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THE SOCIAL IMPLICATIONS OF BASKETMAKER II 
CORDAGE DESIGN DISTRIBUTION 

WM. RANDALL HAAS, JR. 

ABSTRACT 
Exceptionally preserved cordage artifacts from Basketmaker II sites offer a rare in-
sight into social processes that persisted during the 1500-year beginnings of ag-
ricultural lifeways and village sedentism on the Colorado Plateau. Through an 
analysis of cordage design, I examine the process of knowledge sharing among 
Basketmaker II peoples. I propose that certain technical choices in raw-material 
selection and fiber-twisting methods result from an artisan's enculturative knowl-
edge and experience alone, and that spatial clustering indexes pools of shared 
knowledge among artisans. Data describing formal variation in Basketmaker II 
and non-Basketmaker II cordage show that, with respect to raw material and twist 
structure, Basketmaker II cordage is internally consistent but significantly different 
from non-Basketmaker II cordage. I propose that the observed patterns in Basket-
maker II cordage design index the geographical extent of a pool of shared knowl-
edge that circulated within a clinally-unified Basketmaker II marriage network. 

RE5UMEN 
Artefactos del cordaje excepcionalmente bien preservados de los sitios de Basketmaker II 
ofrecen una perspicacia rara a los procesos sociales que persistieron durante los 1500 anos 
en que nacio la vida agricola y sedentaria en la meseta de Colorado. Con un andlisis del 
diseho del cordaje, examino el proceso del compartimiento de conocimiento entre el pueblo 
de Basketmaker II. Propongo que ciertas opciones ticnicas en la seleccidn de la materia 
prima y los metodos de torcer lafibra resultan del conocimiento enculturativo y la propia 
experiencia de un artesano y que indices de agrupacion espacial marcan conocimientos 
compartidos entre artesanos. Datos que describen la variacidn formal del cordaje en Bas-
ketmaker II y en el periodo no Basketmaker II en cuanto a materia prima y la estructura 
de la torcedura muestran que el cordaje de Basketmaker II es internamente constante 
pero significativamente diferente del cordaje del periodo no Basketmaker II. Propongo que 
los patrones observados en el diseho del cordaje de Basketmaker II proveen un indice del 
alcance geografico de unafuente de conocimientos compartidos que circuld dentro de una 
red matrimonial espacialmente unificada de Basketmaker II. 
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Although the timing and duration of the U.S. Southwest's agricultural 
revolution is coming increasingly into focus, the social nature of the 

transition remains relatively open to interpretation. Approximately 3500 years 
ago, peoples of the Southwest rapidly and intensively incorporated cultigens into 
their subsistence economies (Huckell 1996; Matson 1991; Matson and Chisholm 
1991; Smiley 1997a; Wills 1995). Despite the adoption of agricultural pursuits, 
which can stifle more mobile economic pursuits, early agriculturalists were slow 
to transition to settled village life. Accordingly, archaeologists must account for 
approximately 1500 years of social process that operated between agricultural 
adoption and village sedentism (Smiley 1997a:39; see also Smith 2001). 

In and around the San Juan drainage, the Early Agricultural Period is mani-
fest in Basketmaker II culture. Basketmaker II archaeologists have explored vari-
ous components of Basketmaker II social processes (Matson 1991, 1999; Robins 
1997; Webster and Hays-Gilpin 1994). In this paper, I draw upon Early Agricul-
tural Period cordage data to infer the inclusiveness of Basketmaker II encultura-
tive processes. I argue that technical choices in certain raw-material procurement 
and fiber-twisting activities index an artisan's enculturative background (Clark 
2001). In turn, spatial and quantitative clustering of the resultant cordage-design 
states index the extent and relative intensity of enculturation pools. 

Accordingly, I analyze the raw materials and twist structures of cordage from 
eight Basketmaker II assemblages in order to infer the extent of shared encultura-
tive knowledge among Basketmaker II peoples. The data show that Basketmaker 
II cordage is relatively homogeneous. Non-Basketmaker II cordage differs signifi-
cantly from Basketmaker II cordage, indicating that although the Basketmaker 
II cordage is internally consistent, it also appears to be spatially and temporally 
bounded. The observed patterns in Early Agricultural Period cordage imply that 
Basketmaker II peoples participated in an enculturation pool that spanned the 
known geographic extent of the Basketmaker II universe. I propose that a dinally 
unified marriage network served as the mechanism for diffusing knowledge of 
cordage-producing behaviors. 

THE CASE FOR CORDAGE: INTERPRETING DESIGN VARIATION 

Analysts often correlate certain cordage design attributes with passive learning 
behavior, or enculturation (Carr and Maslowski 1995; Clark 2001; Maslowski 
1996; McBrinn 2002, 2005; Minar 2000; Newton 1974). It seems reasonable 
to expect, then, that such design attributes in Basketmaker II cordage would 
index shared knowledge among the early agricultural artisans. In this section, I 
place the processes of cordage production in a behavioral framework (Schiffer 
1996; Schiffer and Skibo 1997) in order to deduce a set of behavioral implica-
tions for Basketmaker II cordage-design variation. I outline potential cordage 
manufacturing activities and correlate the technical choices with formal proper-
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ties. Theoretical arguments, experimental data, and ethnographic observations 
are used to link the formal properties to potential performance characteristics, 
which are expected to weight an artisan's technical choices. Technical choices 
that impart no readily apparent performance advantage over other options are 
identified as potential indices of an artisan's enculturative knowledge or experi-
ence alone. In turn, spatial, quantitative, and relational patterns in certain cord-
age attributes index pools of shared enculturative knowledge and experience, or 
enculturation pools. 

CORDAGE DESIGN 

Space does not allow me to consider all of the myriad behaviors that result in 
functional cordage. Rather, I summarize some situational factors and perfor-
mance characteristics (Schiffer and Skibo 1997:31-39) that are likely to affect 
technical choices in raw-material processing and fiber twisting prehistorically on 
the Colorado Plateau. 

RAW MATERIALS 

To produce cordage, an artisan must first locate and collect raw materials that meet 
primary performance thresholds in flexibility and tensility. The Colorado Plateau 
offers a suite of botanical, faunal, and mineral materials for the production of 
cordage (Bell and King 1944; Buchanan 1985; Haas 2001:170-174, 2003:64-76; 
Kent 1983; Osborne 1965), but none of the materials offers a perfect solution for 
all cordage functions. Prehistoric artisans had to navigate a series of procurement 
and processing activities to arrive at a "best-fit" material for a task or set of tasks 
(Schiffer and Skibo 1997:41-42). 

The leaf fibers of yucca (Yucca spp.) and the bast fibers of some herbaceous 
plants offer superior tensility compared to other botanical fibers (Nyrges 1999). 
Yuccas are spatially and temporally ubiquitous on the Colorado Plateau (Haas 
2003:54-57; U.S.D.A 2005) and could have furnished prehistoric peoples with 
ample cordage-making material. From availability and performance perspectives, 
two categories of yucca plants—broadleaf and narrowleaf yuccas—may present 
equifinal alternatives (Haas 2003:54). Both are found throughout the Colorado 
Plateau and are processed similarly. The leaves are prepared and scraped to ex-
pose stiff green to yellow fibers,1 but finer-textured yucca fibers may be obtained 
by chewing the extracted fibers (Bandelier in Robbins et al. 1916; Haas 2001:179-
181; Kent 1983:17-44; Kluckhohn et al. 1971:230; Osborne 1965) or selecting 
younger leaves from the yucca plant (Osborne 1965:45). The resultant fibers are 
relatively white and soft. 

The bast fibers of apocynum (Apocynum spp.) and some milkweeds (Asclepi-
as spp.)2 exhibit tensility (Nyrges 1999), flexibility, texture, and color that is com-
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parable to fine-textured yucca fibers (Kent 1983:20). The fiber-bearing bast stems 
may be gathered perennially but are optimally collected in late summer or fall. 
Apocynum and milkweed occur throughout the U.S. Southwest in higher eleva-
tions and riparian areas (Haas 2003:57-60). Where stands of relatively tall bast 
plants are available, prehistoric artisans could have obtained significant quantities 
of fibers (Adovasio 1986; Kent 1983:17-44; Leeds 1999; Wheat 1967:55-59). Ac-
cordingly, four classes of fibers—broadleaf yucca, narrowleaf yucca, apocynum, 
and milkweed—present apparently equally viable fiber solutions for producing 
cordage on the Colorado Plateau. These classes appear to be equally available (at 
least as concerns relatively mobile farmer-collectors) and appear to present me-
chanically and visually comparable solutions to cordage manufacture. 

FIBER TWISTING 

An artisan can manipulate the tensility, length, flexibility, and/or diameter of 
a cord by agglomerating and twisting fibers into cordage (Emery 1952). Twist-
ing, as I use the term here, encompasses the mechanical processes of spinning 
and plying fiber yams. Most prehistoric North American cordage consists of two 
plies because of mechanical-performance and energy-expenditure considerations 
(Hoover 1974). Two plies are a minimum requirement for plied cordage. Cord-
age of more than two plies requires greater dexterity and/or more manufacturing 
steps to produce and does not impart a significant performance advantage un-
less more strength is required. An artisan can more easily achieve greater tensile 
strength by choosing a stronger material, increasing the number of fibers per ply, 
or re-plying cordage. Re-plying is the process of plying two or more pieces of 
cordage (Emery 1966). 

A number of cordage-twisting methods were available to Archaic and Early 
Agricultural peoples of the Southwest. Barring the use of the spindle whorl, ethno-
graphic accounts indicate that non-industrial peoples of the Southwest practiced 
thigh-rolling (Kluckhohn et al. 1971:230; Wheat 1967:58-59) and shin-rolling 
(Campbell 1999:135; Michelsen 1966:44) methods of spinning and plying cord-
age. Although shin- and thigh-rolling activities can be combined in many ways 
to produce cordage, only four different structural states are possible: (1) s-spun, 
Z-plied; (2) z-spun, S-plied; (3) s-spun, S-plied; and (4) z-spun, Z-plied (Figure 
1). The former two outcomes, termed cable-laid, are weighted for structural dura-
bility and ease of construction (Osborne and Osborne 1965:1100). Comparison 
of the two cable-laid options reveals no apparent mechanical advantage, and the 
properties of a given fiber material appear to impart no significant rotational 
preference on the fibers (Peterson and McBrinn 2002; see also McBrinn and 
Smith, this issue). 

Perhaps the only reason for consciously choosing between z-spun, S-plied 
and s-spun, Z-plied cordage is to serve a visual function. The low absolute and 
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FIGURE 1. Two-plied cordage. The example 
on the left is s-spun, Z-plied (2s-Z) cordage, the 
example on the right z-spun, S-plied (2z-S). 

relative physical visibilities (Carr 1995) of the twist structures suggest little poten-
tial for the participation of cordage in long range, intergroup social messaging, 
but cordage twisting and cordage would have been relatively visible in repetitive, 
short range, household interactions. Such contextual visibility offers the opportu-
nity for artisans to imbue twisting activities and the formal results with ideologi-
cal meaning (Minar 2000:98). 

The low absolute visibility of cordage twist implies that knowledge of cord-
age-producing activities and cognition of form is most likely to be transmitted 
through relatively intimate person-person and person-artifact interactions. In 
band-level societies, such close and long-duration interactions occur within a 
household or band (Clark 2001; McBrinn 2002, 2005). The learned behavior of 
fiber twisting or the cognition of cordage twist would have been consciously or 
unconsciously transmitted by a teacher and passively received by a student (Carr 
1995:184). 

In summary, four general material choices and two twisting configurations 
present practically the same mechanical alternatives to cordage production on 
the Colorado Plateau. Consideration of situational factors (e.g., environmen-
tal or technical constraints) reveals no readily apparent advantage among the 
material alternatives. Similarly, two twisting strategies offer apparently equifinal 
performance alternatives, with the caveat that short range, visual performances 
could influence the technical choice of twist direction. Regardless of whether or 
not twist direction was cognized, the same mechanism, enculturation, is likely to 
influence cordage-twisting behaviors. 

SPATIAL, RELATIONAL, AND QUANTITATIVE VARIATION 

If certain technical choices in cordage design can be attributed to an artisan's 
enculturative background, then it follows that spatial and quantitative patterning 
in corollary design attributes would index the presence and relative intensity of 
enculturative behaviors, or enculturation pools, at a given activity area at a given 
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time. Some potential implications for variations in the spatial, relational, and 
quantitative dimensions (Rathje and Schiffer 1982) of archaeological cordage are 
described below. I infer from relationships between archaeological cordage, cord-
age-related artifacts, and cordage-manufacturing byproducts and tools that the 
spatial location of a given piece of Basketmaker II cordage in an archaeological 
context generally correlates to the spatial location of cordage manufacture in the 
systemic context. That is, Basketmaker II cordage was generally manufactured by 
Basketmaker II peoples and was not imported from other cultural contexts. In 
turn, for a given cordage population, the proportions of cordage types (as defined 
by certain materials and twist sequences) is primarily a function of the relative 
intensity of enculturative practices present in that cultural system. 

Basketmaker II cordage-related artifacts show that cordage served a number 
of functions from lashing bundles of basketry withes to stitching leather and 
constructing rabbit nets (Geib et al. 1999; Guernsey and Kidder 1921; Kidder and 
Guernsey 1919, 1922; Lindsay et al. 1968; Lockett and Hargrave 1953; Morris 
and Burgh 1954; Schilz 1979; Smiley and Parry 2001). Such activities suggest that 
the majority of cordage in Basketmaker II society appears to have participated in 
relatively mundane household and subsistence activities (see Clark 2001). Cord-
age also participated, however, in more technologically complex or ceremonial 
artifacts (e.g., cloth, fur, and feather blankets, or pahoes). Because such items are 
potentially subject to trade or manufacturing specialization, they have the po-
tential to introduce sampling bias into a cordage assemblage by skewing artifact 
counts in favor of individuals or introducing cordage from other enculturative 
contexts. As long as the more mundane artifacts can reasonably be culled from 
an assemblage, I expect the cordage attributes to uniformly reflect the cordage-
manufacturing behaviors of the site's inhabitants. 

The coincidence of cordage, cordage-manufacturing byproducts, and cord-
age-manufacturing tools further serves to identify the likelihood that an artisan 
manufactured cordage in the same spatial context as cordage deposition. For ex-
ample, the presence of yucca-fiber masses in association with yucca-fiber cordage 
at Boomerang Shelter suggests that the manufacture and deposition of yucca-
fiber cordage occurred at the same site (Haas 2001). Similarly, notched scapulae 
and ribs, which are inferred to have been used in yucca fiber-extraction activities 
(Jones and Fonner 1954:99; Morris and Burgh 1954:61-62), are found in asso-
ciation with cordage at the Durango Rockshelters (also known as the Falls Creek 
Rockshelters). Such associations suggest that Basketmaker II artisans produced 
and discarded yucca-fiber cordage in the same spatial context. 

Although it is probable that some portion of cordage from a given site en-
tered from other enculturative contexts, it seems likely from relational evidence 
that the majority of cordage artifacts were discarded in the same enculturative 
context, if not the same site context, as cordage use and production. Given ade-
quate stratagraphic control, relational control, and sample sizes, the quantitative 
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dimension of artifact variability for a given assemblage should reveal gross trends 
in local cordage-producing behaviors. Fortunately, Basketmaker II cordage from 
rockshelter contexts often exists in sufficiently large quantities to warrant statisti-
cally robust conclusions about cordage populations. 

DELINEATING BASKETMAKER II 
ENGULTURATION BOUNDARIES 

The previous sections suggest that certain design choices in raw-material selection 
and fiber twisting may produce attributes that do not necessarily affect the me-
chanical qualities of cordage. Instead, formal variation is a function of an artisan's 
enculturative background, and patterning in the distribution of formal variation 
is a function of shared enculturative knowledge among artisans. The methods 
outlined herein serve a) to describe formal variation in cordage materials and 
twist structure and b) to derive, to the extent possible, a representative sample of 
Basketmaker II cordage. 

MEASURING FORMAL CORDAGE VARIATION 

Basketmaker II assemblages offer a rare opportunity in archaeology to observe 
many formal attributes in archaeological cordage (see Carr 1995:157-158). In this 
study, I describe cordage material and twist structure. To identify cordage materials, 
I assembled a comparative collection of seven potential Colorado Plateau botani-
cal fiber sources and examined the fibers using scanning-electron and transmis-
sion-light microscopy techniques (Haas 2003:64-76). Following the polythetic 
fiber identification system developed by Jakes and colleagues (Jakes 2000; Jakes et 
al. 1993), and incorporating Bell and King's (1944) methods of yucca- and agave-
fiber identification, I developed a classification system that allows the confident 
identification of broadleaf yucca, narrowleaf yucca, and bast fibers. Unfortunately, 
the fiber identification methods do not allow for discrimination between apocy-
num and milkweed fibers, which are combined under the term bast. 

Researchers have devised numerous conventions for describing cordage 
structure (Emery 1952, 1966; Osborne and Osborne 1954; Hurley 1979; Wen-
drich 1991). Because cordage terms often present a source of confusion, and the 
use of different terms has generated ambiguous information (Amsden 1930; Em-
ery 1952; Haas 2003:88-90; Hurley 1979:7), I explicitly describe the termino-
logical system employed in this paper. The spin direction of a yarn is denoted by a 
lowercase letter and the ply direction by an uppercase letter (Emery 1966). Given 
a vertically oriented cord, the letter s describes a twist direction that slants from 
upper left to lower right and the letter z from upper right to lower left (Figure 
1). The number of plies precedes the lowercase letter, and a dash separates the 
spin designation from the ply designation. The final or highest level of twist is 
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FIGURE 2. Sites with cordage assemblages analyzed or discussed in this study. 

placed to the far right and the first or lowest level of twist in the sequence to the 
far left. Therefore, a piece of cordage in which three yarns are s-spun and Z-plied 
is expressed as 3s-Z. In the case of re-plied cordage, earlier constructions are set 
in parentheses. For example, the cordage produced by two pieces of 3s-Z cordage 
that are re-plied S-wise is expressed as 2(3s-Z)S. 

REGIONAL SAMPLING 

At the regional level, I examined artifacts from Basketmaker II sites in and around 
the San Juan River drainage (Figure 2). For comparative purposes, I also examined 
cordage from a selection of spatially or temporally adjacent non-Basketmaker II 
sites. Despite exceptional preservation, Basketmaker II cordage is not uniformly 
distributed across the known Basketmaker II universe. Basketmaker II cordage is 
confined to dry rockshelters, which are unevenly dispersed across the landscape. 
The patchy distribution of cordage prevents any possibility of a uniform sample 
distribution. Moreover, the widespread distribution of Basketmaker II collections 
in museums from Los Angeles to New York also limited my ability to achieve a 
uniform regional sample population. To the extent possible, I mitigated such 
spatial shortcomings by personally analyzing readily available collections and 
supplementing the dataset with published data. 

I personally examined a sample of cordage artifacts from four Basketmaker 
II assemblages: Atlatl Rock Cave (Geib et al. 1999), Boomerang Shelter (Smiley 
and Robins 1997), Old Man Cave (Geib and Davidson 1994), and Three Fir Shel-
ter (Smiley and Parry 2001). Publications for the Durango Rockshelters (Morris 
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FIGURE 3. The temporal distribution of site components as shown by calibrated mid-
points of 14C two-sigma ranges. Key: ARC= Atlatl Rock Cave; BMR=Boomerang Shelter; 
CCEA=Cowboy Cave, Early Archaic component; CCLA=Cowboy Cave, Late Archaic com-
ponent; CCTA=Cowboy Cave Terminal Archaic; DRS=Durango Rockshelters; OMCA=Old 
Man Cave, Early Archaic component; OMCB=Old Man Cave, Basketmaker II component; 
TFS=Three Fir Shelter. Data sources: AGeib et al. (1999), BGeib and Davidson (1994), 
cShroedl and Coulam (1994); DGeib (1996), ESmiley (1997a). 

and Burgh 1954; Peterson and McBrinn 2002), the Marsh Pass sites (Guernsey 
and Kidder 1921; Kidder and Guernsey 1919), Cave du Pont (Nusbaum 1922), 
the Desha Caves (Schilz 1979), and Sand Dune Cave (Lindsay et al. 1969) pro-
vided supplemental cordage data. 

The unfortunate result of this regional sampling strategy is that the samples 
cluster in approximately the central third of the San Juan drainage. Although the 
spatial distribution of cordage-containing Basketmaker II sites is less than optimal, 
the distribution of artifacts suffices for this study. The sites cover a maximum geo-
graphic extent of approximately 415 kilometers from the Durango Rockshelters in 
southwestern Colorado to Cave du Pont in south-central Utah. The inclusion of 
a vast geographic extent is necessary to resolve potentially subtle dinal variation 
in the population proportions of artifact types. Similarly, the unequivocal Bas-
ketmaker II data extend over a large temporal range (Figure 3). The time depth is 
primarily a function of the temporal resolution of the assemblages, but allows for 
limited evaluation of design constancy throughout the Basketmaker II period. 
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SITE SAMPLING 

Each site in this analysis presents a different set of sampling problems. To the 
extent possible, I examined a sample that represents site-wide trends in cord-
age form. I randomly sampled (with replacement) 30 artifacts3 from each dated 
stratigraphic unit. Although the extent of the original excavation and collection 
strategies constrained sampling, the sampling strategy attempted random cover-
age of the cultural deposits of interest. Care was taken, to the extent possible, to 
select discrete cordage fragments that reasonably appeared not to have come from 
a single artifact (see Custer 2004). Care was also taken to target cordage fragments 
that were likely to have been manufactured in the same enculturative context as 
deposition. Because cordage that appeared to be part of more elaborate artifacts 
might have entered a given site from other enculturative contexts, such samples 
were rejected.4 For example, cordage that showed evidence of fur or feather wrap-
pings was rejected because fur and feather blankets are technologically complex 
items subject to specialization and trade. 

CORDAGE OF THE BASKETMAKER II PEOPLES AND BEYOND 

The total sample of cordage evidences differences between the population pro-
portions of Basketmaker II and non-Basketmaker II assemblages, but relative 
consistency within the respective assemblages. All of the Basketmaker II cord-
age assemblages are dominated by 2s-Z yucca-fiber cordage and the non-Basket-
maker II sites by 2z-S bast-fiber cordage and 2s-Z cordage of various coarse fibers 
(Figure 4). 

BASKETMAKER II CORDAGE 

Of the 131 Basketmaker II cordage samples analyzed in the study, 97 percent are 
manufactured from yucca fibers (Table 1). Of the 69 pieces of yucca fiber cord-
age that could be identified to the broadleaf/narrowleaf level, 77 percent are of 
the broadleaf yucca variety and 23 percent are of the narrowleaf variety. The four 
Basketmaker II sites that produced identifiable broadleaf and narrowleaf yucca fi-
bers suggest strong (though woefully insignificant) similarities in the proportions 
of broadleaf yucca, narrowleaf yucca, and bast fiber cordage (x2=3.218, p=.359, 
V=.216). If the yucca types are aggregated (in order to increase the sample size by 
including those samples that could not be identified at the level of broadleaf or 
narrowleaf) and compared in proportion to the occurrence of bast fibers, the data 
evidence significantly strong similarities in the population proportions of fiber 
types (X2=24.183, p=.002, V=.304; Figure 5). 

As with raw material variation, cordage twist structure is relatively consis-
tent in Basketmaker II assemblages (Table 2). Published literature allows for an 
expanded dataset on twist sequence. Of the 383 Basketmaker II samples, 81 per-
cent are 2s-Z constructions. 2z-S twist structures account for 12 percent of the 
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TABLE 1. Cordage materials by assemblage. 

Basketmaker II Non-Basketmaker II 

ARC BMR DRSa OMCB TFS n OMCA CCEA CCLA CCTA n 

bast 13% — — — 7% 3 33% 72% 44% 79% 60 

bark 0 33% 3% 4% — 4 

broad-
leaf 

38% 83% — 57% 70% 53 17% 3% 4% — 3 

yucca 

narrow-
leaf 

38% 17% — 14% 23% 16 — 3% 8% 4% 4 

yucca 

indeter-
minate 

— — 100% 29% — 58 17% 5% — 4% 4 

yucca 

grass — — — — — 0 — 15% 36% 13% 18 

hair 13% 1 0 

sinew — — — — — 0 — — 4% — 1 

n 8 30 56 7 30 131 6 39 25 24 94 

Key: ARC=Atlatl Rock Cave; BMR=Boomerang Shelter; CCEA=Cowboy Cave, Early Archaic com-
ponent; CCLA=Cowboy Cave, Late Archaic component; CCTA=Cowboy Cave Terminal Archaic 
component; DRS=Durango Rockshelters; OMCA=Old Man Cave, Early Archaic component; 
OMCB=Old Man Cave, Basketmaker II component; TFS=Three Fir Shelter. 
aDurango Rockshelters data from Jones and Fonner (1954:Table 10). 

Basketmaker II cordage, and the sum of all other twist sequences, which occur 
in amounts of less than 5 percent each, account for the remaining 7 percent of 
the Basketmaker II samples. The proportions of cordage twist structures evidence 
strong similarities among the Basketmaker II sites (x2=125.694, p= .000, V=.256). 
These data support the hypothesis that Basketmaker II peoples consistently chose 
the same raw materials and twisting methods for cordage production. 

The pattern in re-plied Basketmaker II cordage demonstrates, albeit weakly, 
a Basketmaker II preference for 2(2z-S)Z, or Z re-plied, constructions. Although 
the small sample of re-plied cordage in this dataset does not warrant confidence 
in the proposed preference for Z re-plied constructions, other Basketmaker II 
cordage analysts have reported a similar pattern (Haas 2003:102, 2001:175; Kid-
der and Guernsey 1922:104; Lindsay et al. 1968:81; Peterson and McBrinn 2002; 
Schilz 1971:97). When only the final twist direction is considered for plied cord-
age and re-plied cordage, the average proportion of final Z twist to final S twist for 
each site is 85:15. Taken together, the preferences for 2s-Z and 2(2z-S)Z cordage 
demonstrates a preference for cordage with a final Z-twist. 
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TABLE 2 . Cordage twist structures by site assemblage. 

Basketmaker II Non-Basketmaker II 

ARC BMR DRSa OMCB SDCb TFS n OMCA CCEA CCLA CCTA n 

2z-S 38% 3% 6% 14% 16% 13% 44 6% 51% 40% 63% 45 

2s-Z 50% 80% 90% 57% 74% 87% 311 80% 41% 52% 38% 43 

2(2z-S)Z 13% — 2% 14% 7% — 17 9% 5% — — 3 

2(2s-Z)Z 1% 1 0 

2(4z-S)Z — — — 14% — — 1 6% — — — 0 

3B 0 — 3% 8% — 3 

3z-S — 3% 1 0 

3s-Z — 3% — — 1% — 2 — — — — 0 

3(2z-S)Z — 3% 1 0 

4s-Z — 7% — — 2% — 5 — — — — 0 

n 8 30 131 7 177 30 383 6 39 25 24 94 

Final Z 63% 93% 95% 86% 84% 87% 338 83% 47% 57% 38% 45 

Final S 38% 7% 5% 14% 16% 13% 45 17% 53% 43% 63% 46 

n 8 30 131 7 177 30 383 6 38 23 24 91 

Key: ARC=Atlatl Rock Cave; BMR=Boomerang Shelter; CCEA=Cowboy Cave, Early Archaic 
component; CCLA=Cowboy Cave, Late Archaic component; CCTA=Cowboy Cave Terminal 
Archaic component; DRS=Durango Rockshelters; OMCA=Old Man Cave, Early Archaic com-
ponent; OMCB=Old Man Cave, Basketmaker II component; SDC=Sand Dune Cave; TFS=Three 
Fir Shelter. 
a Durango Rockshelters data from Jones and Fonner (1954: Table 10) and Peterson and McBrinn 
(2002). 
b Sand Dune Cave data from Lindsay et al. (1969:Table 14). 

non-ba5ketmake r ii c o r d a g e 

Compared to the site assemblages of the Basketmaker I I occupations, each of the 
non-Basketmaker II, or Archaic, assemblages evidence less design homogeneity. 
Although internally diverse, the early, late, and terminal Archaic occupations of 
Cowboy Cave (Jennings 1980; Schroedl and Coulam 1994) consist of similar 
proportions of cordage types. The early Archaic cordage samples from Old Man 
Cave appear to have a similarly diverse mix of cordage types, but the sample size 
is too small to warrant a confident statement of similarity or difference. 

Ninety-four pieces of Archaic cordage were examined for material type (see 
Table 1). At 60 percent, bast fibers are the most abundant fiber type in the Archaic 
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assemblages. Grass fibers account for 18 percent of the assemblages, and all other 
fiber types, which occur in proportions of less than 5 percent each, account for 
the remaining 22 percent. The Archaic cordage assemblages do not show strong 
differences in the proportions of materials (x2=54.576, p=.000, V=.440). Accord-
ingly, it appears that there is no significant difference in the proportions of cord-
age-fiber materials in the non-Basketmaker II cordage assemblages. 

As with the Basketmaker II samples, two-ply constructions dominate the Ar-
chaic assemblages. Forty-five percent of the 94 Archaic samples are 2z-S construc-
tions. Forty-three percent are 2s-Z constructions, and the remaining 6 percent con-
sist of re-plied and braided constructions. The Archaic cordage does not evidence a 
strong degree of difference in the proportions of twist sequences when all twist struc-
tures are considered (x2=20.249, p=.016, V=.268). Significantly, the material type 
appears to covary with the type of two-ply twist construction (x2=43.177, p=.000, 
V=.704). Of the 87 Archaic two-ply constructions, bast fibers account for 98 percent 
of the 2z-S constructions. 2s-Z cordage consists primarily of grass, bark, yucca, and 
animal fibers. The 2s-Z constructions generally appear to consist of relatively coarse 
materials and are thus combined under the term coarse-fiber cordage. 

c o m p a r i s o n 

The analysis of Basketmaker II and non-Basketmaker II assemblages suggests that 
the respective assemblages are internally consistent with respect to material choice 
and twist structure (Figure 5). 2s-Z yucca-fiber cordage dominates Basketmaker II 
assemblages, and 2z-S bast-fiber and 2s-Z coarse-fiber cordage dominates the Ar-
chaic assemblages. Because grass fibers—the fiber type that comprises most of the 
coarse-fiber cordage in the non-Basketmaker II assemblages—are not necessarily 
comparable to the stronger bast and yucca fiber cordage, cordage-type propor-
tions should be limited to the latter two fiber types. Figure 6 shows that even after 
eliminating grass-fiber cordage, the samples are sufficient to reveal strong and 
significant differences in the proportions of Basketmaker II and non-Basketmaker 
II cordage populations.5 

A BASKETMAKER II ENCULTURATION POOL 

To this point, I have described some fundamental behaviors that produced cord-
age on the Colorado Plateau. Certain technical choices in material-selection and 
twisting behavior appear to offer equally viable alternatives for cordage produc-
tion. Environmental constraints, technical constraints, cost considerations, or 
mechanical considerations alone cannot account for such technical choices. In-
stead, the artisan's learned production and/or cognitive behaviors weight techni-
cal choices in such material-selection and fiber-twisting activities. Because such 
mundane, low-visibility behaviors are generally transmitted at household- and 
band-level social interactions in nonindustrial societies, I expect spatial and 
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CHI-SQUARE CONFIDENCE 

FIGURE 6. Intersite comparison of the proportions of cordage types. Each dot represents 
a comparison of the cordage-type proportions between two assemblages. Cordage types 
are based on a combination of material and twist structure and are limited to 2z-S or 
2s-Z constructions and broadleaf yucca, narrowleaf yucca, or bast fibers. Comparison of 
Basketmaker II to non-Basketmaker II assemblages (solid black dots) evidences relatively 
strong and confident differences in the population proportions of cordage. (See Endnote 5 
for additional statistical information, Figure 3 for key to site acronyms.) 

quantitative variations in the archaeological occurrence of twist structures and 
certain materials to index the spatial and temporal extents of Basketmaker II en-
culturation pools. 

The pattern of cordage design distributions presented in this analysis is 
robust. Clearly, 2s-Z yucca-fiber cordage dominates Basketmaker II cordage as-
semblages. Because the Basketmaker II assemblages evidence little apparent in-
ternal variation in material choice or twist structure, it seems that Basketmaker II 
peoples shared a common enculturative knowledge about which raw materials to 
collect and how to twist the fibers. 

Moreover, the observed patterns in re-plied cordage indicate that learned 
behavior for cognizing the final-twist direction in cordage may also have influ-
enced technical choices in Basketmaker II fiber-twisting activities. The preference 
for Z re-plied cordage (that is, cordage re-plied with a final Z twist) is significant 
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in the context of an assemblage that primarily consists of 2s-Z cordage. The per-
formance qualities of 2s-Z cordage weight the re-plying process in the S direction. 
One would expect Basketmaker II cordage manufacturers to produce re-plied 
cordage by simply plying two or more lengths of 2s-Z cordage in the S direc-
tion, thus resulting in S re-plied cordage. However, Basketmaker II peoples did 
not simply use readily available 2s-Z cordage to make re-plied cordage. Rather, 
Basketmaker II peoples first manufactured 2z-S cordage so that when re-plied, the 
final ply direction would be Z-wise. The result is that both plied and replied cord-
age in Basketmaker II assemblages consistently maintains a final ply direction of 
Z. Moreover, this preference for final-Z twist cordage appears to be consistent in 
Basketmaker II cordage assemblages from Durango to Kanab. 

To be sure that the observed homogeneity in cordage structure is confined 
to Basketmaker II sites, I also considered temporally and spatially adjacent non-
Basketmaker II cordage assemblages. The Archaic cordage assemblages from Old 
Man and Cowboy caves significantly differ from the Basketmaker II assemblages. 
2z-S bast-fiber and 2s-Z coarse-fiber cordage dominates the Archaic assemblages. 

The Basketmaker II assemblages also contrast with earlier and coeval Archa-
ic assemblages from Bighorn Cave to the west and coeval assemblages from the 
Mogollon Highlands sites to the south. Hovazek and Geib (2002:119-121) report 
that juniper bark and 2z-S constructions dominate the cordage assemblages from 
Bighorn Cave. McBrinn (2002) reports that the cordage from the pre-ceramic lev-
els of Tularosa and Bat caves exists in twist proportions of 60 to 40 percent for 
2s-Z and 2z-S cordage, respectively (n=199). Accordingly, the non-Basketmaker 
II cordage data demonstrate that the internally homogeneous Basketmaker II as-
semblage is bounded in space and time. By extension, the Basketmaker II encul-
turation pool that produced the cordage appears to have been internally consis-
tent and distinct from non-Basketmaker II enculturation pools. 

DISCUSSION 

The exceptional uniformity of Basketmaker II cordage design warrants explanation 
as to how such learned behaviors could diffuse so completely over an area of ap-
proximately 500,000 square kilometers and persist for approximately 1500 years. 
The pervasiveness of 2s-Z yucca fiber cordage in Basketmaker II sites accords with 
the widespread distribution of some Basketmaker II artifact traits but contrasts 
with apparent technical differences in other traits (Matson 1991, 1999; Morris 
and Burgh 1954; Webster and Hays Gilpin 1994). For example, in Basketmaker II 
sites throughout the Colorado Plateau, Webster and Hays Gilpin (1994:321) note 
similarities and differences in the Basketmaker II types of basketry and textiles. 
The authors conclude that "These overlapping spheres of technological and stylis-
tic patterns suggest a population with diverse origins that is unified, or becoming 
unified, by a common ideology as well as a shared agricultural economy." 
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These cordage data corroborate the evidence for social unification. Given 
that other lines of evidence such as dentition and basketry technology evidence 
heterogeneity among Basketmaker II peoples (Matson 1991, 1999; Turner 1993; 
Webster and Hays-Gilpin 1994), the migration of people with a common origin 
does not appear to explain the pervasiveness of Basketmaker II cordage technol-
ogy. Instead, I propose that intermarriage between adjacent bands best explains 
how cordage-manufacturing behaviors circulated throughout Basketmaker II so-
ciety. In addition, a shared ideology about directionality may explain the extreme 
homogeneity of the Basketmaker II cordage assemblage. 

The behavioral implications for cordage production deduced in this paper 
suggest that cordage-design attributes are unlikely to be transmitted through long 
range or short term person-person and person-artifact interactions. Instead, the 
transmission of cordage designs is more likely to occur in more intimate inter-
actions such as those that occur within bands or households. Band-level social 
groups often interact across boundaries to mitigate inherent resource risks (Wobst 
1974). One resource traded across social boundaries is mates (Weissner 1983). 
If mate-trading flows equally in all directions, knowledge of cordage production 
accompanies exogamous individuals, and that knowledge is transmitted to other 
members of a household or band, then intermarriage between bands could serve 
as a mechanism for diffusing a set of low-visibility, mundane behaviors through 
time and space. 

Such a simplistic diffusion model alone cannot account for the extreme 
homogeneity of in Basketmaker II cordage assemblages, however. Why, for ex-
ample, would one technical alternative diffuse more completely than anoth-
er seemingly equally viable alternative? In fact, the low-visibility attributes of 
basketry technology evidence heterogeneity among some Basketmaker II sites 
(Webster and Hays-Gilpin 1994). A relational pattern in the cordage assem-
blages hints at a potential mechanism for the preferential diffusion of 2s-Z 
yucca-fiber cordage in Basketmaker II societies. In light of the 2s-Z-dominated 
assemblage, the dominance of Z re-plied cordage suggests that Basketmaker II 
peoples cognized the final ply direction in cordage. Twist constmctions main-
tain poor absolute physical visibility, but high visibility in relatively intimate 
interactions. Given such contextual visibility, the final ply direction could have 
served a visual role in repetitive, short range, person-artifact interactions such 
as the binding of one's foot in a yucca-fiber sandal or the lashing of an infant to 
a cradle board. Ethnographic precedents suggest that an ideology about direc-
tionality may have been part of such interactions. Although it is not possible to 
know what ideology could have existed in the systemic context, ethnographic 
accounts demonstrate that other societies have imbued cordage-twisting activi-
ties and attributes with symbolic meaning related to directionality (Carr and 
Maslowski 1995:323; Minar 2000:98). 

If symbolic meaning is ascribed to a particular technical choice in cord-
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age manufacture, then that choice may become weighted during the knowledge-
transmission process. Such preferential treatment of an activity choice would 
cause the set of activities to displace other technical alternatives that exist with-
in an enculturation pool. The proposed knowledge-flow process is somewhat 
analogous to the concept of genetic dominance. For example, if an exogamous 
individual who maintains certain ideological concepts about twisting activities 
("dominant" teacher) marries an individual with no ideologically-weighted pref-
erences for cordage-production activities ("recessive" teacher), then I expect that 
students (offspring) will produce cordage in the manner of the ideologically-
motivated teacher. The analogy of genetic dominance stops here, however, be-
cause the student in this scenario does not carry the "recessive" behaviors. In-
stead, the student is likely to maintain only the dominant behavior throughout 
his or her lifetime due to the perpetuation of the ideology and/or the automatiza-
tion of motor skills (Minar 2000:97). The student is then inclined to pass on to 
others the dominant methods of cordage production. 

Minar (2000:90) demonstrates how ideological phenomena might weight 
cordage twisting behavior. In an experiment designed to understand the factors that 
determine twist direction in cordage, Minar taught students how to properly twist 
cordage. The result is that all students ultimately produced cordage just as Minar 
taught them. In a cultural system where ideologies condition technical choices in 
cordage manufacture, the ideologically-weighted behaviors could be expected to 
diffuse relatively rapidly and over a large geographic extent within a marriage net-
work. The diffusion would be particularly rapid and extensive in sparsely packed 
landscapes, such as that of the Basketmaker II peoples (Smiley 1997b). 

SUMMARY 

For at least 1500 years—beginning with the adoption of agriculture and ending 
with the transition to settled village life—Basketmaker II peoples subsisted in 
the unpredictable environment of the Colorado Plateau. Basketmaker II peoples 
appear to have diverse origins, and the inclusion of cultigens in Basketmaker II 
subsistence economies undoubtedly reduced mobility on the landscape. Despite 
such social fragmentation, Basketmaker II cordage design is surprisingly homoge-
neous and pervasive with respect to certain equifinal technical choices in raw-ma-
terial selection and fiber-twisting behavior. The behavioral implications deduced 
in this paper and elsewhere (Carr and Maslowski 1995; Clark 2001; McBrinn 
2002, 2005) suggest that cordage design is a function of enculturative training. 
It is unlikely that all Basketmaker II peoples would arrive at the same technical 
choices in such variables by chance alone. In fact, contemporaneous non-Basket-
maker II peoples of the Southwest consistently made different technical choices 
in cordage manufacture. I infer that Basketmaker II peoples transmitted cord-
age-manufacturing behaviors through intermarriage between adjacent bands. I 
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do not suggest that Basketmaker II bands consistently maintained amicable re-
lationships with neighboring bands. Indeed, violence is well documented in the 
heart of Basketmaker II territory (Hurst and Turner 1993). Nor do I maintain 
that Basketmaker II peoples of geographic extremes maintained regular, direct 
interactions. Rather, these data suggest that Basketmaker II peoples participated 
in a clinal marriage network that was sufficiently articulated in time and space to 
allow for the diffusion of resources—as well as mundane knowledge of cordage 
production—throughout Basketmaker II society. 
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NOTES 

1. In modem fiber industries, yucca and agave fibers are termed hard fibers. In 
botanical terminology, hard fibers are referred to as vascular bundles. Vascular 
bundles are cemented together by lignin and consist of fibers, phloem, and xylem 
cells (Moore et al. 1995:287). The lignin in the vascular bundles of yuccas and 
agaves can be broken down chemically and/or mechanically to release the fibers. 
The resultant fiber mass is relatively soft compared to the stiff vascular bundles. 

2. The Four Comers states of the U.S. Southwest contain 36 species of asclepias 
(U.S.D.A. 2005). Not all species of asclepias, however, contain bast fibers conducive 
to cordage manufacture. I have experimented with just a few species and found 
broadleaf milkweed (A. latifolia [Torr] Raf.) to have mechanical performance qualities 
comparable to apocynum fibers. Broadleaf milkweed occurs throughout the study 
region (U.S.D.A. 2005), but other equally viable milkweed species may also occur 
within the region. I make the assumption that the archaeological bast fibers observed 
in this study consist only of apocynum and the higher-quality milkweed species. 

3. Samples rarely total 30 because (1) some assemblages contain fewer than 30 
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artifacts, (2) a sampling error on my part skewed the sample sizes at Cowboy Cave 
(Haas 2003:46), (3) some published data allow for larger sample sizes, and (4) 
some samples were removed post facto due to potential sampling bias (see foot-
note 4). 

4. In my original analysis (Haas 2003), fur and feather cordage was induded. Having 
since realized that such cordage potentially introduces sampling bias (see also 
footnote 3), I removed them from the present dataset. The culling process affected 
only the Atlatl Rock Cave and Old Man Cave assemblages. Two pieces from Atlatl 
Rock Cave (PNs 24.2.1 and 21.1) had fur wrappings, and much of the Old Man 
Cave assemblage was derived from just a few proveniences and had fur/feather 
wrappings. Although this culling process reduced the sample size, it appears to 
have had no significant effect on the results. 

5. In Figure 6, the strength of the comparison is measured with Cramer's V index; 
comparisons that are as similar as possible have strength values of 100 percent and 
those that are as different as possible have values of 0 percent. The confidence of 
the sample is represented as a Chi-square confidence value; comparisons with the 
highest probability of sampling vagaries have confidence values of 0 percent and 
those with the least probability of sampling vagaries have values of 100 percent. 
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