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ABSTRACT

Carbon dioxide relationships were monitored daily and seasonally

within a climax oak-hickory forest. Diurnal and seasonal CO2 patterns
were correlated with the state of biological activity while day-to-day

variability was influenced by changes in the physical environment. Mean

seasonal CO2 concentrations were highest in the spring and lowest in the

summer. The mean annual diurnal change in CO_ concentration was 10.7%
(313-344 ppm). Diurnal summer and spring varlability in CO2 concentra-

tions correlated best with changes in net radiation and temperature,

respectively, while winter and fall variability was best explained by

changes in wind speed.

INTRODUCTION

The carbon dioxide content of a forest varies with changes in its

biological and physical environments. Due to the influence of photosyn-

thesis and respiration on CO2 concentrations within a forest community,

characteristic diurnal and seasonal CO 2 patterns occur (Allen et al.
1972). Day-to-day changes within a season may also be biological_

influenced, with changes in the physical environment being reflected

in increases or decreases in CO 2 assimilation and emission (Baumgartner
1969, Brown and Rosenberg 1970). Variability in emission and uptake in

combination with the convective mixing of air masses can result in

marked daily differences in CO 2 concentrations. While many studies have
demonstrated such relationships in agricultural crops and coniferous

forests, comparatively few recent studies have been conducted in hardwood

forests (Sparling and Alt 1966, Woodwell and Dykeman 1966, Reiners and

Anderson 1968, and Lemon et al. 1970). Most of these investigations were

of short duration and did not encompass the yearly cycle of CO2.

As part of a comprehensive study of the distribution of CO 2 within
a climax oak-hickory forest, the objective of this study was to deter-

mine within-forest variations in CO2 concentration both seasonally and
daily.
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METHODS AND MATERIALS

The study site is located in southeastern Boone County Missouri

(38° 45 _ N Lat., 92° 12" W Long.) on variably eroded topography and is

part of the Ashland Wildlife Area. The elevation varies from 175 to
245 m within the area.

All CO 2 measurements were taken over an east- and a west-facing
slope covered with an overstory consisting of second-growth, relatively i

even-aged mixed hardwoods. The forest is dominated by white oak (_uercus !

alba L.) interspersed with black oak (_velutina Lam.) and shagbark

hickory (Ca___a ovata Mill.). Understory species consist primarily of
those found in the overstory with eastern red cedar (Juniperus virglniana I

L.), flowering dogwood (Comus florida L.), fragrant Sumac (Rhus aromatics
Air.) and sassafras (Sassafras albldum Nutt.) being of secondary impor-

tance on the upper slopes. Sugar mapl-'----e(Acer saccharum Marsh.) is abun-

dant on the lower slopes and especially along the drainage separating
the two slopes.

The forest is established on a Weldon silt loam soil formed from

loess deposited over a cherty residuum from the Burlington limestone

formation. The average height of the dominant and codomlnant trees is I

18.3 m; crown closure occurs at approximately 14 m, while the average

crown base extends down to 9 m. The average age of the overstory is 50 i_'

years and its basal area is 16.5 m2/ha. The mean annual temperature of

the area is 12.8°C and January is the only month showing a mean below
freezing. The mean annual precipitation is 961 mm.

CO2 and Environmental Data Sampling
_ -- _ , J .... :

Carbon dioxide concentration data reported herein represent i0 days I

each during winter and summer and 20 days each during spring and fall.
The summer and winter samplings were made August 15-28 and February 27

to March 9. The fall and spring samplings include days from September

28 to October 20 and April 23 to May 20. The spring sampling covered a

period during which 70% of leaf development was completed, while the fall
sampling extended through the period of leaf senescence when over 60% of ....
all leaves had dropped. Sampllng in the summer and fall began at i000
hours and continued until 0900 the next morning when theequlpment was

turned off for one hour for recalibration. During the winter and spring i

sampling was conducted from ii00 to i000 hours.

All air samples were drawn through 4.8 mm ID polyvlnyl chloride !

tubing (PVC) supported between two steel towers (21.3 m) by a horizontal

steel cable. Six vertical sampling stations were spaced at 7.6 m inter-

vals along the steel cable from just below the top of a west-faclng slope !

to Just below the crest of an east-facing slope. Three of the six verti-

ii cal stations were sampled each day using separate strands of the PVC

! !
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