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Carbon isotope ratio variations in Bering Sea biota: The role of anthropogenic carbon
dioxide

Cullen et al. contend that isotopically ‘‘light’’ anthropo-
genic carbon dioxide (fossil fuel burning and deforestation
effect) is making the major contribution to the observed de-
cline in phytoplankton d13C measured by proxy in whale
baleen. The progressive decline occurs via direct depression
of d13C and enhanced fractionation from the increase of
[CO2]aq. This position hinges on the assumption that the in-
crease in mixed-layer [CO2]aq, which several investigators
have noted in lower latitudes, is of similar magnitude in the
Bering Sea. They project that the accompanying depression
in dissolved inorganic carbon (DIC) d13C and increased frac-
tionation by phytoplankton over the 30-yr period in question
may be the source of at least half of the observed decline in
biotic isotope ratios. Their calculations all depend on these
assumptions, and they are basically straightforward.

Cullen et al.’s Fig. 1 omits the isotope data prior to the
mid-1960s shown in Schell (2000) (shown updated in Fig.
1). If the invasion effect is a major contributor to the decline
in biotic isotope ratios since 1967, then the same effect
should have been evident in the prior 20 yr, during which
the d13C of atmospheric CO2 declined by ;0.3‰. The whale
baleen d13C remained relatively constant, however, and then
increased to a maximum in 1966, ;1.3‰ higher than the
1947 value. If the invasion of carbon dioxide was depressing
the isotope ratios in [CO2]aq, then the implication is that phy-
toplankton demand was increasing toward a maximum in
1966 that was dwarfing the invasion signal. Actually, the
baleen d13C data between 1948 and 1976 show no significant
decline until the North Pacific ‘‘regime shift,’’ a major cli-
matic change that occurred in about 1976 (Francis and Hare
1993).

The effects of increasing oceanic [CO2] are unquestion-
ably affecting all latitudes in the world oceans and depress-
ing d13C values, including those in the Bering Sea. The devil,
as usual, is in the details. In the upwelling regions and high
latitude zones of deep winter mixing, the observed effects
are much smaller because of the lack of time for equilibra-
tion and/or greater dilution arising from deep winter mixing.
Nevertheless, Cullen et al. contend that, all else being equal,
the invasion effect can account for .50% of the observed
decline in d13C in whale baleen. I can find no evidence that
the effect is of this magnitude in the North Pacific (.508)
or Bering Sea. There can be no large anthropogenic increase
in [CO2] in seawater without the accompanying decline in
d13C and increase in D14C. Their assumed decrease in the
d13C of the DIC pool uses an annual decline of ;0.013‰,
which is in line with the estimated global average of
;0.017‰ yr21. Gruber et al. (1999) show a value in this
range for 508 on a global meridional basis, but this is heavily
weighted by North Atlantic values that do show a pro-
nounced invasion effect. For the high latitudes in the North
Pacific, this is not supported by the observed data (data in

Ortiz et al. 2000 are near 408N). Quay et al. (1992;
www.ncdc.noaa.gov/ogp/papers/quay.html) show no signifi-
cant change in DIC d13C north of 508 over the indicated time
period—in fact, their average d13C values for 1993 were
slightly above those from 1970. In agreement, the d13C val-
ues of particulate organic matter collected at Sta. Papa
(508N, 1358W) by Wu et al. (1999) showed no significant
trend, up or down, over 8 yr of sampling, although intrasea-
sonal variability was pronounced.

For the Bering Sea, we have also observed that D14C val-
ues in fauna and DIC (Schell and Saupe 1989) show reser-
voir depressions that closely match the values observed by
Östlund and Stuiver (1980). Surface 14C in DIC ranged from
210‰ to 198‰ in 1984 and 1985, well below the values
in the midlatitudes (;150‰). These data indicate significant
upwelling and deep mixing that has not equilibrated with the
atmosphere (e.g., contrast the 14C profiles of GEOSECS Sta.
218 and 219 at .508 with those of Sta. 213 and 214 at
,408). Actual whale baleen 14C data are very limited. Values
immediately prior to the massive nuclear weapons testing in
the early 1960s were approximately 285‰ and rose to
160‰ by 1966 (Schell and Saupe 1993), indicating that a
significant influx of radiocarbon (and carbon dioxide) oc-
curred but well short of equilibration.

The depth of mixing is evident in the data on chlorofluo-
rocarbons (CFCs) in the Bering Sea and North Pacific. The
very deepest penetration is in the western region, near Hok-
kaido Island, of .2000 m (Warner et al. 1996), and the
Bering Sea has widespread areas of CFC presence .1500
m, almost double the depth at 408N (Warner and Roden
1995). Thus anthropogenic influxes are being diluted to a
much greater extent than those in lower latitudes.

Timing is also important. Cold water and high productiv-
ity enhance invasion, but the season is short. The whales
feeding in the western Bering Sea are in a region character-
ized by annual deep mixing in winter and resupply of nu-
trients with subsequent on-shelf advection. This is followed
by spring-summer production occurring during northward
transport across the shelf. With velocities in the Anadyr cur-
rent and Bering Strait ;15–30 cm s21, residence times on
shelf are in the 2–3 month range before transport into the
northern Chukchi Sea. Equilibration while in restricted mix-
ing environments is thus temporally limited. In sum, strong
mixing and short residence times likely combine to minimize
the anthropogenic effects, and I can find no evidence in the
existing oceanographic data to support the hypothesis of
Cullen et al. in these northern waters to the extent that they
propose.

I noted that the long-term decline in whale d13C values in
the Bering/Chukchi Sea might not be due solely to lower
phytoplankton growth rates, and, as anthropogenic CO2 con-
centrations continue to increase, invasion effects may be-
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Fig. 1. Average d15N and d13C values in bowhead whale baleen grown in the Bering and Chukchi
Seas, 1947–1998 (updated from Schell 2000). Data for 1947–1952 are from only two whales, and
the sharp changes evident are unexplained. SDs around each point are approximately 60.5 for
carbon and 60.6 for nitrogen. Least-squares regression lines are from 1965 to 1998 for carbon and
from 1952 to 1998 for nitrogen. The ‘‘regime shift’’ in the North Pacific occurred in 1976.

come more prominent. New information that supports the
hypothesis that the decline in baleen d13C may be linked to
lowered productivity is present in the nitrogen isotope data.
The same baleen plates have been subsequently analyzed in
detail for nitrogen isotope ratios (Lee 2000), and the data
show that the average d15N values have declined by 1.3‰
since 1952 (Fig. 1). This pattern is certainly not a direct
anthropogenic effect but must arise from either a gradual
shift in the nitrogen dynamics of the system or dietary
change by the bowhead whales (unlikely). If the seasonal
euphotic zone is receiving less advected nitrate, one possible
explanation may be an increased importance of nitrogen fix-
ation that is diluting the N pool with material of low d15N
(;0‰).

Careful isotope ratio analysis on shell carbonate from
long-lived bivalves in the region may provide a means for
sorting out the relative importance of possible effects. I am
in complete agreement as to the need for more work in the
area. Major changes are occurring in the Bering Sea eco-
system, and, in general, they have been detrimental to top
consumers, including humans.

Donald M. Schell

Institute of Marine Science
University of Alaska Fairbanks
Fairbanks, Alaska 99775
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