months. Since deficits in stored fat can
be compensated for by honey, wasps
without honey might be expected to be
more variable relative to these indices of
quality. Since sisters hibernate together
and may control temperature fluctua-
tions in the hibernaculum to some ex-
tent, winter survivorship was compared
between nests that initially had the same
number of females, with and without
honey. It was possible to form 11 such
pairs of equal numbers. Significantly
more females survived the winter from
nests with honey (Wilcoxon rank sum
test, P < .01, N=11).

If females without honey are in poorer
condition, they will be expected to form
larger foundress associations if larger
foundress associations represent groups
of females unablé to form their own
nests. With honey, the mean number of
foundresses per nest was 3.64; females
from nests without honey formed associ-
ations averaging 3.70. These means are
not significantly different. The distribu-
tion of foundress number from nests with
honey was not different from that found
from nests without honey (Fig. 1, a and
b) (Komolgorov-Smirnov test, x> = 1.81,
d.f. = 2; not significant).

A comparison of nest size just before
workers emerge at the end of April, 2
months after nest initiation, was made to
ascertain whether females without honey
built smaller nests. Comparisons were
made by pairs for one, two, three, four,
and six foundresses. Females who did
not have honey over winter built smaller
spring nésts (Wilcoxon rank sum test,
P < .025, N = 14) (Fig. 1c).

To compare variability in quality be-
tween females with honey and without,
Kendall tau correlations were calculated
between variables that should be highly
correlated if females are ail of the same
quality. The number marked in autumn
was correlated with the number surviv-
ing the winter, the number surviving the
winter was correlated with the number of
new nests formed, and the number of
foundresses was correlated with the
number of cells in the nest after 2 months
(Table 1). Differences in correlations be-
tween individuals that overwintered with
honey as opposed to those without were
significant. All three correlations were
significant for wasps with honey, while
only the correlation of foundress number
and number of cells was significant in
wasps without honey, and that one bare-
ly so (Table 1). It is clear that in all situa-
tions where the condition of the wasps
could affect the outcome of the correla-
tion, it is much lower for those without
honey.

Depriving some wasps of honey is a
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rather crude way of manipulating the
component of their quality or condition
determined by adult experience. While
the results show that this was detrimern-
tal treatment to the wasps overall, there
may have been some that were able to
survive the loss of honey without ill ef-
fects. Perhaps some were able to steal
honey from other nests. These would
have been other nests in the study, since
the two types of nests were intermingled.
In addition, females with honey probably
had different amounts depending on the
number of females, the time that honey
gathering was initiated, the nest size, and
the number of workers surviving through
the honey gathering period.

JOAN E. STRASSMAN
Department of Biology,
University of Texas at Austin,
Austin 78712
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Carbon Input to the Atmosphere from Forest Fires

Wong (/) estimated that forest fires
and land-clearing fires release 5.7 x 10'"
g of carbon per year into the atmosphere.
Natural sinks remove most of this, but
1.5 x 10" g year™', almost exclusively
due to new tropical clearing, constitutes
22 percent of the net input from all an-
thropogenic sources. However, Wong
calculated the consumption of organic
matter by applying a combustion effi-
ciency of 0.75, derived from the experi-
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mental burning of felled and partly dried
logging debris (2), to total living phyto-
mass, little of which burns. The result is
that Wong overestimates by a factor of
about 4 the gross carbon input from fires
in the temperate and boreal zones. If, as
seems likely, his estimates for the tropics
are similarly exaggerated, the net carbon
input from forest burning is much less
significant.

Forest fires consume mainly detritus,
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that is, dead organic matter that accumu-
lates over several decades. Even fires
that burn through the tree crowns (which
are much less extensive than is common-
ly believed) consume only foliage and
some branch wood =< 0.6 cm in diame-
ter. For a well-stocked stand of 60-year-
old Douglas fir (Pseudotsuga menziesii)
on a medium site in the Pacific North-
west (3), these components make up on-
ly 8 percent of the living phytomass
above-ground (4). Fires in nonforest veg-
etation burn larger percentages but from
much smaller standing stocks. Thus, one
cannot realistically calculate the carbon
yield in a single operation based on living
phytomass.

Estimates of the mean consumption of
living and dead organic matter by wild-
fires in the United States, made to deter-
mine the potential for air pollution, are
2.30 x 10 g m~2 (oven dry weight) for

the southern 48 states and 2.46 x 10° g~

m~? for Alaska (5). The means for indi-
vidual states range from 0.7 X 10° g m™
in areas where grassland predominates
to 14 x 10> g m~2 in the heavily forested
Pacific Northwest. The Alaska mean in-
cludes boreal forest and nonforest. The
gross yield of carbon, calculated as 45
percent of the total dry matter (6) re-
duced by 7.5 percent for unburned par-
ticulates, is 0.97 x 10> g m~2. For the
temperate and boreal area burned annu-
ally worldwide (/, table 2), the gross car-
bon input based on the above figures is
0.11 x 10'» g year™!, as compared with
Wong’s 0.47 X 10% g year—'. Wong may
have overlooked prescribed burning of
forest debris in the temperate zone for
management purposes; however, the
gross carbon from this source, calculat-
ed as above, would amount to only
=0.02 x 10" g year™!, not enough to
reduce his overestimate appreciably.

I have not found fuel consumption fig-
ures for tropical land-clearing fires, but
photographs commonly show much re-
sidual large-diameter wood, representing
a considerable fraction of the phytomass
from before the fire. Therefore, Worng’s
estimate of carbon input from tropical
burning may be as much too high as that
for the temperate and boreal zones. It

would appear prudent not to depend -

heavily on the estimate until it can be

checked against sample measurements.
GEORGE R. FAHNESTOCK

16130 Ashworth Avenue, North,

Seattle, Washington 98133
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Fahnestock has pointed out the highly
complex nature of the wood-burning pro-
cess and an additional source of CO,
from prescribed fires for wild-land man-
agement. For those working on the prob-
lem of the carbon budget and on the
modeling and prediction of atmospheric
CO, increase, the uncertainties in the
terms used are well recognized (/) al-
though not often stated explicitly. The
crux of the carbon cycle is as crude as
whether the terrestrial phytomass is a
net source of CO, or not 2-4). A review
of the fluctuating estimates of the input
of CO, from the land phytomass () in-
dicated a possible concensus in the re-
cent literature toward a significant but
much smaller contribution of CO, from

‘wood burning. Fahnestock’s comments

help further this downward revision of
the nonfossil CO, contribution.

My intent (5) was to derive, perhaps
in a very speculative way, an upper limit
for the CO, contribution from nonfossil
wood burning. This derivation was based
on the amount of phytomass burned and
the area burned, both values subject to
limitation of unreliable statistics and
highly variable burning conditions. My
lower estimate of new forest clearings of
7.5 X 10 m? year~! (§), based on an in-
crease in the rural population, is prob-
ably more reliable than the higher esti-
mate of the Food and Agriculture Organ-
ization (United Nations) based on unre-
liable statistics, also pointed out by Bolin
(I). This led to a lower net CO, input
from nonfossil sources of about 18 per-
cent of the fossil fuel CO, input ¢). Us-
ing a combustion efficiency of 0.2 based

on Fahnestock’s comments and my
lower estimate of new forest clearings,
one obtains a-net CO, input of 0.17 X
10%5 g of carbon per year, slightly small-
er than the soil carbon loss in agricul-
ture. Thus, the total net carbon input
from nonfossil wood burning and other
sources amounts to about 0.6 x 105 g
year~™?!, or about 12 percent of the fossil
fuel sources. This lower limit is in line
with Stuiver’s (3) conclusion of a smaller
reduction in biomass over the last few
decades based on 3C data and with the
view of Broecker et al. (6) of a negligible
contribution from wood burning (within
the 10 percent uncertainty of their geo-
chemical model).

It is important to obtain more data on
the combustion efficiency of forest
wood, a highly variable quantity be-
tween 0.2 and 0.75, affected by such en-
vironmental factors as the intensity of
heat, humidity, wind, the duration of
burning, and the nature of the woody
material. Moreover, the charred remains
of the unburned wood after fires may ul-
timately contribute through decay pro-
cesses as net CO, input to the atmo-
spheric CO, reservoir, over a longer time
scale and with a similar difficulty in its
quantification. Uncertainties in assessing
other heterogeneous land carbon add im-
mense difficulty to an understanding of
the carbon cycle based on phytomass
and soil detritus carbon in our terrestrial
environment. The key to our future
search for more reliable information on
the global carbon cycle lies rather in an
examination of the more homogeneous
oceanic environment and its interaction
with the atmosphere ).

C. S. Wong
Ocean Chemistry Division,
Institute of Ocean Sciences,
British Columbia V8L 4B2, Canada
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