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Abstract: Forest ecosystems are an important component of the global carbon cycle. Changes in the forest carbon cycle
were determined by considering the biological structures at the leaf and stand level. However, there is no consensus on
the nature of productivity at the individual tree scale. The mass growth rate of trees, and thus carbon deposition, differs
depending on the size and age of the trees. In this study, the role of old monumental trees, which provide a wide variety
of ecological functions and environmental benefits, in carbon storage was investigated. Because nowadays, the
importance of monumental trees in carbon sequestration and protection of biological diversity in forest management has
been better understood and accordingly, monumental old trees have become a significant research subject. Although
monumental trees make up a small proportion of the number of stems in a given stand or vegetation, they contribute
greatly to carbon biomass and help reduce global warming. Monument trees have special structures that allow long-term
carbon accumulation to be sustained. Features such as slow growth, stress tolerances, mosaic structure, phenotypic
plasticity, and rejuvenation potential allow for sustained age-related increases in growth, allowing for long-term carbon
accumulation. In addition, changes in available resources due to global warming may be an indicator of increases in the
biomass of these trees. However, these issues are still under discussion. The slow but continuous growth abilities of these
trees in order to achieve longevity contribute significantly to the total carbon stock and wood production. In addition,
when these trees are evaluated at the stand scale, they also make a significant contribution in terms of annual carbon
sequestration. Monument trees are not just aging carbon stores. They are unique beings that can hold large amounts of
carbon compared to young trees. Depending on the growth and development status, the carbon sequestration capacities
show a high increase, although disproportionately. In some forest types, the largest and oldest trees continue to accumulate
large amounts of biomass even though they are at the end of their natural life stages. On the other hand, there are many
different opinions. These views are generally based on an assumption that older individuals have reduced biomass
accumulation. Therefore, it is argued that younger trees can sequester more carbon. In line with the same view, there is a
widespread opinion that carbon accumulation obtained by photosynthesis is lost by respiration due to stand development
in old forests. This situation suggested that old forests are negligible as carbon sinks. There are studies showing that old
forests can continue to accumulate carbon contrary to the long held view that they are carbon neutral. Numerous
hypotheses have been developed to explain age- and size-related changes in biomass. In this context, the change in
biomass; It has been attributed to the changing balance between photosynthesis and respiration, increased hydraulic
resistance, decreased nutrient supply, differences in the access rates of resources necessary for growth, and genetic
changes due to meristem age. However, these hypotheses expressing the change in growth may not be consistent as they
vary depending on the species, vegetation period and growing environment. This situation falls short of explaining the
physiological basis of the changes in the biomass size of these trees. The fact that the ecological role of these trees, which
are rare in the world and disappear for various reasons, cannot be fulfilled by any other living thing, requires increasing
the studies on these trees. In this context, when the average annual increase in diameter of a 2 m-diameter Oriental beech
(Fagus orientalis) tree is assumed to be 0.5 cm, its annual increase is calculated as 0.182 m?. The fact that this value is
not to be underestimated shows that these trees can be considered as carbon storage areas. Therefore, the role of
monumental trees in carbon storage should be re-evaluated.
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1. INTRODUCTION

Known as “living fossils”, large old trees play an important role in ecology, landscape, and culture and are an important
part of ecosystems (Fu et al., 2022). Monumental trees are among the biggest and most long-lived organisms on earth
(Lanner, 2002; Mattioni et al., 2020). The longevity, size, and spatial distribution of large old trees are dependent on
evolutionary origins (Tng et al., 2012), long-term environmental changes (Phillips et al., 2008), and historical decay
regimes (D'Amato & Orwig, 2008). Monumental trees have numerous ecological, physiological and evolutionary
properties that provide many benefits at the ecosystem level due to their extremely long lifespan. Additionally, these trees
are pioneers of change in a rapidly changing world and in the history of plant life, given their adaptations for stability and
longevity, their specific environments and life histories. Centennial or millennial trees that can survive long-term are vital
to maintaining the resilience and adaptive capacity of forests in an ever-changing environment. At the same time,
monumental trees provide numerous ecological and environmental benefits for the development of all life forms and can
preserve these benefits for a long time. Revealing the numerous benefits that monumental trees have developed depending
on their different and superior features will be important for the protection of these trees and thus for the continuation of
these benefits.

1.1. Ecological Roles of Monumental Trees

Monumental trees are critical organisms and ecological structures in forests, savannas, deserts, and agricultural and urban
environments (Lindenmayer et al., 2012; Lindenmayer & Laurance, 2016). They are found individually or in small groups
consisting of scattered trees in this ecosystem where they are found worldwide. Therefore, they are considered small
natural features (Lindenmayer, 2017). Although they are limited in area, they play many ecological roles. At the same
time, the ecological value of monumental trees increases with age. They play many important ecological roles, from
storing large amounts of carbon to providing important habitat for wildlife. Besides; It is very important with its roles in
ecosystem processes such as hydrological regimes, nutrient cycling, micro- and meso-climatic regimes, providing habitat
and nutrients for various plant and animal species (Ligot et al., 2018). Therefore, they are biological legacies that represent
the biological and ecological continuity of genetic resources and habitats for various organisms (Manning et al., 2009).
They are in harmony with the ecosystem in which they live and have features that help control soil erosion, such as deep
rooting or low water use. Monument trees are often reproductively dominant and contribute to the germination of
disproportionate numbers of new plant communities in surrounding areas (Smith et al., 2013; Wenk & Falster, 2015).
They are singled out by age, their small numbers and restricted distribution, regardless of the priority of its species, being
confers as guarantors of the provision of seeds and vegetative material very suitable, with which contribute to natural
forest regeneration.

Monument trees play critical roles in carbon storage and therefore in maintaining forest carbon stocks (Slik et al., 2013;
Chen & Luo, 2015). Although monumental trees make up a small proportion of the number of stems in a given stand or
vegetation, they contribute greatly to carbon biomass (Keith et al., 2009). In some forest types, monumental trees continue
to accumulate large amounts of biomass even at the end of their natural life stages (Stephenson et al., 2011). Some of
these roles cannot be replaced by other structures. Many of the ecological roles they play in their ecosystem cannot be
fulfilled by other living things. Thus, large old trees play a key role (Tews et al., 2004), in terms of their disproportionate
contribution to a wide range of ecological processes and their disproportionate value for biodiversity (Manning et al.,
2006). They are considered essential components of forest ecosystems.

Monumental trees have a number of key characteristics in addition to extreme age, height, and environment. These
features are unique to these trees and provide various benefits. Some important features of monumental trees, such as the
presence of deep and widespread root networks, large cavities with large internal volumes, deeply cracked bark, large
side branches, wide crown, and productive flowering, constitute their characteristic features (Ashton, 1975; Brokaw &
Lent, 1999; Gibbons & Lindenmayer, 2002). Their unique structures provide nesting and sheltering cavities, create
different microenvironments, and provide habitat and food for many animal species (Lindenmayer et al., 2012).

The importance of monument trees as habitat for animals and other plants is so great that they can act as 'biodiversity
hotspots', supporting many more species than elsewhere in the surrounding landscape (Dean et al., 1999). Many animal
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species occur in a given area solely due to the presence of large old trees (Kavanagh & Turner, 1994). Monumental trees
can continue to have important ecological roles even when they occur as individual trees. For example, they have profound
effects on local microclimate conditions, soil moisture, and soil nutrient levels (Dean et al., 1999; Voight et al., 2015).

1.2. Monumental Trees and Their Role in Carbon Storage

Forest ecosystems have frequently been subjected to significant environmental changes throughout geological and
historical periods. In particular, the pace and complex nature of current global change seem particularly difficult to
overcome (Valladares, 2017). Climate changes, especially global warming trends, cause irreversible consequences all
over the world. Increasing greenhouse gas emissions (GHG) such as CO; are now recognized as the main cause of recent
increases in global average temperature and changes in the global hydrological cycle. It has been revealed by the IPCC
that warming over the last half century is mostly caused by human activities (>95% probability). Climate change and
environmental degradation have reached alarming levels, bringing to the fore the ecological and sociocultural functions
of forests as well as their economic functions. Because forests play an important role in reducing global climate change.
They remove CO; from the atmosphere through photosynthesis and store carbon in their biomass. Forests play a key role
in reducing greenhouse gas emissions that cause climate change by serving as carbon sinks. Understanding the magnitude
and drivers of the rate of CO exchange between forests and the atmosphere has been a focus of research, given concerns
about the effects of increasing atmospheric carbon dioxide levels on climate change (IPCC, 2007).

Forests provide a wide range of ecological services and functions. It is known that carbon sequestration has an important
place among the ecosystem services provided by forests and plays a critical role in the fight against climate change
(Pukkala, 2016). For this purpose, the scope of forest management today mainly focuses on carbon sequestration and
biodiversity. Forests both combat climate change by sequestering carbon and adapt by reducing the effects of climate
change. Forest ecosystems are an important component of the global carbon cycle (Gray, 2015). Carbon; It is kept in the
trunks, leaves, branches, roots of trees, litter and living cover and forest soil (Houghton, 1999; Goodale et al., 2002).

Changes in the forest carbon cycle were determined by considering the biological structures at the leaf and stand level
(Stephenson et al., 2014). However, there is no consensus on the nature of productivity at the individual tree scale. The
carbon storage and sequestration rate are directly related to factors such as the species, height, age and leaf biomass and
healthy condition of each tree (Giil et al., 2021). CO, consumption of forests varies depending on their health, age and
location. In this sense, the mass growth rate of trees and therefore their carbon accumulation may vary depending on the
size and age of the trees. For this purpose, the role of monumental old trees, which provide a wide range of ecological
functions and environmental benefits, in carbon storage was investigated. Because today, the importance of monumental
trees in carbon sequestration and biodiversity protection in forest management is better understood, and accordingly, old
monumental trees have become significant as a research subject.

The importance of monumental trees is increasing due to global warming and other environmental changes. Because
monumental trees are the most important organisms that cope with the negativities caused by changing and developing
climatic conditions and biotic and abiotic stress factors in the world. These trees have survived in many stages, from all
kinds of climate changes to changes in the surrounding stand structure, in their growth environment for thousands of years
(Oktan & Atar, 2021). Although monumental trees make up a small proportion of the number of stems in a given stand
or vegetation, they contribute greatly to carbon biomass (Keith et al., 2009) and help reduce global warming. By
reconstructing the past climate and environment, these trees have preserved and continue to exist even in long contrasting
climatic phases (Medieval Warm Period, Little Ice Age, global warming) [Caetano-Andrade et al., 2020]. Monumental
trees are natural and human-made systems against a climatic stimulus and its effects; They constitute the most important
group of living beings that adapt to this bad situation by adjusting or changing themselves to reduce the effects of harm
or benefit from the benefits.

Atmospheric carbon dioxide (CO>) has increased significantly during the current lifespan of these long-lived trees and
old-growth forests. In the early twenty-first century, it was thought that a 500-year tree spent 70% of its life growing
under pre-industrial CO; levels that were 30% lower than current levels. For this purpose, Phillips et al. (2008)
investigated the question of whether old trees respond to the rapid CO; increase that has occurred in the last 150 years.
Despite limited data, senescent trees have been shown to have a significant capacity for increased net growth following
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post-maturity growth decline. Increases and changes in key environmental resources, including CO2, have been associated
with growth and physiological functions in old trees. It was thought that this may indicate the potential for continued
growth in old trees as a function of ongoing global climate change. In addition, there are opinions that CO»-induced
stimulation of tree growth (Korner, 2009; van der Sleen et al., 2015) is not certain. For this reason, it is not clear whether
changes in available resources due to global warming are indicators of increases in the biomass of trees.

There are synergistic relationships between the longevity of monumental trees and the benefits they provide to the
ecosystem. Because the ecological value of these trees increases with age. The longevity of monumental trees results from
a combination of mechanisms that serve both to prevent senescence (modularity, continuous growth, dormancy) and to
tolerate aging (stress tolerance), creating tremendous potential and resilience in longevity (Munne-Bosch, 2020). Several
mechanisms have evolved in individual trees to enable extreme longevity and deal with negative effects of agein.
Senescence implies a reduction in vigor. Therefore, continuous growth is the most effective mechanism in preventing
aging (Cannon et al., 2022). The slow but continuous growth ability of these trees to achieve longevity makes a significant
contribution to the total carbon stock and wood production. These mechanisms specific to monumental trees also allow
the long-term carbon accumulation of monumental trees to be sustained.

Carbon stocks of forests are a result of both, carbon capture by biomass growth and the duration of carbon in biomass. It
is stated that the carbon capital of forests is controlled by tree life rather than growth rate (Kérner, 2017). Although carbon
stock dynamics occur in quite large areas, they can be attributed to the dynamics of individual tree communities. Because
monumental trees determine stand level dynamics (Newberry & Ridsdale, 2016), they play an important role in small-
scale carbon accumulation and storage. Old trees simultaneously increase carbon capital with their long lifespan and
continuous growth ability (Kohl et al., 2017). They store large amounts of carbon due to their high wood volume.

Although the ecological value of a monumental tree increases with age, its biological growth rate slows down with
increasing age. So tree age and tree size are not necessarily related. The decrease in the growth rate, that is, the
photosynthetic capacity, of monumental trees causes them to capture less carbon. However, it stores more carbon due to
the increase in its biomass. Young trees have relatively low carbon accumulation. Young trees use the carbon they obtain
through photosynthesis to convert it into growth energy rather than storing it. Young trees use biomass production to
increase height rather than diameter growth until they reach the upper layer (Rozendaal & Zuidema, 2011; Newberry &
Ridsdale, 2016).

Old trees store the majority of the carbon they obtain through photosynthesis. Old trees have low growth energy.
Therefore, carbon accumulation is high. Young trees capture more carbon, while old trees store more carbon. In this
context, when the average annual increase in diameter of a 2 m-diameter Oriental beech (Fagus orientalis) tree is assumed
to be 0.5 cm, its annual increase is calculated as 0.182 m®. The fact that this value is not to be underestimated shows that
these trees can be considered as carbon storage areas. Therefore, the role of monumental trees in carbon storage should
be re-evaluated.

Tree growth and longevity; are the main factors that manage the diversity, functions and productivity of forests (Lorimer
et al., 2001; Kohl et al., 2017). Research on the factors controlling these is essential to improve forest management
(Worbes et al., 2003). Studies to be carried out are extremely important, especially in terms of the uncertainty of how
long monumental trees, which are rare in the ecosystem, can maintain the numerous ecological and environmental benefits
that cannot be provided by other trees or plants.

2. DISCUSSION AND RECOMMENDATIONS

The growth behavior of monumental trees is not well known. Revealing the growth behavior of trees provides insights
into forest ecology and plant physiology. It can also improve our understanding of forest productivity, carbon storage,
and dynamics (Clark & Clark, 1996; Slik et al., 2013). However, the physiological basis of the growth patterns of
monumental trees has not been adequately documented.

There are limited studies on how the mass growth rate and therefore carbon accumulation changes as the size and age of
monumental trees increases. With regard to carbon accumulation the growth pattern of old trees is of particular importance
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(Lanner & Connor, 2001; Johnson & Abrams, 2009). Regarding the growth of large trees, contrasting results can be
found in the literature (Sheil et al., 2017). Decreasing biomass accumulation in the oldest and largest trees has classically
been assumed (Vanclay, 1994, Avery & Burkhart, 2015) but increasing biomass accumulation with tree size has recently
been claimed (Sillett et al., 2010, 2015; Stephenson et al., 2014).

Post-maturity decline in wood production is a long-standing premise in forest ecology. A widely held assumption is that
after an initial period of increasing growth, the mass growth rate of individual trees declines with increasing tree size
(Phillips et al., 2008; Meinzer et al., 2011; Piper & Fajardo, 2011). Theoretically, this is a necessary consequence of the
sigmoidal nature of organismal growth (Weiner & Thomas, 2001). This type of behavior has been determined for diameter
and length increase, but it is not sufficient to explain biomass growth. Although the results of a few single-species studies
have been consistent with this assumption, the bulk of evidence cited in support of declining growth is not based on
measurements of individual tree mass growth. Studies document well-known age-related declines in net primary
productivity of most even-aged forest stands. A large amount of scientific effort has been devoted to understanding the
potential causes of the post-maturity decline in wood production. However, the distinction between factors acting at the
tree and stand level is often unclear and further studies are needed at the individual tree scale (Sillett et al., 2010).

The decrease in tree growth over time can be caused by changes in the supply of necessary resources (light, nutrients,
water), the changing balance between photosynthesis and respiratory, increasing hydraulic resistance, decreased nutrient
supply, or genetic changes with meristem age. However, these hypotheses expressing the change in growth may not be
consistent as they vary depending on the species, vegetation period and growing environment. Delzon et al. (2004) report
a height-related decrease in above-ground annual biomass increment per unit leaf area. The hydraulic limitation
hypothesis (Ryan & Yoder, 1997), which proposed a physiological mechanism whereby a tree's height growth declines
with increasing height, is often invoked to explain the age-related decline in stand-level wood production. Yet, even
though a tree's height growth may diminish with increasing height due to hydrostatic and hydrodynamic effects, wood
production of the entire tree (or stand) does not necessarily diminish at the same rate (Ryan & Yoder, 1997), and diameter
growth of old trees may continue long after height growth has slowed (Phillips et al., 2008). For example, leaf water stress
occurs in redwoods, the tallest tree in the world, due to hydraulic and mechanical constraints. As a result, leaf expansion
and photosynthesis are limited. It is difficult to reach above 130 m even if there is sufficient soil moisture (Koch et al.,
2004; Niklas, 2007; Pandey et al., 2017). So they cannot grow taller indefinitely. However, although height growth does
not continue indefinitely, diameter growth can continue as long as the individual lives. They have also developed
strategies to prevent mortality from water stress when trees reach their maximum height. Recent studies highlight
sustained or continuously increasing mass growth rates with increasing tree size and emphasize the significant role of old
trees for carbon accumulation (Carey et al., 2001; Stephenson et al., 2014).

The metabolic theory of ecology predicts that, under demographic and resource steady-state assumptions, the growth rate
of individuals increases continuously with body size. Therefore, this theory predicts that at the forest level, large trees
should contribute to forest biomass accumulation as much as small trees (Enquist et al., 1999). Supporting this theory
with empirical findings, Stephenson et al. (2014) analyzed 403 tropical and temperate tree species and revealed that the
mass growth rate and tree size of most species showed a continuous increase together. Monumental trees don't just act as
reservoirs of aging carbon. They actively fix large amounts of carbon compared to smaller trees. A single monumental
tree can add as much carbon to a forest in a year as an entire medium-sized tree. Also found ‘published equations for
diameter growth rate in the absence of competition’ for 41 temperate tree species and highlighted that 35 of these
equations indicate increasing biomass growth with size even at the largest sizes. The authors concluded that biomass
growth continuously increases with tree size (Stephenson et al., 2014).

Sillett et al. (2010) assessed two of the world's tallest tree species: Sequoia sempervirens and Eucalyptus regnans. From
the measurements, they concluded that wood production was highest in the largest and oldest trees. A closely related
study on E. regnans drew comparable conclusions from similar data (Sillett et al., 2015).

There are different reasons for continuous growth with increasing age. These are: competition for space, which predicts
a constantly increasing mass productivity with tree size (Pretzsch, 2009), increasing the total leaf area of the tree with tree
growth (Bloor & Grubb, 2003; Riiger et al., 2011), or the process of adaptive reiteration which decreases the ratio of
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respiration to photosynthesis, rejuvenates apical meristems, and improves the hydraulic conductance by newly developed
leaves (Ishii et al., 2007).

To conclude, there is considerable theoretical and empirical uncertainty regarding how biomass growth might vary with
stem size. Further research will be required to clarify these issues. Monumental trees alone are a carbon sink. Due to their
high wood volume, they store large amounts of carbon and preserve it for a long time. The long-term importance of
monumental trees for accumulating and storing large amounts of carbon requires a better understanding of their growth
behavior, particularly to prevent them from being replaced by faster-growing younger trees. Once lost from an ecosystem,
populations of these trees, along with their many associated ecological and cultural roles, are inherently difficult or even
impossible to recover. At the same time, it may take centuries to recover the benefits provided by these trees. The fact
that the ecological role of these trees, which are rare in the world and disappear for various reasons, cannot be fulfilled
by any other living thing, requires increasing the studies on these trees.

REFERENCES

Ashton, D. H. (1975). The root and shoot development of Eucalyptus regnans, Australian Journal of Botany, 23(6), 867-
887. https://doi.org/10.1071/bt9750867

Avery, T. E., & Burkhart, H. E. (2015). Forest measurements. Waveland Press.

Bloor, J. M. G., & Grubb, P. J. (2003). Growth and mortality in high and low light: Trends among 15 shade-tolerant
tropical rain forest tree species. Journal of Ecology, 91(1), 77-85. https://doi.org/10.1046/].1365-
2745.2003.00743.x

Brokaw, N. V., & Lent, R. A. (1999). Vertical structure. In M. Hunter (Ed.), Managing biodiversity in forest ecosystems
(pp. 373-399). Cambridge University Press. https://doi.org/10.1017/CB09780511613029.013

Caetano-Andrade, V. L., Roland, C., Weigel, D., Trumbore, S., Boivin, N., Schongart, J., & Roberts, P. (2020). Tropical
trees as time capsules of anthropogenic activity. Trends is Plant Science, 25(4), 369-380.
https://doi.org/10.1016/j.tplants.2019.12.010

Cannon, C. H., Piovesan, G., & Munné-Bosch, S. (2022). Old and ancient trees are life history lottery winners and vital
evolutionary  resources for  long-term  adaptive  capacity, Nature Plants, 8(2), 136-145.
https://doi.org/10.1038/s41477-021-01088-5

Carey, E. V., Sala, A., Keane, R., & Callaway, R. M. (2001). Are old forests underestimated as global carbon sinks?
Global Change Biology, 7(4), 339—-44. https://doi.org/10.1046/j.1365-2486.2001.00418.x

Chen, H. Y. H., & Luo, Y. (2015). Net aboveground biomass declines of four major forest types with forest ageing and
climate change in western Canada's boreal forests. Global Change Biology, 21(10), 3675-3684.
https://doi.org/10.1111/gcb.12994

Clark, D. B., & Clark, D. A. (1996). Abundance, growth and mortality of very large trees in neotropical lowland rain
forest. Forest Ecology and Management, 80(1-3), 235-244. https://doi.org/10.1016/0378-1127(95)03607-5

D'Amato, A. W., & Orwig, D. A. (2008). Stand and landscape-level disturbance dynamics in old-growth forests in western
Massachusetts. Ecological Monographs, 78(4), 507-522. https://doi.org/10.1890/07-0593.1

Dean, W. R., Milton, S. J., & Jeltsch, F. (1999). Large trees, fertile islands, and birds in arid savanna. Journal of Arid
Environments, 41(1), 61-78. https://doi.org/10.1006/jare.1998.0455

Delzon, S., Sartore, M., Burlett, R., Dewar, R., & Loustau, D. (2004). Hydraulic responses to height growth in maritime
pine trees. Plant, Cell & Environment, 27(9), 1077-87. https://doi.org/10.1111/j.1365-3040.2004.01213.x

Enquist, B. J., West, G. B., Charnov, E. L., & Brown, J. H. (1999). Allometric scaling of production and life-history
variation in vascular plants. Nature, 401, 907-911. https://doi.org/10.1038/44819

Fu, Q., Qui, E., Zhang, Y., Huang, L., Wang, H., & Jhang, S. (2022). Discussion of the distribution pattern and driving
factors of 2 large old tree resources in Beijing. Forests, 13(9), 1500. https://doi.org/10.3390/f13091500

135


https://doi.org/10.1071/bt9750867
https://doi.org/10.1046/j.1365-2745.2003.00743.x
https://doi.org/10.1046/j.1365-2745.2003.00743.x
https://doi.org/10.1017/CBO9780511613029.013
https://doi.org/10.1016/j.tplants.2019.12.010
https://doi.org/10.1038/s41477-021-01088-5
https://doi.org/10.1046/j.1365-2486.2001.00418.x
https://doi.org/10.1111/gcb.12994
https://doi.org/10.1016/0378-1127(95)03607-5
https://doi.org/10.1890/07-0593.1
https://doi.org/10.1006/jare.1998.0455
https://doi.org/10.1111/j.1365-3040.2004.01213.x
https://doi.org/10.1038/44819
https://doi.org/10.3390/f13091500

3 INTERNATIONAL CONGRESS ON ENGINEERING AND LIFE SCIENCE
TRABZON-TURKIYE

Gibbons, P., & Lindenmayer, D. B. (2002). Tree hollows and wildlife conservation in Australia. CSIRO Publishing.

Gilhen-Baker, M., Roviello, V., Beresford-Kroeger, D., & Roviello, G. N. (2022). Old growth forests and large old trees
as critical organisms connecting ecosystems and human health. A Review Environmental Chemistry Letters, 20,
1529-1538. https://doi.org/10.1007/s10311-021-01372-y

Goodale, C. L., Apps, M. J.,, Birdsey, R. A., Field, C. B., Heath, L. S., Houghton, R. A., Jenkins, J. C., Kohlmaier, G. H.,
Kurz, W., Liu, S., Nabuurs, G., Nilsson, S., & Shvidenko, A. Z. (2002). Forest carbon sinks in the northern
hemisphere. Ecological Applications, 12(3), 891-899. https://doi.org/10.1890/1051-
0761(2002)012[0891:FCSITN]2.0.CO;2

Gray, A. N. (2015). The role of old forests and big trees in forest carbon sequestration. In S. M. Stanton & G. A.
Christensen (Eds.), Forest inventory and analysis (FI1A) symposium (pp. 153-158). Pacific Northwest Research
Station.

Gil, A., Tugluer, M., & Akkus, F. G. (2021). Kentsel yol agaglar1 envanteri ve karbon tutma kapasitesinin belirlenmesi.
Turkish Journal of Forest Science, 5(2), 516-535. https://doi.org/10.32328/turkjforsci.979778

Houghton, R. A. (1999). The annual net flux of carbon to the atmosphere from changes in land use 1850-1990. Tellus B:
Chemical and Physical Meteorology, 51(2), 298-313. https://doi.org/10.3402/tellush.v51i2.16288

IPCC. (2007). Climate change 2007. https://www.ipcc.ch/site/assets/uploads/2018/02/ar4_syr full_report.pdf

Ishii, H. T., Ford, E. D., & Kennedy, M. C. (2007). Physiological and ecological implications of adaptive reiteration as a
mechanism  for crown maintenance and  longevity. Tree  Physiology, 27(3), 455-62.
https://doi.org/10.1093/treephys/27.3.455

Johnson, S. E., & Abrams, M. D. (2009). Age class, longevity and growth rate relationships: Protracted growth increases
in old trees in the eastern United States. Physiology, 29(11), 1317-1328. https://doi.org/10.1093/treephys/tpp068

Kavanagh, R. P., & Turner, R. J. (1994). Birds in eucalypt plantations: The likely role of retained habitat trees. Australian
Birds, 28, 32-40.

Keith, H., Mackey, B. G., & Lindenmayer, D. B. (2009). Re-evaluation of forest biomass carbon stocks and lessons from
the world's most carbon-dense forests. Proceedings of the National Academy of Sciences, 106(28), 11635-11640.
https://doi.org/10.1073/pnas.0901970106

Koch, G. W., Sillett, S. C., Jennings, G. M., & Davis, S. D. (2004). The limits to tree height. Nature, 428, 851-854.
https://doi.org/10.1038/nature02417

Kohl, M., Prem, R. N., Neda, L. (2017). The impact of tree age on biomass growth and carbon accumulation capacity: A
retrospective analysis using tree ring data of three tropical tree species grown in natural forests of suriname, PLoS
One, 12(8), €0181187. https://doi.org/10.1371/journal.pone.0181187

Korner, C. (2009). Responses of humid tropical trees to rising CO,. Annual Review of Ecology, Evolution, and
Systematics, 40, 61-79. https://doi.org/10.1146/annurev.ecolsys.110308.120217

Korner, C. (2017). A matter of tree longevity. Science, 355(6321), 130-1. https://doi.org/10.1126/science.aal2449

Lanner, R. M., & Connor, K. F. (2001). Does bristlecone pine senesce? Experimental Gerontology, 36(4-6), 675-85.
https://doi.org/10.1016/S0531-5565(00)00234-5

Lanner R, M. (2002). Why do trees live so long? Ageing Research Reviews, 1(4), 653-671. https://doi.org/10.1016/s1568-
1637(02)00025-9

Ligot, G., Gourlet-Fleury, S., Ouédraogo, D. Y., Morin, X., Bauwens, S., Baya, F., Brostaux, Y., Doucet, J. L., & Fayolle,
A. (2018). The limited contribution of large trees to annual biomass production in an old-growth tropical forest.
Ecological Applications, 28(5), 1273-1281. https://doi.org/10.1002/eap.1726

Lindenmayer, D. B. (2017). Conserving large old trees as small natural features. Biological Conservation, 211(Part B),
51-59. https://doi.org/10.1016/j.biocon.2016.11.012

136


https://doi.org/10.1007/s10311-021-01372-y
https://doi.org/10.1890/1051-0761(2002)012%5b0891:FCSITN%5d2.0.CO;2
https://doi.org/10.1890/1051-0761(2002)012%5b0891:FCSITN%5d2.0.CO;2
https://doi.org/10.32328/turkjforsci.979778
https://doi.org/10.3402/tellusb.v51i2.16288
https://www.ipcc.ch/site/assets/uploads/2018/02/ar4_syr_full_report.pdf
https://doi.org/10.1093/treephys/27.3.455
https://doi.org/10.1093/treephys/tpp068
https://doi.org/10.1073/pnas.0901970106
https://doi.org/10.1038/nature02417
https://doi.org/10.1371/journal.pone.0181187
https://doi.org/10.1146/annurev.ecolsys.110308.120217
https://doi.org/10.1126/science.aal2449
https://doi.org/10.1016/S0531-5565(00)00234-5
https://doi.org/10.1016/s1568-1637(02)00025-9
https://doi.org/10.1016/s1568-1637(02)00025-9
https://doi.org/10.1002/eap.1726
https://doi.org/10.1016/j.biocon.2016.11.012

3 INTERNATIONAL CONGRESS ON ENGINEERING AND LIFE SCIENCE
TRABZON-TURKIYE

Lindenmayer, D. B., & Laurance, W. F. (2016). The ecology, distribution, conservation, and management of large old
trees. Biological Reviews, 92(3), 1434-1458. https://doi.org/10.1111/brv.12290

Lindenmayer, D. B., Laurance, W. F. & Franklin, J. F. (2012). Global decline mn large old trees. Science, 338(6112),
1305-1306. https://doi.org/10.1126/science.1231070

Lorimer, C. G., Dahir, S. E., & Nordheim, E. V. (2001). Tree mortality rates and longevity in mature and old-growth
hemlock-hardwood forests. Journal of Ecology, 89(6), 960-971.

Manning, A. D., Fischer, J., & Lindenmayer, D. B. (2006). Scattered trees are keystone structures- Implications for
conservation. Biological Conservation, 132(3), 311-321. https://doi.org/10.1016/j.biocon.2006.04.023

Manning, A. D., Gibbons, P., & Lindenmayer, D. B. (2009). Scattered trees: A complementary strategy for facilitating
adaptive responses to climate change in modified landscapes? Journal of Applied Ecology, 46(4), 915-919.
https://doi.org/10.1111/].1365-2664.2009.01657.x

Mattioni, C., Ranzino, L., Cherubini, M., Leonardi, L., La Mantia, T., Castellana, S., Villani, F., & Simeone, M. C. (2020).
Monuments unveiled: Genetic characterization of large old chestnut (Castanea sativa Mill.) trees using
comparative nuclear and chloroplast DNA analysis. Forests, 11(10), 1118. https://doi.org/10.3390/f11101118

Meinzer, F. C., Lachenbruch, B., & Dawson, T. E. (2011). Size- and age-related changes in tree structure and function.
In U. Niinemets (Ed.), Tree physiology (pp. 455-479). Springer Dordrecht. https://doi.org/10.1007/978-94-007-
1242-3

Munne-Bosch, S. (2020). Long-lived trees are not immortal. Trends in Plant Science, 25(9), 846-849.
https://doi.org/10.1016/j.tplants.2020.06.006

Newberry, D. M., & Ridsdale, W. E. (2016). Neighbourhood abundance and small-tree survival in a lowland borneam
rainforest. Ecological Research, 31(3), 535-366. https://doi.org/10.1007/s11284-016-1345-z

Niklas, K. J. (2007). Maximum plant height and the biophysical factors that limit it. Tree Physiology, 27(3), 433-440.
https://doi.org/10.1093/treephys/27.3.433

Oktan, E., & Atar, N. (2021). Cutting propagation in common yew (Taxus baccata L.): Acase study from a monumental
tree. Fresenius Environmental Bulletin, 30(07A), 8855-8860.

Pandey, P., Irulappan, V., Bagavathiannan, M. V., & Senthil-Kumar, M. (2017). Impact of combined abiotic and biotic
stresses on plant growth and avenues for crop improvement by exploiting physio-morphological traits front.
Frontiers in Plant Science, 8, 537. https://doi.org/10.3389/fpls.2017.00537

Phillips, N. G., Buckley, T. N., & Tissue, D. T. (2008). Capacity of old trees to respond to environmental change. Journal
of Integrative Plant Biology, 50(11), 1355-1364. https://doi.org/10.1111/j.1744-7909.2008.00746.x

Piper, F. I., & Fajardo, A. (2011). No evidence of carbon limitation with tree age and height in Nothofagus pumilio under
mediterranean and  temperate  climate  conditions. Annals of Botany, 108(5), 907-917.
https://doi.org/10.1093/aob/mcr195

Pretzsch, H. (2009). Forest dynamics, growth and yield: From measurement to model. Springer.

Pukkala, T. (2016). Which type of forest management provides most ecosystem services? Forest Ecosystems, 3, 9.
https://doi.org/10.1186/s40663-016-0068-5

Rozendaal, D. M. A., & Zuidema, P. A. (2011). Dendroecology 1n the tropics: A review. Trees, 25(1), 3-16.
https://doi.org/10.1007/s00468-010-0480-3

Riiger, N., Berger, U., Hubbell, S. P., Vieilledent, G., & Condit, R. (2011). Growth strategies of tropical tree species:
Disentangling light and size effects. Plos One, 6(9), €25330. https://doi.org/10.1371/journal.pone.0025330

Ryan, M. G., & Yoder, B. J. (1996). Hydraulic limits to tree height and tree growth. BioScience, 47(4), 235-242.
https://doi.org/10.2307/1313077

137


https://doi.org/10.1111/brv.12290
https://doi.org/10.1126/science.1231070
https://doi.org/10.1016/j.biocon.2006.04.023
https://doi.org/10.1111/j.1365-2664.2009.01657.x
https://doi.org/10.3390/f11101118
https://doi.org/10.1007/978-94-007-1242-3
https://doi.org/10.1007/978-94-007-1242-3
https://doi.org/10.1016/j.tplants.2020.06.006
https://doi.org/10.1007/s11284-016-1345-z
https://doi.org/10.1093/treephys/27.3.433
https://doi.org/10.3389/fpls.2017.00537
https://doi.org/10.1111/j.1744-7909.2008.00746.x
https://doi.org/10.1093/aob/mcr195
https://doi.org/10.1186/s40663-016-0068-5
https://doi.org/10.1007/s00468-010-0480-3
https://doi.org/10.1371/journal.pone.0025330
https://doi.org/10.2307/1313077

3 INTERNATIONAL CONGRESS ON ENGINEERING AND LIFE SCIENCE
TRABZON-TURKIYE

Sheil, D., Eastaugh, C. S., Vlam, M., Zuidema, P. A., Groenendijk, P., van der Sleen, P., Jay, A., & Vanclay, J. (2017).
Does biomass growth increase in the largest trees? Flaws, fallacies and alternative analyses. Functional Ecology,
31(3), 568-581. https://doi.org/10.1111/1365-2435.12775

Sillett, S. C., Van Pelt, R., Koch, G. W., Ambrose, A. R., Carroll, A. L., Antoine, M. E., & Mifsud, B. M. (2010).
Increasing wood production through old age in tall trees. Forest Ecology and Management, 259(5), 976-994.
https://doi.org/10.1016/j.foreco.2009.12.003

Sillett, S. C., Van Pelt, R., Kramer, R. D., Carroll, A. L., & Koch, G. W. (2015). Biomass and growth potential of
Eucalyptus regnans up to 100 m tall. Forest Ecology and Management, 348, 78-91.
https://doi.org/10.1016/j.foreco.2015.03.046

Slik, F. J. W., Paoli, G., McGuire, K., et al. (2013). Large trees drive forest aboveground biomass variation in moist
lowland forests across the tropics. Global Ecology and Biogeography, 22(12), 1261-1271.
https://doi.org/10.1111/geb.12092

Smith, A. L., Blair, D., Mcburney, L., Banks, S. C., Barton, P. S., Blanchard, W., Driscoll, D. A., Gill, A. M., &
Lindenmayer, D. B. (2013). Dominant drivers of seedling establishment in a fire-dependent obligate seeder:
Climate or fire regimes? Ecosystems, 17, 258-270. https://doi.org/10.1007/s10021-013-9721-9

Stephenson, N. L., Das, A. J., Condit, R., et al. (2014). Rate of tree carbon accumulation increases continuously with tree
size. Nature, 507(7490), 90-3. https://doi.org/10.1038/nature12914

Stephenson, N. L., Mantgem, P. J., Bunn, A. G., Bruner, H., Harmon, M. E., O’Connell, K. B, Urban, D. L., & Franklin,
J. F. (2011). Causes andimplications of the correlation between forest productivity and tree mortality rates.
Ecological Monographs, 81(4), 527-555. https://doi.org/10.1890/10-1077.1

Tews, J., Brose, U., Grimm, V., Tielborger, K., Wilchmann, M., Schwager, M., & Jeltsch, F. (2004). Animal species
diversity driven by habitat heterogeneity/diversity: The importance of keystone structures. Journal of
Biogeography, 31(1), 79-92. https://doi.org/10.1046/j.0305-0270.2003.00994.x

Tng, D. Y. P., Williamson, G. J., Jordan, G. J., & Bowman, D. M. J. S. (2012). Giant eucalypts—globally unique fire-
adapted rain-forest trees? New Phytologist, 196(4), 1001-1014. https://doi.org/10.1111/j.1469-8137.2012.04359.x

Valladares, F. (2017). A mechanistic view of the capacity of forests to cope with climate change. In F. Bravo, V. LeMay
& R. Jandl (Eds.), Managing forest ecosystems: The challenge of climate change (pp. 15-40). Springer.
https://doi.org/10.1007/978-3-319-28250-3_2

Van der Sleen, P., Groenendijk, P., Vlam, M., Anten, N. P. R., Boom, A., Bongers, F., Pons, T. L., Terburg, G., &
Zuidema, P. A. (2015). No growth stimulation of tropical trees by 150 years of CO, fertilization but water-use
efficiency increased. Nature Geoscience, 8(1), 24-8. https://doi.org/10.1038/nge02313

Vanclay, J. K. (1994). Modelling forest growth and yield: Applications to mixed tropical forests. School of Environmental
Science and Management Papers.

Voight, C. C., Borissov, I., & Kelm, D. H. (2015). Bats fertilize roost trees. Biotropica, 47, 403-406.

Weiner, J., & Thomas, S. C. (2001). The nature of tree growth and the “Age-related decline in forest productivity”. Oikos,
94(2), 374-376. https://doi.org/10.1034/j.1600-0706.2001.940219.x

Wenk, E. H., & Falster, D. S. (2015). Quantifying and understanding reproductive allocation schedules in plants. Ecology
and Evolution, 5(23), 5521-5538. https://doi.org/10.1002%2Fece3.1802

Worbes, M., Staschel, R., Roloff, A., & Junk, W. J. (2003). Tree ring analysis reveals age structure, dynamics and wood
production of a natural forest stand in cameroon. Forest Ecology and Management, 173(1-3), 105-123.
https://doi.org/10.1016/S0378-1127(01)00814-3

138


https://doi.org/10.1111/1365-2435.12775
https://doi.org/10.1016/j.foreco.2009.12.003
https://doi.org/10.1016/j.foreco.2015.03.046
https://doi.org/10.1111/geb.12092
https://doi.org/10.1007/s10021-013-9721-9
https://doi.org/10.1038/nature12914
https://doi.org/10.1890/10-1077.1
https://doi.org/10.1046/j.0305-0270.2003.00994.x
https://doi.org/10.1111/j.1469-8137.2012.04359.x
https://doi.org/10.1007/978-3-319-28250-3_2
https://doi.org/10.1038/ngeo2313
https://doi.org/10.1034/j.1600-0706.2001.940219.x
https://doi.org/10.1002%2Fece3.1802
https://doi.org/10.1016/S0378-1127(01)00814-3

