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The laboratory handling and identification of archae-
ological plant remains is the crucial step between

their recovery in the field (chapters 2—6, this volume)

and their interpretation (chapters g—1g, this volume).
Accurate identification of plant remains is fundamen-
tal to the sophisticated interpretation of foraging and

agricultural systems. Inaccurate identification can, at

worst, lead to serious errors in the identification of
early domesticates or plant introductions, as discussed

by Harlan and de Wet (1973) in a classic article that is

still relevant today. Even in less extreme cases, poor-
quality identifications obscure changing patterns of
plant use and present a major challenge to the compi-
lation of regional or supraregional syntheses.

Given the importance of plant identification, and a
history of high-quality archaeobotany that extends as
far back as 150 years in some regions, it might seem
surprising that this essential skill is still highly subjec-
tive, based on nuances of shape and texture that are
hard to describe, taught by apprenticeship (with vary-
ing degrees of support) in an established archaeobo-
tanical laboratory, and then often practiced in isolation.
The good news is that work in the last 20 years has
addressed these issues, with digital media takifig a cen-
tral role in providing new tools, and enabling easier dis-
tribution and exchange of information (Warinner and
d’Alpoim Guedes, chapter 8, this volume).

Our aims in this chapter are threefold. First, we set-
out core practice for the handling and identification
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of (mainly) charred plant macroremains in a manner that will be both useful
for the beginner and of interest as a baseline for comparison for experienced
practitioners. In the available space we can only seek to complement existing
handbooks for the New World (Pearsall 2000) and Old World (Jacomet and
Kreuz 1999). Second, we highlight examples of good practice in the develop-
ment and application of identification techniques. Although many of these
are drawn from Europe, the Near East, and North America, reflecting the
concentration of archaeobotanists working in those regions, there are lessons
applicable to other parts of the world. Third, we offer something of a personal
perspective on how identification practice has changed and how we would like
to see it develop. As becomes clear in the chapter, there is still much to do, and
exciting prospects lie ahead for new researchers.

TAPHONOMY AND PRESERVATION

In most cases only a small proportion of plant parts become incorporated
into the sediments of an archaeological site and survive until the present day
(Gallagher, chapter 2, this volume). Three agents are at work. Humans select
which plants and which parts of plants are brought onto archaeological sites.
It is often the case that only the edible portion of the plant, typically a propa-
gule such as a seed or fruit, or storage organ such as a root, is harvested and
brought back to the site. Other plant parts will only be brought on site if they
need processing to separate them from the useful part, or if the other plant
parts are also useful. A good example of both is cereals such as rice and wheat,
for which the grains are most efficiently stripped from the culms (stems) by
bulk processing at or near the settlement, and whose straw is of value as ani-
mal feed, fuel, or as a material for craft production or construction (van der
Veen 1999a).

The second agent is that of natural and anthropogenic decay. In tropical
and temperate climates plant material that is not consumed by humans will
be eaten by animals such as rodents or insects or by fungi and other micro-
organisms. In arid areas such as the Nile valley, American Southwest, and
parts of the Andes where these processes are slowed, the quantity of mate-
rial surviving can be so great as to be overwhelming (van der Veen 2007a).
At the same time, the preservation is so good, extending even to color, that
conventional techniques of botanical identification can be applied. A recently
published example of such sites (with exemplary color illustrations) is the
Roman and Islamic ports at Quseir al-Qadim, Egypt, with fresh-looking
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material such as fragments of sugar cane, ginger rhizome, and banana ski
(van der Veen 2011). Comparable preservation can occur :Nith frozen j "
remains, as in the case of the Alpine Iceman (Bortenschlagcr and (%Jean;
»000). Dry conditions can also occur in wet countries, for example the megdg' =
eval sheaves of wheat and accompanying weeds found deep inside thatch cll
roofs in northern Europe (de Moulins 2007). Waterlogged, thus anaerolf‘
conditions can also lead to the preservation of a remarkably wide range cl>cf’
material. The weaker cells, such as starchy endosperm, however, usuall (gleca
leaving flattened plant remains that look very different from %rcsh Irfateriai”
Cell patterns in wet preserved material are often much more obvious and.
useful for identification, but will require comparison to reference material
treated with acid to replicate the effects of waterlogging. Waterlogged plant
remains are locally abundant in northern Europe and in other areas I:fvith
waterlogged landscapes such as Florida in the southeast United States, but
we do not have space to cover their specialized processing and identiﬁca’tion
in this chapter (Birks 2007).

The most widespread form of preservation is through charring by fire
Even waterlogged and arid plant assemblages contain significant amounts'
of charred material. Charring converts plant materials to more or less inert
carbon, while preserving its shape. Fire is also destructive: the lighter parts
of plants, such as leaves and the bracts surrounding the grain, are likell3 to
burn to ash (Boardman and Jones 1990) and not be recovered (,except inythe
form of phytoliths: see Pearsall, chapter 4, this volume). Both the quantity and
quality of plant remains vary enormously by site, in relation to what are still
poorly understood factors of burning and site deposition. Because charrin.
often occurs in domestic hearths and ovens in which wood is the main fue%
wood charcoal often forms a significant part of the assemblage. ,

Archaeological recovery is the third and final destructive agency to act
before plant remains reach the laboratory. Although water flotation is proven
as the most effective way to retrieve charred plant remains dispersed in archae-
ological matrix, it is inevitably destructive of fragile material such as light chafef
an.d oil-rich seeds (Mirkle and Rosch 2008; White and Shelton clgla ter 6
this volume; Gallagher, chapter 2, this volume). e ’

.1;11 summary, a series of processes intervenes between a human encounter

xsst gi‘lz:sozfi‘rzsetilvi j::ip(t);il:l(:; (;)f plant material in archaeological matrix. In

: . s to charred wood and seeds (broadly defined

here to include other plant parts such as parenchyma) as being the main form
of plant macroremains retrieved and studied by archaeobotanists.
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TAXONOMIC GOALS AND LIMITATIONS i
In an ideal situation, we could identify all or most aljchaeo (Zigm p zldt
mains to the level of species or even subspec1es or variety, ana we co

re . - .

distinguish clearly between domesticated plants and their wild anczstors or

dyg;lelatives Generations of archaeobotanists have, in fact(,ide\;i)te con:d-

s ‘ i7i ical features and other morpho-

nizing anatomical fea

erable research efforts to recog : -~ ; Phe

logical characteristics that enable key species or sul.)spffaes Sleix]rlel 1(i1=.nt1ﬁc13

tifns to be made, including those that signal domestication. St i)reﬂ wo.r
’ .
mblages, whether they consist of charred remains recovered by Otatg)n,
asse , : ; :

or waterlogged or desiccated remains, usually include many siemmens t Zt

i i
are too fragmentary, too eroded, or too obscured by sedl.ment to be re‘;:ogr:l ze
beyond a more inclusive level, whether it be genus, family, or evzn af é(i); cat-

. such as “nutshell” or “parenchyma.” In many cases, too, seeds o cr‘;:)rllt
e o . . . -
tg ar)r]nay be so similar in appearance that identification will never be possible
aX . .
beyond genus level, regardless of the quality of preservation. =
James Massey, former professor of botany and a Elant taxogomy o
tor at the University of North Carolina at Chapel Hill, referfe to p .eoeb
i ili ize a species by
i “wi ” given our apparent ability to recogn
nobotanists as “wizards” give :
mining a barely visible speck of charred matter, whereas botanists usually
exa ; s | '
ork with at least a herbarium-sized plant specimen containing leaves, stten.ls‘,,‘
o i Of course, we are not wiz-
5 s, fruits, or seeds. !
roots, and well-preserved flowers, . ‘ : 0t wi
ards ’and one of the skills gained by experience is knovm(rillg wh;n a S}I:CCIanE
’ it i ize i rather than specifi-
identi t is best to categorize it broadly

unidentifiable and when i : ‘ f

cally. Archaeobotanical analysis is guided by research t}clllll:stlo?s a?d go:lnsl,p .

. i ica, for ex (55,
ints i d by preservation. In North America, le

well as by constraints impose | orth Aumerics or o1

i i i ce whether or not one distingui ;

it may make little differen et . e e i

i ild grapes (Vitis spp.) native to a g , al

or more species of wild g : N

i i e, the presence of domestic g ;

in Southwest Asia and Europe, sen omesticated grapes S
i, ild grapes has significant cultur nic Coy

vinifera) as opposed to wi . d cconon

i t on species-leve
t of time and attention spen !
sequences. The amoun : spent on specics-lovel identll
i i ding to interpretive yield. y
cation, therefore, varies accor . ] e i
given ;o unknown seeds that occur in the greatest quantity or ubiquity.

There are based on those used in the archaeobota
University in St. Louis, but broadly similar proce
ratories. Figure 7.1 is an example of an analysis fo
versity, and table 7.1 is a list of standard laboratory tools.

SELECTION OF SAMPLES

from secure stratigraphy can be ana
sites, such as those in the Near East, ma
ing from a few seeds to thousands. Here
that they are likely to contain at least
basis of statistics (van der Veen and Fie
included because they fill gaps in time periods,
archaeological contexts of special interest. Anysa
dating is not secure, although AMS radiocarbon
of individual items of key chronological concern.

Sorting Procedures
If a sample consists of both i
Shelton, chapter 6, this volume),
the numerical data can be com

ght and heavy fractions (see White and
each is usually analyzed separately, although
bined when reported. Each sample (or each

is weighed to the nearest o.01 g and the
ed through a series of nested geological sieves,

ilar-sized objects. It is standard in Nosth America
ause this is the cutoff point for complete sorting o
oval of selected smaller items that are difficult

contents
resulting in “splits” of
to use a 2.0-mm sieve
f largér particles versus
to identify when smaller

; however many plant types lose recognizable
res with fragmentation below 2.0 mm. Alf ancient seeds and recognizable

fragments are pulled from the smaller fractions, regardless of size, along

th distinctive plant parts such as gourd rind, maize kernel, and acorn shell

gments, which are too fragile to be well represented in the > 2.0 mm splits,

Europe, where a mesh smaller than 2.0 mm is likely to let through large

mbers of cereal grain fragments, the contents of the 1.0 mm sieve may be
ly sorted, albeit after subsampling in the case of large samples:

BASIC SORTING PROCEDURES AND EQUIPMENT .
Analysis of plant remains recovered by flotation or a comparable, fine-mesh
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ny laboratory at Washington
dures are used in most labo-
rm used at Washington Uni-

Where relatively few seeds have been recovered, all samples known to be

lyzed. However bulk flotation of richer
y produce hundreds of samples vary-
samples may be chosen on the basis
500 seeds, as recommended on the
ller 1982). Smaller samples might be
or because they come from
mple might be excluded if its
dating does allow the dating
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Mound House, IL
Macrobotanical Remains, Center for American Archeology, Paleoethnobotany Workshep

Status (Bag#) Initial Wt. (g)
SQffen s SIEVE SIZE Wi(2)
sample Type (LF or HF) Amalst  Dae #4 475 mm .
Sample Type (LF or HF) Analyst Date ORI P
#6  3.35mm
i #7 280mm =St
Vol. (Soil floated) o L
#12  1.70 mm
: Wt (g) #14  1.40 mm
LARGER THAN 2.0 mm: Count Fl e =
o - B 0.50 mm I
pak - #40. 0425 mm
Ste #45  0.355mm
4 P
Thick hickory nutshell an
gvh:nmc;oetﬁ, ostel o SMALLER THAN 2.0 mm:
Juglandaceae hell I Count Wi
II\-{;T;:?; Thin Hickory to 1.4
Acomto 1.4
Acorn shell - la 0 1.4
Cucurbit‘a, ri_nd I gauc::ll;;tzi rr?:;
I;Aaaizt;?m ond Maize:

S —

SEEDS, <2.0mm: Count only

SEEDS, >2.0mm: Total Wt.

Unknown
Other (describe): — — e S

R
Bone S ———— "= £

Faunal Globule .

Snail B [ ——————————
Other Shell
Stone/Soil
Sherd

Uncarbonized (wt. only)

Residue Weight:

COMMENTS: (0.7 - 2.0 mm)

FIGURE 7.1. Sample analysis sheet for recording data from a flotation sample.

relatively small items may require no sieves greater than 2.0 mm. Smaller-
sized sieves may include 1.0 and .5 mm (or in Europe, often .3 or 25 mmg
only, but intermediate splits might be needed, depending on sample size an
composition. Once a sample has been passed through_ the graduated swve;,
the largest items are examined under low-power magnification and groupe
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TasLE 7.1. List of basic equipment needed for analysis of macroremains in a
paleocthnobotany laboratory

Funciian Equz'/;ment

Microscopy Microscope(s); light source for each microscope

Sample sorting Standard USDA (or other) geological sieves; sorting pans or
dishes; pouring spout; riffle-type sample splitter

Weighing scales; analytic balance (optional)

Dissecting needles; featherlight forceps; spatulas; fine
paintbrushes

Sample weighing
Sample handling

Sample storage Gelatin capsules and/or plastic centrifuge tubes; glass vials;

2-mL~density plastic bags; metal tins or glass bottles; acid-free
paper for tags

Reference materials ~ Reference manuals; comparative reference collection

according to taxon or plant type, followed by examining the contents of pro-
gressively smaller splits. All items greater than 2.0 mm are normally counted
and weighed to the nearest o.o1 g, although we do not always count wood
when there is a great deal of it. If a taxon such as walnut shell is found only in
a < 2 mm split but is nonetheless clearly identifiable, it can be pulled and given
acount of 1 and weight of .or g in order in include it in ubiquity frequencies (%
of samples in which a plant type occurs; Marston, chapter g, this volume). For
items greater than 2.0 mm, quantified categories include charred seeds, sorted
as close to species-level as advisable, and fragile but clearly recognizable plant
parts such as gourd rind or other distinctive cultigens, as discussed above. In
North America, seeds less than 2.0 mm are not weighed, but only counted, but
in Europe the rmm fraction may also be fully counted and weighed.
Uncharred seeds are not pulled from assemblages when they are all modern
contaminants, and learning to tell the difference between dark-colored mod-
ern seeds and their charred counterparts is one of the challenges of archaeo-
botanical training. But when samples come from unusual contexts in which
ancient seeds and other remains survived without charring, a different strategy
is .obviously necessary. Samples from Cahokia’s sub-Mound 51, for example,
consist of 1,000-year-old feasting remains that were purposefully, rapidly, and
deeply buried under mound fill after the structures in which feasting activities
had taken place were partially burned, leaving both charred and uncharred
wood and thousands of seeds in both physical states (Pauketat ¢t al. 2002).
In these situations, analysis sheets and published tables should be modified
to include separate columns for charred and uncharred materials. Reporting

LABORATORY ANALYSIS AND IDENTIFICATION OF PLANT MACROREMAINS
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the different frequencies of both uncharred and charred ancient seeds makes
it possible to compare results to assemblages in which only the latter are pre-
served (cf. for ancient Egypt Smith 2003).

Preferences for sorting tools and techniques vary, with choices guided in part
by the available microscope base and working area. Plastic dishes or trays are
problematic due to static that causes seeds to undergo damage or loss, so glass
Petri dishes are used under the microscope. Round metal baking tins, 8-10 cm
in diameter, work well for sorting large fractions, but they should not be too
dark or so shiny that they blind the analyst with reflected light. Dissecting
needles work well for moving items around in the sorting dish, especially if
the tip is bent to form an obtuse angle. Some analysts prefer fine paintbrushes
for sorting, and these work very well for picking up seeds to transfer them to
capsules, tubes, or other containers for curation. Entomologists’ forceps serve
well to pick up seeds, but must be of the soft (“featherweight”) type to avoid
breakage. During routine sorting at 10x to 15x magnification, some analysts
move fragments across the field of vision, separating them into taxonomic
groups. Others recommend dividing the remains according to a grid system
and examining them systematically by square (Bohrer and Adams 1977). A
small dish filled with clean sand is an essential tool for detailed examination,
allowing seeds to be positioned and examined at a variety of angles.

The end result is a set of tins, vials, boxes, tubes, and/or capsules divided into
the respective groups of completely sorted (> 2 mm or > 1 mm) plant types,
along with all seeds and other “special” remains pulled from the smaller splits,
and the resulting residual fragments (< 2 mm or < 1 mm). All containers must
be clearly labeled with site name or number and provenience information,
and with sample data including plant type, split size, and light versus heavy
fraction status. Acid-free paper can be cut into little tags to fit inside capsules
or tubes if the containers themselves are too small to label. Careful attention
should be given to labeling and storage so that seeds can be restudied. It is also
important that the original records of laboratory subsampling and scoring are
clear and are retained.

Subsampling

Samples too large to analyze in their entirety can be subsampled by deter-
mining the weight of the whole sample and then pouring it through a riffle
box sample splitter, using a back-and-forth motion along the length of a riffle
box while pouring to divide the sample in half. The procedure is repeated
with one-half of the sample in order to acquire a 25 percent subsample. It
should not be assumed, however, that all taxa—especially rare ones—will be
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represcnted in each split, or that common taxa will be equally divided into the
final groups (see Pearsall 2000:112-13, for uneven results of one sorting test).

Major Pieces of Laboratory Equipment

The most expensive laboratory requirement is a good binocular stereomi-
croscope with continuous zoom magniﬁcation bcginning at either 7% Or 10X at
the low end, going up to at least 30x and ideally higher. One eyepiece should
be equipped with an optical micrometer, and a microscope model with a pho-
totube for camera mounting is highly recommended. Desirable extras include
a camera lucida, for drawing seeds, and a teaching tube with a second pair of
eyepieces, so that two people can look at material together. Student-quality or
field-quality microscopes are available with built-in, direct, halogen lighting
from above (usually combined with florescent or halogen lighting from below
in order to view transparent material through a glass stage), but these cause
more eye fatigue than dual-armed fiber-optic light sources, which also allow
for angle adjustment. Fiber-optic lighting is also cool and will not damage
seeds by heat. Higher-power (40x to at least 400x), phase-contrast, compound
microscopes are necessary for analysis of microbotanical remains. A metal-
lurgical (“epi-illuminating”) microscope with incident and transmitted light
is needed for wood analysis.

A small electronic digital balance that weighs to at least the closest o.o1 g1is
a required piece of equipment, and archaeobotanists who record the weights
of individual seeds or low numbers of small seeds need to invest in a more sen-
sitive, enclosed analytic balance. A set of standard, graduated geologic sieves
is the last significant expenditure. We recommend buying high quality, heavy-
gauge, brass or steel sieves, eight inches (200 mm) in diameter, with stainless
steel mesh, and avoiding smaller, cheaper, plastic versions. Laboratory sieves
should never be used for fieldwork or be loaned to colleagues working with
sediments that might clog up the finer holes.

IDENTIFICATION TOOLS

Charred plant material loses its original color (an important character in
many seed guides written for agricultural or botanical use) but retains its
shape and sculpturing, with minor changes (Braadbaart and Bergen 2005;
Braadbaart and Wright 2007; Markle and Rosch 2008), and can therefore be
identified by comparison to modern reference material. More subtle charac-
ters, such as surface cell patterns, are lost in many cases. Charring, however,
¢an sometimes make them more visible by removing the waxy cuticle.

LABORATORY ANALYSIS AND IDENTIFICATION OF PLANT MACROREMAINS
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The basis of archacobotanical identification is the comparison of unknown
to known material, whether in a photograph or as a plant specimen. Familiarity
with seed reference material is fundamental to both the learning process and
to checking identifications in routine work. At the same time, having a mentor
to personally tutor students plays a major role in learning seed identification,
both in passing on short cuts for identification of common or difficult types,
and in developing confidence.

Books AND MANUALS

The production of a seed atlas is a major undertaking, both in terms of
gathering a comprehensive suite of reference material to be illustrated, and in
drawing or photographing it. Traditional, film-based, photography of modern
and ancient seed is challenging because of the difficulty in avoiding shad-
ows and in maintaining sufficient depth of focus. As an illustration of the
work involved, the pioneer archaeobotanist Hans Helbaek took superb photo-
graphs of charred seeds in the mid-twentieth century and personally oversaw
the production of lithographic printing plates in Copenhagen to ensure the
quality of the published result.

'The arrival of digital photography (Warinner and d’Alpoim Guedes, chap-
ter 8, this volume) still allows the taking of bad pictures. Nonetheless, digital
photography, when combined with skillfully used software, has enabled the
production of seed atlases on a larger scale and of higher quality than could
have been imagined twenty years ago. So far the Old World has been the ben-
eficiary of the superb photographic seed atlases produced by René Cappers
and collaborators in Groningen (Cappers et al. 2006; Cappers et al. 2009;
Neef et al. 2012). Drawings (Bojniansky and Fargasovi 2007; Nesbitt 2006) and
scanning electron microscopy (SEM) (Knapp 2006, 20105 Schoch et al. 1988)
continue to be important, with drawings able to show aspects of morphol-
ogy that would be obscure in photography, and SEM imagery the medium of
choice to record complex surface patterning. Fewer seed manuals have been
produced recently in North America, where digital photography has tended
to be presented on websites (table 7.2).

Most archaeobotanists work closely with several seed atlases in the lab.
Much useful information on specific taxa, particularly crops, also exists in
the identification sections of published archaeobotanical reports. Some of
this work, for example the exemplary publications of Willem van Zeist relat-
ing to the Near East (e.g. van Zeist and Bakker-Heeres 1982), is well-known.
However, as the volume of publications increases, and existing bibliographies

TABLE 7.2. Standard seed identification references*

PrinTED Books AND MANUALS

I24  GAYLE FRITZ AND MARK NESBITT

continued on next page

R.T. Cappers, R. Neef, and R. M. Bekker
F. Cornejo and J. Janovec

R.]J. Delroit and C. R, Guan

G. E. Eggington

C.R. Gunn and C. A. Ritchie

J.L. Landers and A. S. Johnson

D. L. Lentz and R. Dickau

A. C. Martin and W. D. Barkley

C.R.Gunn

E.J. H. Corner

L. W. Davis

R.]J. Delorit

F. H. Montgomery
A.F. Musil

K. F. Parker

Authors

Year

2009
1984
1976
2010
1996
1970
1986
1921

1988
1976
2005
1961
1977
1963
1958

Weed Seeds of the Great Plains: A Handbook for Identification

An Tllustrated Taxonomy Manual of Weed Seeds
Identification of Disseminules Listed in the Federal Noxious Weed

Act

Seeds and Fruits of Plants of Eastern Canada and Northeastern

Seeds of Central America and Southern Mexico: The Economic
United States

Bobwhite Quail Food Habits in the Southeastern United States
Species

Fruits and Seeds of Genera in the Subfamily Mimosoideae
with a Seed Key to Important Foods

(Fabaceae)
Seeds of the Continental United States: Legumes (Fabaceae)

Colorado Weed Seeds
Arizona Ranch, Farm and Garden Weeds

The Seeds of Dicotyledons, 3 vols.
Identification of Crop and Weed Seeds

Seeds of Amazonian Plants
Seed Identification Manual®

Title
Worldwide Digital Atlas of Economic Plants, 3 vols.

New
World -
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TABLE 7.2—continued
ELecTrONIC RESOURCES

hecome increasingly out-of-date (Delcourt et al. 1979; Jensen 1998; Nesbitt
and Greig 1989; Royal Botanic Gardens 1985), there is a risk that existing
.l'mowlcdge embedded in archaeobotanical literature will be forgotten.

DiciTAL RESOURCES

Archaeobotanists have made good use of the Internet as a means to show
images (Warinner and d’Alpoim Guedes, chapter 8, this volume) and as a
‘means to distribute laboratory manuals (e.g., from the laboratories of Dorian
Fuller, Gayle Fritz, and Stefanie Jacomet; for details see table 7.2). The series of
volumes produced by René Cappers is a valuable hybrid, whereby purchasers
of the books also have access to a website on which a wider range of images
can be searched using selected identification criteria such as seed size.

We consider that printed and digital resources complement each other:
books offer easy browsing and a structure that usually stresses plant family
affinities—an excellent learning tool, as an understanding of family-level
seed characters is the basis of practical identification skills. However, the
identification keys in books are usually binary keys that are hard to use on
archaeobotanical material that is often fragmentary and missing characters
(but see Nesbitt 2006 for an alternative approach to keys). Digital media
allow presentation of a far larger number of photographs and are likely to
allow more sophisticated searches based on multi-access keys, which are
hard to present in printed form.

Automated identification of seeds has been investigated for many years
by agronomists, but so far has been largely unsuccessful. Archaeological
material is particularly challenging in that seeds all tend to be black, may
belong to a wide range of taxa (100—200 species are often found in major
archaeobotanical reports), and are often fragmented. Even with restricted

data sets and well-orientated and photographed material, as in the case of
distinguishing wild and domesticated sunflower seeds, computerized shape
analysis has proved unsuccessful (Tarighat et al. 2011). This will undoubt-
edly change, but probably on the basis of work done in better-funded areas
such as face recognition. Careful application of image analysis to cultigens
has proved valuable in identifying morphological groups within one taxon
that map onto geographical origins, for example in olive, grape, and the
date palm (Terral 1997; Terral et al. 2010; Terral et al. 2012), and this tech-
nique should be explored further for other crops with subtle variation in

seed shape, such as wheat.
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Seep REFERENCE COLLECTIONS

Recently collected seed specimens are the basis of the seed identification
aids discussed above, and direct comparison with reference material is always
valuable (and often essential) in confirming an identification. Reference mate-
rial is particularly useful in that it can be cut apart, allowing examination of
internal characteristics, which can be particularly helptful if even the plant
family cannot be determined using gross morphology (Corner 1976; Martin
1946). Reference material is also useful as seed specimens often bear other
plant parts, such as pedicels or bracts, which may also be found in archaeobo-
tanical samples. Finally, a major benefit of regular use of a reference collection
is also increased familiarity with seed characteristics by plant family, easing
identification of unknown archaeological seeds.

Although we consider the seed reference collection to be an essential
resource for seed identification, we also recognize that making a good qual-
ity collection is a significant investment (see Nesbitt et al. 2003 for detailed
guidance on collection and curation). The seeds may come from differ-
ent sources: botanic gardens, genebanks, shops, herbaria, and from living
plants collected during fieldwork. In general, the ease with which a sample
is obtained is in inverse proportion to the reliability of the identification,
with seeds from botanic gardens being most likely to be misidentified or
mislabeled (Aplin and Heywood 2008). A further advantage of seeds col-
lected directly from the wild or from farmers’fields in the region of interest
is that their size will often be more typical of ancient material than that of
seeds grown in a garden environment. However, a well-balanced reference
collection will draw on all these sources, as some species will be too rare, or
even locally extinct, to collect oneself. Building up multiple accessions of the
same taxon from different sources has two advantages: first, any incorrect
identifications of reference material are more likely to become apparent as
specimens will not match each other and, second, the specimens will better
represent the diversity of size and shape present in different populations in
nature. It is dangerous to build identification criteria on the basis of a single
accession of reference material.

The work involved in identifying and housing voucher herbarium speci-
mens (essential for material collected from the field) can be greatly reduced
by collaboration with local botanists (for more on voucher specimens and
collaboration, see Bye 1986; Nesbitt et al. 2010). At the same time, active
participation by the archaeobotanist in collecting seeds and herbarium spec-
imens in the field is an excellent way of increasing understanding of plant
ecology and agricultural practices in an area of archaeological interest.

N~
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Care must be taken in storing reference collection seeds after field collec-
tion. Like all plant material, seeds are vulnerable to pests. They are often stored
in clear plastic or glass containers that allow rapid assessment of seed appear-
ance and restrict the movement of insects. The best safeguard for any collec-
tion is use: early detection of pests enables rapid treatment, such as freezing
to deal with insects or reduction of relative humidity to deal with mold. With
the decline of agricultural research, older seed collections in botanical and
agricultural institutions are sometimes neglected. Archaeobotanists should
seek out these collections; they are often rich in local weeds and crops that

are NOW rare.

BASIC IDENTIFICATION PROCEDURES AND ISSUES

PRINCIPLES

Seed identification (here seed is used in the general sense of non-wood
plant remains) depends on both the ability to recognize different shapes and a
knowledge of the range of candidate species. Identifying candidate species is
important because identification criteria must not only enable matching with
a species but also exc/usion of other candidate species. Identification criteria
should be based on a study of all likely species. It will be easier to arrive at a
narrowly defined identification if there are fewer species in the study area.

Assessment of candidate specimens requires careful consideration of the
ecology and abundance of species: for example, at a lowland site it may be
possible to exclude mountain species and rare species restricted to specific
habitats. However, it is important to be aware that the distribution of spe-
cies can change and that this is increasingly true the further back in the past
one investigates. Sometimes plants become extinct, as in the case of a suite
of North American domesticates such as Iva annua var. macrocarpa and
Chenopodium berlandieri ssp. jonesianum (Smith 1989). In general crop plants

are much more likely to see major changes in distribution because of deliber-

ate transfer through cultivation or trade.

Poorly documented wild plant floras can also lead to confusion: for example,
it has only recently become clear that two species within the sedge genus
Bolboschoenus occur today in the Near East. Nutlets of this genus are abun-
dant in pre-agrarian archaeobotanical assemblages and have previously been
identified as B. maritimus. Reassessment of the genus by taxonomists has
shown that B. glaucus is the dominant species of inland areas today, and is also
the species represented in archaeological samples (Wollstonecroft et al. 2011).

There are important ecological (and, potentially, culinary) differences between
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s impossible until the current
scattergrams of measurements of archaeologica
logical material from .
one or multiple

sites is often an effective way of identifying groups of differently si
that. may correspond to different taxa. In other words, absol t}’ z.zg.d seeds
in size tbat are visible on fresh material are valuable t;)ols fe e ? 1 ‘?l'en.ces
relative differences in size that are apparent in archaeobotani Oali mVCSt%gatlng
exampk*: of the problem is the separation of wild and domesti 1C (;ngtenal. An
grape pips (Vitis vinifera). Over a century of ObserVationsliﬁtet .11:11 World
have squatter pips with short beaks have not yet translated APy
that can distinguish charred material of the two forms a matlcl) a formula
though the difference is obvious to the eye, and nufnCriz:I)SCSriterj;tzs’ f}:lven
uch as

ratios sometimes work within one si
site (Jacquat a el .
and Jones 1990). Jacquat and Martinoli 1999; Smith

the two species, but the correct identification wa
day taxonomy and distribution of these species was understood.

DOCUMENTING IDENTIFICATIONS

It is good practice to include photographs and, if space allows, written
descriptions and measurements of seeds in site reports. In short reports these
may be restricted to unusual species or cases in which novel identification
criteria have been developed. In full reports, it is also desirable to discuss and
illustrate common taxa, both to allow the reader to confirm the analyst’s iden-
tifications and to show the variability in seed size and shape that is always
present for the more abundant taxa. Drawings are still useful for highlighting
differences between closely related taxa, although time and cost mean they

must be used sparingly.
DIFFERENTIATING BETW
EEN WILD anD D
OMESTICATED

Crops usually possess a “domestication syndrome” of several ch
mal;e Tr}}:em flatively casy to distinguish from their wild anc:stzzciiflztilat
= ! 1 g
2175 » ssc; ;: , l;‘alracters }tnclu(‘le largeL: propagules, loss of ability to disperse seZ(ril
‘ g growth habit that, in the case of some plants, such ize,
.radlcally change the appearance of the plant. However, beari ’ L'IC %S .
i.:) tie:alds ;o be th.e propagules that end up in archaeolog’ica.l dl:ilsrlltsm ;l:rt}}llat
c i i £
t_hi - :iies 111 growth habit, ?r even in lighter (i.e., more fragile’) parti of
o ?(si egl;ime .pods, will not be visible. Thus in the case of cereals
£ }g;s fo;useedntl c_atlon ofj domest.ication in archaeobotanical macrore-
e (?n )mcrease in seed size (in the case of grasses, strictly the
:.maranth:zl (i)Chesrize (,) (;imc?c ioss of seed dispersal mechanisms. In the case of
. below.p s, there are clear changes in the thickness of the seed
Alth ize di i
1_’BfWiId(;:;gdhda:) il;z;:ztcc c(lhtﬂ‘ere;lce is often visible between the seeds or grains
oo domestic ax'il rom recent populations, this difference appears
i fromycfr(;pu‘atlc%ns of df)mcsticates. In part this is because
e o ly sclites is o'ften in poor condition, but it is also likely
i arly domesticates are just that: populations that have
posed to selection for larger seed size for perhaps a millennium

or ICSS un.hke cu y P p
. 5

rrent da lalldlaces Of Crops t] 1at lla to SCICC
I ‘ \4~ bCCll €X OSCd

Seeps aND FruiTs
level characteristics are as excellent a starting point for seeds as they
are for whole plants, enabling the bypass of general identification keys and a
focus on a smaller part of the plant kingdom. Many families have highly dis-
tinctive seeds: for example, the legumes (Fabaceae), daisy family (Asteraceae),
grasses (Poaceae), and cress family (Brassicaceae). Once a family has been
:dentified, identification to genus is the next step. This is usually more man-
ageable than for species. For example, worldwide (these proportions will be
reflected in the smaller regional numbers) the Fabaceae has 740 genera but
19,000 species. As seeds often differ substantially in appearance at genus level,
initial identification may be a matter of relatively rapid scanning of reference

Family-

specimens or illustrations.
At species levels, identification criteria may be much more subtle, and it

s here that our limited ability to describe differences in shape is most prob-
lematic. Although botanists have developed an extensive vocabulary for plant
morphology (Beentje 2010), it is probably true to say that communication of
differences in shape of seeds and surface cell patterns is best carried out using:
images. Measurements can be valuable, but we have doubts about the blan
ket application of absolute figures, whether for distinguishing wild species of
wild and domesticated forms. Not onlty does charring introduce significant
and unpredictable changes in shape an size, it is also uncommon for simple
measurements of plant parts to clearly distinguish species even on fresh wholt

plants, where there are often overlaps in size between species. Instead, plotting

include evidence, discussed below. ?(Slﬂture- 1F lom licating factors
2 , ot incomplete domesticati
ication processes

in earl i i
| PI}; afg;culmre ;nd the varying effects of charring on seed size (see for
example, case of teff, Eragrostis tef, I’Andrea 2008). It is thus rare that
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seed or grain size can be used as a simple indicator of domestication at early
agricultural sites. However, when individual seed sizes are plotted as scat-
tergrams and compared to those of earlier and later levels, both within one
site and at other sites, an overall increase in seed size is visible through time,
corresponding to domestication. The application of this technique to wheat
and barley grain in the Near East has shown gradual increases in grain size
during the Pre-Pottery Neolithic period (Willcox 2004); distinct episodes of
increased grain size are also seen in ancient pearl millet (Pennisetum glaucum)
in Africa and India, after domestication (Manning et al. 2011). In the New
World, sunflower achenes have presented similar problems; size differences
between wild and domesticated taxa that are clear in modern material are
obscure in early material, contributing to the controversy over the location
and timing of sunflower domestication (Yarnell 1978).

In principle the loss of seed dispersal mechanisms offers more robust crite-
ria for identification of cereal domestication. For example, in wild wheat, bar-
ley, rice and many other cereals, the spikelets disarticulate at maturity to allow
the grains to disseminate. This natural disarticulation leads to a smooth abscis-
sion scar at the spikelet base. In domesticated forms, the spikelets are torn
apart during threshing by farmers, leading to torn abscission scars. There are
complications: threshing of immature ears of wild grain can lead to torn scars,
and the basal spikelets of wild wheat and barley do not disarticulate in the
wild, and thus bear torn scars if threshed (Fuller et al. 2009; Kislev 1997; Tanno
and Willcox 2012). The use of low numbers of torn spikelet scars to determine
domestication status is therefore unwise. Although chaff remains are usually
scarcer than grains in archaeological samples, the application of bulk flotation
to carly sites in the Near East and in China has led to the recovery of a large
number of spikelet remains (Fuller et al. 2009; Kislev 1997; Tanno and Willcox
2012). The persistence of large numbers of wild-type scars in farmer’s fields in
the millennia following the first domestication of cereals suggests that full
domestication was a slower and more complex process than thought a decade
ago, with implications for the ease of identification of domesticates by mor-
phological criteria (Fuller 2007b; Tanno and Willcox 2006).

Many crops have seeds that are similar in morphology to those of their
wild ancestors. Here, changes in the quantity and distribution of archaeobo-
tanical finds can point toward domestication. It is assumed that an increase in
the abundance of a seed or its appearance at#sites outside the distribution of
the wild ancestor are indicators of domestication. These are inevitably subjec-
tive criteria, and can be hard to apply when the distances are small and the
distribution of the wild ancestor uncertain. Major changes, however, such as
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the move of olives inland from the coastal strip of wild olives in the eastern
Mediterranean can be good evidence for domestication (Liphschitz et al. 199;
Neef 1990). G

Croprs

"The biggest challenge in identifying crop remains is that human selection
has led to the evolution of myriad closely related taxa that vary subtly in mor-
phology, agronomy, and culinary properties. This led to endless taxonomic
problems in the past, when overemphasis was given to relatively minor differ-
ences with the. description of tens or hundreds of species within what is today
.consm‘l‘ered a s1r:gle b1010g1_cal species. Modern taxonomy handles this by tak-
inga’ lumping” approach in which interfertile taxa are considered to belon
to a single species and major morphological variants are then recognized a%
either subspecies or variety level, or as in the case of sorghum, b %ﬁformal
groups (de Wet et al. 1986; Harlan and de Wet 1971). Within t’he};e distinct
forms are then thousands of landraces characterized by further minor mor-
phological variations. Wheat, maize, rice, and sorghum are examples of highl
variable crops that are abundantly represented in archacobotanical remaifs g

Similar problems face the archaeobotanist, and beginners faced with hi hl
variable crop seeds have a strong tendency to over-split, creating too nigany
categories. A useful tool to counter this is to arrange see:is ina s%rie; b fo};
'example, increasing length, in order to judge whether the “different” ty e};’ are
in fact simply extreme forms of a continuum. Measurement can also bi help-
ful in deciding if more than one taxon is involved, for example when measurIe)-
;r;:g:lsgigzhilgftcd as a scattergram to show whether more than group can be
E Once cohereflt groups of crops have been identified within a site assem-

Thz;ft:; l:];:tg;ezt;(zr; ;cll';zf:t :i wh.ethf:r t.hey can be a.ssigned to current-day taxa.
i Zucstion of ca pec1es' is simpler for wild taxa; as discussed above,
ent wild flora of the region (and reference material collected from
t%lat- region) is likely to match archaeobotanical material, with some provi-
sion for species that have since become rare in the localityi The case of f:)ro Vs
is more c?mplex, since taxa may have been widespread in the past that afe
Fare or extinct now; as with a highly robust form of emmer wheat once found
in the Near East and parts of central Europe (Jones, Valamoti, and Charle
2000), or the once important sumpweed (fva annua var. ma’cromr a) anvj
goos:efoot (Chenopodium berlandieri $Sp. jonesianum) in eastern North imerica
(Smith 1989). In these cases rigorous and multiple identification criteria were
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established that support the identification of a novel taxon. However, it is more

often the case that there are only minor morphological differences between
archaeobotanical remains and modern reference material, which in matters
such as cereal grain size are partly accounted for by the effects of charring. In
this case, it is usually better to document the characteristics of the crop and
to explain how they differ from other archaeobotanical or modern material,
without assigning it to a novel taxon.

Given the difficulties explained above, archacobotanists have developed
good tools for identification of crops to finer detail than simply that of biologi-
cal species (e.g., for wheat Jones 1998 and for maize Adams 1994). A major fac-
tor in this process is the development of regional identification manuals, and
the ease with which material can be shown to colleagues via electronic means
and at meetings such as the International Work Group for Palacoethnobotany,
However, we believe there is more room to standardize identification criteria,
in discussion formats such as the London workshop on wheat identification
(Hillman et al. 1996), and by the blind-testing that has led to greater rigor in
the identification of microfossils.

PARENCHYMA AND VEGETATIVE REMAINS

In charred remains, wood and plant propagules (at most sites, seeds and
fruits) will account for the majority of the plant remains found. When other
plant parts occur, they are often associated with the plant propagules: for
example, fruit pedicels. Charred roots and tubers are often present and have
become increasingly recognized by archaeobotanists after the pioneering
studies of Jon Hather (1993, 2000). Intact tubers superficially resemble fruits,
but often have scars where rootlets or scales were attached. Their interior has
more or less spherical cells, rather than the elongated cells of wood fragments.
Lumps of different cell types aggregated together ate also comimon, and these
are probably fragments of charred food. These have been little studied, but pre-
liminary work suggests that their disaggregation and study by scanning elec-
tron microscopy would be worthwhile (Hansson 1994; Valamoti et al. 2008).

In waterlogged and desiccated conditions, it is common to find a far more
diverse range of plant materials, including non-woody stems, buds, and leaves.
Because waterlogging leads to the decay of the waxy cuticle and of fleshy
interiors, including endosperm in grass grains, waterlogged remains are often
translucent, allowing their cell patterns to be studied through transmitted
light microscopy. Reference material may need to be treated by soaking or
heating in dilute acid or a solution of potassium hydroxide in order to arrive
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at the same translucency. There is an extensive literature on the specialist
identification of waterlogged material (Birks 2007; Mauquoy and Van Geel

2007)-

Woop AND STEM MATERIAL

Wood is often abundant in macrobotanical samples, representing fuel and
burned architectural features and providing information about the surround-
ing vegetation and how people of the past used and altered it. Wood anatomy
is a specialized field of study and careful analysis of wood requires a higher-

owered microscope (at least 400x) than needed for standard sorting of seeds
and nutshell. We recommend training with an expert in wood identification
of a particular study area, especially in regions of high tree diversity. A start
can be made even by nonspecialists by examining transverse (cross) sections of
charred wood under a low-power dissecting microscope, with conifers easily
distinguished from hardwoods, and ring-porous taxa distinguishable from dif-
fuse-porous ones. Oaks are identifiable by their multiseriate rays (see Pearsall
2000:144—53 and sources cited therein for an excellent overview).. Charcoal
is usually studied by breaking it so that the structure can be seen in three
sectional views, and then examining each section through a high-powered
metallurgical microscope.

The structure of charred and waterlogged wood is well preserved. A major
difference from seed identification is that work by wood anatomists, under
the auspices of the International Association of Wood Anatomists, has led
to highly standardized character states that have been recorded for a large
number of tree species. Excellent identification manuals exist for many
regions and can be used in combination with the comprehensive website
Inside Wood (2004).

MicroBoTANICAL REMAINS

Palynology has been a fundamental element of archaeobotanical research
since the mid-twentieth century (Faegri and Iversen 1975), and it has been
joined more recently by the study of phytoliths and starch grains. Combination
and integration of macsg~ and microbotanical remains greatly expand the
scope of our understanding of past plant-people relationships, but for one
person to acquire the skills and access to laboratory facilities to conduct all
of these types of analyses is challenging. Pearsall’s (2000) Paleoethnobotany
handbook contains separate chapters on pollen and phytolith analysis, and
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Piperno’s (2006b) book on phytoliths is, as the title states, a comprehensive
guide. Analysis of starch grains from ancient tools and features is being applied
with increasing frequency and exciting results (Messner 2011; Piperno et al.
2004). All of these endeavors utilize potentially caustic chemicals and require
scientific laboratory facilities—including fume hoods and centrifuges—for
extraction of the remains and preparation of slides, which need to be studied
under high-power microscopes (up to 1000x). A cross-polarizing filter is nec-
essary for microscopic analysis of starch grains in order to see the extinction
crosses (see Henry, chapter 3, this volume).

NonN-PLaNT INCLUSIONS

Flotation samples frequently contain insect eggs, fecal pellets from very
small animals, and fungal sclerotia that can easily be mistaken for seeds by
an untrained observer. When archacologists presort light fractions before
handing them over to an expert, considerable time might be wasted pull-
ing hundreds of round, black sclerotia from the smaller-than-2.0 mm splits
(figure 7.2). Therefore, we briefly address the morphological characteristics
of these ubiquitous objects. Most assemblages including fungal sclerotia will
include enough whole ones to demonstrate the lack of any embryo or hilum
scar. Sclerotia may be very round and smooth, but vary morphologically by
species. Schoen (1983) gives the general size range as 0.5 t0 3.0 mm and illus-
trates a number of different genera and species. Most that we have observed
are smaller than 1.0 mm in diameter. The outer rind or cortex layer appears
smooth at low magnification, Jacking reticulation or other sculpturing com-
monly exhibited on seed testas. Sclerotia are easily dissected with one’s fin-
gernail or razor blade. The inner filling, called the medulla, when present, is
a slightly spongy-looking, solid mass that differs from seed endosperm by its
homogeneity, absence of cotyledons, and lack of starchiness. Fungal sclerotia
are considered in most cases to be background noise in soil, modern con-
taminants that usually go unmentioned. However, Matsumoto et al. (2010)
recently reported carbonized sclerotia from two sites on the island of Hok-
kaido, northern Japan, that appear to be from good archaeological contexts,
inchuding ash-coated fireplace vestiges. The authors, using scanning electron
microscopy, identified the objects to the species Typhula ishikariensis and
inferred that the fungal bodies entered the archaeological record associated
with plant material deposited in the fireplace and elsewhere. European scle-
rotia are usually identified as Cenococcum geophilum and are usually consid-

ered modern (Alonso and Lopez 2005).
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0.2 mm

FIGURE 7.2. Fu7gal sclerotia, species unknown, recovered during flotation of sediments
from the Berry Site, Burke County, North Carolina, United States. A: outer, convex

' ‘ ( . 4. i
surface. B: cross section of different, stightly smaller specimen

SPECIFIC EXAMPLE: IDENTIFYING AMARANTH

Identx{:ifatlo;ﬂ of seeds in the genus Amaranthus can be tricky for several

rf;ason.s. 1rst., d amaranth seeds are black even when uncharred, so it takes
- - ’

close inspection and sometimes physical pressure using one’s fingernail or

:}vllld or Welc):d}]ri atrlnaranth species produce seeds that look very much alike, and
ere may be little research incentive to attempt identificati ’
e e e to attemp entification below the genus
ge involves distinguishing between am i
: ‘ Ives aranths and th
clfose relatw?s, especially species in the genus Chenopodium (table 7. ;nwhizl}:
th:; :::;Ehm 'Zlebsam; deposits. Fourth, there are three domesticated’species
—A. hypochondriacus, A. cruentus, and A. caud. i
B s o , . caudatus—all native New
: ng it necessary to detect morphological
. . - Ch
mg{x}aldagncul_tural production rather than wild harvesiing (E%ritz 202:)n7§es e
coat:( gzzz;1<t:;id amara}rllt}T seeds (figure 7.3) have relatively thick. ha;d seed
cover the interior perisperms (endos encircli
embryos. Analysts should collect e
and study the seeds of pl i i
v plants native to th
Z(;zz:mh af{ca and observe how they are borne in inflorescences consistin e(if{
s de;s o chaﬁ.fy tepals, bracts, and fruits called pyxes (a pyxis is a sing le-
eeded, circumcisally deficent utricle.) Unlike chenopods, amaranth gd
::1:(1:\T noF covered by adhering pericarps. ’ e
2 ;ltcl;;e ca;tfc:[r.n North American amaranth seeds overlap in diameter with
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TaBLE 7.3. Means of distinguishing charred amaranth from chenopod seeds

Wild/Weedy Chenopod Seeds

Wild/Weedy A maranth Seeds
Thicker(17-32 pm)

Cultigen Amaranth Seeds

Trait

Thick(zo-30 pm for weedy;

40-80 um for wild)

Very thin(2-15 pm, usually)

Seed coat thickness

Can be as large as 2.0 mm, but

¢.1.0 mm, * a few mm, usually

¢. 1.0 mm, t a few mm, usually

Diameter

some species are as small as

amaranths

Distinctly overlapping beak, but

varies by species

ike meeting of embryo ends;
some species have one end that
projects slightly

Lipl

Liplike meeting of embryo ends

Beak morphology

Papery pericarp adheres to seed,
but rarely survives charring
except as fugitive trace

No pericarp adhering to seed No pericarp adhering to seed

Pericarp (presence or absence)

Can be distinctly pitted (alveo-
late) or caniculate, but varies by
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(o3 =
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sis
& o3

Smooth (but 4. cruentus seed
coats are slightly rugose)

Seed coat texture

Present, running from center to

beak, but varies by species

Absent

Absent

Dorsal sulcus (presence or

absence)

Biconvex, lenticular, with circu-  Biconvex, lenticular

lar embryo cross-section

Enlarged, oval embryo creates

Cross-section shape

semi-truncate cross-section;

One or more ridges may be
present around circumference

FIGURE 7.3. Scanning electron micrograph of wild/weedy amaranth seed,

: t[iIlS So}t:t.hwest, addltlor%al ch.enopod species exist that have smaller seeds
fwin their eastern relatives, increasing the difficulty of distinguishing be-
OVC:II; gf;lcf(r)a. Ho:;re\fer, the embryos of chenopod seeds wrap aroundgand
e r}; % 1irnfa istinct beak (figure 7.4), whereas amaranth embryos meet
_(ﬁgure » )p ’1Ih ee eatures, although one lip might protrude beyond the other
Chenopo.d . ‘ rgosbt clomn.101"1 North American wild/weedy archaeological
o t};IrJn ;r L ;r andieri, has a.distinctly alveolate (pitted) seed coat
o (i',r b coant » and may retain evidence of jts reticulate (netlike)
R at). Amaranth seed coats tend to be smooth except at th
margin, where a subtle diamondlike patterning is visible on some W}ijldaspec(ii-

mens, especially under hig{ly
t

~power scanning electron mi
g : . . microscopy. Am th
retei 3 uclc;jts rm?ht be shgh. . undulating, but they do not exhibiythe d?;lilrllct
ion of C. berlandieri or other chenopods. Finally, amaranths lack th
, e
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F1GURE 7.4. Chenopodium seed showing distinct beak and reticulate pericarp (fruit coat).
Because this is a domesticated chenopod (Chenopodium berlandieri ssp. jonesianum)
Sfrom an archaeological rockshelter in the Arkansas Ozarks, it has a truncate ra-z‘/yer than
rounded margin and a smooth rather than pitted seed coat (here hidden by pericarp).

these features to be observed, archaeobotanists relegate them to the category

of “cheno-am” (figure 7.5). . .
Identifying domesticated amaranths can be especially difficult because
the primary change that occurred through selection was reduction in seed

GAYLE FRITZ AND MARK NESBITT

FIGURE 7.5. “Cheno-am’ perisperm with no seed coat that would enable classification to

genus p

coat thickness, resulting in pale rather than black seeds (figure 7.6), the

same process that happened during domestication of Andean quinoa (C.
guinoa) and the eastern North American cultigen, C. berlandieri ssp. jonesia-
num (Fritz et al. 2009; Fritz and Smith 1988; McClung de Tapia et al. 1996;
Smith 1984, 1985).

The extremely thin seed coats of cultigen amaranths and chenopods are
so fragile that they are poorly preserved, if present at all, after charring, and
scanning electron microscopy is needed to obtain accurate seed coat measure-
ments. Seed size increase does not seem to have accompanied testa reduction
(Sauer 1993), but embryos of cultigen amaranth seeds are enlarged and oval
rather than circular, giving e seeds semi-truncate margins with concentric
marginal ridges, rather than being biconvex in cross-section.

Making the effort to separate amaranth seeds from chenopods and to
recognize the presence of domesticates, although time-consuming, pays off
in research dealing with agricultural origins and intensification in North
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F1GURE 7.6. Domesticated amaranth seeds. These specimens came  from a 1000-year old
storage pit in a dry rockshelter, the Holman Shelter, in the Arkansas Ozarks.

America, Mesoamerica, and Andean South America (Bruno 2006; Fritz 1984;
Fritz et al. 2009).

CONCLUSIONS

Archaeobotanists are continually refining traditional, decades-old practices
of laboratory analysis and, at the same time, pioneering new types of research
requiring technical skills and equipment not available until recently. Although
our field has expanded, a protracted period of one-on-one training in the
laboratory is still the ideal method of learning, followed by many years of
continuing consultation with colleagues. Communication today, of course,
includes options such as the capabilities to attach high-resolution images to
email messages and to access websites devoted to archaeobotanical network-
ing (see Warinner and d’Alpoim Guedes, chapter 8, this volume).

I44 GAYLE FRITZ AND MARK NESBITT

Most paleoethnobotanists today are, first and foremost, archaeologists
who direct or codirect field projects or, at least, participate fully in research-
design planning, excavations, laboratory work, and formulation of results.
Ethnographic observations (ethnobotanical, agronomic, culinary, etc.) and
experimental activities are increasingly frequent components of our studies.
Still, as much as ever, identification of ancient plant remains requires expertise
acquired through formal coursework, field biology, and careful scrutiny of ref-
erence specimens in comparative collections. The laboratory stage of analysis
is a crucial and time-intensive link to interpretive success. This brief chapter
covers philosophical and methodological points that we consider fundamental
to this step in the pursuit of understanding how human and botanical spheres
have intersected and coevolved through the ages.

If we were to choose three conclusions based on the examples and practices
discussed in this chapter, they would be:

1. Although useful new techniques are regularly developed—for example,
scanning electron microscopy, image analysis, and the extraction of
DNA from seeds—none of these have replaced the intensive use of a
stereomicroscope and the ability of humans to memorize and compare
complex shapes as the main identification tool. The more sophisticated
techniques have developed a valuable role, although preservation of DNA
in charred material is often poor, limiting its use (Schlumbaum et al. 2008).
Image analysis, in particular, merits further application for analyzing
variation in ancient crop seeds.

2. Seed reference collections, and the associated knowledge of candidate
species based on field experience of the study region, remain central to
archaeobotany. Archacobotanists must not only be archacologists, but
botanists too.

3. Identification cannot be carried out in isolation, and this generation of
archaeobotanists is highly fortunate in the ease of travel and the benefits
of digital communication available today. There is still scope for further
standardization—on a regional basis—of identification criteria, especially
for crops, and for blind identification tests. The widespread use in Europe
of standardized archaeobotanical recording databases, often based on the
ArboDat system developed in Germany (Kreuz and Schiifer 2002), is likely
to accelerate the move to more consistent identification.

LABORATORY ANALYSIS AND IDENTIFICATION OF PLANT MACROREMAINS

145



Method and Theory
in Paleoethnobotany

EDITED BY

JOHN M. MARSTON,
JADE D'ALPOIM GUEDES,
AND CHRISTINA WARINNER

UNIVERSITY PRESS OF COLORADO
Boulder



