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Dating of Rattus exulans and bird bone from Pleasant River
(Otago, New Zealand): radiocarbon anomalies from diet

Nancy Beavan-Athfield*, Rodger J. Sparks

Radiocarbon ages of Rattus exulans bone recovered from the Pleasant River, Otago,
archaeological site were originally rejected on the basis of I4C variability allegedly
caused by laboratory processing Subsequent work revealed no burial contaminant that
could have affected the results on bone protein as processed We present the analysis of
bone from seven bird species at the Pleasant River site which showed that marshland
fowl also had up to 300 yr radiocarbon variation in their ages but maintained terrestrial
range 5nC and 81SN values The apparent dietary effect that offsets marshland fowl 14C
ages at Pleasant River suggested there was a similar diet based cause for the anomalous
radiocarbon ages for some R exulans at the site rather than a laboratory contamination
or processing effect
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INTRODUCTION
Diet plays a variable role in producing anomalous 14C ages derived from bone The best
known of the 14C depleted reservoirs that contnbute to radiocarbon age offsets is the marine
food web The calibration of the conventional radiocarbon ages (CRA) of all fully marine
organisms (plankton, shellfish, fish, and marine mammals) is required to account for known
geographic variations in marine radiocarbon depletion (Albero et al 1986, McFadgen &
Manning 1990, Bard et al 1993) Marine food webs are also characterised by enriched values
of 13C (DeNiro & Epstein 1978) and 15N (DeNiro & Epstein 1981), which assist the
identification of this particular 14C-depleted reservoir source in marine species

In terrestrial organisms, partial dietary contributions from marine and other 14C-depleted
reservoirs are more difficult to identify or quantify Stable isotope (813C, 815N) ratios have
been used as indicators of marine or other 14C depleted foods in ancient diets (Ambrose &
Norr 1992, Lanting & van der Plicht 1998, Mays 1998), and some authors have proposed that
the proportion of marine food in the diet can be estimated by assuming a linear relationship
between stable isotope ratios in collagen (Chisholm et al 1982, Schoemnger & DeNiro 1984)

In a mixed reservoir diet, however, stable carbon and nitrogen isotope values can be
ambiguous Data from rats with isotopically controlled diets indicated the 813C of bone
collagen shifts in non-linear ways in response to changing diet (Ambrose & Norr 1993)
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For 815N, enrichment is associated with trophic level and metabolism effects in both the
terrestrial and marine realms, and do overlap; 8 15N in the +8 to +1 l%e range occur in both
lower marine organisms and terrestrial-based carnivores (Schoeninger & Moore 1992, pp.
256-261). Estimating the proportion of carbon and nitrogen from different reservoirs
might be handled with a stochastic model (such as that proposed by Leach et al. 1996) in
which the percentage of diet from different isotopic sources and the isotopic value for each
source are known quantities. In wild populations, however, diet composition and the
proportion of various items in the diet would be difficult to assess. In addition, animal
tissue in the diet is a richer source of protein than vegetation and a primary source of
nitrogen. In an omnivorous diet including plants, nitrogen from animal protein would be
quantitatively over-represented relative to vegetable-derived nitrogen, and estimates of
relative dietary inputs based on the cumulative isotopic values in bone protein would
therefore be less reliable (Hobson et al. 1999, p. 21). Additionally, there may be little
relation between 813C values and the 14C-depletion of organisms feeding in those
environments, as data from marine-linked (Beavan & Sparks 1998) and 14C-depleted
terrestrial environments (e.g., limestone, Goodfriend et al. 1999; geothermal areas, Beavan-
Athfield et al. 2001) have shown.

We bring these considerations to bear on a specific case in which unexpectedly old ages
in one species have given rise to a controversy involving the reliability of Rattus exulans
bones for radiocarbon dating of archaeological and ancient avian predator sites in New
Zealand. Anomalous radiocarbon ages of rat (Rattus exulans) bone from the Pleasant River
archaeological site were attributed largely to inadequate laboratory processing (Smith &
Anderson 1998; Anderson 2000), although reviews of the reliability of both modern and
sub-fossil rat bone at specific sites (Beavan & Sparks 1998; Beavan-Athfield et al. 1999,
Holdaway & Beavan 1999), and an independent review of the laboratory procedures
(Hedges 2000), do not support this explanation. The Pleasant River site in question has also
revealed no burial contaminant that could have affected the results on bone protein as
processed (Beavan-Athfield & Sparks 2001).

We now present evidence that, at Pleasant River, other species also return radiocarbon
results inconsistent with age ranges for the site, and that these variations are linked to diet.
This exercise addresses the need to consider local environmental effects before drawing
final conclusions on radiocarbon anomalies at a particular site.

METHODS

Rattus exulans from middens in Area 1, Area 2, and Area 5 at Pleasant River, Otago (Smith
1999) were submitted to both the Rafter Laboratory in 1996 and the Oxford Laboratory in
1997, as part of an ongoing dating project for the Pleasant River archaeological site (Smith
& Anderson 1998).

To examine the consistency of radiocarbon ages from other species in different habitats,
bone from seven species of terrestrial, marshland, and marine birds were recovered from
the same area/midden layer as the previously dated R. exulans bone samples. These
specimens included two herbivorous/insectivorous birds (New Zealand quail Coturnix
novaezelandiae, parakeet Cyanoramphus sp.), whose diets of vegetation and insects would
draw from contemporaneous, terrestrial-carbon sources. In addition, three omnivorous
marshland birds (New Zealand shoveller duck Anas rhynchotis, grey duck Anas superciliosa,
and brown teal Anas chlorotis) and two carnivorous marine birds (yellow-eyed penguin
Megadyptes antipodes, spotted shag Stictocarbo punctatus) completed the sample set, and
represented species feeding from either fresh/brackish water or marine carbon reservoirs,
respectively.


