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ABSTRACT

In November, 1984, the Hobart Ames Foundation in
cooperation with the University of Tennessee Agricultural

Experiment Station began a beaver (Castor canadensis)

control project on approximately 4000 acres of the North
Fork Wolf River bottom in west Tennessee.

Resident populations (169 beaver) were removed from the
study area from 1 November 1984, to 31 May 1985. From June,
1985, through September, 1988, 162 immigrants were removed.
Immigration October through May averaged 46.4 beaver. From
June through September average immigration dropped
significantly to 5.5. More immigrating males (86) were
identified than females (55). More than 89% of all
immigrants were in the 3-4 year age class or younger.

In the spring of 1986 two drained beaver impoundments
were planted with 1-0 bare-root stock of green ash (Fraxinus

pennsylvanica Marsh.), sycamore (Platanus occidentalis L.),

baldcypress (Taxodium distichum L., Rich.) and containerized

seedlings of swamp white oak (Quercus michauxii Nutt.) and

willow oak (Quercus phellos L.). A grass herbicide was

sprayed over 1/2 of each plot in May and July of the, first
growing season.
At the end of the first growing season herbaceous

competition on untreated subplots averaged 8185 kg dry
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weight per ha of which 53.8% was primarily swamp cut grass

(Leersia oryzoides). On treated plots herbaceous competition

averaged 6823 kg dry weight per ha with 15.2% grass species.

First year survival of green ash, sycamore, baldcypress
and swamp white oak was significantly greater in herbicide
treatments (92% versus 85%). Herbicide treatments had no
effect on third year heights or survival. Third year mean
height for cypress (15 dm) was significantly less than green
ash (25 dm) while sycamore was significantly taller than
both (32 dm). Willow oak and swamp white oak failed due to
poor quality seedlings.

Results suggest that well stocked stands of desirable
species can be established on drained beaver impoundments;
however beaver control likely will be required to prevent

recolonization.
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CHAPTER I

INTRODUCTION

The Beaver

The beaver (Castor canadensis) historically has been an

important player on the American stage. Prior to European
colonization of North America beaver populations were
estimated between 60 and 400 million individuals (Naiman
et al. 1986). The value of beaver pelts provided a powerful
incentive to trappers and explorers who expanded the early
frontier. For example, from 1620 to 1630 more than 10,000
beaver were taken annually from Connecticut and Massachu-
setts; and in the following decade (1630-1640) an estimated
800,000 were trapped from the Hudson River ih western New
York (Naiman et al. 1986). As eastern beaver populations
declined, many early 19th century expeditions were sent
westward with the primary purpose of opening new trapping
territory. During this era goods often were often purchased
on the "beaver standard"; and in many places the beaver pelt
became the basic unit of exchange (Wesley 1978).
Uncontrolled trapping in the 1800s and early 1900s
largely extirpated beaver populations from many parts of
their native range (Wesley 1978; Jenkins and Busher 1979).
However, land use patterns associated with an increasing

rural population also contributed to the beaver's demise.




For example, open range grazing along numerous watercourses
destroyed small tree seedlings along with herbs and grasses
that beaver populations depended on for food supplies (Milne
1960). 1In addition, since 1834 an estimated 195,000 to
260,000 square kilometers of prime beaver and wetland
habitat have been converted to dry land (Naiman et al.
1986).

Beaver populations were virtually nonexistent in South
Carolina (Penny 1949), Virginia and West Virginia (Swank
1949), Alabama (Moore and Martin 1949), and Mississippi
(Cook 1965) by the late 1800s. Beaver populations were rare
in Tennessee during the early 1900s (Shultz 1954). For
example, Barkalow (1949) reported only 41 known beaver dams
in Alabama in 1929. However, isolated populations continued
to exist over most of the beaver's native range in the South
(Shultz 1954).

Restocking programs were initiated in many states by
the mid 1900s (Saylor 1956; Cook 1965; Beshears 1967; Wigley
1986). Stocking programs were carried out in Tennessee by
both the Tennessee Game and Fish Commission and U.S. Fish
and Wildlife Service (Shultz 1954). Low pelt prices and a
decrease in trapping pressure along with an increasingly
urban society enabled the rapid expansion of native and
reintroduced beaver populations across much of the

historical southern range.




Beaver Damage

Beaver populations across the Southeastern United
States have increased dramatically since the late 1950s
(Arner and Dubose 1979; Bullock and Arner 1985). On many
watersheds within the region, the beaver has become a
nuisance species through dam-building activities which
inundate valuable forest and farm land. In addition, in
nonimpounded forested areas adjacent to active colonies,
substantial damage results from girdling activities
associated with the beaver's search for food and building
materials (Bullock and Arner 1985).

A report (Bullock and Arner 1985) on the amount of
beaver damage in Mississippi occurring from 1975 to 1985
estimated that the loss to Mississippi's economy approached
2.4 billion dollars and suggested similar damage for the
neighboring states of Arkansas, Alabama, Tennessee, and
Georgia. Hill (1976) estimated that beavers had flooded at
least 162,000 ha in the Southeast.

A recent survey (Miller 1985) of the extent of damage
caused by principal wildlife species concluded: '"without
question the beaver is the vertebrate animal causing the
most damage to Southern forests at the present time." The
survey noted that monetary estimates of damage caused by
beaver were 10 times greater than damage caused by all other

vertebrate species combined.



A report compiled by the Tennessee Division of Forestry
(1980) identified approximately 327,556 ha of bottomland
forest in west Tennessee (Appendix A). In that report
timber on 38,051 ha was classified as dead or fading due to
beaver, altered stream drainage patterns, or sedimentation,
with each category expected to increase over time. However,
beaver were directly implicated in nearly two thirds of the
problem areas. These figures represent an initial loss in
standing timber conservatively estimated at 50 million
dollars in today's stumpage prices. Without adequately
developed beaver control measures and proper silvicultural
techniques to reforest these sites, this acreage also
represents a continuing loss in terms of future forest
productivity.

A report to the Georgia Forestry Commission (Godbee and
Price 1975) estimated the total value of beaver damaged
timber in Georgia at more than 45 million dollars, and
increasing yearly. Damage reports from landowners increased
from 519 in 1960 to 2,632 in 1967 and to 9,988 in 1975.
There were 6,357 ha affected in 1960, 51,178 ha in 1967, and
116478 ha in 1975. Over 91 percent of all inundated acres
in 1975 were timbered lands. Woodward et al. (1976)
reported 4,444 ha lost to beaver in South Carolina with 25%
of surveyed landowners reporting beaver populations on their

lands. Woodward et al. (1985) reported that 43% of the




landowners surveyed in North Carolina indicated beaver were
present on their land.

A survey (Wigley 1986) of 3,369 rural, noncorporate
landowners owning more than 2 ha of land in Arkansas was
conducted to estimate the impact of beaver populations on
the resources of that State. Useable responses from 1,716
individuals holding 312,006 ha, or 2.3% of the land base,
projected that beaver activity had negatively impacted
342,105 ha statewide. 1In that study some form of beaver
damage was reported by 32% of all respondents. One-half of
those with beaver activity described damage as being
substantial or severe. Seventy-two percent of these
described damages exceeding $1000. Twenty-five percent of
the landowners reporting damage stated they would be willing
to pay for beaver removal. Landowners who had tried
controlling beavers were more likely to pay for beaver
control than those who had not attempted control. Control
measures reported successful elsewhere (Hill 1976) were
largely perceived as being ineffectual by many respondents,
an attitude which probably fepresents frustration and
unfamiliarity with successful control techniques, along with
a basic failure to understand the biology of the animal.

The principal loss from beaver damage in most
watersheds is the value of impounded timber. Because these

bottomland sites are potentially the most productive in the




region, damage assessments should consider not only the loss
of on-site timber, but the impact on future productivity as
well. Even if a colony is successfully removed or should
naturally abandon an impounded site, natural succession is
slow and is comprised mainly of commercially undesirable
species such as various maples (Acer spp.), elms (Ulmus

spp.), boxelder (Acer negqundo L.), river birch (Betula nigra

L.), and black willow (Salix nigra Marsh.) (Waldrop et al.

1982; Seifert et al. 1984).

The detrimental economic impact of nuisance beaver in
the Southeastern region has stimulated widespread interest
in the development of effective control programs. The
impetus for such programs comes primarily from concern over
the loss of present and future forest productivity.
Successful programs will be those based on a thorough
understanding of beaver habits and biology.

A great deal has been written about the northern and

western subspecies of Castor canadensis (Jenkins and Busher

1979; Hill 1982); however, relatively little work has been

done with the southern beaver (Castor canadensis

carolinensis). Therefore, managers and researchers alike

have been forced to extrapolate preexisting, nonempirical
research conclusions to situations involving the southern
beaver. The validity of such extrapolations is

questionable.




Reforestation

Although approximately 40,000 to 60,000 ha are in
hardwood plantations in the United States, natural stands
still account for more than 99% of hardwood production in
this country (Kennedy 1981). There are approximately 8.9
million ha of bottomland hardwoods in the South alone
(Kennedy 1981) and these sites are potentially the most
productive in the region. Much of the bottomland timber
acreage has already been lost to agricultural interests,
lakes, and development while demand for hardwood products
has increased. Better forest and plantation management of
desirable species will be necessary to meet those demands
(Kennedy 1981). However, so little information is available
on growth and yield or response to cultural treatments for
bottomland hardwoods that foresters and landowners have
difficulty evaluating the effects of cultural alternatives
(Langdon et al. 1981).

In some areas, hardwood companies have found it
uneconomical to manage particular hardwood tracts due to the
risk imposed by beaver (Jim Baer, Westvaco Corporation,
personal communication, 1987). Successful hardwood
management in these areas is dependent on the development of
reliable beaver management programs.

Beaver control programs may be categorized at three

basic levels (Houston et al. 1987). At the most intense



level, involving population removal and effective
suppression of recolonization attempts, justification for
the control program should be based on realistic predictions
of land productivity. If beaver-kill sites can be
reforested using artificial regeneration methods, then added
flexibility is given to land managers forced to make choices
regarding beaver control investments and land use
alternatives. The two problems are entwined. Without
effective beaver control, hardwood management in these areas
is generally not feasible. Without reliable estimates of
forest productivity on reclaimed sites, cost benefit
analysis of beaver control and reforestation of drained

beaver impoundments cannot be made.




CHAPTER II

OBJECTIVES

Beaver Control

The first phase of this study reported the influence of
dispersal patterns on an isolated beaver control program in
west Tennessee. Specifically the study examined the
following objectives:

1. Is immigration into the study area seasonal (as

characterized by 4-month intervals)?

2. Are immigration patterns into the study area

generally tied to age groups?

3. 1Is immigration into the study area sex-biased?
These findings could prove important in the formation of

realistic philosophical and management options.

Reforestation

The second phase of this study investigated the
feasibility of reclaiming drained beaver impoundments by

planting green ash (Fraxinus pennsylvanica Marsh.), sycamore

(Platanus occidentalis L.), baldcypress (Taxodium distichum

L., Rich.), swamp white oak (Quercus michauxii Nutt.), and

willow oak (Quercus phellos L.). The need to control the

dense cover of swamp cut grass (Leersia oryzoides) that

typically invades these sites was evaluated by controlling
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early successional grasses with Fusilade 2000. The study

also quantified early natural forest succession on these

sites.

1.

Specifically, this phase of the study reported:
Comparison of survival at the end of the first and
third growing seasons and total height growth at
the end of the third growing season of 5 planted
bottomland tree species.

Effect of herbicide application on survival at the
end of the first and third growing seasons and
total height growth at the end of the third growing
season for 5 planted bottomland tree species.
Comparison of artificial versus natural
regeneration at the end of the first growing

season.
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CHAPTER III

LITERATURE REVIEW

Beaver

The American beaver (Castor canadensis) is one of two

living species in the genus Castor. The other member,

Castor fiber, is native to portions of Europe and Asia.

Fossil records indicate that the family dates back to the
Oligocene period (Cahn 1932; Garrison 1967). During the

Pleistocene a giant beaver (Castoroides ohioensis),

estimated to have weighed in excess of 202 kg, ranged from
Alaska to Florida (Parmalee et al. 1976).

Although 24 subspecies of the American beaver have been
described (Hall and Kelson 1959), local population declines
due to intense trapping pressures or destruction of beaver
habitat followed by reintroduction of beaver transported
long distances by various state agencies (Schultz 1954) has
made it unlikely that all 24 subspecies remain distinct
(James L. Byford, University of Tennessee, personal
communication, 1986). However, the southern beaver (Castor

canadensis carolinensis) remains distinct and appears to be

the major component of current populations in the Southeast
(Edward Hill, Mississippi State University, personal

communication, 1986).
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Bradt (1938) defined a beaver colony as a group of
beavers occupying a pond or stretch of stream, utilizing a
common food supply, and maintaining a common dam or dams. A
number of studies have described the typical colony as
consisting of 5 to 8 beavers with two adults (parents), the
kits of the current year, and yearlings from the previous
year (Busher et al. 1983).

Beavers are generally monogamous (Kleiman 1977;
Svendsen 1989) and produce one litter each year. Pair bonds
can be formed throughout the year but most commonly occur in
late summer and fall (Svendsen 1989). In an Ohio beaver
population age discrepancy at time of mating and death of
the older mate was the primary cause of mate turnover;
however, desertion was shown to be a factor in 4% of the
cases studied (Svendsen 1989).

The breeding season generally occurs from January to
March in colder climes (Svendson 1980), but may occur in
December or January in the South (Hill 1982). Gestation is
approximately 100 days (Bergerud and Miller 1977; Woodward
1977). Kits weight approximately 0.5 kg and average 38 cm
long including a 9 cm tail. Kits will begin to ingest solid
food as early as 1 month but will not be fully weaned until
2 months old (Burton and Burton 1969; Wilsson 1971, in Hill

1982; Zurowski et al. 1974).
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Litter size ranges from 1 to 9 and varies with several
factors, especially age of the female. A review of the
literature (Svendsen 1980) indicated an average of 3.7 kits
per litter. Females from 4 to 6 years of age typically have
the largest litters. Restricted food intake can depress
litter size (Brenner 1964).

First parturition in beavers normally occurs at age 3,
but may occur as early as age 2 depending on habitat or
social structure of the colony. Hill (1982) concluded from
a review of the literature that sexual maturity may occur as
early as 1.5 or 2 years of age in middle latitudes provided
food conditions are favorable. Reproduction in yearlings
may discontinue if more than 40% of potential sites are
being utilized (Parsons and Brown 1979). Although breeding
activity is generally confined to the adult pair, sexually
mature male and female progeny within the colony may
reproduce if either or both adults are removed (Brooks
et al. 1980). Therefore, trapping within a population may
tend to stimulate yearling reproduction.

Most studies of sex ratios in beaver show slightly more
males than females at young ages, but the reverse at older
ages (Hammond 1943; Osborn 1955). 1In a Wyoming study
(Osborn 1955) the sex ratio in fetuses was 1.29 males:
female. For juveniles the ratio was 1.33 males:female,

subadults 0.91 males:female, and adults 0.88 male:female.
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For all age classes it was 1.01 males:female. The oldest
ages documented for wild beavers include individuals 19
(Larson 1967) and 21 years (Brown 1979) old.

For a beaver colony to thrive two major site
requirements must be met: (1) some form of surface water,
and (2) an adequate food supply (Byford 1981). Beavers
appear to do best where forest development is in the early
successional stages (Patric and Webb 1954). One study in
Wisconsin (Barnes and Dibble 1986) found that foraging
activities were confined to a 60 m band paralleling the
bank. Foraging is usually confined to vegetation within
100 m of water habitat (Erickson 1939).

Beaver are powerful swimmers; however, their ambulatory
movements on land are awkward, leaving them vulnerable to
predation (Hill 1982). Jenkins (1980) reporting foraging
activity of beaver in central Massachusetts characterized a
size-distance relationship in food selection. Beavers cut
all sizes of vegetation near the pond but progressively
smaller trees further from the water. Jenkins postulated
that increasing selectivity with increasing distance from
the water, made the beaver a "time-minimizer," an adaptation
to predation pressures. Beavers have been characterized as
"choosy generalists" (Jenkins 1979), showing marked seasonal
and year to year preference for certain tree genera. These

preferences correlated strongly with increasing nutritional
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values of certain trees and suggest that beaver can assess
temporal variation in relation to nutrition (Jenkins 1979).

Other studies have shown that beavers regularly
supplement their diet with nonwoody aquatic and shoreline
vegetation during spring and summer months (Townsend 1953;
Chabreck 1958; Brenner 1962; Hilfiker 1968; Northcott 1972;
Barnes and Dibble 1986). One study in Ohio (Svendson 1980)
reported that nonwoody vegetation comprised 90% of the
beaver's diet during summer and up to 50% percent in early
fall and spring. For the most part dietary shifts in types
of vegetation utilized were similar among age classes. The
ability to subsist on nonwoody vegetation during spring and
summer is probably an aid in dispersal from natal sites. As
a time minimizer, use of nonwoody vegetation affords the
beaver a risk-reducing foraging strategy helpful in the
search for mates and new colony sites.

Beaver could not persist over a large part of their
native range without adequate supplies of woody vegetation
to support them during fall and winter months. Although
beavers have been known to fell trees in excess of 1.2 m in
diameter (Hatt 1944), they prefer smaller diameter trees and
generally confine their feeding activities to tree stems or
limbs that are 2.5 to 12.5 cm in diameter. A New York Study

(Shadle et al. 1943) showed that only 7.6% of all cuttings
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were in excess of 15 cm. A study in Wisconsin (Barnes and
Dibble 1988) concluded that beaver tended to select stems in
the 4 to 6 cm diameter class and generally ignored stems
greater than 8 cm in diameter.

A study of 57 colonies in Michigan (Bradt 1938),
produced a simplified model to provide a measure of resource
limitations in beaver populations. In this study beavers
typically utilized small trees averaging 5 cm inches and
would require about 216 trees per year. Based on previous
forest surveys for the area, 0.4 ha could support 1 beaver
for 7 years or 7 beaver for 1 year.

A study in Saskatchewan (Gunson 1970, in Hill 1982)
suggested greater numbers of beaver were maintained in
colonies that were located in higher quality habitats. 1In
marginal habitats there appeared to be more rapid dispersal
of immature animals from parent colonies.

Over time a beaver colqny will significantly decrease
the amount of woody vegetation around their impoundment.
Depletion of forage increases risk to the beaver. Beavers
can react to these circumstances by moving to another colony
site (Svendsen 1989) or adding to preexisting dams thereby
backing water closer to new food supplies. However,
topography within each colony system allows only so much

expansion.
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Beavers are capable of building large dams. One dam in
Montana was 650 m long, another in New Hampshire 1,213 m
long (Rue 1969). A dam in Wyoming was 5.4 m feet high (Rue,
1969). However, they seldom attempt damming a stream
carrying more than 2.8 cubic meters of water per second (Cox
1940).

Beaver density within a region can be determined as the
percentage of potential sites that are actually being used
by beaver (Parsons and Brown 1978, Brown and Parsons 1979).
Generally the best sites within a watershed are utilized
first with marginal sites being utilized as population

pressures increase.

Beaver Movements

Four types of beaver movements have been listed
(Bergerud and Miller 1977): (1) movement of an entire
colony, (2) wandering of yearlings, (3) dispersal of 2-year-
olds away from the natal territory, and (4) movement of
adults who have lost a mate. The longest and most
dependable movement is dispersal of 2-year olds away from
the natal territory (Bradt 1947; Townsend 1953; Beer 1955).

Young beaver generally disperse from the natal colony
during the season of their second birthday, coinciding with
parturition of the adult female (Bradt 1947; Townsend 1953;
Beer 1955; Libby 1957; Brooks 1980). Hodgdon (1978, in

Brooks et al. 1980) reported spring dispersal of 90% of all
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2-year-olds in several colonies in Massachusetts. Studies
have shown that young adult beavers are most likely to move
among all age classes (Beer 1955; Leege 1968).

Two-year-old beaver apparently spend much of their
first summer away from the natal colony in search of mates
and acceptable colony sites. Two-year-olds consistently
showed the longest movements, with males showing a greater
tendency to roam than females (Beer 1955; Townsend 1953).
However, Townsend (1953) found that September was the month
of greatest dam building activity and surmised that this was
the primary month when 2-year-olds "settled down" into their
new home. One study reported that adult males were driven
from the lodge at parturition and may live alone for some
portion of the summer, often traveling extensively (Townsend
1953y .

Although there seems to be an inherent tendency to
leave, there is also indirect evidence that 2-year-olds are
driven from the colony by dominant adults (Hodgson and
Larson 1973). Most trappers and fur buyers in west
Tennessee are aware of dispersal timing due to a significant
increase in bite wounds in pelts during late winter and
early spring (Ray Henry, Tennessee Wildlife Resources
Agency, retired, personal communication, 1988). Barring
adult mortality or abandonment by either mate (Svendsen

1989), social structure in the colony remains constant (Cook
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1943). Food demand appears to play an integral part in
dispersal. Even though several individuals may be required
to maintain dams, dispersal acts to stabilize density, and
therefore, food demand within the colony.

Kleiman (1977) suggested that monogamy may have evolved
through one or more causative factors that would render
group living advantageous: (1) lower susceptibility to
predation, (2) improved food acquisition, and (3) locali-
zation or limitation of some necessary resource. Aggressive
behavior by adults (usually the parental male) toward 2-
year-olds might be explained in two ways: (1) the male's
territorial defense prevents over utilization of necessary
resources, and (2) sexually maturing individuals within the
colony are viewed as competitors in a monogamous situation
and are driven away. Wigley et al. (1983) reported that the
social structure in a beaver colony generally permits only
the dominant female to breed. However, progeny or
immigrating individuals can mate with the remaining adult if
his or her mate is removed (Payne 1975, Wilsson 1971, in
Brooks et al. 1980).

Studies in Minnesota, Idaho, and Alaska (Beer 1955;
Libby 1957; Leege 1968) involved capture and release of a
total of 229 beaver. Seventy-seven percent of these animals
moved less than 1.6 km. Mean distance moved was approxi-

mately 9.6 km; however, a few individuals moved in excess of
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160 km. Transplanted beaver can move great distances.
Knudsen and Hale (1965) caught and marked 2,200 beaver in
Wisconsin. Of 472 recaptures 90% moved less than 12.8 km
with an individual maximum of 48 km. 1In a study in North
Dakota (Hibbard 1958) one beaver moved 237 km in 7 months.
Denney (1952, in Hibbard 1958) studied 26 beaver in Colorado
reporting mean movement for all animals at 16.6 km and an
individual maximum of 48 km. In addition, entire colonies
may move from one site to another (Brooks et al. 1980;
Svendsen 1989).

Beavers are territorial (Bradt 1939; Aleksuik 1968;
Bergerud and Miller 1977) and resource defense has been
postulated as a driving mechanism in mating systems and pair
bond (Greenwood 1980). Bergerud and Miller (1977) reported
that 2-year-old beaver failed to disperse from natal
colonies if new colony sites were lacking. Beaver have
effective dispersal methods as can be inferred from the
rapid expansion of populations across the Southeastern
United States during the past 25 years (Arner and Dubose

1979; Bullock and Arner 1985).

Beaver Control

Hill (1976) reported that strychnine was an effective
poison for beaver. Hill (1976) also reported sodium
monofluoroacetate at a dosage of 0.2mg/kg body weight and

administered intramuscularly to be lethal for beaver.
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However, these chemicals are not registered for use on
beaver. The use of toxicants in beaver populations is apt
to be contrary to public acceptance (Wesley 1978).

Chemosterilants have been suggested a means to control
rodent populations (Davis 1961) including beaver (Arner
1964). Hill (1977) examined the effectiveness of quinestrol
(17-alpha-ethynyl-estradiol-3-cyclopentyl ether) but found
no feasible method to get the chemosterilant into wild
populations.

Surgical sterilization was performed on either adult in
14 colonies in Massachusetts, effectively inhibiting colony
reproduction (Brooks et al. 1980). Practical methods to
induce sterility in wild populations have not been
developed.

Biological controls such as introducing alligators

(Alligator mississippiensis) have been used to attempt to

control beaver but with little documented success (Hill
1976). Biological controls are controversial and are
difficult to direct and evaluate with any degree of
certainty.

After following its effectiveness on several Alabama
watersheds, Hill (1976) concluded that trapping could be
successful. He expressed concern that trapping was reducing
beaver populations dramatically in 6 counties in southeast

Alabama where high populations had existed previously
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(Wesley 1978). However, Wigley (1986) indicated that many
landowners with problem beaver believe trapping to be
ineffective despite the fact that trapping was largely
responsible for population declines prior to the turn of the

century.

Reforestation

Beaver Impoundments in the Bottomlands

Within the bottomland hardwood forest, distinct floral
mosaics can be identified that reflect increasingly subtle
substrate differences. Generally, the floral distribution
in the floodplain is tied directly to the selective power of
hydrologically generated anaerobic gradients (Wharton et al.
1982). Wharton (1977) and Fredrickson (1979) pointed out
that beavers play a prominent role in bottomland ecosystems.
Their activities create new subsystems within the bottomland
ecosystem by inundating previously dry land. Their activity
in southeastern Missouri was apparently important in
baldcypress distribution (Wharton et al. 1981). Ruedmann
and Schoomaker (1938) concluded that beavers were able to
aggrade smaller valleys and silt gathering behind their
impoundments thereby greatly affecting the substrate pattern
of the northern half of North America.

The presence of an active beaver population in a

riparian area can alter natural water, nutrient, and energy
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flows within the colony site. Naiman et al. (1986) listed a
number of stream alterations that can result from beaver
activity: (1) modification of channel geomorphology and
hydrology, (2) greater retention of sediment and organic
materials, (3) creation of wetlands, (4) modification of
nutrient cycling, (5) modification of the riparian zone,
(6) modification of water quality, and (7) modification of
habitat, influencing community composition and diversity. A
study in Wisconsin (Barnes and Dibble 1988) suggested that
the beaver's foraging activities might have a significant
effect on the composition of future generations of trees.

Inundation transforms a structurally complex riparian
floral system to a somewhat simpler semiaquatic system
(Brinson et al. 1981). Broadfoot and Williston (1973)
stated that the majority of bottomland tree species cannot
survive 2 years of constant flooding. Within a bottomland,
the hardwoods that persist are well adapted to the stresses
imposed by the natural hydroperiod. These trees are a
fundamental and integral part of the dynamics of the system
(Wharton et al. 1982). Inundation results in a number of
specific chemical and physical changes:

1. Depletion of available oxygen in soil water,

2. Shift in soil pH—generally a convergence toward

neutrality,
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3. Accumulation of toxic compounds in plants growing

in a saturated substrate,

4, Shifts in redox states—generally from more oxidized

to more reduced,

5. A general lessening in nutrient availability

(Teskey and Hinckley 1977).

As a result of these factors, transpiration and
photosynthesis rates are generally slowed and overall plant
growth is impeded (Teskey and Hinckley 1977). 1In standing
water, plants literally die of dehydration (Wharton et al.
1982). System productivity suffers if flooding duration and
intensity are severe.

Suspended sediments and dissolved nutrients are
transported from upstream portions of the watershed into the
floodplain where reduced water velocity causes deposition of -
some of the suspended material. Seasonal decomposition of
detritus releases nutrients for plant uptake. Transpiration
lowers water table levels. Therefore, riparian systems have
a relatively high capacity to recycle nutrients compared to
the relatively low rates they are transported in from
outside systems (Brinson et al. 1981).

The major factor contributing to the high productivity
in a floodplain forest is the regular pulse of wet and dry
cycles (Brinson et al. 1981). Within a beaver impoundment,

the natural pulse is prevented by year-round water
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retention. With the loss of a highly structured forest
ecosystem and associated transpiration, retention time for
water and detrital material increase.

A study of a beaver pond ecosystem in Canada (Hodkinson
1975a) concluded that total energy input was distributed as
follows: 18% exported, 26% respired, and 56% accumulated in
the sediments. In that study a beaver pond was considered
to be a highly accretive heterotrophic system. Litter
breakdown is slow in systems where water movement is slow
(Hodkinson 1975b; Post and de la Cruz 1977).

Even in drained or abandoned beaver impoundments the
water table may remain high due to loss of transpirational
drawdown during the growing season. Natural reforestation
of these areas in west Tennessee is a slow process with
early seral stages comprised of low-value, wet-site tree
species which often capture the site at the expense of later
developing, commercially valuable species (Waldrop et al.

1982; Rushton 1983; Houston et al. 1987).

Artificial Hardwood Regeneration

Bottomland hardwood sites have long been recognized as
potentially among the most productive in the temperate
forest region of North America (Barrett 1980). Yet, without
management, natural regeneration on these sites following
agricultural abandonment or timber harvest usually consists

of low value species (Waldrop et al. 1982; Seifert et al.
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1984). Although most naturally existing hardwood stands can
be managed to produce significantly greater volumes, an
alternative method of management on these highly productive
sites may be through artificial regeneration (Hunt 1976).
Also, artificial regeneration may be necessary on some sites
to ensure the perpetuation of species which, for one reason
or another, fail to reproduce naturally (Sternitzke 1972;
Toliver and Jackson 1989; Conner and Toliver 1990).

Research on artificial establishment of bottomland
hardwoods has been focused primarily on sweetgum

(Liquidambar styraciflua L.), sycamore, green ash, and

cottonwood (Populus deltoides Bartr.) because these species

have been shown to generally produce high biomass yields and
have historically maintained relatively high market values
(Waldrop et al. 1982; Gilmore and Rolfe 1984; Seifert et al.
1984; Houston and Buckner 1988).

Without adverse factors, such as flooding or animal
damage, survival of planted hardwoods has generally proved
to be adequate (Krinard and Johnson 1981). Silker (1948)
reported success planting bottomland tree species along the
margins of fluctuating-level reservoirs. 1In that study

baldcypress, water oak (Quercus nigra L.), willow oak, green

ash, and sweetgum showed satisfactory to excellent survival

and growth five years after planting on sites supporting
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only hydrophytic weeds previously. Green ash and sycamore
were recommended for wetter sites. At the end of five
growing seasons sycamore was 4.4 m tall, green ash 2.0 m
tall, and baldcypress 1.5 m tall. Growth in nine- to
twelve-year-old hardwood plantations was as good or better
than that of upland plantations of pine or hardwood. He
concluded that periodically flooded sites hold considerable
promise for plantation timber production.

One study (Haynes and Moore 1987) examined examples of
bottomland hardwood reestablishment on 12 National Wildlife
Refuges in the Southeast. Limiting factors governing the
success of these plantings were listed to include
(1) drought or late freeze following planting, (2) standing
water and elevated temperatures in the initial growing
season, (3) flooding on sites where species were not
tolerant to prolonged periods of saturated soils, (4) animal
damage to seedlings, and (5) poor quality seedlings.
Although efforts to control competing vegetation were seldom
employed in these plantings, the authors suggested that
reestablishment of bottomland forests by planting desirable
species was possible.

Mechanical damage to young seedlings during flooding is
an often overlooked aspect of planting trees in the
bottomlands (Loucks 1987). Floating debris along with

strong currents can destroy or displace young seedlings.




Baker (1977) listed green ash and sycamore as being
tolerant to spring flooding with 90% survival after 4 weeks
of inundation. Loucks and Keen (1973) listed seedling
tolerance to submersion for 10 bottomland species and
determined that only green ash and baldcypress could
withstand 4 weeks of submersion and retain 100% survival.

In a report (Hosner and Boyce 1961) on the impact of water
saturated soils on the performance of 17 bottomland hardwood
species there were 9 species, including green ash, which
actually gave greater height growth in soils that were
saturated for the maximum 60 day period. Cherrybark oak had
the highest mortality of all species tested. Sycamore lost
height but survived satisfactorily. If sycamore plantation
management is to be successful, sites must be chosen
carefully (Rich 1989). Briscoe (1973) suggested that
sycamore could be planted successfully all year if available
moisture exceeded transpiration. Artificial regeneration of
bottomland ocak species has rarely been successful (Wigley

et al. 1984, Seifert et al. 1984). However, Seifert et al.
(1984) reported satisfactory growth of five-year-old swamp
chestnut oak planted on poorly drained sites in southeastern
Indiana. Chemicals were used to control herbaceous
competition on control, disked, and disked/bedded plots.
Growth in disked plots was significantly greater than on

control plots, but no difference was noted between disked
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and disked/bedded plots. Results suggested that planting
swamp chestnut oak may be a feasible land use alternative

for these sites. Shumard oak (Quercus shumardii Buckl.) was

successfully planted on high pH, Mississippi alluvium soils
where other oaks had failed (Kennedy and Krinard 1985). 1In
that study survival and growth at ages 10, 11, and 25 years
in three separate plantings were consistent with expecta-
tions for good timber and wildlife production.

Cottonwood, sycamore, green ash sweetgum, swamp

chestnut oak, Shumard oak, sugarberry (Celtis laevigata

Willd.), and sweet pecan (Carya illinoensis Wangenh., K.

Koch) were planted for three successive years on clay-capped
soils in the Mississippi batture (Krinard and Johnson 1981).
The first year there was no flooding while in the second and
third year there was flooding. The study concluded that a
flood-free initial growing season was desirable in the
establishment of hardwood plantations. However, species
planted in the years with flooding had better than 70%
survival except Shumard oak, swamp chestnut oak, and
sweetgum. Height after 3 years in these plantings ranged
from 0.7 m for sweet pecan to 12.3 m for cottonwood.
Sycamore averaged 6.7 m tall. Survival for sycamore,
sweetgum, and green ash was greater than 80%, but only 20%
for cottonwood on Sharkey clay soils with ponded water.

Beaver damage was noted in this study with long rows of
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seedlings pulled up. Sycamore was less damaged than other
species.

A study of cultural treatments for establishment of
bottomland hardwoods in west Tennessee (Waldrop 1982)
reported third year heights of sycamore and green ash
planted on abandoned agricultural fields to be 2.0 m and 1.3
m respectively. Krinard and Johnson (1983) reported fifth
year height for sycamore and green ash on Sharkey clay soils
to be 4.0 m and 4.5 m respectively in mowed plantations. A
study in South Carolina (Klawitter 1961) reported successful
baldcypress plantings on wetland sites. The fastest growing
treatments had produced trees averaging 1.1 m tall at the
end of the second growing season.

A study in wést Tennessee (Houston et al. 1987)
reported first year survival for cottonwood, green ash,
sweetgum, sycamore, and baldcypress planted on drained
beaver impoundments. Seedling survival on sites where the
water table was below ground surface was greater than 50%
for all species except cottonwood (20% survival). However,
on sites where the water table was exposed on approximately
1/3 or more of the site, survival dropped below 50% for all
species except baldcypress (88% survival). The authors
suggested that successful establishment of desirable

bottomland tree species is possible only if topography



within impounded areas allows sufficient lowering of the
water table after removal of the beaver dam.

A study (Conner and Toliver 1990) examining 4-year-old
baldcypress plantings in Louisiana swamps concluded that
such plantings could be successful even in partial shade, if

nutria (Myocastor coypus Molina) girdling damage could be

controlled. Survival averaged 90% in plots escaping nutria
damage. Height growth averaged 29 and 48 cm inches per
year.

Hardwood plantations have been shown to derive growth
and survival benefits from intensive control of competing
vegetation (Malac and Heeren 1979; McCormack 1981; Bowersox
and McCormack 1987; Ponder 1987) The need for control of
herbaceous vegetation at planting and for at least 3 years
following establishment has been stressed (Wright and Holt
1985). Hardwood species showing improved survival and
increased early growth with herbaceous control include black

walnut (Juglans nigra L), yellow-poplar (Liriodendron

tulipifera L.), white ash (Fraxinus americana L.) green ash,

sweetgum, sycamore, cottonwood, cherrybark oak (Quercus

falcata pagodaefolia E1ll.), Nuttall oak (Quercus nuttalli

Palmer), and sweet pecan (Krinard and Kennedy 1983, Miller
1987). Briscoe (1969) suggested that clean cultivation in
sycamore plantings might significantly shorten rotation or

increase final yield by 1000 to 2000 board feet per acre.
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One study (Krinard and Kennedy 1987) examined 15-year
growth of cottonwood, sycamore, green ash, sweetgum, Nutall
oak, and sweet pecan planted on Sharkey clay soils. Trees
disked for the first five years were significantly taller at
age 5 when compared to mowed sites. By age 15 there were no
significant differences in height growth between treatments
for all species except sweet pecan.

Height growth of 5-year-old green ash, sycamore, and
sweetgum plantings on abandoned bottomland agricultural
fields in west Tennessee exhibited significant gains with
disking over mowing or control plots (Houston and Buckner
1988). Height gains from disking over control plots were
81% for green ash, 73% for sycamore, and 50% for sweetgum.
Among cultural treatments survival was best in disked plots
(97.0%), but no significant difference was found between
mowing (91.0%) and control (93.5%) plots.

Early efforts to control herbaceous vegetation relied
on the use of mechanical control because no satisfactory
chemicals were available (Malac and Heeren 1979). However,
with introduction of a number of herbicides effective in
hardwood plantation establishment there is a growing body of
evidence to suggest that mechanical control may be less
desirable than chemical control (e.g., less soil compaction,
erosion, and crop tree damage) (Zutter et al. 1986). Byrnes

et al. (1973) showed that for black walnut and yellow-poplar
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chemical treatments were better than cultivation and both
treatments were superior to the control.

Hansen et al. (1984) demonstrated improved tree
survival and height growth of 2-year-old hybrid polars
(Populus spp.) using chemical control of competition. Their
study concluded that an array of weed control strategies
will work, with the most prémising being a mixture of
chemical and mechanical control.

On drained beaver impoundments in west Tennessee
increased first year survival of planted green ash,
sycamore, cottonwood, and baldcypress was noted in plots
treated with a grass herbicide (Houston et al. 1987). This
study concluded that plantation management might be success-
ful on sites created by draining beaver impoundments if
topography within the impoundment allowed sufficient
lowering of the water table.

Artificial establishment of bottomland hardwoods is not
well documented. Much research has been done by large
timber companies, but this information is not generally
available to the public. Although research is currently in
progress, much is on abandoned agricultural fields or
nonswamp areas (Conner and Toliver 1990). Unfortunately,
results from these studies cannot be extrapolated with
confidence to drained beaver impoundments. For the most

part, mechanical control of competing vegetation will prove
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to be impractical on drained beaver-kill sites where high

soil moisture conditions prevail.
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CHAPTER IV

METHODS

Study Area

This study was conducted on the Ames Plantation,
cooperatively administered by the Hobart Ames Foundation and
Agricultural Experiment Station of the University of
Tennessee. Ames Plantation is an 7527 ha landholding in the
headwater basin of the North Fork of the Wolf River, a
tributary of the Mississippi River. The watershed is
located in the Mississippi Embayment section of the Gulf
Coastal Plain physiographic province, 80 km east of Memphis,
Tennessee, and 80 km southwest of Jackson, Tennessee. It
encompasses 31,842 ha with approximately 23,562 ha in
Fayette County and the remaining 8,279 ha in Hardeman County
(USDA 1987).

Topography is characterized by rolling hills with broad
flat floodplains. A layer of Pleistocene loess overlies
Tertiary Coastal Plain sediments of Grenada and Holly
Springs formations (Flowers 1960). On many upland areas
erosion has removed much of the loess, exposing fluvial
deposits that are composed primarily of highly erodible
sands. Recent alluvial deposits of sand, silt, clay, and
fine gravel from uplands are found in the floodplain areas

of the watershed (USDA 1987).
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Mean annual precipitation is 155 cm with 61 cm
occurring in the April-September growing season. The
wettest month is January (mean precipitation: 15.5 cm) and
the driest month is October (mean precipitation: 7.1 cm).
Mean annual temperature is 16.3 degrees C, ranging from a
mean of 5.9 degrees C in January to 26.8 degrees C in July.
The growing season lasts approximately 210 days with first
and last killing frost in October and April, respectively
(USDA 1987).

Soils within the watershed are generally good for
agriculture but are highly erodible. Croplands comprise
9,498 ha of the watershed of which 6,534 ha are identified
as eroding at a rate of more than 1,800 kg per ha per year.
Approximately 2,176,110 metric tons of soil are removed
yearly from these croplands. An additional 1,964 ha are now
comprised of large gullies, degrading ditches, and eroding
roadbanks (USDA 1987).

Within the watershed the most significant water quality
problems are associated with stream sediment loads. Soil
washed from the uplands increases sediment concentrations,
both suspended and as bedloads. Bottomland timberlands are
constantly threatened by sand deposition, acting to
"smother" existing stands or create water flow obstructions
which result in standing water (USDA 1987). 1In an

investigation (TDF 1980) of the causal agents in dead and
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fading forest conditions in mainstream and tributary forest
lands for west Tennessee bottomland hardwood forests,
sedimentation was implicated in over 60% of the sites
examined. 1In that same investigation beaver activity was
usually associated with sedimentation because of their
tendency to take advantage of altered or restricted stream

flow patterns to locate dams.

Beaver Control

The 1619 hectare study area (Fig. 1; USDA 1987) was
located in the floodplain of the North Fork Wolf River
beginning at the downstream departure of the river from Ames
Plantation property and continuing upstream approximately
12.8 kilometers until the river became intermittent.
Downstream, at the point of departure from the study area,
the North Fork Wolf River averages 1 to 2 m deep and 7 m
feet in width. Flood waters rarely stay above the banks
more than 48 hours.

Written permission was gained from adjacent ownerships
within the bounds of the study area to access their property
for the purpose of beaver control. Upland farm ponds also
were monitored.

From November 1984 to November 1989 the Hobart Ames
Foundation, in cooperation with the University of Tennessee

Agricultural Experiment Station, conducted an intensive
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watershed.
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year-round beaver control program, designed to eliminate all
beavers in the study area and prevent successful recoloni-
zation by catching "pioneer" beaver as they attempt to
recolonize. Trapping was initiated in all known colonies
more or less simultaneously. An experienced trapper was
hired year-round to accomplish the goals of the project. He
was regularly assisted by Ames Plantation personnel.

Initial populations were removed during the first 7
months of trapping (November 1984 through May 1985)
(Fig. 2). During that interval 169 individuals were removed
from 22 active colony sites which ranged in size from
approximately 0.4 to 24.3 ha. Individual locations were
considered trapped-out if beaver activity (e.g., dam repair,
tracks, cuttings) was not observed during repeated visits
(spanning several days) to the site (Peterson and Payne
1986). No attempt was made during this period to
distinguish initial populations from immigrants. From 1
June 1985, through 30 September 1988, all colony sites were
kept under strict surveillance and beaver attempting to
recolonize were removed within 1 month of immigration.
Transient beaver or those residing in the North Fork of the
Wolf River were ignored unless attempting to dam the river.
It was impracticable to quantify or regulate the river
population. Therefore, a small number of beaver could be

found within the bounds of the study area at any given time.
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Dispersal is commonly measured in 3 ways: (1) record-
ing emigrants, immigrants, and transients from one area to
another, (2) recording natal-to-breeding or breeding tb
breeding movements, or (3) by recording movements from one
group of individuals to another (Dobson 1982). Lidicker
(1975) defined a dispersal sink as a place into which
dispersers move. Generally it is some empty or unfilled
habitat where survival is possible. Dispersal sinks may be
created by removing resident populations from an area.
Artificial sinks can be designed to mimic natural sinks
(Dobson 1981); and dispersal of severa