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Oxygen and Carbon Isotopes in Modern and Historic Mussels from the Snake
River, Idaho, May Show Modern Rise of Corn Production

Abstract

Stable carbon and oxygen isotope compositions were analyzed from local mussels ranging in age from 0
to 1000 years before the present to identify any trends and seasonal variability in the oxygen and carbon
(®180 and ¥13C values), compare trends and averages in $180 and ¢13C across different time periods
and species of mussel, and finally use &180 to gain insight into how climate conditions might have
changed in the past 1000 years. The Western Ridged Mussel (Gonidea angulate) and Western Pearlshell
Mussel (Margaritifera falcata) are two species of freshwater mussels found in the Snake River in southern
Idaho. Both species seasonally produce a calcium carbonate shell outward as they age. Previous
research has shown mussels typically form their shells in isotopic equilibrium with the surrounding water
and therefore can be a reliable indicator of environmental conditions such as temperature and
seasonality. Outer growth bands were sampled sequentially from mussels dated ~1200 years before
present, as well as from modern shells. The powdered samples were analyzed using an isotope ratio
mass spectrometer in the Department of Geosciences, Boise State University, to obtain 6180 and 613C
values. Modern shells were found to have an average 6180 value of -16.6%o (VPDB) and an average 613C
value of -8.8%o (VPDB). 6180 was nearly constant across the shell, but 513C increased as the mussel
grew. Historic shells had homogeneous 6180 values of -16.4%o0 and homogeneous 613C values of
-11.6%o0. 5180 values of the two time periods are very similar, suggesting no resolvable changes to
climatic conditions using this proxy. Increased 813C values in modern mussels relative to historic
mussels suggest a potentially significant increase of C4 plant contribution to the Snake River. We
interpret this enrichment to be due to modern production of corn (a C4 plant) along the Snake River,
especially since ~2000 CE.
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Abstract

Stable carbon and oxygen isotope compositions were analyzed from local mussels ranging in age from O
to 1000 years before the present to identify any trends and seasonal variability in oxygen and carbon
(6180 and §*3C values), compare trends and averages in 6130 and §13C across different time periods and
species of mussel, and finally use 6180 to gain insight into how climate conditions might have changed in
the past 1000 years.

Modern shells have an average §*°0 value of -16.6%. (VPDB) and an average 613C value of -8.8%o
(VPDB). 6180 was nearly constant across each shell, but §*3C increased as the mussel grew. Historic
shells had homogeneous §*°0 values of -16.4%0. and homogeneous 613C values of -11.6%.. 120 values
of the two time periods are very similar, suggesting no resolvable changes to climatic conditions using
this proxy. Increased 613C values in modern mussels relative to historic mussels suggest a potentially
significant increase of C4 plant contribution to the Snake River. We interpret this enrichment to be due to
modern production of corn (a C4 plant) along the Snake River, especially since ~2000 CE.

Introduction + Site Information

« EXxcess dirt was removed from the shells by
brushing or rinsing with DI water.
* The outer calcite layer of the shells was
abraded along growth bands to create
powder samples.
Samples were typically collected in 1.5-2mm
Intervals, but some were up to 10mm apart.
Every other sample was weighed out and N
analyzed using a ThermoFisher Delta V Plus{ . .
mass spectrometer in the Department of ' =
Geosclences.

. - 5180 and §13C have analytical uncertainties  Figure 5: Before and
Figure 4: Hand sampling of a of ~+0.2%. after sampling a mussel
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Figure 9: Acreage of Cs (mainly potatoes, onions, and sugar beet) and C4
plants (corn) planted in Idaho in the last century. The dashed line at 2000 CE

-The Snake River is a major river in southern Idaho. —| mussel shell. (Photo: Robert Welle) (in red boxes). shows a major decrease in Cs plant production and a major increase in Cs plant
. N production.
* Western Ridged and Western Pearlshell mussel e ReS L |t S
are two species of mussel that reside in the river. o g S Key Findin 0S
Shells from these mussels were collected ' | N ST HitoriciSheiis Table 1: 6§80 and §3*C mean values of modern and " _
representing modern and historic conditions. . SIS R e e e historic shells. T-tests show a significant difference in * 6-°0 values are homogenous across all shells, suggesting no
. Mussels seasonally produce a calcium 60 | 60 §13C values between modern and historic shells. T-tests resolvable changes to climate.
. | s13¢ between the different species show a significant 513C - - - -
| values are higher in modern shells than in ancient shells.
carbonate shell outward as they age (S_ee flgure 2). |-Steck Park | &° § PR 80 5180 difference in historic shells but none in modern shells. C. plants have hi % 513C values (Farquhar et al., 1989) so the
« Shell §180 values represent a combination of 2-Hammett it % w513 Average Statistical Test s8¢ 50 canpcause such z?n enrichment. The r?1assive r.(;wth  acres y
temperature and local water composition of a Snake River 3-King Hill J| 100 | N e Mean (Modern Shells) 8.8%0 | -16.6%o _ o grow
mussel's environment (Epstein et al., 1953). Shell . | bos - Mean (Historic Shells) 11.6% | -16.4% planted in corn, a Cas plant, since ~2000 C.E. Is a likely cause
13C L | Soake Rive i 20 | ¢ 0 T-Test (Modern vs Historic) 1.6x10™ | 2.2x10* for this enrichment
51°C Isotopes represent a combination of the -k < F-Test (Modern vs Historic) 6.9x102 | 4.3x10° o | |
mussel's metabolism and dissolved carbon in the — L 140 140 T-Test (Modern Species Comparison) | 0.16 0.44 T-tests show no significant difference in §*3C and 680
water (Geist et al.. 2005). 1 l , ; T-test (Historic Species Comparison) | 3.6x10~ | 1.2x10™ between the two species of mussel in modern shells. Historic
Eroded (oldest) Periostracum Figure 1: Locations of the three sites where mussel e " TR BB SN S T Y 160 SpMs-8 (Modern) shells do show a significant difference.
/ Prismatic layers samples were collected. Site 1 iIs modern, sites 2 and 3 are v
_ . . : _ _ -18.0 18.0 O
Nacreous layers|| archaeological sites with ages of ~1200 and ~1300 years 5180 Fu t ure WO 1 k

before present, respectively. The inset picture is of the

Shake near Steck Park Figure 6 (above): 620 and §*C values obtained per shell. . s13c | * More research into how quickly Cs plants affect watersheds
— Thi ud ) 0" Modern shells have higher 613C values than historic shells. §180 : they feed into.
1S5 Study alms 1o. values are homogenous. — ; | |
] 1. Measure 5180 and 813C values from modern and ] R : .  Stable isotope analysis of shells dated ~5000 years old from
historic Snake River mussel shells and identify 1367-4a (Historic) the Holoc.ene climatic optlmum. o
Figure 2: Diagram of a cross section of a mussel shell. trends and averages in 6180 and §*3C values. oo st Along shell (mm) i . Clump_ed |sotop_e analysis of the samples. 1_'h|s is a new
Outer prismatic layers were sampled (Image from Geist | 2. Use §180 to gain insight into how climate might I R A (A A (R A M 0180 sampling technique that may help detect climatic changes.

et al., 2005). have changed in the past 1000 years.
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Figure 7 (Above): Isotope values across a historical shell. REferen CES

d13C lacks a strong enrichment over time and is more variable
than modern shells. §180 values are homogenous.
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Isotopes are different versions of the same element that have the same number of protons but different
numbers of neutrons. Stable isotopes do not decay over time.

* Elements that have stable isotopes typically have a common isotope and a rare isotope.

 The rare and common isotopes have different masses and the ratio of the two (Rs«me) can be obtained
from a mass spectrometer.

* This ratio Is then converted into delta (§) notation comparing said ratio to a standard (see figure 3).
VPDB (Rsaaa) is the standard for 61°C and 620 used in this study. Rsampie

» Higher §13C and §180 means more!3C and 180. L= ( - 1) S e

Rstandard
Figure 3: Delta notation equation
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Figure 8 (Above): Isotope values across modern
shells. All shells show an enrichment of 613C values
over time and homogenous 6180 values.
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