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Preface

Southern forests are very productive for wildlife as well as
wood fiber. User recreation demands for game and nongame
wildlife and fish continue to increase as human populations
grow in the sunbelt. The main determinant of wildlife
populations is suitability of forest habitat and the primary
manipulator of the habitat is the forester. Forestry
decisions and practices determine habitat suitability for
wildlife communities and ultimately wildlife populatioms.
With this publication we plan to demonstrate how southern
forests can be managed for the myriad of wildlife species.
General topics in the publication relating to wildlife
communities include economics of accommodating wildlife and
fish, impact of specific forestry practices, special
techniques, agency policy and practices, and prospects for
the future. Although earlier drafts of these papers were
edited, the content of each final manuscript was the
responsibility of each author. We thank Ronald Thill,
Alexander Zale, Hugh Black, Lowell Halls, Roger Baker,
George Hurst, and James Neal for assistance in reviewing
these manuscripts. This publication 1s from the proceedings
of the Wildlife and Fish Ecology Technical Session, 1986
Society of American Foresters National Convention, Birmingham,
Alabama.

James G. Dickson
0. Eugene Maughan, editors
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Introduction

FThomas H. Ellis

It is a pleasure for me to introduce the
1986 technical session of the Working Group on
Wildlife and Fish Ecology. The title of this
technical session, "Managing Southern Forests for
Wildlife and Fish," is an intriguing one. It
incorporates elements of a basic fact, of a
general area of professional controversy, and of
an ever-increasing public interest. It is a fact
that southern forests, under almost any sort of
forestry program, are major producers of wildlife
and the sources of a huge proportion of all the
fresh water supplying southern streams and lakes.
Nothing short of wholesale conversion to agri-
culture could alter this situation significantly.

The disputes between foresters, wildlife
professionals, and water resource managers over
relative priorities among timber, wildlife and
water are legendary and intensely frustrating to
all sides. Public sentiment seems generally
favorable toward trees, animals and fish of all
sorts, is largely uniformed and appears to in-
crease in passion as wealth and education and
urbanization of the human population grow. Fur-
ther, the spectrum of groups who have legitimate
interests in forests, water and wildlife grows
more and more varied every year.

In this situation, one would hope that there
would be grounds for common cause among the
natural resource professions, and with environ-
mental interest groups, toward public and private
policies that would best serve the long-run
interests of our region. Technical information,
from experts such as the members of this working
group, is essential to the search for such
policies.

The South presents particularly important
opportunities for alliances among natural re-
sources professions for several reasons. First,
the nature and history of southern forests typi-
cally have not led to as sharp conflicts between
foresters and other professions as occur regularly
in the West. Most of our forest acreage here is
privately owned and has been logged repeatedly in
the past 100 years. We have little virgin forest
to draw arguments over preservation. And, until
recently, Southerners have enjoyed less wealth
and education than people in other regions and
been less disposed towards environmental concerns.

Second, demographic statistics and the news-
papers make it clear that the situation in the
South is changing. The southern states are
increasing dramatically in population, educational
levels and wealth. The influences of urban popu-
lations more and more are noticed in state legis-
latures, in local land use restrictions, and in
recreational uses of public and private lands.

Although there still are large areas of the

South where foresters, especially on private
lands, have little interference from environmental
concerns, we appear destined to suffer the same
kinds of frustrations that our western colleagues
have--unless we have the foresight to anticipate
the most important issues and take action on them
now.

Land use shifts between agriculture and for-~
estry in the South are commonplace and there is
enormous potential in either direction. The
environmental benefits of timber management as
compared to farming, mining, and real estate
development seem so great that there should be a
fundamental case for foresters to seek support of
commercial forestry from groups which often
oppose it.

The least effective strategy for foresters
would be to write off complaints from other pro-
fessions or interest groups as unimportant. In
my view, the most useful approach is for for-
esters to demonstrate a strong concern for the
environment, to seek effective ties with other
natural resource professions and environmental
organizations, and to marshal good information
on the influences of timber management on wild-
life, fish, and other resources.

Research on the environmental influences of
timber management has been going on for years in
the South, with some excellent results. Examples
include comprehensive work on white-~tailed deer,
a great deal of information on quail and turkey
habitat requirements, and extensive research on
effects of harvesting on mountain watersheds. 1In
contrast, we have not much data relating forestry
and most non-game animals (which now may occasion
more serious controversy than game species) or on
forestry and water management in the coastal
plains. In many instances, we have case studies
for a particular locale but inadequate informa-
tion for regional issues. We particularly lack
quantitative functions which would predict the
levels of output for other resources in relation
to changes in timber production. This is a very
tough challenge but one we must meet in order to
avoid or meet court challenges and to hold the
public's confidence.

Today's working group session brings to-
gether speakers with outstanding credentials for
viewing many aspects of our topic--Managing
Southern Forests for Wildlife and Fish. Some of
them are researchers; others are people with
immediate responsibility for reconciling land
management issues. All are people who are dealing
with questions of great, long-run importance for
southern forestry.

Thomas H. Ellis, Director, USDA Forest Service, Southern Forest Experiment Station, New Orleans, LA
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SECTION I. ECONOMICS

Economics of Accommodating Wildlife

C. William McKee

Abstract.--Revenues generated from timber production
alone are compared with joint timber-wildlife production.
Net revenues from joint timber-wildlife production exceed

revenues from timber alone.

The increased revenue should

provide added incentive for forest landowners, particularly
nonindustrial landowners, to practice better forest manage-

ment.

INTRODUCTION

In recent years, intensive forest management
has received considerable attention from sports-
men and concerned conservationists. Some contend
that converting large areas of mixed pine-hardwood
stands to intensively managed short-rotation pine
plantations will adversely affect wildlife popula-
tions. Others contend that age-class distribution
of pine stands, streamside management zones (Section
208, Public Law 92-500), prescribed burming and
thinning will increase habitat diversity and, thus,
enhance certain wildlife populations. In other
words, the quality of forest wildlife habitat
depends upon the type of timber management practiced
(Halls, 1975).

In the past, forest managers have been led to
believe that adopting wildlife habitat enhancement
guidelines will have an adverse effect on the
business' basic objective of maximizing profit.
The industrial forest manager has been forced to
make decisions oriented toward maximizing profits
because tradition has led him to believe that
wildlife habitat enhancement can only be achieved
at the expense of timber production. More recently,
forest management strategies have been adjusted to
accommodate increasing demands for all forest
resources.

The purpose of this paper will be to identify
the economic problems and constraints associated
with the assessment of wildlife habitat tradeoffs
and to determine the impact of habitat enhancement
on dollar returns of a typical forest management
strategy.

ECONOMIC PROBLEMS AND CONSTRAINTS

Market value is the commonplace and common
sense approach to setting values in our democratic
society. We experience it daily everytime we make
an exchange in the market place as a willing buyer
with a willing seller or vice versa. Such exchanges
represent most of the goods and services we acquire
or provide for others. Where markets do not

C. William McKee, Forest Economist, School of Forestry, Auburn University, Alabama 36849

exist, as is the case with wildlife and other
recreational activities, a proxy for market product
dollar returns must be developed. Many studies
discuss comparing non-market products with
marketable products (Bockstael and McConnell

1978, Gibbs 1975, Martin et.al. 1974).

One technique involves assessment of
investment in terms of opportunity costs. For
example, if timber is produced jointly with recrea-
tion or hunting opportunities, revenues from timber
normally decline. The reduction of revenues from
timber is considered an opportunity cost in that
income must be foregone in order to accommodate
other outputs. Loss of timber revenue then becomes
an estimate of value for the non-timber outputs.
The opportunity cost approach will be used to assess
timber~wildlife habitat tradeoffs in this paper.

ANALYTICAL METHODS AND ASSUMTIONS

Discounting Models

Various methods are used to estimate the
profitability of a timber production investment.
The most acceptable method, however, for appraising
long-term projects such as forestry is discounted
cash flow or present net worth (PNW) analysis
(Gunter and Haney 1984). The superiority of the
technique, and the characteristic which distin-
guishes it from others, is its recognition that
money has a time value. PNW calculations give
us a dollar figure which tells how much our forestry
investment will return. A positive PNW tells us
that our investment will return more than the
interest rate we choose for discounting--say 12%.

Another economic indicator which is based on
PNW is annual equivalent. It automatically adjusts
a timber investment, regardless of rotation length,
to a one-year equivalent. Annual equivalent thus
provides a convenient way of comparing a timber



enterprise with shorter-term uses of the land
such as cropping or recreations.

Assumptions

To assess economic returns for a typical
forest management strategy, we must make assump-
tions concerning discount rates, expected costs,
timber yields, aund stumpage prices.

Discount rates for the analysis were set at
6% in constant or real dollars. A 6% real, or
constant dollar, discount rate translates to a
10% nominal or market rate if inflation is 47%.

Investors in timber growing may have to buy

land; prepare planting sites; plant, release, thin,

protect, and prune trees: prepare and administer

timber sales; install hardwood leave strips
(Streamside management zones); and pay annual
taxes. Not every timber grower will have all of
these expenses, but all will have some costs in
growing timber. Such costs can be thought of as
investments that must be made to grow a certain
kind of timber in a certain way. Expected costs
for this analysis are presented in Table 1.

Before timber sale incomes can be derived an
estimate of what kind and how much timber will be
available for sale throughout the rotation must
be determined. Loblolly pine yields for average
site (SI,.60) land are presented in Table 2
(Hepp 19§§). 'PW' and 'ST' denote pulpwood har-
vested in cords per hectare and sawtimber har-
vested in thousand board feet Scribner per
hectare, respectively.

Table 1.--Direct costs of intensive fgorest management for timber production only and joint

timber-wildlife production

Today's cost

Year Timber only Timber and wildlife
($/ha)
1 Site Prepare Site Prepare 222.39 (90)
1 SMZ installation b/ 14.83 (6)
2 Plant Plant 135.91 (55)
8 Precommercial thinning 111.20 (45)
8 to 35
~ 3 year
intervals Prescribe burn 19.77 (8)
12 to 35,
5 year
intervals Prescribe burn 19.77 (8)
Annual Management costs Management costs 12.36 (5)
Annual Taxes Taxes 3.71 (1.50)
a/

b/ Per acre values are in parentheses.

6.5 hectacre (16 acre) Streamside Management Zone.



Table 2.--Per hectare loblolly, pine yields for timber production only and joint timber-
wildlife production®™’

Management lst Thig?ing 2nd Thinning Harvest

Regime Age RBA PW Age RBA PW ST AGE PW ST

Timber . 15 198 30.6 25 198 23.5 3.9 35 32.9 21.1
(80)  (12.4) (80)  (9.5) (1.6) (13.3)  (8.6)

Timber &b/

Wildlife 15 148 19.8 25 148 16.1 6.7 35 15.1 22.0
(60) (8.0) (60) (6.5) (2.7) (6.1) (8.9)

;5 Per acre yields are in parentheses.

c/

Precommercial thinning at age 8, residual component of 350 stems per acre.
'RBA' denotes residual basal area in square feet per hectare.

The last assumption needed to assess economic
returns 1is stumpage price. Stumpage prices used
are based on the average price reported, 1980-1986,
in Timber-Mart South for Alabama (Table 3). No
real price increase in pulpwood or sawtimber
stumpage is assumed.

Table 3.--Average stumpage price for various forest

products, Alabama, 1980-1986
Pulpwood Sawtimber
($/cord) (S/MBF, Sc)
High 20 166
Medium 16 149
Low 12 116

APPLICATIONS AND RESULTS

For our purpose, we want to establish maxi-
mum financial returns as the goal of our forest
manager. With this as our objective, an
asgessment was made for managing a 65 hectare
(160 acre) tract for timber only and joint
timber-wildlife production. The management
strategy and expected yields have been presented
(Tables 1 and 2). To enhance diversity, however,
ten percent of the 65 hectares (16 acres) is
assumed to be managed as a streamside management
zone under the joint timber-wildlife option. The
streamside management zone will be managed for
production of high quality hardwood saw-timber.
Periodic harvests will be made every ten years.

Economic returns for our two management
options - 1) timber production only versus 2)
joint timber-wildlife production are found in
Table 4. Present net worth and annual equivalent
values indicate that there is an opportunity cost
associated with managing for both timber and
wildlife. The timber revenue foregone column of
Table 4 represents the opportunity cost of the
amount of timber revenue that must be sacrificed
to accommodate wildlife habitat enhancement.



Table 4.--Opportunity cost of providing improved wildlife habitat®

/

Stumpage Management Present Net Annual Timber
Option Regime Worth Equivalent Revenue Foregone
(8/ha) = eeeeememeeca-- ~=-~=($/ha/year)----
Timber Only 433.14 29.87
(175.29 (12.09)
High 12.23 (4.95)
Timber & 256.04 17.64
Wildlife (103.62) (7.14)
Timber Only 280.36 19.35
(113.46) (7.83)
Medium 10.72  (4.34)
Timber & 125.18 8.62
Wildlife (50.66) (3.49)
Timber Only 57.55 3.98
(23.29) (1.61)
Low 8.70 (3.52)
Timber & -68.32 -4.72
Wildlife (-27.65) (-1.91)
a/

Per acre values are in parentheses.

A variety of options are available in
forest management. Landowner objectives deter=-
mine how forest holdings are managed. If the
landowners objective is joint timber-wildlife
production, loss of timber revenue can be offset
by leasing hunting rights. What is an appropriate
lease fee? Landowners will not incur a loss
for increasing their management efforts if they
charge leasees $8.70 to $12.23 per hectare per
year ($3.52 to $4.95 per acre per year). Results
of a telephone survey of Alabama forest industry
and large landowners revealed that current hunting
leases range from $2.47 to $51.89 per hectare
per year ($1 to $21 per acre per year) with an
average beginning $12.36 per hectare per year
($5 per acre per year). Hunting lease fees are
extremely sensitive to management services
provided by the landowner and to population levels
of the preferred game specie. For the moment,
aassume that the landowner can lease his land for
$12.36 per hectare per year. This fee will buy
the leasee the type of wildlife habitat provided
by the joint timber-wildlife management strategy
identified in Table 1.

Compared to the timber only strategy, a
$12.36 per hectare per year lease fee will in-
crease landowner revenue by $0.99 to $4.52 per
hectare per year ($0.40 to $1.83 per acre per
year) (Table 5).

DISCUSSION

The most apparent conclusion from Table 5 is
that net revenues from timber-wildlife management
strategies exceed profits from timber alone.

This is of particular significance for non-
industrial landowners since it gives them the
opportunity to earn annual income from hunting.

Table 5.--Joint timber-wildlife economic returns
for an annual lease rate of $12.36 per
hectare per vear '

Stumpage Present Annual Revenue Gain Over
Option Net Worth Equivalent Timber Only Regime
($/ha) = = seme-meme- $ per hectare per yea
High 447.52 30.86 0.99
(181.11) (12.49) (0.40)
Medium 316.53 21.84 2.50
(128.14) (8.84) (1.01)
Low 123.13 8.50 4.52
(49.83) (3.44) (1.83)
a/

Per acre values are in parentheses

The added income partially offsets a major
drawback of timber investments for these owners,
namely, the long time period between initial
expenditures and generation of revenues.

Owners of industrial forest land have a some-
what different perspective on their role in cre-
ating and maintaining wildlife habitat diversity.
As Lewis (1983) notes, "Forest industry operates
within a mixed market economy and owns forest
land for one or more of three basic reasons.
first of these is to insure an adequate supply
of raw material for processing plants. The
second is to speculate on the increased value of
both land and timber. The third is to earn a
return from the biological growth on a forest
property.”

The

Diversity, a key component of wildlife habitat,



within the intensively managed forest is the result
of decisions relating to size, shape, and distribu-
tion of pine plantations and the maintenance of
other habitat types in streamside management zomes
and non-intensive management areas. Deviation

from a corporate/regional timber management
strategy to enhance wi}dlife habitat diversity
increase the firm's direct costs. Some examples
include breadup of natural compartments into
separate units, and harvest and silvicultural
treatments are not carried out at the optimum time.
McKee (1983) estimates these direct costs to range
from $2.08 to $8.01 per hectare per year ($0.84

to $3.24 per acre per year). On a per cubic foot
basis this amounts to additional costs of $0.08

to $0.32. Pine stumpage in Alabama is currently
$0.55 per cubic foot. Consequently, the direct
cost of enhancing wildlife habitat amounts to 14

to 58 percent of the stumpage value. This is
significant because it adds to investment cost
without increasing timber yield. Additional

direct costs incurred by the firm include increased
road maintenance and fire protection, and control
of public access.

SUMMARY AND CONCLUSIONS

Managing for timber production only will
provide some habitat diversity. Enhancing wildlife
habitat to a higher degree can only be achieved by
altering silvicultural treatment and size, shape
and distribution of management units. These
activities have a cost associated with them which
can be measured by lost timber revenue.

Forests produce multiple outputs and are often
managed on a multiple~use basis. Results from
this analysis should help quantify the public
relations cost associated with enhanced wildlife
habitat.

Where joint timber-wildlife production is
the goal, a careful analysis of market opportuni-
ties for lease hunting should be made. If the
markets are there, all indicatioms suggest that
management for joint production of timber and
wildlife is more profitable than timber alone.
The possibility of hunting lease income should
provide additional incentive to owners of forest
land, especially nonindustrial landowners.
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Some Economic Benefits of Protecting
Water Quality

George E. Dissmeyer Y

Bennett Foster

Abstract: Often water quality management is viewed as a cost
with no financial return for the investment, but protecting
water quality for fisheries can have positive economic returns
to the forest landowner. Many of the practices used to protect
water quality are the same ones done to protect or improve soil
productivity. Protecting or improving soil productivity means
more timber produced per acre, which is translated into economic

returns to the landowner.

Also, erosion and sediment control

practices can save in road construction and maintenance costs.

INTRODUCTION

Erosion produces sediment and sport fishery
habitat is adversely affected by escessive sedi-
ment. Erosion control in forests can provide
significant economic returns to landowners from
increased timber production, savings in site prep-
aration, road construction, and road maintenance
costs.

In forest management, practices to reduce erosion
are often the same ones needed to maintain or
improve soil productivity. For example, to lower
erosion, ground cover is increased by leaving
litter and debris in place. Also, care is taken
to decrease soil compaction and displacement.
Reducing soil exposure, displacement, and compac-
tion leads to maintaining or improving soil pro-
duétivity, thus sustaining or increasing timber
production. It is through maintaining or improv-
ing timber growth and yields that landowners and
ultimately society benefit economically
(Dissmeyer 1985).

SEDIMENT AND FISH HABITAT

Fine sediment has negative impacts on habitat for
rainbow trout (salmo gairdneri), smallmouth bass
(micropterus doTomieui), and Targemouth bass
(micropterus salmoides). Raleigh et. al. (1984)
identifies two habitat factors for rainbow trout
that are adversely affected by increasing amounts
of sediment: predominant substrate type in
riffle-run areas for food production and percent
fines in riffle-run and spawning areas durin
average summer flows. Edwards et. al. (1983
reports that fine sediments affect smallmouth
bass habitat suitability indexes for dominant
substrate type within pool, backwater or shoal
areas, and maximum monthly average turbidity

1/ Regional Hydrologist and Economist, respec-
tively, USDA Forest Service, Southern Region,
Atlanta, GA.

level during the summer. Stuber et. al. (1982)
identify maximum monthly average turbidity during
the growing season and substrate composition
within riverine pools and backwaters or Tacus-
trine littoral areas as factors that influence
largemouth bass.

Stowell et. al. (1983) developed a model to
predict sediment yield and fish populations for
Forest Land Management Planning in the Idaho
Batholith. The model was built using available
research results and field data. The model was
validated to give reasonable estimates of fish
population responses to varying sediment yields,
from different management scenarios. The
sediment yield model accounts for erosion from
various sources, estimates how much of the eroded
material enters the stream network, and is
transported to the stream segment where a fish
response is approximated.

Stowell et. al. (1983) presents several habitat
and fish response curves for sediment impacts.
The percentage of fine sediment (particles in the
channel that are less than 6.4mm in diameter)
rises as the percent sediment yield over natural
yield increases (Fig. 1). As sediment yield
increases, embeddedness increases and the impact
upon fish increases. Embeddedness is a rating of
the degree the larger particle sizes (e.g.,
gravel, rubble, and boulder) are covered by fine
sediment.

The model developed by Stowell et. al. (1983)
translates fine sediment and embeddedness into
estimates of percent fry emergence, summer
rearing capacity, and winter carrying capacity
for rainbow trout (Fig. 2). Fry emergence shows
a precipitous drop between 20 and 30% fine sedi-
ment and is near zero at 40% fines. Figure ]
suggests that increasing sediment by 100% over
natural yields will increase fine sediment in the
streambed from 20 to 30%X. A 180% increase in
sediment yield would result in 40% fines.
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Figure 1 - Sediment yield over natural versus
fines by depth response curve for "B" and "C"
channels, and versus embeddedness. Clear-
water and Nez Perce National Forest's data.

40

PERCENT FRY EMERGING
3
1

8
1

20 ' 40 60

PERCENT FINE SEDIMENT

Figure 2 - Fine sediment by depth versus alevin
(fry) emergence response curve for rainbow steel-
head trout.

For age zero rainbow trout, the summer rearing
capacity in runs decreases from 10 to 2 fish per
square meter as embeddedness increases from O to
100% (Figs. 3A and 3B). Rearing capacity for
one-year old rainbow trout drops from approxi-
mately 3 to approximately .3 fish per square
meter. Similar results are seen with the impor-
tance of embeddedness on the winter carrying
cgpacity in pools for young rainbow trout (Fig.
4y,

The previous information has demonstrates the
linkage and importance of sediment yield to trout
reproduction and the carrying capacity of

streams. The same principles apply to smallmouth
and largemouth bass. These relationships are
important to the fisheries biologist and the
fisherman, but forest landowners are more inter-
ested in erosion and sediment control as it
relates to returns on investments from their lang.

ECONOMIC BENEFITS FROM SEDIMENT CONTROL

Erosion and sediment control for fisheries can
also provide significant economic returns to
landowners. From increased timber production,
savings in site preparation, road construction,
and road maintenance costs. As mentioned earlier,
the practices used to reduce erosion and sediment

EMBEDDEDNESS (%)

SUMMER REARING CAPACITY "RUN"

Age O 4 Aget
o A ]
: 100 _
w 3 I
w g
2 10— 100 =
2 75 =

75 L] 5

5 50 =
E5 0
2 1
g .25 25

¥ i i ]
50 100 0 50 100

EMBEDDEDNESS LEVEL (%)

(-2

Figure 3 -~ Relationship between summer rearing
capacity (density of fish in numbers of fish/m
and as a percentage) and substrate embeddedness
in runs from age O and 1 rainbow trout.
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are often the same ones needed to maintain or
improve soil productivity.

Dissmeyer (1985) has summarized the basic prin-
ciples of soil productivity as follows:

1. Site productivity is a function of site
location, soil productivity, species
‘selection, management, and mortality.
Soil productivity is one factor in the
equation. If other factors are held

- constant, the impact of management on
soil productivity can be determined.

2; . Three key soil factors affect forest ]
soil productivity: soil physical, chemi-



Table 1. Analysis of Two Management Schedules on Site Productivity
Light Site Prep. Heavy Site Prep.
Silviculture Value Per Wood Value Per Wood
Year Treatment Hectare M3/ha Hectare M3/ha
(1984 §) (1984 %)
1984 Site Prep./Tree $297 $420
Planting
1999 Thinning 252 64.2 pulpwood 180 46.0 pulpwood
2010 Thinning 526 22.3 saw timber 331 5.3 saw timber
33.3 pulpwood 22.0 pulpwood
2020 Final Harvest 2,422 133.5 saw timber 2,071 112.3 saw timber
15.2 pulpwood 22.0 pulpwood
Present Net Value (@ 4%) $623 $304
Internal Rate of Return 12.4% 1/ 10.1%

1/ Based on 4% inflation rate assumed.

cal and biotic properties. Silvicul-
tural operations, such as harvesting,
site preparation and controlled burning
can increase or decrease soil pro-
ductivity by altering one or more of
these three properties. Examples of
silvicultural impacts on soil properties
include nutrient removal, soil compac-
tion and soil displacement.

3. The amount of nutrients available at the
time of planting governs the rate of
seedling growth and early stand develop-
ment.

4. Soil compaction can adversely affect tree
growth and many years are needed for soil
compaction to break down and the soil to
regain its original bulk density.

5. Growth differences observed during the
first 5 to 10 years of stand development
on upland sites will presist through a
pulpwood rotation and likely to a sawlog
rotation.

Several studies emphasize these principles and
demonstrate economic feasibility of protecting
soil (Dissmeyer 1985). The way a site is pre-
pared for planting can make a .9 to 4.3 meter (3
to 14 foot) difference in site index for pine
planted in uplands. Patterson (1984) evaluated a
1.5-meter (5-foot) site index difference obtained
by protecting soil through light site preparation
during a 36-year pulpwood rotation loblolly pine
(Pinus taeda) in Alabama (Table 1). Light site
preparation included practices such as chop and
light burn or chop and herbicides. Both of these
approaches reduce soil exposure, soil displace-
ment, erosion, and sediment., In contrast, heavy
site preparation, bulldozing and windrowing or
shearing and windrowing, impaired soil produc-
tivity by nutrient removal caused by pushing
litter, debris and topsoil into the windrows, and

‘and roads are sources of sediment.

by soil compaction. The latter treatments also
increased erosion and sediment yields over those
for the light site preparation. Patterson's data
reveals that investing $123 per hectare ($50 per
acre) more in heavy site preparation reduced
present net value of the timber by approximately
$319 per hectare ($129 per acre) and reduce the
rate of return from tree growth by 2.3 real per-
centage points. The 1.5-meter (5-foot) decrease
in site quality resulted in less sawtimber and
more pulpwood per acre. Conversely, maintaining
site quality yielded larger trees and more valu-
able products.

A recent economic analysis of the watershed
management program for the Forest Service's
Southern Region showed that a 1.5-meter (5-foot)
site index difference on a 70-year sawlog rota-
tion, where the average site index was 70,
resulted in a 28 cubic meter (1,000 cubic feet)
higher yield of timber produced on the higher
index site. That decreased yield cost the pro-
ducer $227 per hectare ($92 per acre) in yield, !
besides costing him $74 to $123 per hectare ($30
to $50 per acre) in site preparation costs.

Logging operations with accompanying skid trails
Primary skid
trails and roads are heavily compacted and exposed
to erosion from repeated passes by skidding equip-
ment. Hatchell (1970) reports that primary skid
trails occupy an average of 12.4% of logged areas,
secondary skid trails, 19.9%, and log decks, 1.5%.

Froehlich (1979) found a moderate amount of soil
compaction in the root zones of ponderosa pine
(Pinus pondergsa) reduced growth by 6% over a
16-year period. For heavily impacted root zones,
he reports growth was reduced by 12%. Wert and
Thomas (1981) found growth of 42-year-old Douglas
fir (Psuedosuaa menziesii) in primary skid trails
was reduced by 74% compared to trees growing in
undisturbed soil. *




Table 2. Analysis of economic benefits of skid trail rehabilitation in the management of 3

southern timber types.

Timber type
Units Hardwood Hardwood-Pine ShortTeaf Pine

Rotation Ygars 70 60 60
Harvest volume per hectare M 301 350 420
value per cubic metér $2/ 28.57 42.86 64.29
Total value of timber per hectare for

uncompacted soil $2/ 8,600 15,001 27,002
Timber volume per acre on skid trails

(26% of uncompacted soil) M3 78 91 109
Timber volume lost per acre M3 223 259 3N
Cost per hectare for skid trail

rehabilitation 1/ 32/ 900 900 500
Timber volume recovered {75%

of loss) m3 167 194 233
value of timber volume recovered 32/ 4,771 8,315 14,980
Internal rate of return based upon

timber volume recovered %3/ 2.4 3.8 4.8
Net present value of timber volume

recovered (@ 2%) $2/ 1,193 2,538 4,568
B/C ratio of rehab. cost Ratio 1.33:1 2.82:1 5.07:1

1/ Average cost per acre of skid trail for waterbarring, ripping of disking, seeding, fertilizing, and

mulching where needed.
2/ 1986 dollars.

3/ percentage points over inflation.

Hatchell (1970) loblolly pine (Pinus taeda) found
seedling establishment and early growth in pri-
mary skid trails were adversely affected by
compaction. He suggested discing or subsoiling
to break up the compaction and improve seedling
establishment and early growth. Hatchell (1981)
tilled and fertilized heavily compacted skid
trails and landings and obtained growth of seed-
Tings through age 4, that was close to the growth
on undisturbed soil.

The economics of primary skid trail and landings
rehabilitation can be approximated using the data
of Wert and Thomas (1981). Benefits from skid
trail rehabilitation for hardwood, hardwood/pine,
and shortleaf pine on site index 70 (base 50
years) land is estimated (Table 2).

Evaluated sawlog rotations of 60 to 70 years were
used. Table 2 shows the expected volume of
timber per hectare and the value per cubic meter.
Wert's and Thomas' (1981) growth loss of 74% was
used to predict growth of timber on roads and
skid trails. The predictions showed 26% of the
timber volume on skid trails as compared to that
on undisturbed soil. Growth losses on skid
trails ranged between 223 and 311 cubic meters
(3,184 and 4,440 cubic feet) for the rotation.

Hatchell (1981) stated that long term growth
could not be projected from his 4-year study on
t@e effects of compaction, but the data of
Oissmeyer (1985) and Amateis and Burkhart (1985),
on early (5-10 years) height differences between
site preparation treatments on upland Coastal

Plain and Piedmont sites show that differences
persist to the end of pulpwood rotations. The
growth curves presented by Dissmeyer (1985) and
Amateis and Burkhart (1985) suggest that growth
difference would probably also persist through
60-to 70-year sawlog rotations. Hatchell (1981)
found that 4-year heights were the same between
rehabilitated skid trails and uncompacted soil.
Projecting to the end of a pulpwood rotation, the
trees in the former skid trails should be about
the same as trees growing on the uncompacted
soil. For the purposes of this analysis, it was
estimated that only 75% of the growth loss would
be regained by skid trail rehabilitation.

The average cost to fully treat hectare of skid
trail is $900 ($360 per acre). Full treatment
includes waterbarring, ripping or discing, seed-
ing, fertilizing, and mulching where needed. The
present value of the timber productivity recov-
ered ranges from $1,193 to $4,568 per hectare
($477 to $1,827 per acre). The benefit/cost
ratio for hardwood is 1.33, for hardwood/pine -
2.82 and for shortleaf pine - 5.07.

The real rate of return over inflation ranges

from 2.4 to 4.8%. The real rate of return of

2.4% for hardwood is comparable to low risk
investments in government securities. The return
of 3.8% for hardwood/pine is comparable to invest-
ments from low to medium risk income/growth mutual
funds. The 4.8% return for shortleaf pine is
comparable to returns from medium risk income/-
growth mutual funds.
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Table 3.
with roads.

Analysis of economic benefits of watershed treatments associated

“freatment 1/

Seed Without Seed wWith Hydroseed
Mulch Muich & Mulch
Cost per kilometer - § 356 569 701
Cost per kilometer for soil and
water technical services - § 62 62 62
Total cost of watershed treatment - § 478 33T 783
Benefits
Savings in construction costs - $/Km 31 N 3N
Savings in annual maintenance
costs - $/Km 186 186 186
Benefit/cost (10-year period) 4.4:1 2.9:1 2.4:1

1/ Treatments included fertilization and liming where needea.

It appears from this analysis that investment in
skid trail rehabilitation will reduce sediment
yields and benefit fisheries, and will also bene-
fit landowners economically. The more valuable
the timber product grown, the greater is the
return on the investment. Investment in main-
taining soil productivity can be as good as
investments in some other long term options.

Roads can be a major source of erosion and
sediment and rehabilitation appears to be
economically justifiable. Reducing erosion and
sediment from roads includes proper location,
drainage, surfacing and revegetating cut and fill
slopes. During a planning analysis, Jim Maxwell
and engineers on the Chattahoochee-Oconee
National Forest found the inclusion of soil and
water resource management in the location and
construction of forest roads results in an
estimated $311 per kilometer ($500 per mile)
savings in construction costs and an estimated
annual savings of $186 per kilometer ($300 per
mile) maintenance costs (Table 3).
in construction costs come from avoiding problem
soils, wet areas, and unstable slopes. Main-
tenance savings are derived from the revegetated
cut and fill slopes, which reduced erosion
from these sources and prolonged the time needed
for ditch lines to fill with sediment. Without
revegetating cut and fill slopes, ditch lines
need to be reconstructed one or more times a
year. Vegetated fill slopes are more stable and
less likely to erode or slump, thus fill slope
maintenance costs are reduced. Also, proper
spacing of road drainage decreases ditch and
surface erosion.

The costs of revegetating cut and fill slopes
ranges from $356 to $701 per kilometer (3573 to
$1,128 per mile) depending on the amount of cut
and fill area per mile and the type of treatment
needed (Table 3). The costs of preparing soil

&/ Personal communication and file data.

These savings

and water prescriptions, soils data, and review-
ing the project in the field is approximately $62
per kilometer ($100 per mile).

The benefit to cost analysis of rehabilitating
cut and fill slopes was limited in my analysis
(Table 3) to a 10-year period. For a seed with-
out mulch treatment of cut and fill slopes, the
benefit/cost ratio is 4.4. For seeding with
muich, the ratio is 2.9. The B/C ratio for
hydroseeding is 2.4. Therefore, the analysis
clearly shows that it is to the landowner's
financial benefit to invest in soil and water
consultation, and in revegetating cut and fill
slopes on permanent access roads.

CONCLUSIONS

The control of sediment that adversely affects
fisheries is best controlled at its source.
Controlling erosion and sediment at its source in
forestry, generally means in site preparation
areas, logging areas, and roads. Erosion control
at these sources can mean significant economic
benefit to the landowner through reduced road
construction and maintenance costs, savings in
site preparation costs, by increased timber pro-
duction and larger returns on investments. Water
quality and fisheries will also benefit. Proper
soil and water resource management is good for
the upstream landowner, to the downstream fishery
and water user, and to society in general. Soil
and water conservation is not just a “"nice thing
to do", but makes good economic sense in forestry.
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SECTION II. FORESTRY PRACTIC

Pine Plantations As Wildlife Habitat: A Perspective

A. Sydney Johnson

Abstract. -- Pine (Pinus spp.) forests in various
stages of succession provide important seasonal habitat for
many wildlife species, and open, frequently burned pine
forests are crucial habitat for some species. But extensive
unbroken tracts of pure pine are not good habitat for wild-
life in general. Historical evidence indicates that the
great abundance of wildlife in precolonial southern forests
resulted from a mixture of forest types with abundant old
growth and substantial areas of openings and early succes-
sional forests interspersed. Extensive pine barrens sup-
ported relatively little wildlife. On pine sites the diver-
sity of age classes provided by modern even~age forest
management can provide good habitat for more vertebrate
species than some of the original pine forests, but much
depends upon how forests are managed. Hardwoods are essen-
tial for most wildlife species. The conversion and attempt-
ed conversion of hardwood sites to pine often has been
counter to wildlife interests, but the current trend toward
less intensive timber management on marginal sites probably
is beneficial. The vagaries of economics will determine the
place of wildlife in southern forests. 1In recent years the
economic position of game animals relative to timber has
improved and may provide additional incentive for incorpo-
rating wildlife enhancement measures into forest management

plans.

INTRODUCTION

There has been much research on wildlife
responses to intensive forest management and it
has been summarized and interpreted, frequently,
in review articles (Speake 1970, Perkins 1974,
Johnson et al. 1974, Harris and Smith 1978,
Harris and Skoog 1980, Dickson 198l1). Yet pine
plantations continue to be discussed with strong
opinions often based on inadequate information.
Some writers (e.g. Wheeler 1970) contend that the
diversity of age classes provided by intensive
forest management results in more game animals
than when the Indians were here; others (e.g.
Margolin 1970) maintain that pine plantations are
"biological deserts.".

Evidence discussed in this paper indicates
that wildlife was very abundant over most of the
Southeast "when the Indians were here"--not
because the region was unbroken virgin forest,
but because there was great diversity, and
disturbance was frequent and extensive. Even
then, however, there were areas of pure pine
forest that were regarded as "barrens" or
"desert." Then, as now, open pine stands that
were frequently burned were important habitat
for some wildlife species, but fully stocked pine

stands after crown closure were not good wildlif¢
habitat. Thus, the “biological desert" paradign
often fits individual pine stands after crown
closure. However, before crown closure, pine
stands provide excellent year-round or seasonal
habitat for a variety of wildlife species. The
specific wildlife values of young pine stands
change rapidly. Therefore, if stands of differ-
ent ages are interspersed and key areas of
hardwood are maintained, pine forests can be goot
wildlife habitat, and timber and wildlife manage
ment can be effectively and economically coordi-
nated. The discussion that follows develops
these points more fully. I thank P. E. Hale, J.
L. Landers, and J. M. Wentworth for reviewing the
manuscript and providing helpful suggestions.

THE ORIGINAL FORESTS

Most foresters and wildlife biologists
assume that managed lands are more productive
than unmanaged or wild lands. And, knowing that
most wildlife species are favored by early stages
of forest succession, many readily accept the
conclusion that today's managed forests have more
wildlife than those first encountered here by
Europeans {(e.g. McGinnes and Reeves 1958, Elder

-
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1965, Newsom 1969, wheeler 1970). This conclu-
sion is supported by accounts of the scarcity of
game encountered by the Lewis and Clark Expedi-
tion (Thwaites 1959) and certain other explorers
in the northwestern part of the continent.
However, for most of the eastern part of the
continent, even a superficial review of histori-
cal literature will raise doubt about this
conclusion. Early travelers obviously were awed
by the abundance and variety of wildlife and,
although some early writers are known to have
exaggerated, there are so many similar reports
that they cannot be dismissed. Many of these
statements have been extracted and compiled for
wild turkeys (Meleagris gallopavo) (Wright 1915)
and white-tailed deer (Odocoileus virginianus)
{McCabe and McCabe 1984).

In addition to narratives, there are market
and export records for skins and other commodi-
ties. Except for fish, the white-tailed deer was
the most important animal food of Indians in the
eastern states, and deer hides were important
commercial items. Therefore, a good record
exists from which to judge its numbers. McCabe
and McCabe (1984:29) estimated that precolonial
Indians in what is now Canada and the United
States consumed 4.6 to 6.4 million deer per
year--about twice the number harvested in the two
countries in 1982 (3.0 million--Stransky 1984:
739). Yet, the age structure of the harvest as
determined from deer jawbones from Indian mid-
dens, indicates that a low percentage of the
population was being harvested (McGinnes and
Reeves 1958:9 and Elder 1965).

In the late 1600's to the mid-1700's deer
hides became the most important export item from
the Southeast, and the rate of harvest greatly
increased. The number of hides exported from
Charleston, South Carolina, averaged 151,000 per
year from 1739 to 1765 (McCabe and McCabe 1984:
26). These exports are in addition to deer hides
used domestically by Indians and white colonists
and probably do not even include all deer export-
ed from South Carolina. Nevertheless, the
average annual export was almost three times the
number of deer harvested in the state in 1982
(54,321--Stransky 1984:739). Similar numbers of
deer hides were shipped from ports in Georgia and
the Pensacola Florida-Mocbile Alabama area, and
smaller numbers were shipped from other ports in
these states (Young 1956:23; Wing 1965; McCabe
and McCabe 1984:26). These harvest rates were
sustained for decades before deer populations
diminished under the intense hunting pressure and
the increasing impact of white settlers. Narra-
tive accounts and other information indicate that
other game species also were present in much
greater numbers than today.

Of course there was much more habitat then,
and this partly accounts for the large numbers
and great diversity of wildlife. But it is clear
that densities of deer, wild turkeys, and other
species were very high in some areas. It is
instructive for the manager to examine precolo-
nial forest conditions that supported such an
abundance of wildlife.

The general composition and nature of the
original forests (i.e., those encountered by the
earliest European colonists) can be reconstruct=~
ed from early accounts and statistics (e.g.
Nelson 1957, Rostlund 1957), analysis of corner
and witness trees in land survey records (Jones
and Patton 1966; Rankin and Davis 1971; Plummer
1975; and Delcourt and Delcourt 1974, 1977), and
relatively detailed descriptions of remnant
forests in the late 1800's and early 1900's
(e.g. Ashe 1894; Mohr 1901, Dunston 1910, Harper
1914, 1920, 1943). It is clear from these
sources of information that, with some definite
exceptions, the original forests of the South-
east were very diverse, with distinct forest
types that were closely related to soil types.

The Piedmont forests, like those of the
Blue Ridge, Ridge and Valley, and Plateau
regions, were mixed forests with a preponderance
(53%) of oak (Quercus spp.). The red soils,
which occupied 35-40% of the Piedmont, supported
very little pine. Gray, sandy soils supported
mixed pine-hardwood forests, and only about 15%
of the Piedmont was predominantly pine (Nelson
1957, Plummer 1975).

Coastal Plain forest conditions were deter-
mined mainly by topography and soils interacting
with fire. Pine forests were extensive. Sandy,
infertile uplands supported forests of almost
pure longleaf pine (Pinus palustris). Ha¥rdwoods
were excluded by soil characteristics and
frequent fire. 1In many areas pines were widely
spaced and early accounts refer to extensive
pine savannas (Plummer 1975), but some of the
pine forests were described as very dense (Lane
1973:148, 156). Where soils contained more
clay, hardwoods, especially oaks, were inter-
spersed among the pines and often dominated.
Moist, fertile sites protected from fire often
supported magnolia (Magnolia grandiflora), beech
(Fagus grandifolia), and other mesic hardwoods,
especially in the Gulf Coastal Plain (Delcourt
and Delcourt 1974, 1977). About one-third of
the Black Belt was patches of prairie or savanna
(S10 trees/acre) on alkaline soils, and the
forests, which occurred on the acidic soils,
were only 5-10% pine (Jones and Patton 1966,
Rankin and Davis 1971). In Georgia about
one-third of the Lower Coastal Plain was hard-
wood, gum-cypress (Nyssa-Taxodium), or cane
(Arundinaria gigantea) swamp (Bartram 1792:28,
Lane 1973:52). Along the slopes between the
swamps and the pine uplands, forests graded from
hardwood to pine~hardwood to pine. A band of
live oak (Q. virginiana) forest extended inland
a short distance from the coast (Plummer 1975).
In the Carolinas, bays and pocosins supporting
hardwood-cypress swamp, shrub bog, or wet
prairie added other elements of diversity.

The old growth forests must have produced
mast in quantities difficult to imagine today,
and the abundance of acorns and chestnuts
(Castanea dentata), clearly were important in
supporting dense populations of turkeys, deer,
passenger pigeons (Ectopistes migratorius), and
other species. But, over the Southeast as a
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whole, unbroken expanses of even-aged old growth
forest were much less common than generally
imagined.

Indians were the major factor affecting the
forests, although lightning, wind, and ice
storms-~-often followed by fire--were also sig-
nificant forces of disturbance. Indians practiced
agriculture extensively, clearing land by gir-
dling trees and burning (Swanton 1946:304-310).
Some areas near large towns were farmed contin-
uously, but many fields were cropped for only a
few seasons then abandoned for new clearings.
Some of the abandoned fields became grasslands
maintained by repeated burning. Rostlund (1957)
made an extensive review of accounts of precolo-
nial vegetation in the Southeast and concluded
that prairies and savannas made up a considerable
part of the region. He gquoted references to
grasslands and cultivated fields in nearly every
state and physiographic province from Virginia to
the Mississippi River. Some referred to grass-
lands or savannas extending for miles. The
Indian population over much of the Southeast was
drastically reduced between 1560 and 1700
(Swanton 1946:11-21), and some of the dense pine
forests described later may have been established
on abandoned Indian fields. :

The diverse pattern of vegetation that has
been reconstructed is consistent with the the
accounts of abundant wildlife. The intermingling
of mature forests, deadened timber, savannas, .
grasslands, and agricultural fields provided near
optimum conditions for wildlife. The Indians,
probably unintentionally, practiced far better
wildlife habitat management than managers can
affort to today.

However, wildlife was not uniformly abun~-
dant. Although early writers seldom provided
enough detail for comparison of wildlife abun-~
dance in specific habitats, descriptions of
extensive "pine barrens" in parts of the Coastal
Plain contrast sharply with the often poetic
descriptions of the more diverse forests on
better soils.

For example, John Davis, travelling through
an "endless track of pines," between Charleston
and Georgetown, South Carclina about 1800, wrote
of the "awful solitude of the woods ... heard no
sound but that of a woodpecker" (Cheney 1910:138-
139).

Several English travellers wrote of a stage
route along the fall line across Georgia before
1830. John Melish in 1806 described the route
about 25 miles south of Augusta, Georgia, as
"completely barren, and covered with pine trees
..." He was one of several travellers to use the
term "desert" (Lane 1973:21, 26). Adam Hodgson,
at Macon in 1820, wrote " ... from the fort the
eye looks down on an unbroken mass of pine woods,
which lose themselves on every side in the
horizon about twenty miles distant" (Lane 1973:
57). Aand Basil Hall, writing about the area
southeast of Macon in 1828, said "When one gets

into an American pine barren, it looks as if it
would never end" (Lane 1973:78).

James Silk Buckingham travelled this route
from Augusta to Columbus, in 1828. Between
Warrenton and Sparta, "our road lay almost wholly
through dense pine-forests, and the constant
succession of these trees, with scarcely any
other variety, made the way gloomy and monoto-
nous." Just west of Macon: " ... a dense forest
of pine-trees, the aspect of which was gloomy and
monotonous in the extreme.” And, still farther
west, "in the woods, the turtle-dove was the only
bird we saw in any numbers; a solitary mocking-
bird was occasionally seen; but though it was now
(early spring), we were never once cheered, in
all our journey, by the sounds of the feathered
choir, that make the woods of ‘merry England’
redolent of song" (Lane 1973: 148, 156, 157).

These descriptions of some of the pine
forests encountered by early settlers are strik-
ingly similar to those used by today's critics of
extensive pine plantations. Plummer's (1975)
analysis of original land survey records showed
that the true pine flatwoods (southeastern
Georgia) had very few tree species. The forest
he described would have had little midstory or
woody understory and little mast production.
These conditions were favorable for a relatively
few wildlife species. Outside the coastal
flatwoods and sandhills, especially on the Gulf
slope, pine forests were more diverse (Plummer
1975) and probably supported much more wildlife.
Although deer, bear (Ursus americanus), and wild
turkey used the pine forests and were abundant in
at least parts of the pine region, they seem to
have been associated with the hardwood swamps
that dissected much of the area. For example,
most early references to wild turkeys that
mentioned food or habitat conditions referred to
oaks, acorns, or clearings (Wright 1915).

However, it is important to recognize that
frequently burned, open, mature pine forests were
then, and are today, crucial habitat for some
species. These include endangered and other
nongame species of special interest--such as the
red-cockaded woodpecker (Picoides borealis,
Hooper et al. 1980), gopher-tortoise and eastern
indigo snake (Gopherus polyphemus and Drymarchon
corais couperi, Landers and Speake 1980)--and
important game species, such as the bobwhite
quail (Colinus virginianus, Landers 1981).

TODAY'S NATURAL FORESTS

The original forests were cleared rapidly as
agricultural settlement swept through the South
in the early 1800's; the last remnants were cut
from 1880 to 1920. In most places original
forest conditions cannot be restored-- soils have
been modified, the equilibrium of species has
been upset, and important species have been lost.
Today's "natural" forests--those that regenerated
naturally on cutover lands and lands abandoned
from agriculture, 1§65-1950--differ substantially



from those they replaced. Because they regene-
rated following severe and extensive disturbance
(agriculture or clearcutting), today's natural
stands are more nearly even-aged and, of course,
much younger than the original forests. Tho§e on
abandoned agricultural fields usually have little

woody understory. =

In the Piedmont, soil-disturbance and
Jowered site quality resulting from erosion have
allowed loblolly pine (Pinus taeda) to become
dominant on sites formerly occupied by hardwood
or mixed stands, and on most pine sites loblolly
pine has displaced shortleaf pine (P. echinata).
Conversely, in much of the Coastal Plain agricul-
tural fertilization and fire exclusion have
allowed hardwoods and slash pine (P. elliottii)
to invade sites originally occupied by longleaf
pine. Unfortunately, much of the hardwood
invading the pine type is of relatively little
value to wildlife because it consists of species
such as sweetgum (Liquidambar styraciflua). And
without selective thinning or burning or both,
even desirable species usually remain suppressed
in the understory and contribute little mast,
browse, or cavities. But, where wildlife is a
major objective in management, as on some public
lands and game plantations, naturally regenerated
pine forests managed on a long rotation with
frequent prescribed burning are near optimum
habitat for many species.

Naturally regenerated pine stands are still
common on private nonindustrial lands and on
public lands, but on most forest industry lands
they have been replaced by plantations.

PINE PLANTATIONS

Plantations differ from today's natural
stands in several respects. Whereas many natural
stands regenerated following high~grade logging,
most plantations follow agriculture or intensive
mechanical site preparation and have less residu-
al hardwood rootstock. In some areas drainage
and other site preparation allows conversion of
cypress or hardwood sites to pine sites. Pine
plantations are more uniform in species composi-
tion, spacing, and age than are natural stands,
and they are usually managed on a short rotation.
Generally, these differences would have to be
regarded as unfavorable to wildlife. But, it
would be too simplistic to conclude that natural
stands are always better wildlife habitat.

Because plantation establishment replaces
cne type of habitat with a very different one, it
is difficult to compare plantations with natural
stands without carefully replicated experimental
studies over a long period of time. Thus, most
published studies have compared plantations with
natural stands of different and highly variable
species composition and generally of different
age (Harris et al. 1974, Noble and Hamilton 1975,
Dickson and Segelquist 1979, Hurst and Warren
1980, Repenning and Labisky 1985). As would be
expected, these studies usually show substantial-
ly different wildlife values for the different

habitats. However, on wet flatwoods sites
naturally occupied by slash pine and unfavorable
for growth of most hardwoods, natural and
planted stands are more similar in species
composition than on other sites. On such an
area in southeastern Georgia, Johnson and
Landers (1982 and unpublished) compared mid-
summer bird populations, small mammals, and
certain vegetational characters in 40 slash pine
plantations 11 to 28 years old and an equal
number of naturally regenerated slash pine
stands of the same ages. The naturally regene-
rated stands were less densely stocked with
pines than the plantations, which had 40-60%
more trees. Canopy closure occurred later and
woody understory cover was about 20% more dense
in the naturally regenerated stands. Reflecting
the earlier canopy closure of the plantations,
density and number of species of summer resident
birds were lower in plantations than natural
stands at ages 11-15. But, after age 15,
despite continued differences in understory and
overstory density of the two types of stands,
differences in bird populations were not detect-
able. Trapping success for small mammals was
mostly related to local site variation (soil
drainage), and differences between natural and
planted stands were not evident.

Because plantations are, by definition,
managed systems, their wildlife value cannot be
assessed without consideration of the management
practices applied to them. If optimization of
timber management as the sole objective could be
realized, most wildlife would be affected
adversely and there would be no place for some
species. Many of the goals of intensive timber
management seem contrary to the goals of wild-
life habitat management. For example, wildlife
habitat managers usually strive for a diverse
overstory, sparsely stocked to allow understory
development, and a long rotation with trees old
enough to produce good mast crops and form
cavities. Commercial timber growers want full
site occupancy by the commercially desired
species, a short time between investment and
return on the investment, high growth and yield
rates, and economic efficiency in management.
These timber management goals are pursued by
full stocking, elimination of competition, short
rotations, use of genetically improved strains,
fertilization, large management units, mechani-
zation, and a high-density road system. If
these goals were fully achieved, the intensively
managed forest would indeed be very poor wil-
dlife habitat. This view of pine plantations
caused many wildlife bioclogists during the
1950's and 1960's to dismiss industrial forest
lands as hopeless.

In the 1970's several things became evident
that caused many biologists to change their
views. First, because of various economic and
public relations incentives and sometimes
personal interests of managers or executives,
wildlife often is given consideration in the
management of industrial forests. Second, even
where the goals of timber management are pursued
intensively and single-mindedly, they are rarely
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achieved because of economic, topographic, and
environmental limitations. And finally, biolo-
gists recognized that the 30,000,000 or so acres
of industrial forest land in the Southeast offers
a great opportunity to increase wildlife produc-
tion, hunting, and other wildlife-oriented
recreation.

Before crown closure, pine plantations of
different ages provide excellent year round
habitat for early successional species--such as
quail, rabbits (Sylvilagus floridanus), small
mammals, and their predators--and seasonal
habitat for many other species, including impor-
tant game animals such as deer and turkey.
Wildlife use of young pine plantations has been
intensively studied and is the subject of many
publications (e.g. Brunswig and Johnson 1972,
Johnson et al. 1974, Atkeson and Johnson 1979,
Landers and Buckner 1979, Buckner and Landers
1980). It is clear from these studies that, by
providing a mosaic of different age classes,
managed pine forests may support a variety of
wildlife species and greater abundance of some
species than the original unbroken pine barrens.
But a hardwood component must be maintained on
hardwood sites for animals, such as gray .
squirrels (Sciurus carolinensis) and many species
of wood warblers (Parulidae), that depend on
hardwoods and to provide mast, which is important
to wild turkeys, deer, bear, raccoons (Procyon
lotor), and other wildlife.

If wildlife is given consideration in
management planning, many wildlife enhancement
measures can be incorporated at little cost,
especially considering other environmental and
public relations benefits and the market poten-
tial for wildlife-related recreation. Because of
economic factors, the trend in the forest
industry at this time is toward less intensive
management on marginal sites. Furthermore, the
economic position of game species relative to
timber production has improved significantly in
the last few years. These trends, if they
continue, should result in increased opportuni-
ties for management of at least some important
game species.

Guidelines for coordination of timber and
wildlife management in southern forests are
already available (Johnson et. al 1974, Harris
et. al 1979, Buckner and Landers 1980, Harris and
Marion 1982, and Landers 1985), and other papers
in this session deal with the economics and
application of specific forestry practices. But
a few generalizations can be offered.

The most challenging aspect of coordinating
short-rotation timber and wildlife management,
obviously, is maintenance of areas of mature
hardwocds and old-growth pine. Site conversion
(e.g. drainage) and streamside management zones
are perhaps the most important issues in timber-
wildlife coordination. Maintaining units of
hardwood and old growth, linked by travel
corridors and streamside management zones, is
crucial to the wildlife objective. In general it
is best to maintain hardwoods in stands on
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hardwood sites rather than having them dispersed
within pine stands.

Wildlife may be most effectively incorpor-
ated into timber management by planning the size,
shape, and arrangement of stands and scheduling
harvest and intermediate treatments for desired
wildlife benefits. 1Ideally, the pattern should
be such that all the needs of a species are
fulfilled in any area of home range size on the
tract. This ideal is rarely achieved; and if a
variety of wildlife species are considered, it
may be impossible. The goal is best approached
by careful juxtaposition of small stands so that
diversity and patchiness are maintained. But it
is important that critical habitats are connected
by corridors and streamside management zones.
Otherwise habitats may become fragmented into
scattered islands too small to support breeding
populations and too isolated for use by other
populations. This aspect of management is
discussed by Harris and Smith (1978), Buckner and
Landers (1980), Harris and Marion (1982), and
Harris (1983).

Intensity of management within stands also
is an important consideration. Decisions regard-
ing site preparation, planting, and intermediate
treatments such as fertilization, chemical weed
control, prescribed burning, and thinnings can
greatly affect wildlife, and several papers on
this program elaborate on certain of these.
Others are discussed by Johnson et al. (1974),
Buckner and Landers (1980), and Landers (1985).
If the wildlife objective is considered in these
activities, benefits may be obtained at little or
no cost to the timber objective.

Finally, the responses of vegetation and
wildlife to silvicultural practices may differ
drastically at different places and different
times depending upon site characteristics,
previous use of the land, and weather conditions.
Site is an especially important consideration.
Foresters generally are acutely aware of the
importance of site in timber management, but they
often fail to recognize that site characteristics
may dictate different strategies in wildlife
habitat management. Some sites seemingly resist
management; others respond readily (Johnson et
al. 1974, Landers 1985). Johnson et al. (1986)
pointed out that in deer management, blanket
prescriptions across a variety of sites may
benefit deer populations in some areas and have
adverse effects in others.

In summary, pine plantations alone can not
fully meet the needs of all wildlife species, but
they can provide good habitat for many species.
Much depends upon how they are managed. The
wildlife habitat managers' goal, which must be
pursued with an acute awareness of economic
reality, is to arrange stands so as to maintain a
pattern of high diversity in structure, age, and
timber types and to maintain mast-producing
hardwoods on hardwood sites to the extent feas-
ible.
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Prescribed Burning for Managing Wildlife in Southeastern Pine Forests

J. Larry Landers

-

Abstract.--Reports involving today's wildfires or
prescribed burns often fail to recognize fire's primal
influence on wild animals. There is much ecological evidence
that recurring fires have been a long-standing, evolutionary
agent of habitat change to which native species are adapted
in the Southeast. Wildlife mortality from flames or smoke is
generally insignificant in southern forests. Many upland,
resident species thrive in herb-shrub stages that occur in
post-fire succession beneath pine (Pipus spp.) canopies, and
these species diminish when hardwood overstories begin to
overshade lower plant strata. Wildlife species
characteristic of complete hardwood overstories should be
maintained on true hardwood sites where fire rarely
penetrated naturally. Brushy patches, inclusions of
deciduous subcanopies, and groups of large living and dead
hardwoods add diversity to open pine forests with grassy-forb
groundstories. Interspersion could be enhanced in the short
term by spot burning under moist conditions together with
protection of selected parcels, but on many sites a hotter
fire is needed periodically to refurbish the open pine -
community. Research is needed to determine the proportion at
which habitat components should be placed together to support
different wildlife assemblages. Long-term studies of the
effects of fire or its exclusion on forest communities would
also help land managers choose appropriate burning schedules
to reach wildlife objectives.

INTRODUCTION

Ecologlsts have long recognized that
lightning-set fires must have been a recurring
force in original forests of the Southeast for at
least 8000 years (Harper 1911, Heyward 1939).
Thus, there are many examples that show resident
wildlife species to be adapted to fire, if not
dependent upon it. During most of that period
American Indians apparently set fires to drive
game as well as to meet other objectives. Natural
fire regimes were further altered by settlers--
through range burning with livestock grazing,
extensive farming, and lumbering--and by
subsequent eras of fire protection and modern land
uses.

By the time research-based wildlife
management emerged in this country (early 1920s)
there were no virgin tracts left in the Southeast
remote or large enough to experience lightning-set
fire at its natural frequency. The historical
relationships between fire, natural plant
communities, and wildlife niches are essentially
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unknown. Thus, wildlife management is primarily
involved with on-the-ground Jjudgment guided by
observations, and the use of prescribed burning to
influence wild animal populations is still very
much an art.

This report summarizes the effects of fire on
selected wildlife species and fire's relation to
habitat management in southeastern pine forests.

I appreciate the helpful comments on this
manuscript by James G. Dickson, Lowell K. Halls,
A. Sydney Johnson, Roy Komarek, Brad S. Mueller,
and Dan W. Speake.

DIRECT EFFECTS OF FIRE

Some behavioral reactions of vertebrate
animals to burning have been summarized in a
report pertaining mostly to wildfire (Lyon gf al.
1978). It has been commonly observed that less
mobile species, such as small rodents, are most
likely to panic while larger animals usually move
calmly during a fire. White-tailed deer
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(Odocoileus yirginianus) are known to congregate
on burned-over range and lick the ash residue,
apparently to obtain minerals. Upland game birds,
raptors and many smaller birds often are attracted
to fire or to the smoking landscape as foraging
sites.

Deaths of wild animals are seldom attributed
to fire in the Southeast. Apparently, birds
rarely succumb to fires (Bendell 1974). Means and
Campbell (1981) noted deaths of several glass
lizards (Qphisaurus spp.) and several diamondback
rattlesnakes (Crotalus adamanteus) in mid-ecdysis
(preshedding stage) at the time of prescribed
burning, but they went on to say that very few
herps are thus killed in southeastern forests.
Similarly, review papers edited by Wood (1981)
listed no fire-induced mortality of tree
squirrels, furbearers, or black bears (Ursus
americanus). Hill (1981) reviewed mortalities of
rabbits in northern and western habitats caused by
wildfires or intense summer burns, but he did not
list specific incidents involving southeastern
forests. However, after a fast-moving
experimental fire through a South Florida prairie,
Taylor (1981) recovered carcasses of five marsh
rabbits (Sylvilagus palustris) on a 20-ha. plot;
some degree of susceptibility of this species was
noted previously by Komarek (1969). The more
widespread cottontail (8. floridapus) seems to
easily escape flames, as do most of the smaller
mammals which inhabit upland sites. The ability
of small mammals to go underground or to emigrate
apparently accounts for the scant evidence of
mogt?lity from heat or suffocating smoke (Taylor
1981).

In a review by Stransky and Harlow (1981) no
records of deer death by fire were noted. But
recently, Osborne et al. (1986) documented
numerous deer deaths in a North Carolina pocosin
after a wildfire had moved through during a dry
period; carcasses were typically found in
smoldering hollows within the peat soils. Deer
mortality to this extent has not been reported in
other southeastern habitat types and most likely
did not occur under natural fire regimes.

Indications are that fast-moving burns in
habitats of the less mobile species would likely
be involved when death results. When mortality
does occur, it is usually negligible at the
population level (Lyon et al. 1978). A proper
evaluation should include the effective loss to
the population in relation to losses that would
have occurred through other causes had the burn
not taken place (ef. Cringham 1958). Most
undesirable direct effects can be overcome by
choosing proper times, places, and methods for
prescribed burning.

INDIRECT INFLUENCE OF FIRE

Fire makes its most important impact on
wildlife through habitat alteration. There are
many variables involving vegetation types, soil
properties, topography, animal niches, and
characteristics of individual fires that would
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require species-by-species accounts for thoromg
discussion. Such detailed analyses are beyond the
scope of this report. Therefore, general
conclusions of several publications are presente
here to form overviews of wildlife groups.

Reptiles and Amphibians

Habitats of herps span the entire moisture
gradient from xeric to aquatic. Certain very dry
forest types in the southeastern Coastal Plain ape
inhabited by species which travel in loose sand
(sand-swimmers) or live just above sandy
substrates. This group depends upon sites open at
ground level, particularly those associated with
patches of turkey oak (Quercus laevis) within
longleaf pine (Pipus palustris)-wiregrass
(Aristida stricta) communities or young sand pine
(P. clausa) stands (Campbell and Christman 1982),
Because sand ridges must have periodic fire to
keep dense hardwoods from dominating the landscape
(Bozeman 1971), reptiles keyed to these open
habitats are considered likewise dependent.
Another sand ridge reptile, the gopher tortoise
(Gopherus polvphemus), burrows and nests in sunlit
sites and thrives on herbaceous plants that are
dependent on frequent fire; several other rare or
threatened herps and many common species utilizing
tortoise burrows are indirectly benefited by fire
(Landers and Speake 1980).

Mesic forests support a less site-specific
herpetofauna. For example, Means and Campbell
(1981) captured 38 species in a study conducted in
northern Florida red hills. Three amphibian and 1
reptile species were predominantly in annually
burned pine forests, and 3 amphibians were
predominantly in hardwood hammock; the rest were
not clearly site specific. These authors also
summarized results from a summer burn in longleaf
pine flatwoods and from a winter burn in slash
pine (Pinus elliottii) flatwoods. The overall
trap take reached a new high one month post
burning on the longleaf site, and the herp species
dependent on surface cover did not show a
population decline after the burn; 26 species were
active throughout the burned area. In the slash
pine study there was no noticeable decline in trap
take of any species following winter burning.

Very little information is available
regarding the more aquatic herps. Those which
thrive in or adjacent to sizable water bodies are
probably affected very little by fire. The
American alligator (Alligator mississippiensis)
and associated marsh animals benefit from
occasional burning of shoreline vegetation (Lyon
et al. 1978). Species which inhabit small bogs,
such as the pine barrens treefrog (Hyla
andersoni), depend on fires to prevent woody
plants from dominating their sites (Means and
Moler 1979).

Much more research is needed tc clarify
relationships between fire and herp species.
However, existing data indicate that prescribed
burning benefits most*species native to southern
pine forests (Means ard Campbell 1981).



Birds

Fire is one of the most important factors
determining the abundance of forest birds. Avian
food resources are strongly affected by burning.
Total seed production peaks the first growing
season after fire and_quickly decreases thereafter
(Buckner and Landers 1979). Fleshy fruits are
geverely reduced the Pirst year after a fire
except in cases where the more fire-tolerant
species such as dogwood (Cornus florida) or
peautyberry (Callicarpa americana) are present.
These plants may actually produce more fruits at
this time. In open pine flatwoods, fruits of most
shrubs peak three to five years thereafter
(Johnson and Landers 1978). Understory burning
may induce longer-term reduction of most soft mast
species on certain upland pine-hardwood sites (Lay

1956) .

The litter-dwelling forms of invertebrates
eaten by birds are reduced by ground fires in the
short term; herbivorous insects quickly increase
with the regrowth of succulent plants; and certain
species of flies and beetles are drawn to the
smoke and heat, or later, to damaged trees
(Dickson 1981). These changes may affect
reproductive success because arthropods supply
eritical nutrients for breeding birds.

The physical makeup of bird habitat is also
of great importance. Structurally complex areas
generally support a greater diversity of birds
than uniform habitats, so fire can strongly
influence the composition of avian assemblages
through its effects on vegetation.

Nongame Forest Birds.--Only general
discussions are available on most resident birds
in the Southeast. Conner (1981) drew several
pertinent conclusions regarding cavity users. He
pointed out that woodpeckers and secondary cavity
users will decline where fire eliminates snags.
Similarly, the ignition of pine gum associated
with red-cockaded woodpecker (Picoides borealis)
cavities can reduce nest sites which are a very
liaited resource in most of today's forests.
Certain foods of woodpeckers can dwindle when fire
reduces litter-dwelling insects, deciduous foliage
supporting caterpillars, and the availability of
acorns and other important fruits. Conner (1981)
2180 listed some potential benefits: new Snags
Are often created by burns, especially in old-
drowth forests; low, open understories
characteristic of burned areas are essential to
red-cockaded woodpeckers; production of certain
fruits eaten after the breeding season can
increase with prescribed burning; many bird
:oocios are drawn to residual foods in burned-over

Teas; and fire provides open feeding grounds
““::‘ birds capture ants, grasshoppers and
:2. :::1&1:20 gimplexity of the potential negative
the beed ¢ effects on cavity-users points out
or research on maintaining needed
Sivaraity through
careful burning techniques.

Ia a review of songb
tna ngbirds, Dickson (1981)
zx-§°:§°d1th‘t burning favors the species closely
Pine stands or early successional

vegetation; it selects against those dependent on
deciduous canopy foliage, midstory trees, or
litter accumulation; and "edge species" may depend
on a habitat interface such as occurs at the edge
of burns or around hardwood islands within open
pine forests.

The fertility of pine sites may have a
pronounced influence on bird habitat development.
Studies in slash pine stands show that winter
burning has little overall effect, apparently
because resident birds resume site faithfulness
immediately afterwards (Emlen 1970) and because
subsequent midstory recovery is too slow to
markedly effect bird diversity, at least during 5-
year burn intervals (Johnson and Landers 1982).
Since warm-season fires formerly entered these
poor soil habitats every few years (Wharton 1978)
and these fires inhibit hardwoods and shrubs much
more than winter burns, it is probable that
deciduous canopy birds were originally restricted
to wet hardwood drains rather than being common
residents of pine stands. This deduction might
also apply to the infertile, dry soils of the
Coastal Plain where summer fires thoroughly
inhibited hardwoods. On the other hand, the mesic
clay regions (parts of the Coastal Plain and
Piedmont) probably experienced natural fires less
frequently and responded quickly after a burn.
Bush birds and midstory leaf-gleaners would most
likely increase with the rapid post-fire -
succession. They were probably ephemeral in
richer pine forests as well as regular residents
of hardwood flats.

Diversity and abundance of birds would be
enhanced in areas with a mixture of grasslands and
multilayered hardwoods interspersed in open pine
forests. These diverse conditions can be achieved
by applying fires that result in patchy vegetation
(spot burning under moist conditions, etc.) and by
sparing selected hardwood areas from fire.

Upland Game Birds.--Habitat requirements of
upland game birds have been thoroughly studied but
there are still many gaps in knowledge of fire
effects. Mourning doves (Zepaida macroura)
commonly forage on fresh burns (Stoddard 1963a).
Such bare areas are particularly important where
doves do not have access to the kinds of seeds
produced by mechanical soil disturbance. It might
be deduced that, before man's influence, the
mourning dove had to be a follower of fresh burns
because it generally does not scratch in litter
for seeds, nor does it alight in dense vegetation
when feeding. The tendency for doves to nest in
small trees or occasionally in lower plant strata
also indicates that periodic fire may have been
beneficial in providing early successional stages.

Gallinaceous game birds are affected by fire
in several ways. Parasites that infect this bird
group are reduced by burning (Stoddard 1931, Metz
and Farrier 1971, Ahlgren 1974, Bendell 1974,
Jacobson and Hurst 1979). In pine forests,
bobwhite (Colinus virginianus) and wild turkey
(Meleagris gallopava) brood habitat consists
primarily of recently burned herbaceous vegetation
(Stoddard 1931, Exum 1985).
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Cool weather foods of quail and turkey that
increase the first year after burning include
legumes and certain other large-seeded herbs.

Many shrubs and midstory trees will increase fruit
production if burned occasionally. Because acorn
proauction declines in many areas with frequent
burning, protection of oak patches has been
recommended in habitat management of both quail
(McRae g& al. 1979) and turkey (Hurst 1981).

Annual winter burning over most of a
management area is essential to maintaining
huntable populations of quail in pine forests
(Stoddard 1931, Speake 1966). Although responses
of turkey populations are less clear, studies of
important requirements (plant food diversity,
insect production, brood-rearing sites, etc.)
indicate that occasional burning is necessary to
keep pine-dominated forests from becoming choked
with brush (Hurst 1981). Recommendations for
habitat maintenance range from burning turkey
brood arsas at least every other year (Exum 1985)
to a general interval of once every three years
(Stoddard 1963b). Burning before the nesting
season is often recommended, with small, scattered
areas burned each year throughout winter for
regular production of greenery (Stoddard 1963b)
and others every 2-4 years to insure some fruit
production (Speake et al. 1975). '

Ruffed grouse (Bonasa umbellus) select
herbaceous habitats for brood rearing (Harris
1981). One of the major winter forages (Kalmia
latifolia) of grouse in the Southeast has been
shown to increase in crude protein and phosphorus
with burning (Thackston et al. 1982). This game
bird is considered a fire climax species, or at
least one that benefits from recurring fires
(Sharp 1970).

Birds of Prey.--Predatory birds are
indirectly affected through fire's influence on
nesting sites and food supplies. Red-tailed hawks
(Buteo jamaicensis) have been recorded feeding on
grasshoppers fleeing from fires. Kestrels (Falco
sparverius) and many other hawks and owls also are
attracted to burns in search of prey (Stoddard
1963a, Komarek 1969).

An important factor in the ecology of most
predatory birds is the population level of prey
species. Most hawks and owls depend on the cotton
rat (Sigmodon hispidus) and cottontail rabbit and
other major prey species (herps, large insects,
etc.) that are affected by any disturbance that
changes the balance between understory cover and
forage. Since regular burning keeps habitat in a
Sujtable condition for the more common mammals but
temporarily exposes them when cover is ignited,
and since thickets retard the efficiency of
predators, it is probable“that fire benefits avian
predators through availability of food (see Mammal
section). The maintenance of prey populations for
golden eagles (Aquila chrysaetos) is an objective
of burning mountain balds in the Southeast.

Cooper's and sharp-shinned hawks (Accipiter

cooperii and A. striatus) seem to key in on quail
and the larger or more colorful passerines. These
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"blue darter" hawks are primary predators of Sues
birds that are abundant in fire-maintained 8&u?
lands in the Deep South.

Because hawks nest mainly in living hargy
and the more widespread owl species nest in tree
cavities, fire has the potential to adversely
affect reproduction if it is intense enough t¢
destroy nest trees. Light winter burning Probat),
does no substantial harm.

The burrowing owl (Athene gunicularia)
inhabits sand hills in southern Florida. Perigy
fire is important in keeping the substrate open
for burrowing, as well as maintaining early
successional stages for the herp-mammal food base
on which this owl depends.

Mammals

A variety of mammals inhabit each stage of
understory and subcanopy development in southern
pine forests. No single species satisfies all of
its seasonal needs in any one uniform stage.
Rather, their dietary and structural requirements
are partially in opposition because of competition
for sunlight within a stratum and progressive
dominance of taller strata over shorter ones.
Therefore, some degree of habitat patchiness is
essential to all mammal species; the acceptable
scale of this patchiness is related to the home
range size of the species under consideration.

mammals.-~-0f the 44 species of small
mammals in the southeastern states, only 16 had
been mentioned in research reports when Taylor
(1981) reviewed the literature regarding fire
effects. He concluded that the fulvous harvest
mouse (Reithrodontomys fulvescepns) and cotton

mouse (Peromyscus gossypinns) showed a consistent
population increase following fire; the cotton

rat, eastern harvest mouse (R. humulis), and
round-tailed muskrat (Neofiber alleni) showed
population decreases; the old-field mouse (P.
poliopotus) and Florida mouse (P. floridanus)
showed no measurable change; and nine other
species were listed under ®response unknown."

The problem with deciphering small mammal
responses is related to the very short duration of
most studies. The previous evaluation was heavily
influenced by data from ten studies conducted frof
4 to 28 months; one investigation (Layne 1974) was
conducted over a three-year period and another
(Baker unpubl.) had run for seven years at the
time of Taylor's (1981) review. The complete
impact of forest burning is difficult to assess
because (1) erratic annual population changes can
occur independent of habitat conditions, (2)
several years are required for significant changes
in seral stages, (3) populations can be depressed
immediately by a given burn, but increased in the
long run, and (3) when regular burning is stopped,
populations can increase immediately but become
depressed in the long run.

The best avai{able information comes from
Baker's (unpublished) study which was conducted in
a park-like loblolly (Pinus taeda)-shortleaf pine



(p. echipata) stand that had been winter-burned
annually for decades. Burning ceased in March
1907, and plant succession was allowed to proceed
unhindered. A live trap census was begun
(mmed iately after the last fire, continued for 12
consecutive years, and initiated again in 1986.
Many least shrews (Cryptotis parva), several
pustern narvest mice, and a few cotton mice,
“nort-tailed shrews (Blarina brevicauda), and
golden mice (Qehrotomys puttalli) were recorded on
the fresh burn. During the first and second years
oat-burny nerbivores and granivores became
gominant [cotton rats, cotton mice, eastern
parvest mice, and house mice (Mus musculus)].
Growth of woody cover mixed in with abundant herbs
was an important factor in this increase. Shrews
(ipsectivores) apparently declined during this
period, then became rare or absent for the next

six years.

The early brush stage (years three and four)
also supported abundant cotton rats and cotton
mice, but eastern harvest mice and house mice did
not persist beyond this stage; the more omnivorous
and arboreal golden mouse began a marked increase.
Golden mice increased further during the next two
growing seasons and remained common for at least
six years thereafter. Species more fully
dependent on groundstory vegetation gradually
declined during this period, but the eastern
flying squirrel (Glaucomys yolans) became quite
abundant after the ninth growing season. The
short-tailed shrew reappeared during years 8
through 11 after fire exclusion, probably as a
result of optimal litter structure and arthropod

abundance.

Nineteen years after fire was excluded
(1986), a few golden mice and many flying
squirrels were captured, and gray squirrels
(Seiurus carolinensis) were often seen (all
arboreal species). To date, it appears that the
terrestrial species and even the semiarboreal
golden mouse depend on early post-fire
successional stages in this forest. Whereas
3aker's data might apply only to certain pine
forests, it serves here to illustrate a basic
premsise: the majority of small mammals thrive in
early- to midsuccessional habitats which are
Zaintained (if not created) by fire, or by some
other disturbance that has a similar effect on
Yegetation. The relationship between sunlight
intensity, lower-level vegetation, and small
tasmal species should be investigated in other

g:::‘g types to more fully assess the role of

. ires Squirrels.--Burning can have a major

g:g;ﬁ§ on tree squirrels. Kirkpatrick and Mosby

Serac pointed out that fire significantly

cf?.czt‘ babitat of squirrels when it is employed

. t;:ly to maintain pure pine stands. In such

:?:: o ;osz Seriocus negative factor was thought
amage to den trees, developing hardwood

saplings
ey rolt ::: mature mast producers. In contrast,

t low-intensit £
“4ve 5% adver ¥ ground fire might
s tog a‘.t:zotfrects in squirrel woods other

tion of acorns in the durr,

Fire may have a positive influence on
squirrel habitat in some situations. For example,
it is generally accepted that squirrel population
levels depend to a large degree on the supply of
acorns; low-growing oak species in the Coastal
Plain are dependent on periodic fire for
maintenance and for acorn production (Williams
1977). Furthermore, squirrels require certain
nutrients that are insufficient in acorns
(protein, key minerals). For a balanced diet they
also feed on mushrooms (which often increase with
burning) or fruits and seeds such as dogwood
drupes (a species maintained by fire in many
forests).

Population data are very scarce for any
squirrel species in pine-dominated forests. Least
is known about the ecology of southern flying
squirrels. In Baker's study (gop. ¢it.) this
secretive species was not captured frequently in a
post-fire study plot until about the tenth year
when water oaks (Quercus nigra) and other hardwood
saplings formed a tall midstory. However, in this
same pine forest (Tall Timbers Research Station)
flying squirrels are very abundant, even though
most of the landscape has been winter-burned
annually for over a century. W. Baker (pers.
comm.?)- documented 20 to 30 flying squirrels
denning together during winter in a nest box
erected in open pine woods. Habitat quality is
enhanced by mature live oaks (Quercus virginiana)
spaced throughout the annually burned property.
Also very abundant in this forest are gray
squirrels and fox squirrels (Seiurus niger).

In frequently burned pine-dominated forests,
gray squirrels primarily inhabit drains, wet
depressions, and upland hardwood islands which get
their start where fire misses areas for a few
successive years. These hardwood islands develop
less frequently on flat terrain than clay hill
terrain. For example, on quail plantations in the
Red Hills region of southwest Georgia and northern
Florida, the spread of hardwoods is a constant
problem where old field loblolly and shortleaf
pines predominate. Hardwood encroachment advances
as lightning strikes and pine beetles gradually
kill the large pines while annual winter fires
tend to repress pine regeneration. Fire quickly
becomes less effective at controlling hardwoods as
pine needle cast decreases. Since practically all
pine forests on well-drained clay sites, whether
in the Coastal Plain or Piedmont, are old-field
communities, it is probable that squirrels will be
provided for where winter prescribed burning is
the sole tool for controlling hardwoods in such
forests. Because gray squirrels feed to a large
degree on pine seeds, habitat quality could be
more stable with parcels of mixed pine-hardwood
than in pure hardwood forests where fluctuating
oak mast is the only mainstay. However, in
Coastal Plain forests where wiregrass is still
abundant in the understory, repeated fires
suppress hardwoods so thoroughly that gray
squirrels are uncommon.

Fire has probably been a determining factor

in the niche separation between gray and fox
squirrels in the Coastal Plain. Even though both
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exist in mixed pine-oak forests and feed heavily
on acorns, the more competitive gray squirrel
dominates locally where the overlap of oak crowns
allows tree-to-tree travel through the canopy.
The much smaller body size of grays may also have
advantage in contending with low ebbs in acorn
8upplies.

It has been reported that fox squirrels are
more abundant where patches of osks comprise less
than 30% of pine~-hardwood stands (Hilliard 1979).
From long-term studies in longleaf pine forests,
Weigl et al. (1983) theorized that southern fox
8quirrels evolved into the largest sciurid in
North America (1 kg or larger) through the
advantage of traveling long distances to find
longleaf pine cone concentrations and the greater
8bility to handle and tear apart these large
cones. This theory together with the fact that
fox squirrels are quite clumsy when trying to
travel in canopies, and spend a great deal of time
foraging for acorns as well as bulbs, seeds, etc.
on the ground, would indicate they do best in
fire-type pine forests with scattered hardwood
inclusions. A lush, grassy groundstory maintained
by fire is important as protective cover from
predators (Hilliard 1979). The gradual
disappearance of this mixture of habitat
components has led to a serious population decline
of fox squirrels throughout the South.

()

Rabbits.--~The subject of prescribed fire and
rabbits in southern forests was reviewed by Hill
(1981). He stated, "Most wildlife researchers
believe that any planned fire that reduces plant
succession to an earlier stage will generally be
beneficial to rabbits."™ The immediate adverse
effects of cover reduction are thought to be
overridden by improved forage quality and quantity
for two or more growing seasons after burning.
Hill (1981) also concluded that burn eycles longer
than two-year intervals would be less beneficial,
but that "any fire is believed better than fire
exclusion.”

There are important implications that burning
helps reduce the parasite burden on rabbits (Hill
1971; Van Rensburg 1971). By combining the
findings that rabbit litter size depends on the
nutritional quality of forage (Hill 1972) with the
numerous data that show light burning increases
high-protein herbs (legumes, grasses, etc.) eaten
by rabbits, the potential becomes clear for a
positive reproductive response to fire. However,
since rabbits also feed on certain shrubs and
vines (especially during winter) and require
thickets for escaping from their many predatory
enemies, it would seem that a clean annual burn
would be far less ideal than mosaic burning that
would leave sizable patches of woody plants. It
is also possible that burning a number of
scattered parcels periodically during the colder
months might provide greenery that would help
overcome food shortages. To maintain habitat
diversity, Hill (1981) suggested alternating the
burning on adjacent plots during a given year.

Furbearers.--There are eight medium-sized
mammals classified as fur bearers that live in
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southern forests. All are highly mobile,
terrestrial species--foxes (Urocvon
ginersoargenteus and Yulpes fulva), bobeat (Lyp
rufus), raccoon (Procyon lotor), skunks (Spdlogy,
putorius and Mephitis mephitis), opossum
(Didelphis marsupialis), and coyote (Canis
latrans). There are apparently no references t,
indicate any direct effect of fire on these
mammals, but indirect effects on foods and othep
resources can be quite important (Hon 1981),

The welfare of major predators--foxes,
bobcat, and coyote--depends to a great degree o
accessibility to smaller mammals. The benefits
fire in maintaining early successional habitats
for these prey species was discussed in previous
sections. It is also probable that predator
efficiency is improved by ground fires (open
substrates for quieter stalking and easier captuxn
of prey, concentrating effect on prey in patches
missed by fire, etc.). If improved efficiency i
& significant advantage, it may be that burning
annually provides better stalking grounds than
biennial or longer intervals that actually yield
the most total prey. This factor might account
for a dense bobcat population recorded on a quail
plantation where winter burning was conducted
annually (Miller and Speake 1978). Furthermore,
it has been suggested that, under natural
conditions, frequent fires worked together with
predators in keeping small mammals in normal
population bounds (Komarek 1939).

While terrestrial furbearers all eat smaller
mammals to some extent, other food items are
important to various degrees. Insects are primar
or secondary food items. Litter dwellers (certait
ground beetles, etc.) are often displaced by
herbivorous insects (grasshoppers, etc.) after a
fire; the latter insect group typically
constitutes the bulk of insect components of
furbearer diets.

Fruits are important in diets of the more
omnivorous species (foxes, coyotes, raccoons, and
opossums). Of the major fruit species, acorns,
persimmons (Diospyros virginianus), plums and
cherries (Prunus spp.), and grapes (¥itis spp.)
can be severely reduced by fire in the short run.
However, these woody species require openings fof
establishment, so edges of burns in pine forests
way be common regeneration sites for many of thes¢
plants. Important berry producers such as
blackberry (Rubus spp.), blueberry (¥aceinium
spp.) and gallberry (Ilex glabra) produce the most
fruit a few years after fire pruning. Fire at
three-year intervals would optimize fruit
production in open slash pine forests (Johnson and
Landers 1978).

Hon (1981) inferred that burning on a three-
year rotation should create desirable furbearer
habitat in the southeastern pine region. He also
noted that certain fire-sensitive fruit producers
should be protected for longer periods. To these
suggestions might be added that some upland areas
be burned more frequently to maintain
grasshoppers, etc., and low vegetation where
predators could more efficiently catch prey.



Black Bear.--Black bears ranged throughout
the southern pine belt before the build-up of
puman population centers. Occupied range south of
the mountain regions is now restricted to large,
relatively inaccessible forests in the Lower

coastal Plain .

Hamilton (1981) " synthesized information
oncerning fire effedts based primarily on his
N ar research in North Carolina and the
?zyestigations of other researchers in Florida.
He pointed out that periodic winter burning is
propitious for production of fruits [dwarf ocak,
saw palmetto (Seremoa repens), etc.] and tender
shoots which comprise the bulk of the diet, but
advised against summer burning because it can
deprive bears of a wide variety of foods. For
pocosins, Hamilton (op. gif.) suggested that
periodic burning (every three to seven years) be
restricted to zones between pine-scrub oak sand
ridges and Carolina bays or hardwood swamps.
Because broad-scale burning temporarily reduces
food supplies over large areas and pushes bears
into unfamiliar territory where they are quite
vulnerable, he recommended burning numerous, small
areas throughout bear habitat to create a maze of
post-fire stages, and to burn pine-hardwood
habitats on a 5-10 year rotation. This
recompended frequency might have to be modified
depending on soil fertility of a given management
area. Planning for juxtaposition of various
successional stages seems as appropriate for
papaging habitat for black bears as it does for
the mid-sized omnivores discussed in the previous.
section. In pocosin country it is critical to
schedule prescribed burns when peat soils are
saturated to guard against subsurface fire.
Bowever, the benefits of careful burning are
evident when compared to the destructive nature of
wildfires which occasionally ravage through
*protected” pocosins.

White-tajiled deer.~-Most information
regarding the effects of fire on deer pertains to

habitat influences. Stransky and Harlow (1981)
pointed out that burning typically causes several
changes: 1) an increase in certain essential
outrients (protein and phosphorus which are
geperally limiting in the Southeast) and
Palatability of forage during the first growing
season or longer; 2) initial reduction of leafy
biomass, followed by effective increases until
browse grows beyond a deer's reach (4bove 1.5 m
After about three years); and 3) an initial
decrease in fruit yields of most shrubs, followed
by increases in the next three to five years in
some forests or longer-term decreases in others.
The overall higher plane of nutrition resulting
from fire can improve antler development in bucks

:gg1§hc condition of fawns (Beasom and Springer .

Negative effects commonly noted by biologists
::t the reduction of acorns and a temporary
1 slodging of deer from their home ranges after
c:’so‘acalc fires. Regular burning favors herbs
o woody browse Plants, more so by warm-season
Dr‘t.:i.:intor burns. Some of the highly
forage plants are woody vines which are

notably pruned back by fire and may be virtually
eliminated by repeated burning of areas with dense
deer populations. Therefore, the burning interval
and percentage of an area burned each year are
major considerations in deer range management.

Since browse plants generally surpass their
prime by the fifth growing season after sprouting,
deer range might approach optimum condition with a
five-year cycle scheduled to burn about 20% per
year in small parcels. The conflicting
requirements of low browse vs. hard mast supplies
would suggest that delineating browse production
areas apart from major oak stands would benefit
deer. Research on the optimum size and shape of
burning units would help refine management
schemes. Studies are also needed on effects of
small, warm-season burns to see if the resulting
succulent growth might better meet the nutritional
needs of pregnant does and young fawns.

CONCLUSIONS

The complexity of the foregoing summaries
show that any generalization about ™how fire
affects wildlife" would be tenuous at best. Not
only is each wildlife species affected
differently, each forest type and local habitat
situation reacts differently to a given fire.
Cumulative information must be interpreted
cautiously. -

Even though fire is generally an
insignificant direct cause of wildlife mortality,
it indirectly influences the abundance and species
composition of pine forest wildlife through
regulation of lesser vegetation. Most residents
are early- or midsuccessional species. Habitation
in preclimax stages of today actually reflects a
primal dependence on fire--the prevailing
disturbance force for thousands of years.

Prescribed burning is perhaps the most under~
utilized but valuable tool available to wildlife
managers. A critical evaluation of burning is
needed before its usefulness can be fully realized
in even a single-species plan. If the habitat is
decadent then fire may provide benefits quickly,
but if the habitat is already in prime condition,
fire may set back the targeted species, at least
in the short term.

Goal-setting is essential in management with
fire.  An objective of general wildlife diversity
is self-conflicting. But because most species

‘require at least some habitat patchiness, this

goal might be approached by blending spot burning
with parcels spared from fire for various lengths
of time, depending on site fertility and
vegetation type. Research ia needed for
developing recommendations for patch size to
accommodate different species. In all cases, the
quality of pine sites should be taken into
consideration because the richer the site, the
greater the probability that increasing numbers of
hardwoods will reach fire-resistant size and
outstrip the control of low-intensity fires.
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The opportunity for "natural community
stewardship" in southern pine forests has been
foregone for several decades. Attempts to
duplicate what anyone might visualize as truly
natural should be accompanied by plant ecology
research involving variable summer fires together
with documentation of resulting gains and losses
of wildlife. The trade-offs in choosing one goal
over another must be evaluated more closely as
managers try to provide for wildlife on dwindling
forest lands in the future. The easiest goal-~
featuring deciduous canopy species--can be reached
in pine forests after many years of benign neglect
unless a wildfire occurs. The wisdom of taking
that course should be closely scrutinized by all
decision makers involved in conservation. A
better approach for accommodating such species
would be to manage for hardwood stands on true
hardwood sites.

Management with fire will always require on-
the-ground judgment and a thorough knowledge of
the requirements of targeted wildlife. Long-term
studies of fire-community relationships are needed
to help land managers choose the proper burning
schemes to reach their objectives.
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Herbicides and Wildlife in Southern Forests!

William C. McComb2 and George A. Hurst3

Abstract.--A review was conducted of the literature on
the direct and indirect effects of herbicide application on
forest wildlife. Herbicides vary in toxieity to wildlife,
but acute toxicity to most species from most herbicides under
normal field conditions is unlikely. Effects on terrestrial
vertebrates of repeated applications of herbicides over long
time periods or repeated exposure to contaminants of
herbicides (such as occurred with dioxin in 2,4,5,-T) is
unknown. Herbicide application alters habitat composition
and structure thereby resulting in differential response to
herbicide~treated stands by terrestrial vertebrates.
Application of herbicides in most southern forest situations
may result in short-term changes in the abundance of some
terrestrial vertebrates. Herbicide use in mature forest for
TSI will promote canopy gaps and understory biomass
production, while use in young clearcuts will temporarily
reduce understory biomass. Published data describing direct
effects of herbicide application on wildlife reproduction and
survival and on herpetofaunal response to habitat changes are

lacking.

INTRODUCTION

Vegetation management using herbicides is
widespread in southern pine and hardwood
forests. Herbicides are used in pine forests to
release pine seedlings from competing hardwood
regeneration and to prepare sites for planting.
Use in hardwood stands includes timber stand
improvement (TSI), right-of-way management and
wildlife habitat improvement. During 1975,
approximately 11 million kg (25 million 1lbs)
acid equivalent (a.e.) of 2,4-D (mention of
trade names does not imply endorsement by the
Kentucky and Mississippi Agricultural Experiment
Stations) was used in the U.S. in non-
agricultural crop situations, including forestry
(U.S. Forest Service 1984), The U.S. Forest
Service (1984) provided use and application rate
information for herbicides used on Forest
Service lands in 1981 and 1982. Approximately
100,000 ha (250,000 acres) were treated with
approximately 225,000 kg (500,000 1lbs) a.e. of 8
herbicides (atrazine, 2,4-D, dalapon, gly-
phosate, hexazinone, trichlopyr, sulfometuran
methyl, and picloram) each year. These herbi-
cides (except atrazine and dalapon) account for
approximately 90% of the herbicides used in
southern forests (C.S. Metcalfe, pers. comm.);
they are applied aerially or broadcast as
pellets in most situations except TSI where
individual trees or stumps are injected.

I, .
This paper (86-8-162) was prepared in connection with K
624 and with the Mississippi Agricultural Experiment St

Directors.

Herbicides in an ecosystem can: (1) degrade
on site, (2) be transported to a new site and
degrade, or (3) bioaccumulate (U.S. Forest
Service 1984). Degradation rates for most
herbicides have been estimated under a variety of
conditions and vary widely on different sites.
For instance, picloram has a half-life of
approximately 1 month on moist sites and up to i
years on arid sites. Glyphosate and dalapon are
rapidly degraded by soil micro-organisms; 2,4-D
has a half-life of 1 month or less but hexazinone
has a half-life of from 1 to 6 months (U.S.
Forest Service 1984).

Herbicide transport is generally either by
wind, water or herbivores. The solubility and
persistence of a herbicide in water are critical
to toxicological effects on aquatic organisms.
There is considerable variation among herbicides
in solubility and degradation in water (U.S.
Forest Service 1984). Generally, herbicides used
in forest management rarely reach high concentra-
tions in aquatic systems.

The degree of biocaccumulation in vertebrates
is dependent upon solubility in organic solvents
and water, rate of excretion and rate of metabo-
lism. Chemicals vary greatly in their accumu-
lative nature. Herbicides, their metabolites and
their contaminants (such as dioxin) probably vary
in bioaccumulation capacity.

entucky Agricultural Experiment Station Project No.
ation. It is published with the approval of the

2
Associate Professor, Department of Forestry, University of Kentucky, Lexington KY. 40546.

3
Professor, Department of Wildlife and Fisheries, Mississippi State University, Mississippi State, MS.

39762.

28

o B s e P S



CIDE EFFECTS ON WILDLIFE HABITAT
HERB LG UPLAND HARDHOODS

Herbicide use indirectly affects two vege-
mponents of wildlife habitat: composi-
tarive gcstructure. These two components are
i aninterrelated; a change in habitat compo-
h;%?;i will likely change habitat structure.
5 -

Habitat Composition

Some wildlife foods can be adversely
herbicide application, and some can
by it. Hard mast species composi-
be engzgczgveisely affected by broadcast appli=-
tloi n of picloram in upland hardwoods, but soft
cattos ecies and browse species composition and
Siiinaﬁce incre§sed 4 years after application
(McComb and Rumsey 1981). Some plant species
were adversely affected by picloram: grasses
(Poaceae), New Jersey tea (Ceanothus
americanus), dwarf cinquefoil (Potentilla
~anadensis), blackgum (Nyssa sylvatica), and
Sassafras (Sassafras albidum). Integration of
wildlife habitat management into TSI is possible
by injection of low quality stems compeping for
crown space with oaks (Quercus spp.), hickories
(Carya spp.) and other mast-producing species
(McComb and Rumsey 1983a). Increased light
penetration into the canopy will allow an in-
crease in crown size and hence a greater likeli-
hood of increased mast production (Goodrum et
al..1971). Simultaneously, killing of undesir-
able trees allows light to strike the forest
floor which should stimulate understory pro-
duction for browse, or (if the canopy gap is
large enough) soft mast production by shrubs.

affected by

Habitat Structure

Foliage structure will be altered after
herbicide application for TSI in three ways: 1)
by reducing overstory cover and inereasing cover
at lower foliage levels over time, 2) by in-
creasing snag (dead tree) availability, and 3)
by altering the litter layer on the forest
. floor. Rate and method of herbicide application

will affect stand structure. Heavy broadecast
applications in mature hardwoods or tree injec-
tion of residuals after clearcutting will result
. in high snag density (McComb and Rumsey 1981,
Dickson et al. 1983), dense understory cover 1
to 4 years after application (McComb and Rumsey
"1981), low overstory cover, and rapid decompo-
sition of the leaf litter layer (Gottschalk and
Shure 1979). As a result of these structural
changes, the forest floor likely will be hotter
and drier than untreated sites until understory
cover increases the shade., Light applications
of broadeast herbicide or TSI likely will result
in an increase in foliage height diversity by
allowing increased foliage development of sub-
canopy layers. Effects on the leaf litter layer
would be minimal. Snag density would increase
and provide foraging substrate for bark-foragers
~ {McPeek 1985). Hardwood shags created by
hﬁ?bicide~in3eetion have shown the potential for
ne::g aOCGPtablg‘nest substrates for cavity-
ers (Conner et al. 1983, McComb and Rumsey

1983a, Dickson et al. 1983, and McPeek 1985);
herbicide-injected conifers may not be suitable
nest substrates for cavity-nesters (Bull and
Partridge 1986) but McPeek (1985) reported higher
use of herbicide-killed pine snags than of
hardwood snags by bark-foraging birds. Longevity
of herbicide-created snags is approximately 4 to
8 years for 50% of the snags created (Dickson et
aly 1983, McComb and Rumsey 1983a). Although
herbicide-created snags in young stands are
ephemeral, they are important to bird use of a
stand (Warren et al. 1984, Dickson et al. 1983).
As snags fall, they become logs that provide
habitat for forest floor fauna.

HERBICIDES AND SOUTHERN PINE SILVICULTURE

Herbicide use in southern forests is most
frequently in association with production of
southern yellow pines (Pinus spp.), simply
because of the scale of pine management versus
hardwood management in the South. Pine plan-
tations are a prevalent and growing habitat type
in the South, and herbicides have become an
integral part of plantation establishment and
management (Miller 1984). Research on several
aspects of plantation management have been con-
ducted throughout the South (Harris et al. 1975,
Hurst and Warren 1980). However, information on
the more recent uses of herbicides in plantation
management as they affect wildlife habitat -is
generally lacking (Morrison and Meslow 1983).
Some general and specific results of research
being conducted on the lower Coastal Plain of
Mississippi and Alabama are presented as indi-
cators of the relationships of herbicides to some
wildlife habitat conditions.

Site Preparation: Broadcast Herbicide and Burn

After clearcutting mature forests (often
mixed pine-hardwood), pelletized herbicide is
applied to kill residual stems. A hot, broad-
cast burn is then conducted in late summer; pine
seedlings are planted the following winter. This
new method is similar to the mist-blow (2,4,5,-
T), following inject (2,4-D), and burn method.

Conversion of the mature forest to a pine
plantation has drastic effects on habitat for
some wildlife species such as squirrels (Sciurus
spp.), but the early successional stage created
can represent habitat improvement for other
species (Johnson et al. 1974, Buckner and Landers
1980). Hard and soft mast-producing trees are
replaced by a herb-dominated (forb, grass, vine,
and shrub) community. Soft mast production by
Rubus spp. increases with plantation age and
peaks in 5 years (Campo and Hurst 1980).

The open nature of the first growing season
is too harsh for some vertebrates but is excel-
lent for birds such as mourning doves (Zenaida
macroura) and bobwhite quail {(Colinus
virginianus) that feed on the ground. During the
second growing season the vegetation becomes more
dense, affording food (forage) and cover for more
wildlife species.
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Preferred white-tailed deer (Odocoileus 1bs/ac) on mechanical and herbicide-treateq Pl i
virginianus) forage (grasses, forbs, vines, and and over 550 kg/ha (500 lbs/ac) on plots withah
woody plants) averaged 385 kg/ha (350 lbs/ac) in only mechanical site preparation. During tpe
late summer of the first growing season after first winter, deer forage averaged only 4.4 ¢
herbicide treatment (mist-blow and inject) and (4 1bs/ac) on herbicide-treated plots and aboyt,
burning, whereas mature mixed forests averaged 110 kg/ha (100 1lbs/ac) on mechanically-treateq
only 75 kg/ha (68 lbs/ac) (Hurst and Warren plots (Copeland 1986, Blake 1986a). Vegetation
1681). Deer forage increased to over 550 kg/ha on the plantations increased markedly dur
(500 lbs/ac) by year 5 and then declined as second growing season with 1,15 kg/ha (1,0u
canopy closure occurred. 1lbs/ac) of deer forage in late summer and 67

kg/ha (61 1lbs/ac) in late winter on plots that

Small mammal populations are generally low received both mechanical and herbicide

in mature, mixed forests but increase in early treatments. Deer forage declined the thirg year
seral stages on pine plantations. Perkins but still averaged 582 kg/ha (529 lbs/ac)
(1973) found the highest capture/effort index (Copeland and Hurst -1986).
(24.8/100 trap nights) for small mammals (mostly
cotton rats [Sigmodon hispidus]) on pine plan- Habitat conditions for rabbits (Szlvilaﬁﬁ:
tations prepared by herbicides and fire. spp.) were poor the first year because of the .
Raptors and medium-sized predators (Lynx rufus) sparsity of vegetation but conditions improva!&
were observed frequently in these plantations. the second year. Both forage production and
Small mammal populations declined at canopy lateral and overhead cover greatly increased
closure (5-6 years). during the second year (Copeland 1986). i

Logging debris, whips, and snags are a Darden (1980) found that plantations pre-§
major component of herbicide-treated sites; pared by the intensive mechanical method had the
their addition to the structure provided by lowest number of bird species and densities. ;
rapidly growing herbaceous vegetation improves Perkins (1973) reported only 18 species using th
avian habitat. Darden (1980) found herbicide- comparatively barren conditions during the first
treated plantations to have greater bird species year after intensive mechanical site pre-paratis
diversity and higher relative abundance than (no chemicals). By the third year 27 species ver
plantations that were mechanically site pre- observed. :
pared. A total of 47 species was observed with :
26 nesting in the first year in mist-blown, in- Site Preparation: Mechanical and Broadcast vs.:
jected, and burned plantations (Perkins 1973). Banded Herbicide :
Warren et al. (1984) reported the highest
cavity-nesting bird relative abundance (695/100 A modification of the above site prepar- -
ha; 278/100 ac) to be in Y4-year-old plantations ation method is to aerially broadcast a pel-
prepared by herbicides and fire. Snags usually letized herbicide (hexazinone) after intensive .
deteriorate within 8 years. mechanical site preparation, or to apply a liqd

herbicide (hexazinone), back-pack style, to onl
Site Preparation: Mechanical and Herbicide the top of the beds (mounds). The latter meth
. is more cost effective and should leave better

A relatively new practice is to follow habitat conditions in young plantations.
intensive mechanical site preparation with a
broadcast aerial application, either preplant or Total plant biomass, excluding pine .
postplant, of hexazinone (0.6-0.9 kg/ha; 0.5-0.8 seedling/sapling weight, was significantly lowe
lb/ac) for competition control. Mechanical site on broadcast-treated plots and banded plots th#
preparation (shear, rake, burn, disk, bed) re- on control (no herbicide) plots in the first
duces the hardwood component, and the herbicide growing season. Banded plots averaged 450 kg/¥
temporarily controls grasses, sedges, and broad- (409 1bs/ac) more biomass than broadecast plots:
leaf weeds. Preferred deer forage biomass was only slightl!

higher on banded plots than on broadcast-treat¥

Such intensive mechanical site preparation plots. At the end of the second growing seasoh
destroys all potential snags and most logging there was no significant difference in total
debris; during the first year's growth there is plant biomass or deer forage between the 2
little vegetative cover, but remaining plants treatments or the controls. The herbicide had'
exhibit rapid growth rates because of little or short-term effect on plant growth (Blake 1986ﬁ
no competition. Burned windrows have luxuriant The number of plant species on the broadcast-
herbaceous vegetation. The sparsely vegetated treated plots was about half that found on
plantations are excellent winter habitat for control plots the first year but equal to con-
mourning doves, American robins (Turdus trol plots the second year (Blake 1986b).
migratorius), and bobwhite quail because 2 plant
species, dove-weed (Croton capitatus) and poke- Pine Release: Herbicides
weed (Phytolacca americana), are tolerant to the
herbicide and produce a large number of seeds Another major use of herbicides is to re-,
and fruit. lease pine saplings from hardwood competition ¢

plantation age 4-8 years. An aerial or ground

Preferred deer forage in late summer of the application issused.
first growing season averaged only 99 kg/ha (90 -



Effects of an aerial application of a
nerbicide for pine release were studied in west-
central Alabama and east-central Mississippi at
plantation ages 4 and 5 years, respectively. In
each case, significantly more grass, forb, vine,
and woody preferred deer forage was found on the
treated, than on control. plots (922 vs. 609
xg/ha and 965 vs. 519 kg/ha; 838 vs. 554 lbs/ac
and 877 vs. U472 1lbs/ac). "Forbs accounted for
55-63% of the total forage (Hurst and Warren
1986). Killing the hardwood shrubs released
forage and seed-producing plants.

Pine plantations in the South are usually
dense at age U4-6 years, and the herbicide appli-
cation may improve cover conditions increasing
geeessibility to some species. Habitat was
improved for ground-feeding birds such as bob-
white quail, mourning dove, and wild turkey
(Meleagris gallopavo). Nesting habitat for
pirds that nest in low to tall shrubs remained
adequate. Releasing pine seedlings will cause
the canopy to close and habitat conditions to

change rapidly.

Control of competing hardwood shrubs
(suckers and sprouts) can also be accomplished
by spot spraying or back-pack spraying (foliar)
nardwood stems. This technique is used when few
~ pardwood stems exist in plantations. This
© pethod will result in some release of herbaceous
plants but on a smaller scale than occurs with a
total site application. An important feature of
© the individual stem system is the opportunity
for the field crew to selectively leave (not
gpray) important food plants for wildlife
- (Vaceinium spp., Callicarpa spp., Rhus spp.,

Cornus Spp.).

irimber Stand Improvement (TSI): Herbicides

: Herbicides have long been used to kill
(inject) undesirable stems or species of trees
in a mixed pine-hardwood forest to release the
pine component. This practice alters the habi-
tat by reducing or eliminating hard mast (oaks
and hickories) and soft mast (Nyssa spp.,
‘Diospyros spp., etec.), by reducing den trees and
by altering vegetative structure and diversity.
‘Production of pine seeds, an excellent wildlife
_food, would probably increase.

. The injected trees become snags, providing
perches, foraging sites, and cavities for a
short time. Fallen trees provide micro-habitats
for some ground-dwelling vertebrates. By kill-
‘Ing most of the hardwoods, small openings are
.reated and forage production by grasses, forbs,
.llnes, and woody shrubs increases. Fruit pro-
slietion by tall and low shrub species (e.g.
'sceinium spp.) and vines (Lonicera spp. and
@E& spp.) increases. With more vegetation on
‘Jn forest floor, cover conditions will improve
rabbits and some other mammals.

General Remarks: Herbicides in Pine Plantation
Management

Use of herbicides in pine plantation
management is but a small part of the overall
scheme. Many factors and practices dictate
habitat conditions, such as plantation size,
shape, and situation (Jjuxtaposition), age class
distribution, seedling spacing, and seedling
survival. Intermediate silvicultural practices,
precommercial and commercial thinning, control-
led burning, fertilizing, and pruning greatly
affect habitat conditions. Retention of stream-
side management zones, hardwood leave strips, and
special areas {(seeps, bogs, etc.) are major
practices.

Use of herbicides to control grass and
herbacecus weed competition is increasing, but
the effects are temporary. Generally plant
biomass, plant species composition, and herbi-
vore forage are equal to control (not-treated)
sites by the second growing season after treat-
ment. Use of herbicides to kill competing
hardwoods, either as mature trees (TSI) or
"brush" in plantations, eliminates the majority
of the hard and soft mast producers. However,

" hardwoods have no "future" in short-rotation

plantations; controlled burning will be used
frequently to top-kill hardwoods, so hard mast
producers will not have an opportunity to pro-
duce. The management scheme will be directed to
producing forage and soft mast from shrubs and
vines. Pine seed production should be quite high
in intensively managed plantations grown on
sufficiently long rotations.

With or without herbicides, habitat con-
ditions in pine plantations change rapidly. If
the herbicides are successful, pine seedling and
sapling growth rates are increased and the rota-
tion is shortened, hastening changes in habitat
conditions. With faster pine tree growth the
manager can begin thinning and burning practices
at a younger plantation age to improve habitat
conditions for some wildlife species (Owen 1984).

EFFECTS OF HERBICIDE APPLICATION ON MAMMALS

Toxicological information on mammals is, to
a large extent, limited to tests conducted on
white lab rats (Rattus norvegicus) (Table 1).
Hudson et al. (1984) summarized toxicological
tests on a variety of organisms, but they only
included mule deer (QOdocoileus hemoinus), domes~
tic goat (Cagra hireus) and domestic ferret
(Mustela putorius) with rats in their tests on
mammals. The only herbicides tested on mule deer
were 2,4-D with an LDgp of 400-800 mg/kg (N=3), a
dose similar to that reported for rats (Table 1),
and silvex with an LDgg of 400 mg/kg (N=1), less
than that reported for rats. Obviously, sample
sizes for mule deer are low and extrapolation
from one species to another is unwise, but it
seems that some herbicides are potentially more
toxice to wildlife than others. Toxicity of
dalapon and hexazinone to rats is considerably
less than the toxicity of 2,4-~D and paraquat
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Table 1.--Toxicity of selected herbicides to veptebrates

Species (LDgp;mg/kg)

Herbicide
Mallard! Pheasant' Bobwhite' Bluegill? Rats?
(LC50,ppm)

Alachlor (Lasso)3. . . .>2,000 e —— B
Amitrole (Amizol) >2,000 5,000 - 300-1200 5,000
Atrazine (AA trex) >2,000 >2,000 >5,000 6--24 1,750
Balan (Balfin) >2,000 - - - -
Butylate (Sutan) >2,000 - - - -
Chloroxuron (Norex) >2,000 - - - -
Cynazine (Bladex) >2,400 - 45 - -
2, 4-D >2,000 472 >5,000 0.6-11 370
Dalapon >5,000 - <5,000 105~-1,000 5,000~10,000
Dichlobenil (Casoron) >2,000 1,189 - 6-12 -
Dinoseb (Premerge) 27.0 26.4 - - -
Diuron (Diurex) 2,000 - - 7-9 -
DNOC (Selinon) 22.7 31.8 - - -
Endothall (Des-I-Cate) 229 <198 - - -
Fluometuron (Lanex) >2,000 - - - -
Fluorodifen (Soyex) - >2,000 - - -
Glyphosate (Roundup) > 4,000 - > 4,000 2-160 4,300
IPC~400 (Propham) >2,000 - - - -
Paraquat Dichloride (Weedol) 199 - - 8-19 150
Picloram (Tordon) > 2,000 > 2,000 - 10-30 8,200
Planavin (Nitralin) >2,000 - - - -
Potassium Azide (Azide) 22.8 15.1 - - -
Silvex (Garlon) >2,000 - - 0.7-0.9 630-~729
Silvisar-510 (Arsan) > 2,400 - - - -
Sodium Arsenite (Kill=-All) 323 386 - 21-h2 -
2,4,5-T >2,000 500-1,000 - 8-47 -
TBA (Benzac) > 2,000 1,000 - - -
TCDD (Dioxin, contaminant of

2,4,5-T) 0.108 - .015 - -
Terbutryn (Igran) > 2,000 > 2,000 - - -
Trifluralin (Triflurex) >2,000 > 2,000 - 47-70 -
Velpar (Hexazinone) - - 2,258 100~500 1,500-~5, 000

Ifrom Hudson et al. (1984), U.S. Forest Service (1984) or Johnson and Finley (1980).

2fpom Walstad and Dost (1984).

~Jalternative common name presented parenthetically.

dichloride to rats. The U.S. Forest Service
(1984) estimated dermal exposure of herbicides
to deer (Odocoileus spp.) of 0.101 mg/kg and to
rabbits of 0.403 mg/kg for each 1.1 kg of
active ingredient herbicide applied per ha (1
1b/aec.). At recommended rates of applicationm,
no herbicide for which data are presented in
Table 1 for rats would reach LDgp toxieity
levels through dermal exposure.

Herbivores also may be exposed to herbi-
cides by ingestion of herbicide-contaminated
plant material. Oral exposure rates of 1.4 and
1.1 mg/kg for each pound (0.U45 kg) of active
ingredient of herbicide have been calculated for
deer and rabbits, respectively (U.S. Forest
Service 1984). Even at this rate, it is unlikely
that most commonly used herbicides would be toxic
to most herbivorous mammals under most circum-
stances, unless the herbicide bioaccumulates.

Average application rates for commonly used
herbicides range from 1.1-5.6 kg/ha (1-5
lbs/acre) active ingredient. It probably would
be safer to mammals to use relatively less

toxic herbicides such as amitrole, dalapon,
picloram and hexazinone than paraquat dichloride
or 2,4-D where feasible. Norris (1981) found
traces of phenoxy herbicides in some wildlife
species (0.01 to 10 mg/kg) exposed to field
herbicide application.

Sullivan and Sullivan (1981) concluded that
a forest application 2.2 kg/ha (2 lb/acre) of
glyphosate in Douglas-fir (Pseudotsuga menziesii)
had no adverse effects on reproduction, growth,
or survival of deer mice (Peromyscus
maniculatus). Johnson and Hansen (1969) re-
ported similar effects of 2,4-D on deer mice.
Indirect effects of gerbicide application on
mammal abundance have been reported in several




forest situations. McComb and Rumsey (1982)
reported small mammal abundance increasing 100%
4 years following broadcast application of
picloram in upland hardwoods, but a 200%
increase was recorded on clearcut plots. The
addition of logs, stumps and understory cover
contributed to the habitat quality of the
treated site. Similarly, Kirkland (1978) re=-
ported & 100% increase in small mammal abundance
1 year after 2,4,5-T application in Appalachian
hardwoods. McCaffery et al. (1981) reported
more small mammals from picloram-created clear-
ing edges than in the center of the clearings or
in the adjacent woodland in northern hardwoods.
Based on these studies it seems that field
applications under normal conditions of pic-
loram, 2,4-D or glyphosate improves habitat for
moSt small mammal species for a few years;
species adversely affected by treatment are
reduced in numbers probably because of habitat
changes and not because of herbicide toxicity.

Application of herbicide in a mature stand
will likely increase browse availability; appli-
cation of herbicide in a young stand will reduce
browse availability for a few years. Krefting
et al. (1956) successfully used herbicides to
promote sprouting of mountain maple (Acer
spicatum) for deer browse in northern hardwoods.
McComb and Rumsey (1981) reported an increase in
available browse in upland picloram-treated
areas. Hurst and Warren (1980) reported a
similar response by some woody plants in 5-year-
old pine plantations in Mississippi; but over-
all, browse availability was reduced on this
site by herbicide (2,4,5-T) application. Easley
(1977) reported short-term reduction in woody
browse for deer following 2,4,5-T application in
southern pine plantations.

EFFECTS OF HERBICIDE APPLICATION ON BIRDS

More information is available on toxic
effects of various herbicides on birds than on
mammals, primarily because of the frequent use
of mallard ducks (Anas platyrhynchos) as test
subjects (Table 1). Pheasants (Phasianus
colchicus) and bobwhite quail also are fre-
quently used in LDgg tests. Results for most
herbicides tested on all 3 species were con-
sistent, but with some exceptions. Tests of
2,4-D showed higher toxicity on pheasants than
on mallards or quail. Cynazine was more toxic
to quail than to mallards. Frequently-used
herbicides such as atrazine, glyphosate, pic-
loram, hexazinone, and dalapon seemed relatively
nontoxic compared with dinoseb, ONOC, and potas-
sium azide. All toxicity tests reported in
Table 1 were conducted under laboratory
conditions.

Field studies of bird response to herbicide
application largely describe bird response to
changing habitat suitability. Dickson et al.
(1983) compared bird use of clearcuts with and
without 2,4-D-created (injected) snags and con-
cluded that these herbicide-created snags in-
creased the diversity and density of birds using

the clearcuts. Warren et al. (1984) reached
similar conclusions regarding snags created by
spraying with 2,4,5-T and by injected 2,4-D
amine. McPeek (1985) recorded bark-foraging bird
use of picloram-killed snags in mature
Appalachian hardwoods, but she did not detect any
increase in abundance or diversity of birds on
the TSI site. Snags on her site had not decayed
to the point of being good nest sites. McComb
and Rumsey (1983a) and Conner et al. (1983)
indicated that picloram-killed and 2,4-D-killed
trees respectively were potential nest sites for
cavity nesters, but girdled trees remained
standing longer than herbicide-injected trees.
Bull and Partridge (1986) reached similar
conclusions in western forests. Broadcast
picloram herbicide in upland hardwood forests
increased winter bird density over untreated
mature hardwoods after 4 years (McComb and Rumsey
1983b). Breeding bird diversity was higher on
herbicide-treated plots than on untreated
hardwood plots, probably in response to increased
understory and midstory strata representation
after removal of some overstory trees (McComb and
Rumsey 1983b). MecCaffery et al. (1981) reported
similar findings in picloram-created clearings in
Wisconsin. Morrison and Meslow (1984a, 1984b)
investigated the effects of 2,4-D and glyphosate
application on bird use of clearcuts in western
forests. In both studies, herbicide altered the
habitat structure resulting in short-term thanges
in use of the area by some bird species. Savidge
(1978) and Beaver (1976) reported similar
differential responses of bird species to 2,4,5-T
application in a Jeffrey pine (Pinus jeffreyi)
plantation. We could find no field studies
examining the effects of herbicide application on
reproductive success and survival of birds.

Little information is available specifi-
cally on effects of herbicide application on
habitat of game birds. Hurst (1981) discussed
the effects of intensive pine plantation manage-
ment on wild turkey habitat and he concluded that
intensive pine management, including use of
herbicides, can provide acceptable habitat for
turkeys. Use of picloram herbicide to create
clearings in mature hardwoods of central Appa-
lachia resulted in ruffed grouse (Bonasa
umbellus) use of Ud-year-old treated plots (McComb
and Rumsey 1983). MceCaffery et al. (1981)
reported high grouse use of herbicide-created
clearings during the fall in Wisconsin. Use of
herbicides to create openings in mature forest
for grouse would seem to be particularly feasible
in the extensive forest and rugged topography of
the southern Appalachians.

EFFECTS OF HERBICIDE APPLICATION
ON HERPETOFAUNA AND FISH

Toxicity information is largely lacking for
herpetofauna. The U.S. Forest Service (1984)
summarized LCgg tests for a variety of aquatic
organisms and reported concentrations of 200-350
ppm 2,4-D resulted in 50% mortality of tadpoles
of 3 non-native anurans. Atrazine concentra-
tions of 0.4 to 50 ppm for tadpoles of American
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toads (Bufo americanus), bullfrogs (Rana
catesbiana), leopard frogs (R. gigiensi and
pickerel frogs (R. galustris) were also reported
(U.S. Forest Service 1984). No toxicity data on
terrestrial forms could be found.

Indirect effects of herbicide application
on herpetofauna would result by changing the
forest floor microclimate and altering the
availability of food. Most amphibians and many
reptiles are moisture sensitive so a decrease in
the canopy cover would allow direct sunlight to
penetrate to the forest floor thereby modifying
the microclimate. Effects of microclimate modi-
fication might be offset by increased avail-
ability of invertebrate prey. Research is
needed to determine the response of herpetofauna
to herbicide application.

Johnson and Finley (1980) tested a variety
of pesticides for toxicity on fish. Herbicides
varied in toxieity to bluegills (Lepomis
macrochirus) from relatively toxic compounds
such as silvex and 2,4-D to relatively non-toxic
compounds such as dalapon and amitrole. All
studies are laboratory studies and field re-
sponse of organisms to herbicides could be dif-
ferent. If use of herbicides in silvicultural
practices is at or below rates specified as
permissable in forest streams (Newton and
Norgren 1977), it is unlikely that acute tox-
icity to most aquatic organisms would result. A
review of indirect effects of herbicide appli-
cation on aquatic organisms is beyond the scope
of this paper.

SUMMARY

The effects of herbicide application on
wildlife habitat are usually ephemeral. Herbi-
cide use at normal, recommended rates of appli-
cation would not usually result in acute tox-
icity of most vertebrates, but herbicides vary
considerably in toxicity to birds, mammals, and
fish, Effects on terrestrial vertebrates of
repeated applications of herbicides over long
time periods or repeated exposure to contami-
nants of herbicides (such as occurred with
dioxin in 2,4,5,-T) is unknown. Field studies
of herbicide effects on wildlife are generally
of indirect rather than direct effects.

Indirect effects of herbicide application
on wildlife is through alteration of habitat.
Plant species composition in a stand will be
altered depending upon the herbicide used and
the method of application. Application of
herbicides in most southern forest situations
may result in short-term changes in the abun-
dance of some terrestrial vertebrates. Herbi-
cide use in mature forest for TSI will promote
canopy gaps and understory biomass production,
while use in young clearcuts will temporarily
reduce understory biomass. Herbicide use in
pine stands to control hardwood competition will
reduce the tree species richness and alter
structure to increase habitat quality for some
species while decreasing quality for others.

Additional research should be conduct
herbicide application effects on reproductioy
survival of wildlife under field conditiong, ¢
Research is also needed regarding both direat
indirect effects of herbicide application on
herpetofauna.
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Riparian Zones and Wildlife in Southern Forests: the Problem and Squirrel Relationships

-

James G. Dickson and Jimmy C. Huntley

Abstract.--Mature woody vegetation along intermittent
streams is often retained when upland stands are harvested

and are planted to pine.

These riparian zones bisecting

pine plantations reduce non-point pollution and enhance
wildlife habitat. Riparian zones are productive of forage
and hard and soft mast, provide habitat diversity, function
as habitat corridors, and serve as limited mature forest
habitat. Studies are underway to assess the relationships of
size and composition of riparian zones to populations of
deer, squirrels, wild turkeys, fur bearers, small mammals,
breeding and wintering birds, and reptiles and amphibians.

In eastern Texas, squirrels were abundant in riparian zones
wider than 55 m but were rare in riparian zones narrower than
40 m. Studies of the other vertebrate groups continue.

RIPARARIAN ZONES

In the South, many mature pine and mixed
pine-hardwood stands are being cut and replaced
by pine (Pinus spp.) plantations. In 1986, 9% of
all midsouth timberland is planted pine, up from
6% 8 years ago, and this does not include stands
planted to pine but dominated by hardwoods
(Birdsey and McWilliams 1986). A large variety
and quantity of herbaceous and woody vegetation
and fruit in young pine plantations make them
good habitat for many species of wildlife.
White~tailed deer (Odocoileus virginianus), cot-
ton rats (Sigmodon hispidus), cottontail rabbits
(Sylvilagus floridanus), and many birds fare well
in young clearcuts. But wildlife habitat for
most specles deteriorates after 7 to 10 years
when pine canopies close and shade out
understories of non-pine vegetation.

When timber is harvested, mature forest
vegetation along permanent and intermittent
streams bisecting upland sites may be retained to
reduce soil erosion and to enhance wildlife habi-
tat. These areas of hardwood or mixed pine-~
hardwoods, called stringers, streamers,
streamside management zones, or riparian zones
(RZ), throughout pine plantations create habitat
diversity and edge, which are important to many
species of wildlife. They serve as travel corri-
dors for animals between mature stands and can
help maintain genetic flow between potentially

isolated populations in adjacent mature stands,-
thereby helping to maintain population genetic
viability. The zones also provide limited habi-
tat for specles associated with mature forests,
such as pileated woodpeckers and large carni-
vores. Nesting sites, food, and cover probably
are increased for many species of wildlife. Hard
and soft mast are produced by the residual trees,
and nesting and foraging sites are available in
the shrub and canopy vegetation. In Mississippi
(Warren and Hurst 1980) and in eastern Texas
(McElfresh et al. 1980), squirrel (Sciurus spp.)
use of RZ was much higher than in adjacent upland
stands. Hardwood drains along intermittent
streams in RZ usually have fertile soils that
support a luxuriant growth of vegetation, pro-
ducing high yields of a variety of forage and
mast and also providing escape cover for deer
(Halls 1973). Studies have shown that floodplain
forests downstream from RZ support more birds
than upland pine stands (Dickson 1978, Stauffer
and Best 1980), probably due to their greater
vegetative structural diversity. There are also
a large variety and an abundance of birds along
forest edge (Strelke and Dickson 1980).

Retention of mature vegetation along permanent
and intermittent streams in clearcuts has been
recommended for deer, wild turkeys (Meleagris
gallopavo), squirrels, and song birds. In the
South, the retention of RZ in clearcuts is policy
for the USDA Forest Service and several large
industrial forest landowners.
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Biologist, USDA Forest Service, Southern Forest Experiment Station, Wildlife Habitat and Silviculture
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University). Huntley's present address: USDA Forest Service, Southern Region (R-8), 1720 Peachtree Road,
N.W., Atlanta, GA 30367. We thank Lowell Halls, George Hurst and James Neal for reviewing a draft of this
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THE PROBLEM

Quantitative data on effects of RZ on
wildlife populations are insufficient to enable
wildlife managers to justify the retention of RZ
in land-use plans on a biological and economical
basis. For informed decisions, landowners need
to know--What are the differences in wildlife
populations in areas with RZ and areas without
RZ, and what are the relationships of RZ width
and vegetative composition to wildlife abundance?
The Wildlife Habitat Laboratory, Southern Forest
Experiment Station, USDA Forest Service, is con-
ducting research to help answer these questions
by assessing the impact of presence, vegetative
composition, and extent of RZ on various segments
of the wildlife community. The purpose of this
paper is to provide a background on the nature of
RZ in the southern forests, discuss the approach
and techniques for our research, and present
current information on the squirrel phase of the
study.

STUDY AREAS AND METHODS

Nine recent clearcuts in East Texas 2-4
years old and 49 to 121 ha in size were selected
for study. Selection of the 9 nine areas was
based on similarity of topography, soils, vegeta-
tion, and surrounding land use. All areas, which
had been previously vegetated by second growth
pine-hardwoods, were recently clearcut, mechani-
cally site prepared, planted to loblolly pines
(Pinus taeda), and traversed by RZ. Mature pines
had been harvested from some of the RZ. All
plantations were on upland sites, and RZ were
along first—-and-second order intermittent
streams. Pines were generally 0.5 to 1.5 m high.
The plantations were dominated by hardwoods,
pines, and other woody and herbaceous vegetation.
Oak (Quercus spp.) and sweetgum (Liguidambar
styraciflua) sprouts, Callicarpa americana, Rubus
spp., and Rhus spp. were abundant. Dominant
overstory vegetation in RZ included southern red
oak (Q. falcata), white oak (Q. alba), post oak
(Q. stellata), sweetgum and American beech (Fagus

grandifolia).

Assigned treatments were RZ of 3 widths:
narrow (< 25 m wide), medium (30-40 m), and wide
(> 50 m). Three replications of each treatment
were applied. Four sample transects (200 m each)
were established in each of the 9 study areas—-2
in each RZ and 2 in each adjoining pine plan-
tation. Along each transect, understory,
midstory, and overstory vegetation was sampled
from 4 points on each transect. Also hard mast
is being sampled from visual estimates in tree
canopies, and then adjusted by collection in
barrels each fall.

The vertebrate community is being sampled by
various means. Deer tracks are being counted on
plots in RZ and plantations during the fall and
spring. Scent stations baited with bobcat urine
and fish oll are used to survey furbearers each
faell and winter. Small mammal abundance is being
determined from live trapping and marking each
winter. Bird censuses from transects during
winter and the breeding season are being con-
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ducted. Reptiles and amphibians in RZ and on
plantation slopes are being surveyed by visual
counts, inspection of artificial covers, captures
from drift fences and funnel traps, and by inten-
sive searches each spring. Wild turkey use of RZ
is being determined supplementally by radio te~-
lemetry. The study of squirrels in RZ has been
completed and is presented here.

~ SQUIRRELS

Gray squirrels (Sciurus carolinensis) and
fox squirrels (S. niger) are sympatric throughout
most of the eastern United States (Hall 1981),
but favor different habitat types. In eastern
Texas, the fox squirrel is more numerous in
upland forests, and the gray squirrel is more
numerous in bottomland hardwood forests. Both
species occur along small drainages with hard-
woods and in eco-tones between bottomland hard-
woods and the surrounding pine uplands.

Suitable squirrel habitat is lost when older
forests are clearcut and converted to even-age
pine plantations. But RZ in clearcuts are bene-
ficial to squirrels. 1In east-central
Mississippi, RZ along permanent streams and
varying in width from 40 to 141 m had greater
squirrel densities than mature pine-hardwood
forests (Warren and Hurst 1980). Gray squirrel
density was highest in RZ with an average width
of 100 m in bottomland sites. In East Texas,
gray squirrels used the RZ that were retained in
slash pine (Pinus elliottii) plantations
(McElfresh et al. 1980). The Texas researchers
suggested that RZ 50 to 100 m wide that connect
adjoining bottomland forests should provide ade-
quate habitat for squirrels and that additional
research would be needed to refine this estimate
of necessary width.

The objective of our study was to determine
the effect of RZ width on squirrel abundance.
Squirrel abundance was estimated with time-area
counts (Goodrum 1940) on 2 replications in 1984
and all 3 replications of treatments in 1985 from
observation points at least 100 m apart in each
RZ. Observation time at each point was 20 minu-
tes, as recommended by Bouffard and Hein (1978).
All counts were completed between 0700 and 1030
hours in mid-to-late September, prior to squirrel
hunting season. In each RZ, 3 counts by dif-
ferent observers were conducted from 4 obser-
vation points for a total of 12 observation
periods. One additional count was taken at the
edge of the RZ and adjacent plantation to deter-—
mine squirrel use of plantations. The number of
squirrels seen during these 4 hours of obser-
vation for each RZ was used to measure squirrel
abundance. Squirrel densities based on average
detection distances were not calculated.

Squirrel leaf nests were counted in January-
February 1985 for another index of squirrel abun-
dance. In each RZ, all nests that occurred in 2
200 by 80 m transects and that appeared to have
been constructed in the prior year were counted.

During both years in the time-area counts,
squirrels were observed regularly in wide, very



rarely in medium, and never in narrow RZ. 1In
1984, a total of 12 squirrels were observed on
wide, 1 on medium, and O on narrow RZ. In 1985,
with the sample increased by 50%, there were 12,
0, and 0 squirrels on wide, medium, and narrow RZ
respectively (Table 1). Leaf nest density was
also much greater in the wide RZ, 55 nests were
counted on wide, 7 on medium, and only 1 on
narrow RZ. Time-area counts and leaf nest den—
sities indicated that squirrels were permanent
residents in only the 3 wide RZ, which averaged
93, 73, and 55 m in width. The 73-m-wide RZ had
the greatest squirrel abundance in both years and
the greatest density of leaf nests. This RZ also
had numerous large American beech and loblolly
pine trees, which the 93-m RZ generally lacked.
These were prime sources of food and cavity and
leaf nest sites, and may have accounted for the
higher squirrel numbers than in the wider RZ.

The minimum width of RZ that will maintain
squirrel populations appears to be about 55 m.
Fewer squirrels were observed in the 55 m RZ than
in the other 2 wider RZ. RZ narrower than about
55-m do not support permanent resident popula-
tions of squirrels. There was only light
squirrel use in the medium RZ of 30 to 40 m
width. Only 1 squirrel was detected during the
survey, there were only 7 nests in 1,200 m of RZ,
and signs of squirrel feeding were sparse. No
squirrels, 1 nest, and no signs of squirrel
feeding were observed in narrow RZ.

Only 3 squirrels were seen from the plan-
tation edge points; all of these were in RZ, and
no squirrels were detected in the 2-4 year-old
plantations.

Both fox and gray squirrels were observed in
the time—-area counts in RZ. Mostly gray
squirrels were detected in 2 of the wide areas
and fox squirrels were predominant in the other.
Data collection, analysis, and writeup continue
for the other animal groups.
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Table l.--Number of squirrels observed during time-area counts and the number

of leaf nests in riparian zones of various widths in eastern Texas

Riparian Sept. 19841/ Sept. 19851/

zone width Total No./h Total No./h No. of nests2/
Narrow (<25 m) 0 0 0 0 1
Medium (30-40 m) 1 0.1 0 0 7

Wide (>50 m) 12 1.5 12 1.0 55

l/Two replications of each width sampled in 1984 (8 hours of observation
per treatment), 3 replications in 1985 (12 hours per treatment).

2/Found along 1,200 m of transect of each treatment, 400-m lengths in each

replication in Feb. 1985.
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Effects of Forest Practices on Relationships
Between Riparian Area and Aquatic Ecosystems

Edwin Miller!

Abstract, --Riparian vegetation influences food energy, large
organic debris loading, stream temperature, streambank and
bed stability, terrestrial to aquatic buffering and
streamflow of lower order forest streams. These
functional areas are highly interrelated and affect
determine aquatic productivity. Opportunities to manage
riparian areas to meet  timber utilization and aquatic
productivity goals are promising. Research is needed
in all areas to quantify the relationships and provide
guidance for site-specific riparian management.

INTRODUCTION

The management of riparian areas for the
protection of aquatic ecosystems has received
attention in the forestry community during
the past 10 years. Best management practices
(BMP's) which include guidelines for
streamside management have been developed and
implemented either on a regulatory or
voluntary basis in most states. Despite the
development of riparian BMP's there is very
little published information on how the
manipulation of riparian vegetation affects
aquatic ecosystems (USDA Forest Service and
US Environmental Protection Agency 1978).
Notable exceptions are in the areas of forest
shade influence on stream temperature and
riparian management effects on stream
productivity in the northwest United States.
The objective of this paper is to provide a
brief outline of the relationship between
riparian and stream communities. This will
help foresters better understand the
objectives underlying streamside management
designs and identify some areas where an
improved understanding of riparian influences
on stream ecosystems would be helpful in
guiding management strategies for riparian
areas.

The quality of stream habitat for aquatic
organisms is influenced strongly by riparian
vegetation (Meehan et al. 1977). In a broad
view there are six interrelated functions
which the riparian area serves with respect
to the aquatic environment: 1. Riparian
vegetation provides a portion of the food
energy for certain stream organisms; 2. large
organic debris, which is an important
component of some forest streams, is produced
in the riparian area; 3. solar energy is
regulated by the vegetation which shades the
water surface; 4. the stability of the
streambank and flood plain of smaller streams
depends largely on riparian vegetation; 5.
the streamside zone provides a buffer between
the aquatic and terrestrial habitats, and; 6.
streamflow is regulated to some extent by the

RIPARIAN VEGETATION AND THE
STREAM ENVIRONMENT

Food Energy
In forest streams small enough to be
completely covered by the forest canopy a
large portion of the food base is supplied by
the riparian vegetation. Leaves, needles,
fruits, twigs, branches, boles, and insects
from streamside vegetation may constitute 70-
80 percent of the food energy supply to the
aquatic system (Hynes 1970). This food is
classified as allochthonous, meaning it
originates from outside the aquatic
ecosystem. With the exception of large woody
material, the amounts, types, and timing of
allochthonous inputs are seasonally
regulated. A large percentage of this coarse
organic material is used within the lower
order streams by shredding and collecting
organisms. Once this material is processed
into smaller sizes, it is subsequently
flushed and utilized by invertebrate
organisms in higher order streams. The
balance of food energy in the aquatic
ecosystem is produced within the stream in
the form of algae or aquatic vascular plants
and is classified as autochthonous. This
source of organic matter increases and may
predominate in streams exposed to direct
sunlight.
The utility of organic material to aquatic

.organisms in the stream depends on the type

of material and the retention time in the
stream (Meehan et al. 1977). For example,
leaves are generally more easily used than
wood, and hardwood leaves are generally more
palatable and digestible than conifer

needles. Easily decomposible materials
supply a ready source of energy and
nutrients while coarse or refractory

materials provide a lower, yet 1less time-
dependent supply of food. Retention time is
the length of time material remains within a
defined stream section and is therefore
available for decomposition or consumption.
Retention time is a function of stream
morphology.

riparian vegetation.
Associate Professor, Department of Forestry, Oklahoma State University,

Stillwater, Oklahoma 74078-0491



Large Organic Debris

Tree boles, large branches, and root wads,
classified as large organic debris (LOD), are
supplied by riparian vegetation and become an
integral part of many forest streams. This
material strongly. influences the structure
(morphology) of small streams by forming
pools (Swanson et al. 1976) and retaining or
detaining the movement of sediment and gravel
(Bilby 1981, Megahan 1982). LOD also
increases the retention time of smaller
organic material used as a food source (Bilby
and Likens 1980), provides cover for fish
(Bryant 1983, Sedel et al.1985), and is an
important substrate for biological activity
(Meehan et al. 1977). A change in stream
channel structure and a reduction in habitat
diversity can occur when LOD is removed from
a section of stream (Bilby 1984b).

Stream Temperature

For stream organisms, temperature is one
of the most important ecological factors
because basic metabolic processes are
temperature dependent (Ruttner 1963). The
temperature of stream water also influences
its oxygen holding capacity. Temperature can
therefore 1limit the broad geographical
distribution as well as the local (within-
stream) occurrence of aquatic organisms
including fish (Hynes 1970). Tolerances to
temperature maximums, minimums, ranges and
rates of change are radically different for
the various aquatic organisms. The effect of
a change in stream temperature regime on
individual species can be insignificant or
dramatic. Impacts include changes in growth,
development, reproduction, and mobility.
Because of the interdependence of various
species in an ecosystem the disruption of the
life cycles of one or a group of species may
cause shifts in ecosystem productivity,
species diversity, dominant species, or total
numbers present. It should be stressed
however that ecosystem changes which result
from alterations in the stream temperature
regime are not uniformily positive or
negative but must be evaluated quantitatively
and qualitatively in light of stream
management objectives.

The primary source of heat for lower order
forest streams is direct solar radiation on
the water surface, whereas conduction,
convection, and evaporation have little
influence on stream water temperature (Brown
1969). Shade provided by riparian vegetation
plays a key role in the regulation of solar
energy inputs and therefore stream
temperature. The effect of riparian shade
removal on forest stream temperature has been
shown in a number of studies across the U.S.

(Brown and Krygier 1970, Levno and Rothacher
1967, Meehan 1970, Hewlett and Fortson 1982,
and Swift and Messer 1971). Stream shade
removal normally results in increased maximum
temperatures, a greater diurnal range in
temperature, increased rates of change, and,
in some cases, reductions in daily minimum
temperatures during winter (Swift and Messer
1971). In some situations stream
temperatures decline after flowing through
shaded reaches. Cooling of heated water is

usually the result of cool water
contributions  from side streams and
groundwater, and flow through coarse

streambed gravel (Swift and Baker 1973, Bilby
19843).

Streambank and Bed Stability

Geologic characteristics and processes are
dominant factors affecting overall stream
morphology. As stream order decreases,
however, riparian vegetation is increasingly
important in determining the morphology and
stability of forest streams (Zimmerman et al.
1967). Vegetative protection of streambanks,
and on smaller streams the streambeds,
provides for the continued existence of
discrete habitat types. Infrequent episodic
flood events play a role in reshaping
streambanks and beds. Although floods cause
periods of instability, they provide for the
critical restructuring of habitat and in some
systems cause the addition of large organic
debris which add to habitat diversity (Ward
and Stanford 1983). The banks and beds of
headwater forest streams are ready sources of
sediment (Swanson and Fredricksen 1982).
Riparian vegetation allows for the necessary
natural bed and bank erosion processes, but
effectively prevents accelerated erosion
which would increase suspended loads and
provide a continuing source of active bed
load materials.

Suspended sediment loads rarely have a
direct adverse effect on adult fishes (Wallen
1951) however, the ultimate results of
increased suspended loads, although indirect,
can be serious. Some examples include
reductions in invertebrate abundances,
decreased feeding success of sight feeding
species, and dislocation and mortality of
early life stages. Attributes of the stream
such as stream temperature and nutrient
levels can also be altered by increased
suspended sediment loads. Increased bed
loads and/or intrusion of fines into stream
gravels can have a major influence on bottom
dwelling species causing shifts in numbers,
species, and diversity and also have a direct
negative effect on the spawning success of
salmonids as well as other fish species.
There is an extremely wide range in the
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tolerance of various species to - both
suspended and bed load sediments precluding
any further broad qualitative statements.

Terrestrial/aquatic Buffer

The riparian area acts as a buffer between
the terrestrial and the agquatic ecosystems.
The regulation and modification of inputs
from the terrestrial zone, primarily
nutrients and in some cases.sediments, are
among the buffering functions. Nutrient
inputs due to leaf and woody matter addition
are of major importance to the stream
ecosystem but are considered a part of energy
or food inputs discussed earlier. In this
case we are considering mechanisms by which
nutrient levels are regulated or altered as
water passes over and through the flood
plain, and situations where the riparian
area can act as a filter to limit the inputs
of upland sediments to the stream.

The relative importance of the streamside
zone as a nutrient and sediment buffer to the
aquatic system has not been well established,
particularly for smaller forest streams.
Wetlands have been studied for use as
nutrient removal systems (Bender and Correll
1974, Tilton and Kadlec 1979) and Lowrance et
al. (1984) found riparian forests to be an
effective nutrient sink. References stating
the importance of riparian zones as sediment
filters are common (Meehan et al. 1977, van
Groenewood 1977), yet reports documenting
this function are difficult to find.

Forest systems are generally nutrient
conservative and undisturbed forested soils
are well protected from erosion. The
opportunity or need for riparian areas to
regulate nutrient and sediment inputs from
the terrestrial portions of forested
watersheds are therefore relatively minor.
However, the opportunity for the riparian

area to serve as a buffer for forest
operations activities conducted on the
watershed may be significant and is

considered later.

Streamflow

Current speed (velocity) and discharge
(rate) are important physical attributes of
stream systems that have a major influence on
the occurrence, distribution and spawning
success of aquatic species (Hynes 1970). The
relationship between riparian vegetation and
the velocity of a stream depends basically on
how the vegetation affects the roughness of
the channel during low flows and the entire
floodway during flood flows. Increased
roughness decreases stream velocity whereas

decreasing channel and flood plaip
increases velocity (Gray and Wighan

The infiuence of riparian vege
stream discharge is not clear,
increased annual stream discharge du ver,
rip