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ABSTRACT

A Study of Cultural Adaptation
in Pram-Class Boatbuilding in the Netherlands.
(August 1994)
Robert Stephen Neyland,

8., Stephen F. Austin University;

M.S., University of Texas at Tyler;

M.A., Texas A&M University
Chair of Advisory Committee: Dr. David L. Carlson

This study traces the development of an ancient
class 6f Northern European watércraft, called pram. The
term pram-class is used herein to refer to a broad range
of flat-bottom, hard-chine work boats and freighters.

The vessels categorized as pram-class are also known by a
variety of local names, but share a characteristic

construction justifying their collective analysis.

Pram-class watercraft can be found throughout much
of Northern Europe, however it is the archaeolcgical
remains of pram-class vessels from the Netherlands that
are principally analyzed here, Prams and pram-class
vessels span the Late Middle Ages through the twentieth
century, but vessels built with some of the pram's
characteristics date to the late Roman occupation along
the Rhine. As a long-lived type of watercraft, prams
provide an opportunity to study technological continuity
and change in boatbuilding over the formative centuries
of Western history.

The theoretical approach applied to this study is
that of cultural adaptation. Within this approach,
special attention is focused upon the technological

adaptation exhibited in pram-class construction. This
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analysis views boat design and water transportation as
determined by several interrelated and interdependent
factors; factors that include economics, technology,
culture, access to resources, and the physical

environment.

Two hypotheses are applied to the history of prams.
The first hypothesis considers the specific development
and use of pram—~class vessels to be the result of a
number of influences, whlch are primarily cuitural,
economic, technological, and resource factors. These
interrelated and interdependent factors exist as parts of
a system of information feedback loops, which influenced
the building and continued employment of pram-class
vessels. The second hypothesis states the more general
view that technological continuity and change result from
the process of cultural adaptation. Economic and
cultural factors, as well as access to resources and the
physical envircnment, act to stimulate technological
innovation or reinforce continuity.

The historic development of pram-class vessels is
closely tied to the development of the local economy.
Changes in the local economy during cycles of prosperity
and crisis influenced the quantity of prams produced and
the manner in which they were built. The history of
Dutch pram-class boats thus demonstrates technological
adaptation in response to several factors. Factors in
water transportation in turn influenced cultural and

economic adaptations.
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CHAPTER I

INTRODUCTION

The history of an ancient Northern European inland
watercraft, called pram in English or in Dutch braam, is
the topic of this study. Prams are flat-bottomed, hard-
chine work boats and freighters designed for shoal-water
navigation. There is a broad range of related watercraft
fitting this description but having many different names;
therefore, vessels that conform to the pram type are
referred to in this study as pram-class. Pram-class
vessels are found throughout much of northern Burope, but
this study deals chiefly with archaeclogical examples
from the Netherlands. Most of the shipwrecks discussed
within this study were excavated in the
IJsselmeerpolders, reclaimed tracts of land formerly
covered by waters of the Almere during the Middle Ages

and the Zuiderzee in the Postmedieval Period (Fig. 1).

Prams and pram-class vessels span the medieval era
through the twentieth century. The use of the name pram
dates to the Late Middle Ages, but prototypes of pram-
class vessels were used on the network of rivers along

the Roman western frontier and date to the second century

The Jjournal wused for format and style was The
International Journal of Nautical Archaeology.
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Figure 1. Locations of ship and boat wrecks discussed within this study. (Drawing by
author.)



A.D. These are the earliest archaeological evidence of

plank-built vessels in this region.

Prams represent a long-lived class of boats, the
significance of which is explored through an analysis of
technological continuity and change in the pram design
and the relationships between water transportation,
economy, resources, environment, technology, and culture.
This study employs two hypotheses specific to the history
of prams. The first hypothesis is specific to the
historic development and use of pram-class vessels and
interprets their development as the interaction of
cultural, economic, technological, and resource factors.
These factors are interrelated and interdependent,
occurring as a system of information feedback 1loops,
which influenced the bullding and use of prams over their

history.

The second hypothesis is closely related to the
first, but more general in that it treats technological
contlinuity and change as a process in the pram design.
One of the primary means by which a society reacts to
episodes of crisis and opportunity is through technology,
resulting in technological change or continuity. Prams
exhibit an impressive continuity of design over time,

although there is evidence for inncvation and



technological change. This second hypothesis states that
technological continuity and change are the result of the
process of cultural adaptation. Economic and cultural
factors, as well as access to natural resources, act to
stimulate technological innovation or reinforce

continuity.

The theoretical approach appllied to this study is
that of cultural adaptation, and specifically the use of
technological adaptation as exhibited in pram-class
constructions. This analysis views boat design and water
transportation as determined by several interrelated and

interdependent factors.

Pram-class vessels were primarily used for
transportation of the goods and materials produced by the
local economy. Smaller vessels transported livestock,
the produce of farmers, ahd the common materials of
building rubble, manure, and human refuse. Larger
vessels carried an assortment of bulk goods: peat,
bricks, stone, shells for lime production, lime, lumber,
hay, reeds, grain, and other farm produce. Their shallow
draft also made them serviceable lighters for off-loading
cargo of deep-drafted ships (Aubin 1702). Napoleon even
experimented with the type as a troop transport and

gqunboat (Sopers 1974:50;.



The development of pram-class vessels is closely
tied to the development of the local economy. 1In this
study, the relationship between the local economy and the
long-term use of prams is emphasized. Prams made
transportation of locally-produced goods economically
feasible and offered alternative employment in
transportation for farmers and laborers. Changes in the
local economy and new opportunities influenced the
quantity of prams built, their dimensions, continuity,

and innovations in their design.

The continued use of prams during cycles of
prosperity and crisis is of special interest. The Roman
Era represents a long period of economic development, but
the withdrawal of Roman legions and subsequent demise of
state-supported commerce caused a lengthy period of
economic and demographic crisis during the Dark Ages
(Whitehouse 1989:3-21). From the tenth through the -
twelfth centuries, there was once again an increase in
population and production, marked by the colonization of
new areas of land (Hodges 1989:70). Subsistence
strategies, like this region's changing delta,
continually shifted as conditions dictated. This can be
seen ln changes in livelihoods--from agriculture to

pastoralism or to laborer and then back to agriculture as



resources and economic conditions fluctuated (Besteman

1990:91-117).

The Late Medieval to Early Modern Eras of the
Netherlands witnessed the colonization of the peat moors
and the rise of a complex state and a capital-intensive
society. Processes associated with the development of a
complex society were at work during this period:
intensification in agriculture; proliferation of
specialized economic strategies in both the rural and
urban economies; and in some instances technological
Innovation while in others technological continuity. The
effects of these broad-reaching processes are evident in
the use of pram-class vessels and in the growth of water

transportation networks.

Growth and prosperity in the Netherlands reached
their zenith from A.D. 1550 to 1650. Growth, in both the
rural and urban sectors, continued until about A.D. 1650
and resulted from several positively interrelated
factors, which include: the development of an
international exchange economy; a series of innovations
in agriculture, industry, energy, and transportation; an
increase in the rural population; and the demographic
changes and economic development brought on by the Eighty

Years War (Vries 1974; Tilly 1990). The immigration of



Flemish refugees and Sephardic Jews to the Netherlands
also brought a diffusion of new skills and an influx of

capital (Scoville 1951; Wallerstein 1976).

The unique internal economy that emerged in the
late-sixteenth century coalesced around the shipment of
bulk goods, chiefly grain, but also peat, salt, timber,
bricks, fodder, manure, livestock and dairy products.
Large areas of land were reclaimed from the sea, canals
were dug, and waterways were improved. The use of
specific classes of boats, such as prams, were shaped by
these factors. As trade Increased, so grew the demand
for inland water transports such as prams; the
proliferation of which facilitated access to markets for
both rural and urban citizens. Increased marketing,
again, escalated demands for the building of pram-class

vessels (Vries 1974:161-81; Glamann 1978:206-64).

After A.D. 1650, a perlod of decline began that’
lasted through the eighteenth century. There are
numerous indicators of decline: a leveling off and
reduction in population; lack of capital investments in
the local infrastructure; reduced international and
domestic trade; and subsequent loss of markets (Vries
1974; van der Woude 1975). Local boatbuilders and

shippers had to deal with the economic crisis through new



technological and market strategles, either by
economizing boat construction, using more economical
types, or by reorienting market strategies (Boxer 1965;

Israel 1989).

Inland vessels exhibit several changes in hull
design over time. In the Roman Era, vessels having pram-
class characteristics were bulk carriers 20 to 34 m in
length, but during the Dark Ages (5th and 6th centuries)
these large freighters disappear from the archaeological
recorxd and inland vessels of this size do not reappear
until the Late Middle Ages. Examples of inland
watercraft types are scant in the Dutch archaeological

record from the fifth through the tenth centuries.

By the twelfth century, however, there are more
archaeological examples of inland craft, both plank-built
and extended dugout watercraft. From the Late Medieval
to Early Modern Eras, hull capacity increases parallel
the growth in bulk trade, with directional changes from
more lanceclate-shaped hulls to those having a box-like,
rectangular shape. This trend is directed by the
transport of bulk goods. Hold depth and freeboard also
vary with vessel function. Continuity in hull
construction is still evident in the continuous use of

flush-laid bottom planking, the hard chine, and use of



well-established framing schemes. These trends are
identified in the archaeological record and analyzed in
regard to Dutch history. Innovations in woodworking
tools, sailing rigs, the introduction of the stern rudder
and later the leeboard encouraged specialization of small
craft. Also important were innovations in closely
associated technologies such as new types of nets,
fishing techniques, and the development of canal and lock
systems. During the sixteenth century small craft
specialization expanded rapidly, which suggests that a
number of economic, technological, and social factors may
have created new opportunities. The history of the pram-
class demonstrates technological adaptation in response

to economic cycles of crisis and opportunity.
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CHAPTER II

BACKGROUND AND RESEARCH DESIGN
Prams and the Pram-Class

From the Late Middle Ages to the present, the word
pram has been defined as both a small flat-bottomed boat
and a sturdy seagoing vessel (Konijnenburg 1913:79-81).
Prams commonly have a relatively high length to breadth
ratio, flat bottom, and hard chine. Their long, narrow,
flat-bottomed construction is a perfect design for

negotiating narrow canals and inland waterways.

As early as the thirteenth century, tax documents
from the Baltic and EBastern Sea cities of Wismar,
Rostock, Stralsund, and Stettin mention the prahm
(Rudolph 1969:85-86). Pramen are also mentioned in
Dutch records during the Late Middle Ages. Boats with
different spellings of the name are mentioned in records
of the city of Kampen in the fourteenth century:
pramekarle in A.D. 1326 and pramekerlen in A.D. 1365
(Wijk 1949:519). Prams are mentioned in the city of
Utrecht's toll records during the first half of the
fifteenth century and such iistings continued through the
following centuries (Sigtenhorst 1990:186-88; Unger
1980:167-68).
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Origins of the word pram are uncertain, although
philologists have suggested a derivation from the old
Slavonic pramu or pormu (Ellmers 1984a:156; Wijk
1949:519). Throughout Northern Europe there are boat
types referred to by similar names, such as the old
Nordic pramr, English pram, the French prame, the middle
low Gerxman pram and the high German prahm. Although some
of these boats are different from one another, most are
relatively similar. Crumlin-Pedersen found written
sources verifying the use of the prahm during the Middle
Ages as lighters for cogs on the coast of southern Sweden
(Crumlin-Pedersen 1969). 1In more recent historic periods
the name has been used for boats throughout most of
Northwestern Europe. The name has not been commonly used
in North America, but the bateaux and flats used in the
American colonies are similarly constructed watercraft

(Chapelle 1951:34-35).

The type was first identified archaeologically by
Ole Crumlin-Pedersen (1969) in reference to boats
excavated at Falsterbo castle in southern Sweden (Fig.
2). These reached lengths of 18 m and were 3.6 m wide
and had L-shaped transitlon strakes between the bottom
and sides referred to as chine-girders or bilge strakes.
These boats had been placed as a foundation for the

seaward rampart built between A.D. 1311 and 1318.
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Crumlin-Pedersen also noted examples of similar boats
from Egernsund in Flensburg Fjord, Denmark dated to about
A.D. 1090, one from the town of Hedeby in Shleswig-
Holstelin, and an early example from Elbing in Poland. 2
number of Roman-era boats having flat carvel-planked
bottoms, hard chines constructed of L-shaped bilge
strakes, and framing patterns similar to those of the
medieval and post-medieval prams have been found in
Switzerland and the Netherlands (Taylor and Cleere 1978;
Arnold 1992). Perhaps the oldest reported example having
some pram-like features is the Ljubljana boat found in

Yugoslavia and dated to the pre-Roman Iron Age (Salemke

1973).

Wide usage of the name pram for a type of flat-
bottomed, hard-chined boat is the reason the term "pram-
class" 1s used within this study to identify a general
category of boats sharing'many similarities in
construction. Within the Netherlands there are many’
types of relatively similar flat-bottomed pram-like
boats. Besides boats referred to as pram there is the
vlot, bok, punter, schuit, schouw, zomp, pot, and
snijboon to name a few. Frequently these pram-class
boats were identified by their specific occupations such
as the eighteenth-century modderschouwen (mud boat),

vuilnissschuit (dust or refuse boat), and
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veenderrijschuit (peat boat) described later in this

work.

The use of the term pram-class is much like Reinder
Reinders' use of the term cog-like to refer to vessels
having some or all of the features attributed to cogs
(Reinders 1985a). Thus, pram-class is an artificial
categorization created only for the purpose of this study
and includes both small and large vessels that have most
of the following criteria:

1. A bottom consisting of flat, carvel-laid bottom

planks, and lacking a keel plank (Although there may

be a central plank having skegs fastened underneath

the bottom in the bow and stern.);

2. Bottom and sides meet in an abrupt angle forming
a hard chine;

3. Stealers may be used in the construction of the
sides, both in the bow and stern;

4. Framing systems in most cases use flat floor
timbers and straight top timbers alternating with L-
shaped futtocks ; v

5. A long, narrow and sometimes lanceolate shapéd
hull, usually having a low freeboard;

6. A raking stem and sternpost that fit directly on
top of rectangular toes shaped from the ends of the
central-most bottom planks; and

7. An open cargo hold with small cabins, or cuddies,
in the bow and stern.

While these characteristics define the perfect

example of a pram-class vessel, it should be recognized
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that there is a great deal of variability in small craft
and although most examples mentioned herein meet these
criteria there are differences in framing schemes and

hull constructions.

Classification by shipbuilding Tradition

Theories on the history of shipbuilding have focused
primarily upon systems for classlfying ancient watercraft
and tracking the evolutions of various types. These
efforts have resulted in a number of different
classification schemes, which include groupings based on
the type of building material, ship functions, sailing
rigs, armaments, historic type-names, construction
origins, construction sequences and methods, and overall
shape and form (Hocker 1991:4-8). Most of these
typologies are based upon archaeological or ethnographic

examples.

Recent approaches have classified ships and boats by
identifying cultural shipbuilding traditions. These
approaches emphasize the native shipbuilding methods of a
particular geographic region and culture. Shipbuilding
traditions within Buropean continent contrast between
those of Northern Europe (Scandinavia) and the

Mediterranean Region. These differ chiefly in whether
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the hull strakes fit edge-to-edge (carvel) or overlap
(lapstrake) and by what method they are fastened together

(Hornell 1946:193-94; Hasslof 1972:27-72).

The Mediterranean tradition broadly defines a hull
construction from softwoods in which the planks are laid
edge-to-edge and fastened together with numerous pegged
mortise-and-tenon joints. Hull strength is primarily in
the interlocking hull strakes and framing is relatively
insubstantial, functioning more to hold hull shape than
as an added dimension of strength. Over time, frames
play a more significant role in the design and strength
of the ship until the mortise-and-tenon construction
eventually disappears and 1s replaced by a skeletal
construction, in which the posts, keel, and frames are

laid first, thereby achieving the shape of the hull.

Northern European traditions have been divided ‘into
subcategories such as Scandinavian, Celtic or bottom-
based, Anglo-Saxon, and more recently Basque or Iberian.
The Scandinavian clinker tradition describes a hull
constructed mainly from oak, consisting of thin lapstrake
planking fastened together with iron rivets and roves; a
flanged keel or keel plank to which the garboards are
riveted; relatively insubstantial widely spaced frames;

and a heavy sheer strake (Brogger and Shetelig 1953).
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Vessels built in the Celtic tradition, or bottom-based
tradition, employ a flat bottom which provides a
foundation for the entire construction. The bottom is of
thick carvel-laid oak planks fastened only to the frames.
There may or may not be a keel plank, and the transition
between bottom and sides is very distinct (often making a
sharp angle described as hard-chined and in the earliest
boats employing an L-shaped bilge strake). The manner in
which the medieval boats are caulked, consisting of moss
held in place by willow laths and thousands of little
iron nails or sintels, is also distinctive (Marsden 1966;
Ellmers 1984a; Hocker 1991; Arnold 1992). Pram-class

vessels fit into the Celtic or bottom-based tradition.

Goodburn (1986) attempted to define an Anglo-Saxon
boatbuilding tradition. Descriptions of sixteenth-
century Iberian and Basque hull remains have focused on
similarities of construction that may be the basis for
hypothesizing an Iberian tradition. These features
include the use of a master frame coupled together with a
pegged dovetail joint, a mast step that was an enlarged
portion of the keelson, transverse timbers that fit
perpendicular to the mast step, ceiling planking that
extended just above the floor timber heads, and fillerx
planks that closed the space between the frames (Oertling

1989:249). Although these features have been found on
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other sixteenth-century shipwrecks of different
nationalities, the emphasis in interpreting ship
construction is to delineate and classify ethnic or

regional traditions.

Nautical archaeologists have used shipbuilding
traditions to classify ships according to cultural and
geographic affinities or on the basis of building
sequence. The skills and knowledge of the shipwright are
viewed as deeply rooted in a cultural heritage. These
skills presumably developed through a lineage, passed on
as information in the community, or from father to son or
master to apprentice. Closely tied to the identification
of shipbuilding traditions are attempts to trace the
evolutionary lineages of the various traditions. Linear
theories usually rely upon a technological evolution of

incremental steps.

Classification of shipbuilding traditions has
provided a lasting foundation for understanding the
history of watercraft design and technology. There are
however limitations to the use of shipbuilding traditions
as a theoretical model. As Hocker (1991) pointed out,
there are inherent problems in attributing shipbuilding

traditions to a specific group of people, such as with
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the Celtlic tradition which includes watercraft built by

non-Celtlic peoples.

In defining shipbuilding traditions, nautical
archaeologlists have used traditions as permanent building
blocks, particularly in dealing with technological change
and continuity. Shipbuilding traditions, once identified
by scholars, are treated as inherently conservative.
Vessel types not clearly fitting into an existing
tradition are classified as localized traditions, the
products of diffusion, or the mixing of traditions.

While technological change does occur through diffusion
or by slow incremental changes, it also occurs rapidly
through innovation, giving a culture the ability to
pursue new opportunities or respond to crises.
Ecological, economic, and technological factors are as
influential in technological change and continuity as

cultural traditions.

Classification systems based on building traditions
frequently fall to relate shipbuilding and watercraft to
the more dynamic interactions between technology,
economy, resources, and cultural factors. Classification
by tradition, as an analytical model, may be reaching a
point of diminishing returns with delineation of the most

distinct traditions. Emphasis on the tradition in which
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a vessel is built may neglect the analysis of key factors

influencing ship design and systemic interactions.

Linear evolutionary views can be implicitly biased
in interpreting the evolution of shipbuilding traditions.
There is an assumption that ship construction, or
technolegy, should develop from simple to more complex
designs and that continuity of design implies a culture
bound by traditional views or conservatism.

Technological continuity or change due to crisis or
opportunity is frequently not analyzed in regard to

cultural adaptation.

This is not a denial of eithexr the existence orx
significance of cultural traditions in shipbuilding, but
rather a reduction in emphasis. This work differs from
other studies by considering the process of cultural
adaptation and analyzing pram-class watercraft as the
product of a complex interactive system of economic,’
social, resource, environmental, and technological
factors. Native shipbuilding and ship design are treated
in this work as part of an interactive system of several
factors. sShipbuilding traditions within this analysis
are the result of cultural adaptation. Thus, continuity
and change are viewed as being driven by cultural

adaptation rather than the result of ethnicity.
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Cultural and Technological Adaptation

The theoretical model applied in this analysis of
pram-class watercraft is primarily one of cultural
adaptation, with emphasis on the technological adaptation
of watercraft. This theoretical perspective demonstrates
positive correlations between ship construction and the
broadly-defined ecosystem. Innovations in ship design
mirror changing social, economic, environmental, and
technological variables. Technological innovations
commonly occur as the result of directional searches
within a cultural system (Clarke 1968:93; Butzer
1982:282), which may by chance discover new inventions or

adapt existing technologles to new arrangements.

This approach is appropriate to inquiries into the
development and specialization of water transportation,
particularly as it relates to change and continuity ‘in
pram-class vessels. Pram freighters and the
transportation networks of canals are an integral part of
the economic and technologlical sectors that evolved in
the Netherlands during the Late Middle Ages. Water
transport, thus, is seen as a mechanism of cultural
adaptation to the environment, resources, and changing

economic circumstances.
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The primary focus, within this cultural adaptation
model, is upon the interdependent relationship between
technology (pram-class vessels), environment and
available resources, and culture (Fig. 3). It is this
interaction that drives continuity and change in the
pram-class vessel design. Over the long history of this
class cf boat, pericds of economic crisis or opportunity
have either influenced directional change and new market

strategies or reinforced continuity of design.

Cultural adaptation concentrates on the
interrelationships between people and nature. BAdaptive
strategies chosen by communities in regard to livelihood,
labor, resource manégement, and reproduction are of
primary interest. 1In order to understand these complex
interrelationships, the aspects of ecology, systems

theory, and cybernetics are incorporated.

Ecology is a biological concept based in energy and
organisms. The value of borrowing this cZoncept from the
biological sciences is that ecology permits a structured
organization of unlike variables, emphasizes function and
interchanges between component parts, and facilitates a
systemic study of interrelationships within an organic
whole (Butzer 1989a). The main drawback is that it does

not allow a role for culture and human cognition.
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Systems theory and cybernetics are more useful in
interpreting culture and human cognition. Systems theory
emphasizes the interdependence of the complex
interrelationships within a culture. Feedback loops
operate to discourage change or encourage innovation.
Thus, information feedbacks can either reinforce
equilibrium or dirert change and ultimately lead to
system expansion or simplification. Cybernetics
illuminates the role of human cognition in the ecosystem.
Culture is reqgarded as an information system in which
technology and social organization are viewed as encoded
information. Adaptive choices and cultural variety are

significant variables in this information system.

Several historic events and processes leading to the
development of a complex state society occur in the Dutch
cultural ecosystem during the period under consideration:
the rebellion and war with Spain and the emergence of a
complex state society; increased productivity in the’
economy through intensification of resource use; multiple
innovations in technology and finance; specialization in
agriculture and industry; increase in available labor and
capital accompanied by the rise of a capital-intensive
soclety; and the development of an innovative local and
interregional shipping and transportation network. Prams

in both the urban and rural economies were influenced by
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the intensificatlon of agriculture, animal husbandry, and
industry within the late-medieval Netherlands.

Intensification resulted in an Increase in the number of
local markets, more local and international trade, and an

increase in the number and variety of pram-class vessels.

What systematic canal irrigation was to the Nile
Delta, Mesopotamia and Latin America, land drainage and
reclamation were to the Netherlands. As in these
civilizations, the process of agricultural
intensification was paralleled by state formation.
Intensification represented an accumulation of positive
feedbacks, which were rapldly internalized and thereby
transformed the rural economy. 1Intensificatlion increased
productivity and reliability of resource yields, favoring
demographic growth and nucleation of population centers
in cities and villages. It also led to specialization of
subsistence technologies and lessened the self-
sufficiency of the peasantry, who increasingly turned to
local markets and craftsmen for their needs. Changes

also occurred in diet, demography, and social behavior.

Intensification does not necessarily stimulate
administrative centralization or social stratification.
Studles linked to development of the Nile Delta and

prehistoric field drainage have shown that the emergence
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of ilrrigation agrosystems and field drainage was an
incremental process, which exhibited continuity in its
local management (Butzer 1976; Doolittle 1988). 1In the
Netherlands region, as in the Nile Delta, intensification
proceeded in incremental steps, occurring at the local
level, énd represented countless personal decisions

rather than changes imposed by a centralized authority.

At some level the group either overtly or implicitly
condones the changes. Cognition, decision-making,
perception, and a large amount of adaptive variability in
dealing wlth the environment act to encourage
intensification (Buckley 1967). Peoples living within
the region bounded by the present day Netherlands seem to
have demonstrated a great deal of adaptive variability,

particularly in the Medieval and Modern Eras.

Innovations in technology are essential to episodes
of growth, a necessary condition of which is broad social
access to resources. These lead to niche growth and
increased variability. A number of studies of complex
societies show that demographic growth coincides with
perlods of strong and efficient government. Power and
even the perception of power engenders trust in the
system and a willingness to take risks in order to

optimize potential opportunities.
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Periods of decline, however, are marked by losses in
productlivity and population and frequently occur during
times of weak and incompetent government (Butzer
1990:120). The formation of the Dutch Republic in the
sixteenth century may have stimulated intensification
through the necessities of war and increased taxation on
the rural sector, however, a weak government and lack of
capital investment in the local, rural sectors played a
part in the economic decllne of the late -seventeenth and

eighteenth centuries.

Demographic studies employ a more historical
approcach. Population growth can be related to
improvements in technology and increased access to
resources, while population decline points to fundamental
problems in society or the environment. Studies, such as
those by Butzer (1976, 1980, 1984), Whitmore et al.
(1989), and Deneven (1976) show that when examined over
long periods of time, populations exhibit both episodes
of progressive intensification and systemic breakdowns or
catastrophic collapse. These are seen by several
scholars to be cycles, driven by both demographics and
economics (Goldstone 1991; Kondrative 1922). Growth is
not necessarily linear, but more episodic with spiraling
cycles of intensification followed by stagnation and

decline. The Dutch Golden Era, from 1550 to 1650, and
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the following period of decline seem to illustrate this

cycle.

From the late Middle Ages to the Modern Era, the
relationship between capital and technological
innovations is evident in long wave economic cycles, such
as Kondratiev {(1935) "long waves" or "innovation waves"
(Schumpeter 1939). Economic downwaves may be the crisis
stimulating experimentation and development of new
technologies (Graham and Senge 1980). As a capitalist
economy begins to slide towards depression, innovators
begin to look for new inventions with which to secure
more favorable returns on capital. Ehrensaft (1980)
indicated that this was the case with the clustering of
agricultural innovations in a recession as farmers
adopted new technologies to increase production in the

face of declining prices.

Buropean economic success in the Late Medieval and
Early Modern Eras can be attributed to advances in
technology. Butzer (1988) concludes that in pre-
industrial Europe, megacycles of food prices and
demography were steered by technological and economic
transformations. Cipolla (1965) described innovations in
ship design, navigation, and artillery, as providing the

technologlcal means for the economic expansion of Europe.
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Accoxrding tc Headrick (1981), technological changes in
the nineteenth century determined the timing and location
of the European conquests of Africa and Asia. Others
have also emphasized the relationship between technology
and the alteration of social forms, especially in
medieval Northern Europe (Bloch 1956; White 1962a).
Societies considered to be traditional are initially
conservative in that they seek to minimize risks. Only
when strong market opportunitles provide an incentive for
optimizing solutions do long-term risks increase in
probability, such as an emphasis on cash crops or

settlement of marginal environments.

Change through innovation then is a complicated
process. Although significant innovations can be singled
out, the process of development and implementation is
obscured by many factors affecting the ultimate
acceptance of an innovation and the rate of diffusion
(Rosenberg 1972). Improvements may have to occur before
newly Introduced inventions become acceptable. Many
technologies are dependent upon the level of human skills
and, in industrial periods, the development of skills in
machine-making. Technology diffuses in its purest form
through migrations of those skillled in the technology, as
evidenced by the sixteenth- and seventeenth-century

Protestant migrations, which introduced many new
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innovations and industries into the Netherlands (Scoville

1951, Wallerstein 1976:139).

The key factor of acceptance and development is
often dependent upon complementary technologies or
subsequent innovations. Improvements in older
established technologies may also extend the use of the
old technology. Social, legal, and institutional
variables are also factors that can retard or direct the

development of innovations.

Significant innovations that have major directional
impacts on the economy, or subsistence system, have
clustered during certain historic periods and were
followed by periods in which the new advances were
consolidated. Innovations also do not occur randomly
within the economic system but frequently concentrate in

specific entrepreneurial sectors (Berry 1991:55).

The rates and driving forces of innovation processes
have received a great deal of attention in the
literature, such as in studies by Walton (1970-71),
Rosenberg (1972), and Spratt (1982). The development of
technology is never direct, and when plotted in a flow
chart may follow a circuitous route. Critical Path

Schedules and Cash Flow Curves were borrowed from
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economics and applied to the archaeological issues of
technological change by Spratt (1982). These models make
it clear that a wide variety of technical, economic,
market, and social processes are part of the innovation
process. Technical evolution may depend more upon
Innovations in related technologies and changing system
factors that can be incorporated into a holistic
technology system. The kinetic forces acting upon a
technologlical system may be technical, soclial, econonic,
environmental, or all of these factors. It is the
interplay of these factors in the history of prams that

is documented in the ensuing treatise.






