have been characterized by increasing international coop-
eration and significant contributions to the fields of (paleo) 
climatology and ecology. However, there remain unresolved 
issues, such as the effects of CO2 fertilization and age-related 
effects in tree ring oxygen isotopes. In addition, attention 
should be given to the decoupling between leaf and tree ring 
isotopes, as well as the temporal mismatch of isotopic sig-
natures due to the use of different carbon pools for growth.

We are aware that there might be some limitations within 
this analysis. At first, some relevant tree ring isotope studies 
were not included due to the limitation of the retrieval type. 
More specifically, papers whose title, abstract and keywords 
did not contain retrieval terms were not detected. In addi-
tion, articles in other languages besides English were not 
included. Moreover, the most recent studies about tree ring 
isotopes are not included (e.g., Freund et al. 2023; Xu et al. 
2023; Zhao et al. 2023c) and the most highly cited papers 
are biased toward older papers because older studies tend to 
be more highly cited than newer ones (Belter 2015). Despite 
such disadvantages, the results of this study may offer an 
important insight of the tree ring stable isotope literature 
and can act as a helpful guide for researchers to master the 
relevant literature.
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