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The larger temperature increase is expected in continental regions at high latitude. The climate change will
alter growth pattern of boreal tree species, causing change in the size of their carbon reservoir.
Dendroclimatological analysis is an effective tool to elucidate growth response of the tree species to expected
climate change with a long-term perspective, which is enabled by the use of tree rings. Extension of climate
proxy data is therefore necessary for elucidating growth response of boreal trees to the climate change. By
developing not only tree rings width and density but also stable isotope chronology, we can extract as much
information from tree rings as possible. The development of multi-proxy chronology of tree-ring width, density
and isotope ratios also helps for climate reconstruction in Siberia, where spatial resolution of climate proxy
records is relatively lower. However, isotope dendroclimatology is still in its infancy and basic physiological
processes as to how environmental information contained in 3"C of photosynthetic carbon is eventually
reflected as fluctuations of tree-ring " °C remains unexplored. Post-photosynthetic processes such as
translocation, storage and remobilization of photoassirr;ﬂate are closely related to intra-annual isotopic
variation of tree rings.

Firstly, in order to study translocation process, pulse-labeling of branches of straight-grained Cryptomeria
Japonica D.Don and helical-grained Larix gmelinii (Rupr.) Rupr. growing in a temperate and a continuous
permafrost zone, respectively, was conducted with stable *CO,. '*C spiral translocation paths closely related to
the respective spiral and helical grain (the arrangement of phloem sieve cells with respect to the tree axis) were
observed. '°C tracer pulse;labeled in May and September reached tangentially different locations, suggesting
seasonal change in the pathway of carbohydrates.

Secondly, in order to clarify the seasonal course of carbon allocation and storage patterns among needles,
branches, stem and roots, I pulse-labeled ten Larix gmelinii (Rupr.) Rupr. June photoassimilate was mainly
allocated to aboveground parts, suggesting active aboveground growth in spring. Very little was allocated to
belowground parts (2.6-7.9 %), potentially because of root growth inhibition at the low soil temperature in
spring. On the other hand, a higher proportion of July and August photoassimilate was allocated to
belowground parts (32-44 % and 12-24 %, respectively). The starch pool in non-needle parts, which can be
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used for xylem formation, drew about 43 % of its carbon from previous year’s photoassimilate. Analysis of
intra-annual 8"°C of the tree rings formed after the labeling révealed that earlywood contained photoassimilate
from the previous summer and autumn as well as from the currenf spring. Latewooci was mainly composed of
photoassimilate from the current year’s summer/autumn, although it also relied on stored material in some
cases. The results suggest the need for separating earlywood and latewood for paleoclimate reconstructions.

Thirdly, in order to examine whether or not drought in eastern Siberia limits radial growth, I studied the
relationships between early-/latewood width, stable carbon isotope ratio (3"%C) of holocellulose, and soil
moisture at a dry and a wet site, which differed considerably in soil water conditions. Recharge of soil water by
snowmelt in spring and subsequent drought in summer provided a marked seasonal contrast in soil water
conditions between the early- and latewood formation period. Ring index was calculated by dividing each
early-/latewood width by the 5-yr averaged width for each individual. In order to determine whether drought
influenced the ring index — 8'°C relation, the ring index time series were compared with 8C time series. I
collected wood samples from eight L. gmelinii and four Pinus sylvestris L. trees from the two sites and
measured the early- and latewood widths and 8"2C of early- and latewood formed during the years 1996-2000.
At the dry site, seasonal soil water content variation corresponded to seasonal 8C variation of tree rings. I
found negative ring index — 8'°C correlations in latewood for both species at the dry site mainly dominated by P.
sylvestris, but not in latewood of L. gmelinii at the wet site dominated by L. gmelinii. Decrease and/or early
cessation of latewood growth and increase in 8" °C under drought conditions possibly explain this negative
comrelation. This suggests the growth limitation of trees in this region by drought and the prospects of
reconstructing past drought with latewood 3"C of the dry site.

Lastly, I established a long-term 8"C record of P. sylvestris tree rings from the dry site for the recent 100
years. As predicted from the preliminary studies, the latewood 3'3C showed a significant negative correlation to
July precipitation (r = -0.33, P < 0.01) and a positive correlation to July temperature (r=0.35, P <0.01), while
weaker but significant correlations to June and July temperature and June precipitation were found with the
earlywood 8'°C. Observed dampening of climate signal in earlywood is attributed to the use of carried-over
photoassimilate for earlywood formation. In fact, earlywbod 3'*C was significantly correlated to the latewood
8"3C of the previous year (r = 0.42, P < 0.01), suggesting the carry-over of photoassimilate.

Our results proved that post-photosynthetic processes such as translocation, storage, and remobilization of
storage are related to anatomical structure and physiological function of trees and the post-photosynthetic
processes can significantly alter isotope signals of photosynthate, suggestiﬁg the need to understand the
biological processes for improved quality of climate reconstruction with tree rings. Most isotope
dendroclimatological studies have utilized whole tree rings for climate reconstruction, assuming carry-over of
storage carbon is negligible. However, our results suggested the need to separate earlywood and latewood,
especially when working on long-living trees with narrow tree rings, where slow carbon metabolism is

expected.
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