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Carbon-14 in Methane Sources and in Atmospheric
Methane: The Contribution from Fossil Carbon

M. WAHLEN, N. TanakA, R. HENRY, B. DECK, J. ZEGLEN,
J. S. VOGEL, J. SOUTHON, A. SHEMESH, R. FAIRBANKS,

W. BROECKER

Measurements of carbon-14 in small samples of methane from major biogenic sources,
from biomass burning, and in “clean air” samples from both the Northern and
Southern hemispheres reveal that methane from ruminants contains contemporary
carbon, whereas that from wetlands, peat bogs, rice fields, and tundra is somewhat,
depleted in carbon-14. Atmospheric "*CH, seems to have increased from 1986 to
1987, and levels at the end of 1987 were 123.3 * 0.8 percent modern carbon (pMC)
in the Northern Hemisphere and 120.0 = 0.7 pMC in the Southern Hemisphere.
Model calculations of source partitioning based on the carbon-14 data, CH, concen-
trations, and $'°C in CH, indicate that 21 + 3% of atmospheric CH, was derived from
fossil carbon at the end of 1987. The data also indicate that pressurized water reactors
are an increasingly important source of *CHy.

ETHANE IS A STRONG INFRARED

absorber that directly and indi-

rectly affects atmospheric tem-
perature (1). It also influences tropospheric
and stratospheric ozone concentrations (2)
and is a major source of stratospheric water
(3). The atmospheric concentration has
more than doubled during the past 200
years (4). This increase, mostly attributed to
human activities, is about three times as
great as the natural concentration variations
that occurred between glacial and intergla-
cial times (5). The concentration continues
to increase by about 1% per year (6). De-
struction of CHj occurs mainly through
reaction with OH radicals, and the tropo-
spheric lifetime is 8 to 12 years. Methane is
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produced bacterially from wet environments
(wetlands, rice fields, and tundra) and from
ruminants and possibly termites. Additional
contributions are from natural gas, coal min-
ing, and biomass burning. The annual pro-
duction rate and the magnitude of the indi-
vidual source terms are not well known.
Various estimates have come from flux mea-
surements (7), atmospheric chemistry (8),
biostatistical surveys (9), and modeling of
atmospheric concentration data (10).
Derivation of a quantitative budget of
CH, from °C, deuterium, and '#C is an
approach similar to that proposed for '>C by
Stevens and Rust (11). If methane from the
various sources can be distinguished and
characterized isotopically, then in principle a
budget can be obtained from comparison of
the isotopic composition of source methane
to that of the atmosphere. The '*CH, con-
tent of the atmosphere is particularly sensi-
tive to the contribution from fossil carbon
(*C free), which is thought to come from
losses during exploration and distribution of
natural gas, from coal mining, and from
natural seepage from gas reservoirs. We have

1986

1987

Fig. 1. Atmospheric '*CH, concentration for the
sampling period 1986 to 1988. Large data points
represent average values and SD for sample series
of ocean surface air (Table 2), with the number of
samples as in Table 2. Filled circles, Northern
Hemisphere data; open circles, Southern Hemi-
sphere data; small data points represent single
Northern Hemisphere “clean” land air samples,
except for December 1986 (five samples) and
March 1988 (two samples). Solid line, model
prediction for global average value from one-box
model; broken lines, same for Northern Hemi-
sphere (upper) and Southern Hemisphere (lower)
average values from two-box model (see text).

measured C and *C in CH, from the
atmosphere in both the Northern and
Southern hemispheres and from various
sources and used this data to determine a
global CH,4 budget from 1950 to 1987.

Large volume air samples (about 0.5 to
1.5 m®) were collected into Al gas tanks
with three-stage Al air compressors. Meth-
ane from ecosystems was sampled in various
ways, either retrieved as above from large
volume (5 to 10 m® and 10 to 20 m?) flux-
box enclosures, from beneath near-surface
atmospheric inversion over strong sources
(up to two times the background atmo-
spheric CH,4 concentration has been ob-
served over bogs and rice fields), or from
bubbles collected with an inverted funnel.
Major and minor trace gas concentrations in
the samples were measured by gas chroma-
tography. In order to collect other trace
constituents (for example, 8Kr), CHy and
Kr were completely separated from the air
samples with adsorption-desorption and gas
chromatographic techniques (12). The sepa-
rated CHy4 was then combusted to CO; (13)
and analyzed (14-19).

The atmospheric surface air samples were
primarily collected over the oceans. We con-
sidered land surface air samples to be uncon-
taminated by local sources if the measured
methane concentration did not exceed by
more than 3% the one expected for that
latitude and time from worldwide measure-
ments (20). The atmospheric *CHy activity
increased during the time period covered at
arate of about 2 to 3% per year (Fig. 1). We
cannot exclude the possibility that part of
the exhibited variability may be seasonal.
We detected a small interhemispheric differ-
ence of about 3 pMC; the CHy activity
was 123.3 £ 0.8 pMC in the mid-latitude
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Northern Hemisphere, and 120.0 = 0.7
pMC in the Southern Hemisphere at the
end of 1987. This difference was expected
because of the rapidly rising contribution of
4CH, from pressurized light-water reactors
(PWR). This emission began around 1960,
is a predominantly Northern Hemisphere
source, and currently contributes substan-
tially to the atmospheric '*CH,4 burden. The
PWRs operate with H, as cover gas. Thus
the "C produced from the "O(n,a)"“C and
“N(n,p)'*C reactions in water and in nitro-
gen impurities tends to form reduced spe-
cies, mainly "“CHy.

The “CH, data for CH, sources (Tables
1 and 2) show that the C concentrations of
CH, from rumen gas of cows were the same
as that of contemporary atmospheric *CO,
[119 pMC in 1986 to 1987 (21)]. This
result was also expected as the animals feed
on this or last year’s forage. The data from
the remaining important biogenic sources
are all somewhat depleted in '*C with re-
spect to contemporary C, indicating that the
organisms also are utilizing older C. The
partitioning probably depends on the avail-
ability of decomposed recent organic C in
the system. This observation is similar to
that for '*CO, from soils (22), where the
decomposition of organic matter can be
characterized by a fast (recent C) and slow
(older C) component. The 'C concentra-
tions in methane emitted from peat bogs
and tundra are low because large amounts of
C are stored in these systems, and decompo-
sition is slow. We did not expect that the '*C
activity would also be low for CH, from rice
production, where C cycling was thought to
be rapid. Most CH,4 in wet environments is
produced from acetate, with a smaller con-
tribution from CO, and H,; if carbonate
were present in the system, some '“C-free
carbon could be introduced by isotopic ex-
change via CO,. The results for CH4 from
fires varied considerably and indicated that a
large fraction of the burnt wood was of
moderate age.

The above data were used to reconstruct
the turnover of C from atmospheric CO, via
organic C into atmospheric CH4 and to
extract the contribution of CHy4 from fossil
carbon to the atmospheric inventory. This
reconstruction is facilitated by the atmo-
spheric '“CO, spike caused by atmospheric
nuclear testing. However, we required in-
formation not only on the *CHy activity of
today’s atmosphere and CH,4 sources, but
also on that of the atmosphere since 1960.
Three air samples from this period were
obtained from stored air in scuba tanks used
for diving or firefighting (collected in urban
areas), and two samples were obtained from
stored pressurized oxygen tanks (even high
purity oxygen from liquefaction of atmo-
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spheric oxygen contains trace amounts of
CHy). Krypton-85 (half-life 10.8 years),
which is produced mostly from nuclear fuel
reprocessing in the Northern Hemisphere,
was also separated from these samples, and
the #*Kr activity was determined by propor-
tional counting. By comparing the present
85Kr activity in these samples to the atmo-
spheric ¥Kr activity for various times in the
past (23), we could date these samples to
£0.5 years. In addition, 3°Kr is a chemically
conservative tracer, in many ways analogous
to CHy, and may be used to determine
whether chemical or transport effects pro-
duced the temporal variations observed in
atmospheric CHy concentration. The 8'*C
values from the oxygen tank CH, were close
to the present atmospheric average, indicat-
ing that fractionation did not occur during
the liquefaction process. The CH, concen-

trations of all the stored air samples were
higher than those expected for the collection
time and latitude (20). Because several con-
taminated modern air samples from urban
areas were depleted in '“C and enriched in
*C (CH,4 ranged from 1860 to 2030 gpbv,
“CH, from 119 to 99 pMC, and 8'*CH,
from —47.2 to —43.2 per mil), indicative of
contamination from fossil CHy4, we correct-
ed the "CH, values of the stored samples
under the assumption that the excess CHy
was free of '“C (Fig. 2 and Table 2).

A one-box, time-dependent, global model
was used with the data to determine the
contribution of fossil C—derived CH, to the
atmospheric burden. The input data consist-
ed of individual source terms (biogenic and
fossil, biomass burning, reactors) with their
measured isotopic composition. The contri-
bution from wet environments (wetlands,

Table 1. Concentrations of CH, (36) and "*CH, in samples from biogenic sources and from burning.
The experimental uncertainties of the *C results are the combined measurement error of standard,
blank, and sample measurements. All *C data are corrected to 8'C = —25 per mil (37). Percent
modern carbon (pMC) was obtained according to pMC = (A'*C/1000 + 1) x 100 (37).

Date or CH, 14C
source (ppmV) (pMC)
Wetland (New York, 43°N, 77°W)

6-11-86 2.79 £ 0.01 1194 £ 1.3
11-6-86 9.27 + 0.04 113.3 1.8
6-21-88 14.64 £ 0.05 116.8 £ 1.0
6-21-88 73.44 + 0.28 1144 = 1.5
6-22-88 2.02 £ 0.01 119.7 £ 1.0
6-22-88 20.09 =+ 0.08 111.0 £ 1.0
Tundra (Manitoba, Canada, 5°N, 96°W)

7-29-87 6.71 = 0.02 1135+ 1.1
7-29-87 6.18 = 0.02 115.5 0.9
7-30-87 9.28 £ 0.02 1152+ 1.2
7-31-87 10.75 = 0.02 110.8 £ 1.3
8-2-87 30.50 = 0.09 112.7 £ 1.6
7-30-87 bubbles 113.8 £ 1.5
Rice (Louisiana, 30°N, 93°W)

5-12-87 6.02 = 0.02 1104 £ 1.0
5-14-87 25.80 = 0.15 1144+ 13
5-14-87 bubbles 1123 £ 1.1
5-14-87 bubbles 118.1 £ 1.0
6-16-87 249.60 = 0.01 111.7+ 19
6-16-87 2.69 = 0.01 110.6 £ 0.9
6-16-87 52.40 = 0.20 116.1 £ 1.5
Peat bog (West Virginia, 3°N, 80°W)

5-21-86 28.90 = 0.37 115.6 £ 1.7
8-26-86 76.60 = 0.60 120.3 £ 0.9
8-27-86 18.90 = 0.25 115.6 £ 1.9
8-27-86 41.00 = 0.45 1165 £ 1.7
Rumen gas
Cow 7230 + 350 121.0 £ 2.0
Cow 16,300 = 500 119.7 £ 1.6
Cow 3540 = 111 1185+ 1.3
Cow 295 £ 8 119.8 £ 1.6
Sheep 17,000 = 600 117.6 £ 1.3
Barn air* 4.33 £0.01 121214
Termites

902 = 20 123.8 £ 1.8

Fires
Forest, brush 3.14 £ 0.05 1403 = 1.5
Forest, stumps 222 =01 1165 = 1.2
Brush fire 495 *=0.5 128.0 £ 1.1

*No cows.
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peat bogs, and tundra) was kept constant
with time. The contributions of all other
sources except PWRs were increased at 1.1
to 1.2% per year from 1950 values (Fig. 3)
and the model runs were started in 1950
with a prebomb “CH, concentration of 85
pMC. The model had to account properly
for (i) the atmospheric burden of CHy
[4700 teragrams (Tg)] (6, 20, 24), (ii) the
atmospheric values of “CH, (121 to 122
pMC), and 8'*CH, (—46.7 per mil) for the
global atmosphere at the end of 1987. The
biogenic sources were added by treating
each as a two-component carbon system,
consisting of a “rapid” fraction with con-
temporary “C, and an “aged” fraction with
95% of the prebomb “CO, value. Together
both had to add up to the measured “CH,4
for each source. The contemporary “CO,
used in the rapid fraction was obtained from
(21). Incorporation was delayed by 5 years
for CH,4 from wet environments (wetlands,
peat bogs, tundra, and rice) and by 13 years
for CH, from biomass burning. No delay
was used for ruminant CHy. The 3C bal-
ance took into account the average 3"*CH,
values (Table 2); additional data on 3'*CH,
for fossil methane was obtained from (25).

Estimates of the relative contributions of
various types of fossil gases from Cicerone
and Oremland (26) and from Fung (27)
were considered, and an average 5!3CH, of
—42 per mil was adopted for the fossil gas
mix. An enrichment factor of 10 per mil for
the CHy destruction reaction by OH was
applied for '*C (28) and 20 per mil for 'C.

We evaluated the contribution of “CH,
from PWRs by use of measured production
and emission rates, as well as the world
nuclear energy production (29). On the
basis of continuous measurements of efflu-
ent gases from PWRs in New York State,
Kunz (30) determined that the '*C produc-
tion rate was 8.8 Ci/GW-year (electric) and
that 95% was discharged as "“CH,. Howles
(31) listed the cumulative power of 394
reactors (worldwide, without U.S.S.R.)
from their start-up date to the end of 1986,
of which 61% was from PWRs. We differ-
entiated the cumulative power data, and
with the discharge rate from (30) derived an
annual "“CH, emission history (Fig. 3). We
treated the remaining 55 Soviet reactors in
the same manner, using the information in
(29). The total global reactor contribution
for 1987 was extrapolated from the data on

additional plants in service by the end of
1987 (32). The "“CH, discharge for 1986
derived from the differentiated data com-
pared well with that obtained from the listed
PWR power data for 1986. The cumulative
1CH, contribution at the end of 1987 was

6370 Ci, of which 3590 Ci remained in the

atmosphere, for a CH, lifetime of 8.7 years
(as derived below). This estimate is in rea-
sonable agreement with an independent esti-
mate obtained from European reactors (33).

The model was iteratively run, and the

isplit between biogenic and fossil methane

sources, as well as the partitioning among
the biogenic sources, were adjusted to fit the
measured atmospheric “CH,4 data and to
satisfy the methane mass balance and the *C
budget. The best fit to the data (solid lines
in Figs. 1 and 2) was obtained with an
atmospheric lifetime of CHy, Tatm of 8.7 to
8.8 years, and a corresponding annual total
CH, input of 590 to 580 Tg/year, of which
21% or 123 Tg were from fossil CH, at the
end of 1987 and the remainder were from
biogenic sources (25 to 26% from wetlands,
peat bogs, and tundra, 19 to 22% from
ruminants, 23 to 24% from rice production)
and biomass burning (9 to 10%). A similar

Table 2. Summary of '*C and '*C data. Listed are the average values and 1 SD for **C and 8'*C for the various groups of atmospheric and biogenic samples as
well as the range of CH, concentrations for the atmospheric samples (numbers of samples is in parentheses). Specific data are available from authors upon re-

quest.
Date . CH, 14C 313C
Samples (month-year) Location (ppbv) (pMC) (per mil PDB)
North Atlantic 6-1986  50° to 42°N, 8° to 62°W 1726 to 1789 (12) 118.6 + 2.3 (10) —46.7 £ 0.5 (12)
North Atlantic 2-1987  37°to 4°N, 1° to 60°W 1757 t0 1793 (9)  118.5 = 1.7 (7) —46.4 0.3 (5)
North Atlantic 11-1987 37°to 39°N, 11° to 58°W 1747 to 1792 (6) 123.3 £ 0.8 (5) —46.6 = 0.3 (6)
Equatorial Atlantic south 8 to 9-1986 5°N to 9°S, 30° to 10°W 1657 to 1676 (5) 1159 = 4.5 (5) —46.0 = 0.7 (5)
Equatorial Atlantic north 9-1986 9° to 22°N, 16° to 51°'W 1680 to 1784 (3) 117.5 = 3.9 (2) —46.6 = 0.5 (3)
North Pacific 7-1986  50°to 40°N, 134° to 144°W 1696 to 1766 (6) 117.7 £ 3.2 (6) —47.2 £ 0.6 (5)
Mediterranean and Indian Ocean 10 to 11-1986 7° t0 23°N, 37° to 81°E 1697 to 1777 (10) 116.9 = 1.7 (8) -46.4 = 0.5 (7)
South Pacific 6-1987 10° to 32° S, 90° to 100°E 1641 to 1690 (2)  120.0 = 0.4 (2) —45.2 * 0.3 (2)
South Pole 12-1987  90°S 1641 to 1648 (4) 120.0 = 0.9 (4) —46.6 = 0.3 (4)
“Clean” land air 1986 to 1988 9° to 65°N, 44° to 80°W 1772 to 1856 (14) 1204 = 2.1 (9) -46.7 = 0.7 (12)
Contaminated land air 1986 to 1987 30° to 59°N, 74° to 96°W 1860 to 1996 (9)  115.0 = 2.6 (9) -46.3 = 0.5 (8)
1988 35°S, 138°E 2030 (1) 99.1 0.9 (1) -455 02 (1)
Stored air samples 1977 42°N, 73°W 1722 (1) 103.7 £ 1.4 (1), -46.9 £ 0.2 (1)
113.7 = 1.5%
1976 43°N, 74°"W 1851 (1) 974 1.6 (1), -473+02 (1)
116.2 = 1.9%
1978 43°N, 74°W 1640 (1) 110.3 £ 1.4 (1), —46.5 £ 0.2 (1)
113.6 = 1.5%
CH, from oxygen tanks 1966 Unknown 20540 (1) 87.6 =14 (1) -47.3 £ 0.2 (1)
1984 Unknown 8740 (1) 119.5 £ 1.6 (1) -458 £ 02 (1)
Wetland (New York) 1986 to 1988 43°N, 77°W See Table 1 115.8 + 3.5 (6), -583 =24 (8)F
112.7 = 2.5¢
Tundra (Manitoba, Canada) 7-1987 59°N, 96°W 113.6 £ 1.7 (6), -62.9 =19 (8)t
112.2 = 2.0%
Rice (Louisiana) 5to 6-1987  30°N, 93°W 113.4 = 2.9 (7), -63.2 =29 (8)t
109.7 = 9.2%
Peat bog (West Virginia) 5to 11-1986  39°N, 80°W 117.0 £ 2.2 (4), -56.7 = 3.3 (8)1
116.9 + 2.4%

Cows 1986 to 1988
Termites 1987
Fires 1987

119.8 = 1.0 (4)

123.8 + 1.8 (1)

128.3 + 11.9 (3),
137.1 = 26.4%

~71.3 = 4.1 (4)t
-68.0 + 0.2 (1)t
~26.6 = 0.4 (2)t

*Corrected as explained in text.
66).  tAverage values for emitted CH,
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TAvcra%c values for emitted CH, from sources, corrected for ambient air content using the average clean air value of —=46.7 * 0.5 per mil (n =
rom sources, corrected for ambient air content using average Northern Hemisphere clean air *CH, values for sampling periods.
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lifetime was obtained from a simple two-
box model and the observed interhemi-
spheric CH,4 concentration difference. Ex-
amination of lifetimes 7 and corresponding
global annual CH,4 production rates P as
functions of the interhemispheric exchange
times 7. and of the North-South production
ratio Pn/Ps yielded similar results for
7e = 1.1 to 1.4 years and Pn/Ps = 3.0 to
3.3.

The results were most sensitive to the
fossil CH, input and to '“CH, from reac-
tors. Different distributions among the bio-
genic and biomass burning sources had little
effect on the '*C fit because their '*C con-
tent is rather similar, but had a great effect
on the C fit. Different splits between fast
and slow components in each biogenic
source and use of different ages for the
slowly incorporated carbon also had little
effect on 'C. An assumption of “dead”
carbon for the slow component would re-
quire 1 to 2% more fossil carbon in 1987,
but would result in an overestimate of the
14CH, between 1966 and 1978 of about 3
pMC. Other choices for the prebomb atmo-
spheric '*CH, value did not yield signifi-
cantly different results after 1970. Larger or
smaller values for the delay in incorporating
contemporary carbon are not consistent
with the 1966 to 1978 data. Doubling the
annual increase of the fossil CH4 contribu-
tion would require an additional 10 Tg/year
of fossil CHy. A different version of the
model in which only the troposphere was
treated gave virtually identical results with
respect to lifetime, annual input, and source
distribution when we assumed that 5.6% of
tropospheric CHy per year was lost to the
stratosphere. This value was determined
from 85Kr measurements.

A two-box model was used to predict the
interhemispheric '*CH, difference caused by
the rapidly increasing '“CHy4 source from
PWRs. On the basis of the Northern Hemi-
sphere input (Fig. 3), the 8.8-year CHj life-
time, and an interhemispheric exchange con-
stant k = 1/7. between 1.0 and 0.56 per
year, the predicted interhemispheric differ-
ence for 1987 was 2.7 to 5.0 pMC, in
agreement with the observed difference. The
observed "CH, increase and the indication
of a small interhemispheric difference con-
firm that the PWR '“CH, contribution is
substantial today; it almost quantitatively
compensates the 'C dilution from the fossil
CH, input. The PWR contribution can be
more precisely quantified with future atmo-
spheric "*CH, measurements, as the levels
will increase faster and lead to a larger
interhemispheric difference than at present.

There are few data available for compari-
son. Ehhalt and Schmidt (34) and Ehhalt (3)
have presented five measurements of '*CH,
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Fig. 2. Atmospheric '*CH, concentration and SD
of the measurements from 1966 to 1987, includ-
ing stored air samples (©) and methane extracted
from oxygen tanks (0). For the stored air samples
(1976 to 1978) both the measured (lower) and
the corrected (upper) values are given (see text).
Solid line is the best fit of the one-box model
prediction and includes the *CH, contribution
by PWRs; broken line is without the reactor
contribution; filled circles, Northern Hemisphere
data; open circles, Southern Hemisphere data.
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Fig. 3. Annual methane input in teragrams per
year, as used in the one-box model. Upper solid
line, biogenic sources and biomass burning; lower
solid line, fossil methane; dots, derived “CH,
contribution by PWRs in Curies per year; broken
line, atmospheric *COs.

of various origins from 1949 to 1960 be-
tween 75 and 102 pMC (average 83 pMC);
they derived a fossil CH,4 contribution of 10
to 15% for this time. These authors men-
tioned that some of the samples from urban
areas could be contaminated. This uncer-
tainty, together with the large spread in
these data, precludes quantitative estimation
of the evolution of the relative source
strength for fossil CH4 between 1950 and
today. Recent “CH,4 data (35) from the
Southern Hemisphere (New Zealand; 32%
fossil CH,) are not in agreement with our
data. Out of 18 samples with 14CH, values
between 92 and 131 pMC (and 8'*C be-
tween —38.3 and —58.5 per mil), 10 were
identified as “clean” air samples from 1987;
“CHy in these samples averaged 106 * 3
pMC (3"°C = —47.0 = 1.6 per mil). Our
measurements for the same time indicate
120.0 £ 0.7 pMC for the well-mixed
Southern Hemisphere. However, the mini-
mum fossil contribution derived from this
data (23%) conforms to our estimate. Thus,
the fossil contribution to the CH,4 budget is
clearly at least 20% of the total; this contri-
bution is underestimated in recent budgets
of others (26). The difference could be due
to seepage from land based and nearshore
gas and oil deposits or from clathrate CH,.
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Sex Pheromones in Snakes

RoOBERT T. MAsoN, HENRY M. FALEs, TAPPEY H. JONES,
Lewis K. PANNELL, JoEN W. CHINN, DAvID CREWS

The majority of pheromones identified to date are insect pheromones, which are
volatile in nature. Identification of nonvolatile pheromones have been relatively rare,
especially in vertebrates. Male and female garter snakes use pheromones to mediate
sexual behavior. The female sex attractiveness pheromone of the Canadian red-sided
garter snake, Thamnophis sirtalis parietalis, consists of a novel series of nonvolatile
saturated and monounsaturated long-chain methyl ketones, whereas the male sex
recognition pheromone contains squalene. These compounds were isolated, identified,
and partially synthesized, and field tests show them to be biologically active.

ORE THAN 50 YEARS AGO, NOBLE

(1) showed that tongue-flicking

behavior in male garter snakes
serves to deliver nonvolatile sex pheromones
sequestered on the female’s dorsum to the
male’s vomeronasal organ. Unlike the ma-
jority of insect pheromones studied to date,
garter snake pheromones are not produced
by a discrete gland (2); rather, they are
components of the integumental skin lipids
found in all terrestrial vertebrates and similar
to the cuticular lipids of insects that often
also serve a pheromonal function (3). In
garter snakes, if the pheromones are not
present on the female’s skin or the male is
unable to perceive them, males will not
exhibit courtship behavior (1, 4). Previous
investigations (2) on the isolation and iden-

tification of the sex attractiveness phero-
mone indicated that the pheromone is
chemically related to the yolking protein
vitellogenin, or lipid-rich subunits of this
molecule, and is sequestered in the female
skin. Subsequent research (5) on the trans-
port, immunoreactivity, and field tests of
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