Alteration of North American
Streams by Beaver

The structure and dynamics of streams are changing as beaver
recolonize their historic habitat
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eaver (Castor canadensis) pro-
B vide a striking example of how
animals influence ecosystem
structure and dynamics in a hierarchi-
cal fashion. Initially beaver modify
stream morphology and hydrology by
cutting wood and building dams.
These activities retain sediment and
organic matter in the channel, create
and maintain wetlands, modify nutri-
ent cycling and decomposition
dynamics, modify the structure and
dynamics of the riparian zone, influ-
ence the character of water and ma-
terials transported downstream, and
ultimately influence plant and animal
community composition and diversity
(Naiman and Melillo 1984, Naiman
et al. 1986). In addition to their im-
portance at the ecosystem level, these
effects have a significant impact on
the landscape and must be interpreted
over broad spatial and temporal
scales as beaver population dynamics
shift in response to disturbance, food
supply, disease, and predation.
Although once more prevalent than
they are today, beaver-induced alter-
ations to drainage networks are not
localized or unusual. Where beaver
remain largely free of management or
trapping, their activities may influ-
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We see a complex
pattern that may
involve formation of
marshes, bogs, and
forested wetlands

ence a large proportion of streams in
a drainage network; and these alter-
ations may remain as part of the
landscape for centuries (Ives 1942,
Johnston and Naiman 1987, Rude-
mann and Schoonmaker 1938).

The objectives of this article are to
briefly summarize the history of bea-
ver in North America, then describe
some of the ecosystem-level responses
of streams to beaver-induced alter-
ations and, finally, to describe beaver-
induced changes in the landscape that
take place over broad spatial and
temporal scales. Our research has
been conducted in Quebec, Minne-
sota, Montana, and Alaska, and it
should be representative of northern
regions.

History of beaver in
North America

Before the arrival of Europeans in
North America, the beaver popula-
tion was estimated to be 60—400 mil-
lion individuals (Seton 1929), with a
geographic range of about 15 mil-
lion km? (Jenkins and Busher 1979).
Beaver were found in nearly all
aquatic habitats from the arctic tun-

dra to the deserts of northern Mexico.
Historical records provide a chronol-
ogy of their demise in New England,
where nearly every body of water was
occupied by beaver prior to European
settlement (Rudemann and Schoon-
maker 1938). In the early 17th cen-
tury extensive removal began in
North America with more than
10,000 beaver per year taken for the
fur trade in Connecticut and Massa-
chusetts between 1620 and 1630
(Moloney 1967). From 1630 to 1640,
approximately 80,000 per year were
taken from the Hudson River and
western New York (Hays 1871). As
the eastern beaver population de-
clined, expeditions to the West
(1800-1850) often were made solely
for the purpose of discovering new
trapping areas (Cline 1974). By 1900,
continued exploitation left beaver al-
most extinct in North America (Jen-
kins and Busher 1979, Johnson and
Chance 1974). Concomitantly, since
1834, approximately 195,000—
260,000 km? of US wetlands have
been converted to dry land (Shaw and
Fredine 1971). Undoubtedly, a large
proportion of these wetlands was
beaver habitat.

Today, with a relative absence of
predators, laws regulating trapping,
and an abundance of forage and hab-
itat, the beaver population is increas-
ing rapidly. The current population is
thought to be between 6 and 12 mil-
lion individuals. Yet, for most of
North America, the present popula-
tion represents only a small fraction
of earlier numbers. Many attributes
of stream ecosystems were changed
by beaver removal long before mod-
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