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Introduction 

Across Northwest Europe over 200 sites have yielded sub-fossil bog oak material. Together, 
these trees have catalogued changes in their sub-optimal site conditions for thousands of 
years. High ground water levels characterised these conditions and the changing status of 
the environment, through for example inundation, impacted tree growth and population 
dynamics (Leuschner et al. 2002; Sass-Klaassen and Hanraets 2003). Environmental shifts, 
such as changes of hydrological status and climate, have been recorded in the tree-ring 
chronologies of material excavated from these sites. Thus these chronologies provide a 
valuable basis for climate reconstruction during the Holocene (e.g. Mayr et al. 2003).  
 

Material and Methods  

Characteristics of bog oaks  

Dendrochronologically dated bog oaks excavated from Zwolle-Stadshagen (The 
Netherlands) were used to try to determine more fully those changes in the environment that 
resulted in the characteristic growth depressions seen in the ring patterns of bog oaks across 
Northwest Europe (Fig 1). The underlying hypothesis centres on the fact that the bog oaks 
originally grew and subsequently became preserved in wet environments. This implies that 
variations in tree growth were determined predominantly by changes of the environment to 
relatively wetter conditions (as evidenced by anoxic soil conditions), which would have 
limited annual growth rate of the trees and provided the trigger for these growth depressions 
(Kooistra 2003; Sass-Klaassen and Hanraets 2003; Kozlowski 1984; Crawford and Braendle 
1996). Since no analogous sites with living oaks exist in Europe today (see Sass-Klaassen 
this issue) from which environmental comparisons could be drawn, stable isotope 
dendroclimatology was applied to this sub-fossil bog-oak material.  
 

The stable isotope approach 

Relative changes in environmental conditions underpin the use of stable carbon and oxygen 
isotope dendrochronology. Carbon and oxygen originate from different sources (i.e. carbon 
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dioxide and water respectively) thus the combination of these isotopes may provide a clearer 
understanding of the physiological factors affecting tree growth (e.g. Edwards et al. 2000).  
Water is often a growth-limiting factor and therefore water loss must be kept to a minimum. 
Water enters the plant through the roots, ascends to the leaves via the xylem and is expelled 
by the stomata on the leaves. Stomata help to minimize water loss through 
evapotranspiration where H2

16O is preferentially lost from the plant. Too much water and 
permanently saturated soil result in oxygen deficiency lowering root-osmotic potential and 
hindering hydraulic conductivity, which affects the δ18O signature (Everard and Drew 1987). 
Stomatal behaviour is also involved in carbon dioxide uptake from the atmosphere. Plants 
discriminate against the isotopically heavier 13C which determines the stable carbon isotope 
value of the plant. Upon stomatal closure an increase in 13C is used in photosynthesis and 
this in turn alters the 13C/12C ratio locked up within the organic entities (Farquhar et al. 1989). 
Relative shifts in stable isotope signatures and their relation to environmental change and 
manifesting in the normal versus depression growth are the focus of this study. It was hoped 
that this will form a sensitive additional technique for dendrochronological interpretations of 
bog-oaks.  
 

Results and Discussion 

Molecular composition 

The wood of the individual oaks from Zwolle was analysed (c.f. van Bergen and Poole 2002, 
Poole and van Bergen 2002) to determine the molecular composition (for further details, see 
Sass-Klaassen et al. submitted) since inherent differences in molecular preservation can 
affect the isotope signature and hence any ecological interpretation based on those 
signatures (van Bergen and Poole 2002). Cellulose was the dominant component with only 
relatively small amounts of lignin present (for further details, see Sass-Klaassen et al. 
submitted). Thus, the bulk wood isotope signal is biased in favour of cellulose in all samples, 
which eliminates the need for further correction prior to interpretation.  
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Figure 1: The relative positioning and duration of the depressed- (dark grey) and normal (light grey) 
growth years in the three trees (Z74, Z25, Z162) studied. 
 

δ13C and δ18O Stable isotope composition 

No apparent directional trend was evident for either δ13Cbulk or δ13Ccellulose (data not shown) 
with depressed or normal growth in any of the trees. The shift in the δ13C isotopic signature 
(i.e. <2.4 ‰) in values between the depression and normal growth phases is similar to that 
(1-3 ‰) documented for intra tree-ring variation (Schleser 1999; Leavitt 2002). 

0.0

0.0

0.0

0.5

0.5

0.5

1.0

1.0

1.0

1.5

1.5

1.5

2.0

2.0

2.0

2.5

2.5

2.5

3.0

3.0

3.0

-14
0

-12
0

-10
0 -80 -60 -40 -20

0 20 40 60 80 10
0

12
0

14
0

16
0

18
0

20
0

Z25

Z74

Z162

tre
e 

rin
g 

w
id

th
 (m

m
)

yearBC AD



 97

A similar scenario was noted for the δ18O values (Fig 2) between depression and normal 
growth years with no obvious overriding directionality. However, there is a slight tendency 
towards depleted δ18O values in the growth-depression samples. The maximum shift (<2.5 ‰ 
for the bulk wood and c. 1‰ for cellulose) in δ18O is smaller than the difference (4 - 5 ‰) 
documented for intra tree-ring variation (Helle and Schleser 2003). These trends could be 
explained by the difference in relative amounts of early wood versus late wood in the 
samples measured obscuring any ecophysiological signal. Therefore the observed changes 
in isotopic shifts between periods of normal and depressed growth have to be interpreted 
with caution. 
Unfortunately the underlying mechanisms of isotopic fractionation in the whole tree as well as 
the processes that finally result in a specific (intra-annual) pattern of isotopic composition in 
the wood are not yet fully understood. Ongoing investigations into the intra-annual pattern of 
isotopic composition in sub-fossil oak focusing on consecutive periods of normal and 
depressed growth will provide greater insight into this latter aspect. However, it is evident 
that the hydrological status of the environment, previously thought to result in the 
characteristic tree-ring pattern, appears not to be recorded in the isotopic composition. This 
may imply that changes in hydrology have not been severe enough to induce physiological 
stress, although it cannot be ruled out that changes in the hydrological status may have 
affected the length of growing season.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Shifts in the oxygen isotope signal with normal-growth (49 to 42 BC, 29 to 22 BC) versus 
depression-growth (39 –32 BC, 19 BC to AD 4) periods as determined from celluose (grey symbols 
and broken line) and bulk wood (black symbols and solid line) for the trees Z74, Z25 and Z162. 
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Conclusions 

The combined stable carbon- and oxygen isotope approach has successfully eliminated 
direct physiological stress on the leaves or roots as the cause of the characteristic growth 
patterns seen in the tree-ring series of the Zwolle bog oaks. However, shortening of the 
growing season through hydrological changes may have indirectly given rise to the 
characteristic tree-ring patterns observed. This would imply that in this study tree-ring widths 
provide a more sensitive monitor of the changing status of the external environment than 
shifts in stable carbon- or oxygen isotopes 
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