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EDITOR'S CORNER

The main theme of Bulletin 53 is the elucidation of archaeological
techniques that may help us to achieve our goal of understanding the past. The
article by Abraham discusses various techniques of analyzing shellfish remains
from archaeological sites for information on site seasonality and the paleo-
environment. Kerber's paper concerns techniques of site salvage and public
education. It is a fine example of the results of co-operation among private
developers, government agencies, and archaeologists. Rivers' article is an
organized approach to educating the public about local archaeology using a com-
bination of various educational, historical, and archaeological techniques and
tools.

Witek's review of the archaeology on Shelter Island continues the theme
generated in Bulletin 51 -- the importance of an interregional approach to
archaeological reconstruction and the value of amateur and professional inter-
actions to a better understanding of the past. Pagoulatos' article deals with
the use of statistical techniques to analyze and interpret artifact
distributions Terminal Archaic habitation sites. It complements the articles by
Thompson, Pfeiffer, et al. on Terminal Archaic burial sites in out last
Bulletin. Banks' paper concerns prehistoric fishing techniques in southern New
England. It is another good example of the usefulness of an inter-regional
approach in archaeological interpretation. Tottenham's discussion of projectile
point function demonstrates the importance of replicative techniques in
archaeology for a beUer understanding of past human behavior.

Archaeologists are constantly fine-tuning old techniques and creating new
techniques of excavation and analysis. It is essential that amateurs and
professionals alike keep abreast of the new developments in methodology so we
might obtain the maximum amount of cultural information possible from our
sites.
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DATAFROMSHELLS: THEORYIN SEARCHOF A METHOD

JUDITHFARBERABRAHAM
YALEUNIVERSITY

ABSTRACT

An important part of many archaeological investigations is determining the
"time of year" an event took place. And archaeologists not only want to know
when, but also the physical environment in which it took place. Floral and
faunal remains have been a staple in these studies. This article discusses the
use of shellfish as indicators. It gives an overview of molluscan growth, dis-
cusses some of the methods in use and some of the problems inherent in using the
growth cycles of shellfish.

INTRODUCTION

A major part of many archaeological investigations is determining the "time
of year" for a site activity. Estimates of when a site was occupied or when a
specific event took place is needed when trying to reconstruct subsistence
strategies, settlement patterns, and population, for example. And archaeologists
not only want to know when an event took place, but also the physical environ-
ment in which it took place. Floral and faunal remains have long been a staple
in these studies. One type of fauna, though, has not quite found a secure niche
in seasonality and paleoenvironmental studies--shellfish.

Molluscs have been shown to be very responsive to their environment. This
results in a long-term record of conditions under which they lived in both the
external and internal structure of their shells (e.g., Jones 1983). Besides sea-
son of harvest, this long-term record offers other possible uses for excavated
shells--paleoenvironmental reconstruction and local relative dating sequences
similar to the floating chronologies that are derived from tree rings. In the
past ten years, research to retrieve data from shells has increased. Much of
this research has been done for the hard and soft clam, Mercenaria mercenaria
and Mya arenaria, and the East Coast oyster, Crassostrea virginica. Studies are
ongoing to devise the most reliable methods to obtain information.

Research has shown that it is not necessarily "intuitively obvious" how to
decipher the data in the shells. The very important point in any work using
shells is that not all members of the same species community respond to a change
in the environment in precisely the same way. And, as Shakespeare wrote
"... there's the rub."

MOLLUSCBIOLOGY

There are two mollusc classes that make up the main shells found at archae-
ological sites. These are the gastropods, such as conchs, periwinkles and
snails, and the bivalves, such as mussels, oysters and clams (Waselkov 1987).
(Table 1 shows the relationship of some of the well-known members of the
Mollusca phylum.) All of these species live in habitats close to shore, often in
the intertidal and shallow subtidal zones. Within those zones, some live on the
rocky substrates (for example, mussels and oysters) and others, such as the
clam, in sand or mud. Many can move about by adjusting their depth in the sand
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(clam) or move to another substrate (snail), but oysters and mussels are
attached permanently to their substrate (Abbott 1968; Barnes 1980).

TABLE1: TAXONOfIfYOF TIlE OYSTER AND SOME RELATEIJ SPECIES (compiled from Barnes
1980j Yonge 1966)

PHYLUM-- Mollusca

CLASS-- Gastropoda -- "oyster drill, land snail, whelk, etc."
Monoplacophora
Polyplacophora
Aplacophora
Bivalvia -- "clam, oyster, mussel, shipwonn, etc."

ORDER-- Mytiloida
FAMILY-- Ostreidae (the "edible" oyster)
*GENUS-- Crassostrea
*SPECIES-- virginica (American East Coast oyster)
SPECIES-- gigas (Japanese)

*GENUS--- Ostrea
SPECIES edulis (European)
SPECIES-- lurida (American West Coast oyster)

GENUS-- Lopho

FAMILY-- pteriidae
*GENUS-- Pinctada (the "pearl" oyster)

FAMILY-- Mytilidae (mussels)

FAMILY-- Pectinidae (scallops)

ORDER-- Veneroida
FAMILY-- Veneridae
GENUS-- Mercenaria (hard clam)

ORDER- Myoida
FAMILY-- Myacidae
GENUS-- Mya (soft shell clam)

Scaphopoda
Cephalopoda -- "octopus, squid, nautilus, etc."

Techniques to analyze growth patterns are based on examination of internal
growth lines in shells. In order to understand the techniques and problems, a
knowledge of molluscan shell growth is necessary. I shall briefly discuss shell
growth with some specifics for Long Island Sound. An excellent in-depth discus-
sion of this complex subject can be found in Rhoads and Lutz (1980). Figures 1
and 2 illustrate clam and oyster terminology.

The shell is made up of incremental growth structures or microgrowth incre-
ments (Figure 3). This type of structure also is found, for example, in bones,
teeth, elephant tusks, and trees. Molluscan shell grows by the deposition of
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Figure 1. Hard clam shell interior and its terminology.

calcium carbonate crystals within an organic matrix on the growing surfaces of
the shell--the inside of the shell and along its margin. These incremental
structures are distinctive self-contained units, each one immediately after the
previous, and are the result of varying rates of growth. The size, microstruc-
ture and chemical composition of these increments are influenced by the organ-
ism's biology and by its environment: time of year it starts and stops growing,
when it spawns, available food, water temperature, storms, tides, and any com-
bination of these and other factors. Thus each increment has "physiological,
environmental, and/or chronological significance" (Aten 1981:181). The shell has
the potential to grow in size for its entire life. Thus it carries a permanent
record of the age, rate of growth, and the season of death of the organism.

The overall aspect of the increments is a banded appearance (Figure
4). Periods of rapid growth are visible as wide, white, opaque bands of micro-
growth increments. This growth is dependent upon favorable environmental condi-
tions, such as adequate food supply and optimal temperature. Periods of slow or
reduced growth are visible as narrow, dark, translucent bands of closely spaced
microgrowth increments representing periods of stress. Stress is the result of
extreme heat or cold, extremes of salinity, low food availability, spawning,
tides, and storms, for example. Short periods of rapid growth may be found
within periods of slow growth, and visa versa (Figure 5).
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Figure 2. The oyster shell and its terminology.
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Figure 3. The reflection of tides on growth lines. An acetate peel of a radially
sectioned shell valve. Diurnal, semidiurnal and fortnightly patterns
are apparent. After Lutz and Rhoads (1980).
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Figure 4. Hard clam cross section illustrating annual growth banded appearance.

The growing season in Long Island Sound is from about late April to
mid-November. During winter, growth stops and the animal hibernates. This occurs
when water temperature is near freezing, usually between late December and early
January. This is known as the annual growth break, or "winter break". Growth
cessation is often marked by a growth break groove in the shell surface. Many
events can stress an organism and result in a growth break. Kent (1988) has
identified spawning, storm and heat-shock, as well as winter breaks in oysters
(Figure 5), and Kennish (1980) has observed more in the hard clam. Knowledge of
all the factors which influence the growth cycle, combined with observations of
the point in the cycle at which growth ceases for the year, can provide seasonal
inferences. The annual growth breaks can be counted to give age.
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For valid seasonality, the annual growth break must be accurately identi-
fied. Many times there is a problem differentiating annual growth breaks from
"disturbance lines" (for example, growth breaks due to storms), particularly for
prehistoric shells where decomposition blurs patterns. There is a greater
problem separating these in external growth lines, but the annual growth breaks
are often more distinctive in internal lines. Techniques that use internal
lines: cross sections, thin sections, acetate peels, staining, and even direct
microscopic observation, give the most reliable results (Kent 1988).

Not all shells grow consistently and growth increments may accumulate more
on some parts of the shell than others. It must be established for each species
which part of the shell is most appropriate for analysis. For instance, the clam
can be radially cross sectioned and its microgrowth increments seen (Figures 6
7). This method has not proved useful for the oyster, but the surface of the
left valve hinge does show microgrowth increments and can be used (Kent 1988;
Figures 5 and 6).

annual increment
and

grooves

fine growth lines

annual growth lines

Figure 6. Hard clam cross section illustrating various growth lines and
features.

Figure 7. Left valve of the hard clam showing the position of the radial cut.
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The time when growth increments form varies annually, with latitude, and
between microhabitats (Quitmyer et al. 1985). All of a single species living in
a given environment do not start or stop growing at the same time, nor do they
all grow at the same rate. Environmental factors are modified by the biological
clock and by the natural variability between members of the same species. A
study of the growth cycles of the species being investigated must be done from
local modern specimens before evaluating archaeological remains at a site in the
area. Some patterns still will not be decipherable.

METHODOLOGYFORSEASONOF HARVEST

The use of excavated shells to determine seasonality was first applied to
an archaeological site in 1969 (Claassen 1984). Archaeologists using shells
include Aten (1981), Bailey et af. (1983), Claassen (1984), Custer (1987), Deith
(1986), Hancock (1981), Kent (1988), Killingley (1981), Lightfoot and Cerrato
(1988), Quitmyer et al. (1985), Sanger (1982), and myself (Abraham 1989).
Interestingly, there seem to be almost as many variations for retrieving
"season" as there are archaeologists. Each is using a method he/she feels is the
most accurate and precise. The seasonality analyses discussed here are chemical,
structural or morphological approaches (sensu Aten 1981). Chemical techniques
measure stable isotope ratios to determine water temperature at the time the
shell was formed. Structural techniques involve counting the daily growth
increments since the last annual growth break. Morphological techniques compare
the most recent growth to (mean) growth for the last "x" year(s).

For the latter two methods, archaeologists use cross-sectioned clams by
looking directly at the section, at acetate peels of the section, or at thin
sections. (A shell is cross-sectioned by sawing along the axis of maximum
growth--a line from the umbo to the ventral margin of the valve (Figure 7).
Obtaining a cross section that passes exactly through this axis is fairly diffi-
cult (Lightfoot and Cerrato 1988). Archaeologists studying oysters examine the
surface of the left valve hinge area by microscopic observation either of the
hinge itself, or by first staining it and viewing a photographic slide, or by
acetate peels (Figure 3).

Whatever the approach, some feel that time of death can be ascertained to
month, some to within two months and some to season. Some calculate mean growth
using all the years, some the last one, two or three years. Some count daily
increments; others simply calculate if the mollusc was in fast or slow growth
when it died. The particulars for some archaeologists follow:

Custer (1987) studied oysters from a Maryland site. He divided time of
harvest into fall, late fall-early winter, winter, late winter-early spring,
spring, and summer. Keith Doms (Center for Archaeological Research, University
of Delaware, personal communication 1988 and 1989) states that they basically
use Kent's technique. They make acetate peels of the hinge area which they view
through a slide projector for examination and measurement. They use oysters six
years or older, and use the last three years growth for mean growth calculation.
They feel that the first three years of the oyster's life are juvenile, fast
growth, which would distort mean growth calculations.

Deith (1986) analyzed stable isotopes (loOP"/Oand 13C/12C)in the growth
rings to determine shellfish gathering strategies. Her work used a variety of
shellfish found in Mesolithic middens in Scotland. The main animal was the
cockle, Cerastoderma edule.

Hancock (1981:4) examined hard clam thin sections to determine "general"
season of death at a Cape Cod site. For this study, the position of the ventral
margin with respect to the last fall through winter slow growth was noted. When
possible, the season was refined by noting the spacing pattern of the "fine



!JJ\TJ\. ,l(".tC.UM ~.t1.1SLL~ 1J

growth lines at the margin".
Kent (1988) used the hinge area of the oyster for season of harvest deter-

minations for Maryland middens. He used acetate peels, or stained and then
photographed the hinge. In either case, they were then viewed under a microscope
and measurements ta"'en. He used oysters two years or older, and used the last
two years for mean growth calculations.

Killingley (1981) determined time of harvest by using stable oxygen isotope
analysis for shells from a Baja California midden. He felt this method had an
accuracy of ± a month.

Lightfoot and Cerrato (1988) examined microgrowth lines in thin-sectioned
hard clams. Estimates of season of harvest were obtained by counting the number
of daily lines from the last winter break. When the daily lines grouped into
fortnightly or lunar month patterns, those were counted instead. The winter
break was approximated at about January 1. Their site was on Shelter Island in
Long Island Sound.

Quitmyer et a1. (1985) examined cross-sectioned hard clams. Clams less than
eight years old were examined with thin sections; those older with acetate
peels. They noted the location of the opaque and translucent bands that repre-
sented one annual growth cycle. Season of harvest was determined by comparing
the amount of the last year's growth to the previous year's growth. The sites
were in Georgia.

Sanger (1982) examined soft shell clams from Maine sites. He simply noted
whether they were harvested in their fast or slow growth phase.

I (Abraham 1989) examined oysters for season of harvest using a modifica-
tion of Kent's technique. The hinge was viewed directly under a binocular micro-
scope and measurements made with an ocular micrometer. Oysters erode at their
dorsal end as they get older. Therefore, oysters three or more years old were
used for seasonality, with only the last two years used for mean growth calcula-
tions to minimize the dorsal erosion factor. The sites were on the Connecticut
coast.

RELATIVEDATING

Radiometric techniques are able to provide dates from shell samples, but
their associated standard deviations are too broad for chronologically ordering
occupations separated by as little as 100 or 200 years. Various bivalves, the
ocean quahog, Arctica islandica, for example, and other sea fauna meet two
important criteria for chronological and environmental studies--restricted
habitat and a suitable long life (e.g., Jones 1983, Turekian 1978). Unfor-
tunately, for the shells found at the archaeological sites noted in this paper,
the majority of clams seem to have lived less than 10 years with only a small
amount living as long as 20; and oysters less than 10. In general, the hard clam
seems to have a maximumlife of about 20 years (Lightfoot and Cerrato 1988), and
the East Coast oyster, 10 to 12 years (Barnes 1980). At least these bivalves do
have a restricted habitat, especially the oyster since it is cemented to it.

If one is willing to work in small time scales, Kent feels that oysters can
be used for relative dating (and the system also should be workable with other
bivalves). Certain years will be recognizable on a number of valves from a
specific component at a site, either due to an abnormally high or low amount of
growth, or to a distinctive pattern of storm breaks. By comparing the position
of "marker" years on the hinges of oysters from different places at the site, it
may be possible to determine those oysters collected in the same year, thereby
stratifying the site. Furthermore, the marker years could be used to construct a
local relative chronology for a group of adjacent sites.
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Figure 8. Growth and growing season. Robert Cerrato (personal communication
1989).

DISCUSSION

Personally, I am not convinced that we can accurately and precisely read
seashells. (Accurate means the right season; precise means duplicatable
results). The fact that there are variations on any given method implies that we
are still groping. It may be that, depending on the geographical location (e.g.,
latitude) of a site, different methods may be needed or that one may be as good
as another. But this still does not dispel my uneasiness.

Mollusc shell growth is a very complex process. Increments are laid down as
often as semi-diurnally/with every tide. They also form patterns fortnightly,
lunar monthly and annually (Figure 3). Other growth breaks may be intermingled:
heat and freeze shock, spawning, storms, and neap tides (Kennish 1980). Environ-
mental forces, the biological rhythm for a species and natural variability
within a species make patterns difficult to interpret. Environmental and bio-
logical factors must be separated. The patterns that give hope to seasonality
and paleoenvironmental studies also are the bane of applying the technique. Even
with a study collection of local modern oysters, too many patterns on my
prehistoric oysters were not definable either because decomposition had blurred
the features, and/or because those prehistoric patterns had no modern analogs.
Also, some of the patterns on the modern oysters were not understandable.

Monks (1981:202-211)has written a good synthesis and evaluation of methods
being used. I would like to add some comments on aspects of the three
approaches.

1. Oxygen isotope analysis seems to work well on fauna in stable marine
environments, but is not useful for the oyster or other shellfish of the
estuaries with their widely fluctuating temperatures and salinities
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(Shackleton 1973).
2. Counting increments is a laborious task. Increments may be as little as a

few microns in width. One has to decide which are the daily increments as
opposed to tidal, and also decide on the "time" of the winter break. The
environment can upset incremental deposition.

3. There is difficulty in making "exact" radial cross sections.
4. Annual breaks are not always obvious. Many times interpretations are

subjective. It is possible to make inaccurate measurements even when
working as carefully as possible.

5. With regard to microgrowth increments and the resulting bands: Bivalves
deposit the widest growth bands during their first four years, and "old"
bivalves can have bands so close together that they are impossible to
interpret (Robert Cerrato, Marine Sciences Research Center, SUNY Stony
Brook, personal communication 1989).

6. With regard to mean growth calculation or comparisons simply to the
previous year: Since the bivalve decreases its annual growth band width as
it grows older, mean growth becomes biased toward an earlier season. A
Walford Plot inversion is one method to predict the growth for the year of
death (Cerrato personal communication 1989). This allows the last partial
year's growth to be compared to what it would have grown as opposed to
comparisons with the previous year's growth. (This does assume that the
environment was stable and only age was affecting growth).

7. No method should be used which assumes that growth is linear throughout
the growing season. During spawning, the bivalve is stressed, growth slows
and may even cease (Figure 8). Also, after one-half the growing season,
less than half the yearly growth has been made.

CONCLUSION

From my research on the natural history of bivalves, I believe that present
techniques are capable only of giving a general seasonality for a large
sample. With regard to oysters, the techniques are not refined enough to give a
precise seasonality, seasonality for a small sample or for a sample of young
oysters, or for local paleoenvironmental information at this time.

Work must continue on the identification of growth breaks and the resulting
micr-ogr-owt.hpatterns. This is needed for paleoenvironmental studies also.
Chemical techniques may add data. Perhaps resolutions will come from these two
techniques used in conjunction. I do think there is a wealth of information in
shells, and I do think that accurate and precise methods can be found.
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