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ABSTRACT 

The increasing seasonal amplitude of atmospheric C02 concentrations may reflect biotic 
influences such as increased photosynthesis due to higher C02 concentrations or increased 
winter respiration due to warmer temperatures. Boreal forests have a large role in the seasonal 
dynamics of atmospheric C0 2 in the Northern Hemisphere, and if terrestrial ecosystems 
contribute to the greater amplitude, such a signal should appear in the metabolic activity 
of boreal forests. Analyses in which a mechanistic model of photosynthesis, respiration, 
and decomposition was driven with the observed annual increase in atmospheric C02 concen­
tration and observed daily air temperature and precipitation show that from 1974 to 1982 
the seasonal amplitude in metabolic activity in boreal forests near Fairbanks, Alaska, increased 
by 0.52 ± 0.03 % year- 1

• The increasing amplitude was due to increased tree photosynthesis 
as C02 concentration increased. However, the increase in annual aboveground biomass produc­
tion was so small ( 3 g m - 2 year - 1 year - 1

) that it is undetectable given field sampling errors. The 
small biomass growth increase indicates that a larger seasonal amplitude of atmospheric C02 

can occur without large changes in net primary production, nutrient availability, or nutrient use 
efficiency. The increase in C02 concentration that produced the higher biomass production was 
also small ( 1.1 ppm year - 1 

), suggesting more attention should be paid to the ecological effects 
of small changes in C0 2 concentrations. 

1. Introduction 

Since continuous measurements were first begun 
at Mauna Loa, Hawaii, the concentration of 
carbon dioxide in the atmosphere has shown a 
persistent annual increase due to the combustion of 
fossil fuels. For example, from 1958 to 1989 mean 
annual C02 concentration measured at Mauna 
Loa increased by 12 % , from 315 ppm to 352 ppm 
(Keeling et al., 1989a). Atmospheric C0 2 concen­
trations also show a seasonal cycle that reflects 
photosynthesis and respiration by terrestrial 
plants (Tucker et al., 1986; D'Arrigo et al., 1987; 
Fung et al., 1987) and in which the amplitude 
varies geographically from 1 to 15 ppm (Komhyr 
et al., 1985 ). While these signals dominate the 
modern C02 record, there are important interan­
nual variations on the order of a few tenths ppm in 
the annual C0 2 increase and the seasonal cycle 
that may reveal important features of the carbon 
cycle. 
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In particular, the seasonal amplitude of atmo­
spheric C02 concentrations has increased over 
time (Table 1 ). This increasing amplitude is 
thought to reflect terrestrial biotic influences 
such as increased photosynthesis due to "C0 2 fer­
tilization" or increased winter respiration due to 
warmer temperatures (Pearman and Hyson, 1981; 
Cleveland et al., 1983; Gammon et al., 1985; 
Keeling et al., 1985, 1989b; Bacastow et al., 1985; 
Enting, 1987; Chan and Wong, 1990). The issue 
of C0 2 fertilization is extremely controversial. 
While laboratory studies show that photosynthesis 
increases with higher ambient C02 concentrations 
when other resources are in adequate supply, 
less is known about the long-term acclimation 
of plants to higher C0 2 concentrations, how 
increased C02 assimilation affects dry matter 
growth, nutrient availability, and nutrient use 
efficiency, how species-specific responses to in­
creased C02 concentrations affect stand structure 
and composition, and whether growth increases 


























