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EXECUTIVE SUMMARY

Periodic timber inventories in the
Southeastern United States indicate tha
annual growth of softwood timber
re has peaked and turned downward
after a long upward trend. The most
pronounced declines have been measured
in the growth of vellow pines on non-—
industrial wwate forest land, which
accounts for about 69 percent of the
timberland in this five-State region
(Florida, Georgia, North Carolina, South
Carolina, and Virginia). These declines
are important because trends in net vol-
ume growth strongly influence amounts
of timber available for future harvest,
This report documents some early in-
vestigations into the pattern of the
growth reduction conducted by the Fore:
TﬁVHntorv and Analysis (FIA) Reseavch
Work Unit at the Southeastern Forest
Experiment Station.

Net growth of softwood volume in the
region is affected by (1) changes in the
area of timberland, (2) ingrowth rates
of sapling-size Crees across the minimum
threshold for velume computation, (3)
volume lost to mortality, and (4) the
volume increment on survivor trees.

Area of timberland in the Southeast
peaked at 91 million acres in 1963 and
has since declined to 85 million acres.
Since the early 1970' rowth of

Llow pine saplings has decreased and
the effects are now showing up as de-
iines in numbers of tre and volumes
in the 6~ to 10~inch diameter classes. In
198%, FIA resource analysts discovered
that the &vo;&g@ annual radial growth of
surviving vellow pines in the Piedmont
and Mountains of Georgia was 20 to 30
percent less between 1972 and 1982 than
between 1961 and 1972,

because

s investigation was expanded

of the importance of the finding and
because the FILA data £ is uniquely
suited for such study. FIA surveys ar
the only ones designed to measure the
entire timber population of the South-
east, and recurring measuvements
permit reliable estimates of change.
should be , however, that F

o
@

ta are not ideally 2d for deter—
mination of the causes of the growth
reductions that were discovered.

Further study of existing and newly
collected FI i j ory data
revealed tha g
growth rate of most thlﬁm pines under
16 inches in diameter has declined by 30
to 50 p@rwwnf throughout the Piedmont
and Mountain areas of the Southeast
since the péfm&ﬁ@mt FIA inventory sample
locations were measured during the thi

survey cycle (1957 1966). Remeasurement
data taken during the fourth (1966-1977)
and fifrh (1977-1985) survey cycles show
that the r@ducti&n@ in the Piedmont and
Mountains were gradual. About half of
the reduction occurved before and half
after the fourth

annual radial

survey growth period.

Comparison of radial growth rates

B
over the same three tim@ periods for

the Coastal Plain of Cw@rﬂiay South
Carclina, and North Carolina revealed
lﬁdUCWJOU of similar magnitude, A dif

ference in the Coastal Plain, however,
was that 80 to 90 percent of the reduc—
tionsg occurred between the third and
arth survey cyeles. The reduction
7 the fourth and fifth growth

pericds was much less dramatic. While
the actual reduction in average annual
radial growth varies substantially among
diameter classes, species, and subre-
gional areas, the majority of the dif-
statistically significant

yences are
at one standard ervor, 67 percent proba-
bility., Most differences are statisti-
cally significant at higher levels of
probability for comparisons of third
survey growth with that from the latest

r

survey growth period.

The measured declines in the average
radial growth rat of pines in diameter
classes below 16 inches are worrisome,
but their meaning is difficult to inter—
use they were possibly caused
g in stand age and
are known to have
erefore,

) g

pret bec
part by inc
nd density that
OCCUTY T FIA
were reanaly : the
reductions in radial grwmth could be ex-—
plained by changes in stand age or den-

sity over time. When softwood growth was




expressed in ferms
ment, reductic
to those in

aver incre-

ment d even when the data
were ”vi by initial stand basal

area. Thm 1 area growth of sur-
vivor trees was less in the fift

data than in third survey dats
stands of the same initial densi
each period. Just as in the radial g TowE
comparisons, the basal area growth dlf“
ferences varied by initial basal area
ses, species, and subregional areas,
bu the majority of the differences were
significant at one stand-

statistically
ard error.

r stratification of the basal
gro WLE data for the fourth and
fth survey cycles, by both stand age
and initial stand basal area, was
pered by small sample size. Even
there was a general trend of reductions
in the basal area growth of survivor
trees between the fourth and fifth sur-
dlfiPIPHCGV were often not

' ant at one stand-

though

Reductions in the growth of yellow
pine trees in the Southeast are apparent
in these findings, but there is notf suf-
ficient evidence to determine what might
be causing the growth reductions., A
number of hypotheses abeout the caus
the growth reduction are forwarded to
guide further analyses, including (1)
atmospheric deposition, (2) increased
stand demsity, (3) increasing stand age,
(47 increasing competbition from hard-
woods, (53) drought, (6) reductions in
the water table, (7) loss of old field
conditions, and (8) increased i
diseases, The most likely hyvpothesis is
that a combination of the causes 18
affecting growth rates to varying
d@pr@w“ and perhaps interacting dif-

y on different sites at Jdiff
points in t©i Recause of the unique
population character of th data
set, FIA data, especially wh@n &ugmemted
by special data-collection e rts, pro-
vide an opportunity to contribute to
tests of these hypotheses.

5oL

rent

INTRODUCTLON

Recent Forest SurVé/ in the Soutb-
east--Florida, Georgi Horth Carolina,
South Carolina, and VEJELHIWEWdeP
measured rveductions in rates of pine
timber growth across much of the reg
The reductions ave apparent in several
measures of growth rates: (1) Actual
volume of net annual growth has declined
over large areas, (2) average rat
diameter growth of individual trees
diameter class, have slowed, and (3)
stand growth, expressed in basal area
acre, appears to be down more than
might expect from cha

d stand NSLty.

107,

in stand

FIA)D @@ e&rwh woyk Jmnt of th
Southeastern Forest Experiment Station

bases these conclusions on comparisons

of the most recent statewide inventory

results with those from earlier surveys.
FIA inventories the fores
State at intervals that have averaged
approximately 10 years., 1t has com
pleted the fifth such cycle through
Scutheast and started the sixth. Whe
special problems have been i fied,
FIA has also conducted in IrVeys
of the timber resource in some States.

)

rs of each

This Bulletin describes FIA's prese;
knowledge about the growth reductions.
The primary pur > is to describe the
sxtmati&n in suffic detail to aid
future analysis. The causes for these

reductions are not yet known, but
several possible causes are discussed.
Key inventory procedures and definitions
must be understood to interpret the data
and are presented where needed,

F14 divides the five Southeastern
States into 21 Survey Units for its io-
ventories and analyses, but for the pur-
poses of this report it was dasirable to
combine Survey Units Thus, many of the
trend data are pr@ﬂemt@d by State and

' iwgzﬂphiw region in this Bulletin.
In addi tion, special groupings of Survey

Units, cailﬁd study areas, are used here

iv
i




The comple story of reductions in
pine growth im the Southeast involves
assive quantities of data, which are

best presented in tables. In this
report, tables essential to an under-
standing of the general descriptions in
the text are presented with the text and

ned Roman numerals. Detailled
tables that can be used in future analy~-
ses are presented in the appendix and
assigned Arabic numerals,

ass .

The first major section of this
Bulletin examines Crends in volumes of
pine measured in the most recent surveys
of the region. This section provides
strong evidence that growth of pine
timber volume has slowed over extensive
areas of the Southeast. The major fac-
tors known to have contributed to the
slowdown in volume growth are described
in the next section. A slowdown in
growth of individual pine trees is oune
of these factores., Special analyses,
described in the next section, document

a decline in radial growth of all but
the largest pines over lar 8.
Next, changes stand basal are

examined to determine whether increasing
stand density and age avre the primary
causes for the reduction in radial
growth., Although this work is not
complete, early results indicate that
stand growth expressed in basal
acre has slowed., The closing se 0
of the text briefly outline hypothetical
causes for the growth reductions.
Finally, detailed tables are presented
in the appendi

22
¥

Much of the information in this
Bulletin is presented in the order in
which 1t was discovered. The objective

is to fully describe a situa

on that
FIA is still analyzing. Readers are
invited to share their interpretations
of the situation and to suggest
approaches to future analysis of this
important situation.

REGIONAL TRENDS IN . VOLUME

Recent Forest Surveys have measured
nt reductions in the nelt annual

significa

growth of yellow pine timber in the
Southeast. These reductions reverse a
long, upward trend in the growth of pine
in this important softwood region. This
change has occurved some 20 vears
earlier than projected in the 1980
Resources Planning Act (RPA) Assessment
(USDA Forest Service 1979, 1982). The
largest reductions have been measured on
nonindustrial private forest (NIPF) land
in the Piedmont and Mountain regions,
where the net annual growth of vellow
pine growing stock is down 26 percent.

TRENDS IN PINE V

ME GROWTH

Volume growth i1s the net annual

ment of merchantable timber volume in
the absence of man-caused removals. Net
growth of timber volume should not be
confused with the annual change in

inventory volume. Annual c
growth minus removals. Th
of net annual growth of timber volume
are (1) survivor growth, the incre
in merchantable volume in trees 5.0

ange ie net

> components

inches d.b.h. and larger which survive
from the beginning of the year through

the end of the vear, (2) ingrowth, the
merchantable wvolume in trees that reach
5.0 incheg d.b.h. during the year at the
time they reach 5.0 inches d.b.h., (3)
growth on ingrowth, the volume increment
of these ingrowth trees for the remain-
der of the year, (4) growth on removals,
the annual volume increm of ¢ 0
inches d.b.h. and larger prior to thei
removal, and (5) growth on mortality,
the annual volume increment of trees 5
inches d.b.h. and larger prior to their
death.

The fifth inventory cycle through the
Southeast was begun in South Carolina in
April 1977, The surveys continued to
sure increases in nebt ammual growth
of pine through Florida and the Coastal
Plain of Georgia. Reductions in pine
growth began to show up in the Piedmont

and Mountains of Georgia over the re-
measurement period between 1972 and 1982

(appendix A, table 1). Forest Survey

has continued o measure re 5
throughout South Carolina, the Piedmont
and Mountains of North Carolina, and



Coastal Plain of Virginia., Even in the
Coastal Plain of North Carolina, wk
some net increase was measured, growth
of pine on NIPF land declined. In fact,
Forest Survey has measured declines in
net annual growth of yellow pine on NIFF
land across 11 consecutive Survey Units
extending from Central Georgia through
the Coastal Plain of Virginia.

The most recent statistics for South
Carolina were developed from an interim

survey of the pine resource conduc
1983 (Tansey 1984). The interim survey
measured a 24-percent increase in annual
removals of pine over the 5- to b-year
easurement period. More important,
interim survey measured a 28-percent
decrease in net annual growth of pine.

Although most of the growth reduction
has occurred on NIPF land in the Pied-
mont and Mountains of the Southeast,
growth was also down on public land in
the same regions (appendix A, table 2.
Growth of pine on industry holdings in
these regions did little better than
hold its own. Large increases in pine

growth were measured on industry land in

the Coastal Plain, where trees on exten—

sive acreages of pine plantations are

reaching merchantable size.

Generally, reductions in the Piedmont
and Mountains have occurred in all pine
species (appendix A, table 3). Reduc-
tions in growth of shortleaf pine have
been particularly severe. Timber man-
agement has favored loblolly pine, and
the inventories of shortleaf pine are
declining rapidly. A large part of the
increase in pine growth in the Coastal
Plain can be attributed to maturing
slash pine plantations in Florida and
southern Georgia. Longleaf pine and
pond pine are the other major yellow
pines in the Coastal Plain. Virginia
pine is the other major yellow pine in
the Piedmont and Mountains.

TRENDS IN PINE REMOVALS

Tn contrast to the decline in net
annual growth, annual removals of pine
continue Lo increase about a

ed in

throughout most of the Southeast. In
the fourth inventory cycle, net annual
growth exceeded annual removals of pine
by 39 percent. In the latest surveys,
growth exceeded removals by only 10 pexr-—
cent for the region as a whole, and many
areas showed deficits. Extrapolations
of these trends suggest that pine growth
and removals are probably very clese to
a balance at this time.

The most recent surveys have measured
eases in annual removals in
Florida, Georgia, and South Carolina but
very little change in North Carolina and
Virginia (appendix A, table 4). B
ownership, the largest percentage
increases in pine removals have been on
industry land in the Piedmont and on
NIPF land in the Coastal Plain (appendix
A, table 5). By species, the largest
increase has been in slash pine
(appendix A, table 6).

sharp incr

Natural stands of slash pine a
rapidly being harvested in the Coastal
Plain, and much of the harvest of plan-
tation wood is of this species. Many of
the older pine plantations where tvees
are reaching merchantable si are slash
pine. In the 1950's and 1960"'s, slash
pine accounted for a large share of the
planting throughout the regi
southern Coastal Plain and up into the
Piedmont of Georgia and South Carolina.

TRENDS IN PINE INVENTORIES

As the growth-removal situation for
pine has tightened, the inventory volume
has leveled off. Over the most recent
remeasurement periods, the inventory
volume of yellow pine increased only 6
percent in the Southeast as a whole, and
even less in the Piedmont and Mountains.
Most of the increase shows up in
Florida, the Coastal Plain of Georgia,
and the Piedmont and Mountains of
Virginia (appendix A, table 7), the
areas with the oldest data, By owner-
ship, most of the recent increase in
pine volume has occurred on public and
forest industry land in the Coastal
Plain (appendix A, table 8).  The inven-
tory volume on NIPF land appears Lo have




peaked throughout the region. By spe-

cies, slash pine and loblolly pine vol-
umes in the Coastal Plain are still
increasing. The inventory of shortleaf

pine is declining rapidly throughoutr the
Southeast. Longleaf pine accounts for
most of a decline in volume of other
vellow pines in the Coastal Plain, and
Virginia pine accounts for most of an
increase in volume in this class in the
Piedmont and Mountains (appendix A,

table 9).

FACTORS QAUSENG REDUCTIONS
IN WET GROWTH

At least four major factors are
causing the reductions of net annual
growth of pine i Southeast: (1)
continuai decl: area of timber-
land, (2) inadequate regeneration on
NIPF land after harvesting, (3) a sharp
increase in the annual mortality of
s, and (4) a slowdown in the rates
f individual~tree diameter growth in
parts of the region.

o

DECLINE IHN AREA OF TIMBERLAND

Past land changes in the Southeast
have sig antly affected timb@r Vol
ume growth in the region (Beyce and
Knight 1980). Major ﬁhiftv in land use
since 1945 are particularly relevant to
the recent reduction in pine timber
growth. Between 1945 and 1969, area of
cropland harvested in the Southeast
declined by more than 10 million acres

according to statistics from the U.S.
Census of Agriculture., Much of the
former cropland seeded to trees, and

area of timberland in the r on
increased by 4.4 million acres.

During this period, planting and
natural seeding of pine trees on old
fields more than compensated for the
failure to regenerate pine stands after
harvests. The age distribution of pine
and mixed pine-~hardwood stands on NIPF
land in the Southeast today reflects the
high rate of pine establishment between
1945 and 1965. More than 40 percent of
all pine and ocak-pine stands on NIPF
land are between 20 and 40 years old
(appendix A, table 10).

i‘u

In the 1960's the acreage of cropland
harvested bottomed out, and since 1969
the r nerease
in cropland caused by a sharp rise in
the production of ﬂ@yb@am%ﬁ Area of
cropland harvested has increased by 3.6
million acres., Many acres of timberland
have been cleared for agriculture. In
addition, urban development continues to
consume timberland at the rate of
170,000 acres annually. The
has been a 5.9-million~acre decrease in
the area timberland since 1963,

ion has experienced an

result

Because of this turnabout in cropland
acreage, a major source of new pine
stands on NIPF land has dried up. Since
many NIPF owners in the region fail to
regenerate their pine stands after har-
vest, many of the acres retained in tim-
berland have reverted to hardwoods. In
the absence of any large~scale establish—
ment of pine on nonforest, the area of
young pine stands on NIPF land plummeted,
As a result, there are 30 percent fewer
pine and cak-pine stands 20 vears old
and younger than similar stands between
20 and 40 vears old.

Based on 1982 statistics from the
Census of Agriculture, the increase
nd harvested 1in the

in area of cropl
Southeasgt nas almost halted. Timberland
15 still being rapidly diverted to urban
and related uses, however. The pine and
oak-pine forest types have experienced a
3.2-million-acre net JPCrPdSO between
the fourth and fift

The fast
types was measur
Mountain Units of
table 11).

Small increases were measured 1in @
fyp@ﬁ on both public awd industry held-
ings, but the recent declines on NIPF
land total 3.7 willion acres (appendix
A, table 12). Of the major softwood
types, shortleaf pine and longleaf pine
have exp enced the largest loss
(appendix A, table 13).

INADEQUATE REGENERATION
ON NIPF LANDS

Another factor causing the reduction
in pine net growth is adequate regen~
eration on NIPF land after harvesting.



Although rvecent Forest Surveys show some
improvement in the regeneration of pine
on Ouuh land, the record during the

96 ‘s and 1970's was not good. Many
NIPF owners accept whatever regener—
cion natu provides after timber har-

es

, hardwoods or
and hardwood

2sts.  In many cas
ixed stands of p

replace pine without some intervention
on € part of the landowner. Chang

onn NIPF land are especially important
because these owners account for more
than two~-thirds of the timberland in
the Southeast.

Over the past 10 years, the area of
NIPF land harvested and kept in timber
has averaged about 930,000 acr each
year. This figure includes both final
harvesting and highmﬁraéinw but excludes
thinning &nd other intermediate cutting.
0f these 950,000 acres harvested,
610,000 acres supported pine or ocak-pine

stands prior to harvest. On N land,
the total area successfully regenera

ro pine or ocak-pine aV@xag@d about
330,000 acres, or 54 percent of the pine
and ocak-pine harvested. The area arti-
ficially regenerated to pine averagad
less than 20 percent of the acreage of
pine and cak-pine harvested. USDA
Forest Service statistics indicate that
the annual rate of planting on NIPF land
in the Southeast has increased signifi-
cantly in recent years, exceeding
280,000 acres in both 1982 and 1983,

The latest rate of planting is still
well below the rate of harvest, however.

About 1970, the conseguences of inade-
auate regeneration on NIFPF land and the
absence of pine seeding onto old fields
began to show up in the Forest Survey
statistics as reductions in the numbers
of pine saplings (Boyce and Rnight 1979)
The latest cyele of surveys shows 40~ to
50-percent declines in the numbers of

pine saplings on NIPF land. More impor—
tant, these daCLlﬂeﬁ in tree numbers
have now progressed up into the 6~ and
g-inch diameter classes, where they are
. g ingrowth and inventory volu-
Since some of the sharp decrease
numbers of pines can be attributed to
e shift from dense natural stands to
plantations, prospective declines in the

6

larger diam@tﬁ“ I
smaller than th
gaplings.

Tn the latest Forest Surveys of
Florida, Georgia, North Carolina, South
Carolina, and coastal Virginia, the
number of 6&~-inch pine trees on NIPF land
was down 27 percent from the fourth sur-
vey. A 60-percent increase in the num-

3 6-inch pines on forest indust
land Oniy partially compensated for t

n NIPF land. O 13 there was a
decrease (appendix A, table

THCREASE IN PINE MORTALITY

A third factor
in net growth is a sharp incres
mortality of pine. The statistics
cate 15 p(ru@nt of the gross annual
growth of yellow pine 1s now lost to
mortality, compared “h 9 perce 10
years ago. Overall, statist this
report show a 77-percent incr in the
annual mortality of pine growing stock.
Larger increases have occurred in
Florida, Georgia, and parts of Virginia.
Smaller increases have occurred in North
Carolir South Carolina, and coastal
Virginia. For South Carolina, where the
interim survey figures are compared with
those from the fifth survey, the chang
are for a 5~ to 6-year remeasurement
period (appendiz 4, table 15).

affecting the reducti
in

W

By ownership, the largest percentag
y Py

increases in phﬂ“ mortality have be
on puhliu where stands are gen-

erally ied over longer rotations
(&pﬁkmdiy A, table 16}, Within eac
QWW@”QﬂLp class, the largest increas
in mortality have occurred in the
Piedmont and Mountains. ©f the major
pine Speci"“ slash pine has d
enced the geslh percentage incres
{appendix Ay del@ 17). Slash pin@
planted off site and north of its
patural rvange has been particularly
susceptible to a number of dams g
agents.

Much of the increase in mortality can
be attributed to periodic outbreaks of
pine bark beetles over fairly extensive



areas. Forest Survey statistics suggest
that insects account for 35 to 40 per-
cent of the softwood mortality in the
Southeast each year. Suppression is the
second leading identifiable cause of
death, followed closely by disease.
Fusiform rust, littleleaf dim@q);y and
root rot are the three leading diseases
affecting pines in the region.

SLOWDOWN IN INDIVIDUAL~TREE
GROWTH

0f all the factors known to causing
reductions in pine growth, measured
declines in rates of individual~tree
diameter growth in much of the region
have attracted the most attention. The
remainder of this report will deal with
these findings. Tt is :Empuri:;mt £o
remember, %mw&vwrﬁ that reductions in
net gr&th of yellow pine would have
red because of the area reductions,
"ﬂ%@m@ratlwﬂ reductions, and mortality
increases even if dzamef@y growth rates
had remained stable. Although it is
difficult to quantify how much of the
overall reduction im net growth of pine

volume is caused by e :
results ym the interim survey of pine
timber in Secuth Carol
crude measure of the rels
attributable to diam
tion., In imf@ri

] prmvjd@ one
amount

the most rec@nt c@mpl, re surement
p@rlad usually are used to process the

rim data. In the case of South
Carolina, evidence of a slowdown in tree
growth had already been turned up in
parts of Georgia. Th ore, a decision
was made to remeasure the Jm@m@t@rg in
South Carolina in the interim survey.
thm the interim survey data we proc-
sults using the old diameter
gxownh rates were ﬁompared with those

= pew diameter growth rates.
With the old rates, the decline in net
growth avevraged 18 percent; with the new
‘ates, the decline dveLage& 28 pevrcent.
Thus, about two~thirds o he measured
lecline in volume growth across the
State would have occurred even if no
reduction in individual-tree diameter
growth had surfaced,

eHse I

using tl

SETTING THE STAGE

The Y@main&wd of this report deals
2if 1’1y with the reduction in indi-
~pine~tree diameter growth, its
on stand-le
of the de
igation tha
phenomenon,
quantitative

crowth, potential
= ¥ £

and areas of
shed more light
Before presenting

; ce we shall (1)
et the basic geographic unit used
nalysis and reporting, (2) describe
past and present FLA sampling proce-

(3) discuss the limitations
inherent hin the Survey data, and (4)
show how the FIA data are representative
of the population of trees and stands by
using examples of common changes in tree

ally at sampling points.

o

STUDY AREAS

For analvtical and reporting purposes,
12 study arveas were identified (fig. 1).
We pooled separate Survey Units to form

reas with similar phy
cies, and general forest
The study areas do not overlap States,
Remeasurement vyears, and thus the
periods over which growth 1s measured,
in adjacent States.

are different

FI& SAMPLING PROCEDURES

‘e FIA inventory dwfsyn 1s based on a
WW}lwd?”T?fBufﬁd, syste nple with
1 orest

Samp

5, and own

mypemw §1.

about 25,000 permanent plo are
talled in the Southeast; ;cbh plot

e

presents an average of 3,400 acres.
Forest Survey has now comp I)’“d the
fifth periodic inventory mf the forest
sources of the region. A number of

inventory methods and designs have been

used over the years,

In 1933,

forest

SOV

(table Crews compas
spaced iles apart and ins ‘led
pLQtS at i tiruajﬁ of 660

tally tr
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Figure l.--Forest Survey delineations of growth-loas study areas in the Southeast.



Table I.-~Forest Survey field completion

ite, study area, and survey cyole

dates (meunth/year) in the Southeast,

State
and

study area First Second

South Carolina:

Plain 6/364-12/36  11/46-1]
2 9/36~-12/36  11/4
Gtate 6/34-12/36  11/46
F
~th Florida 11/33-11/35 6/4L68- 3/449
south Flovida Y2735~ 4)36 VLG9 B/49
State 11/33~ 4/3¢6 6/l /49

Georgla:

Coa 12/33~ 6/34
Piliedmont & Mooz, 9%/35- 3/36
State 12/33~ 3/36

tal Plain

Carolina;
castal Plain
Piedmont

203712737
4/37- 6/37

Mountains /38~ 8/38 3/ 55
State 2/37- 8/38 12/51- 1

Virginias:

Coastal Plain 340 77410 6/ 56-10/56
Piedmont T/G0- 9/40  LO/56- 2/57
Mountains G/L0~11/40 2/57~ 6/57

Srate /G011 40 6/ 56 6/57

Southeast

348
3/48

11/33-11/40  11/46~ 6/57

B/77~ B3/78
o/77- 8/77
4/77- 8/78

11/57= 8/58 2767~
7/57-11/57 B/ 66~
7/57- 8/58 8/ 66~ 7/68

B/ 58~ 1/59 7/68-11/69 G/ 812,74
1/ 58~ 8/59  11/649- 6/70 12/79~ 5/80
8/98~ 8/59 T/ ek 6/ 70 9/ 78~ 5/80

B/59- 9/60 6/70~ 8/71 /8010781
9/ 60~ 8/61 /7110 LO/8E- 1/B3
B/59- 8/61 6/70~11/72 5/80- 1/83

B/0bl- /03 L1725/ 74 /84
/63 9/64 5/ 74 1/T5 B/ 84
T/63-11/64  5/74~ 9/ 74 G/ 84
B/6L~11/64 1L1/72~ 1/75 9/ 84
11/65~ 5/06 TIBY
/64 7/65 11 - 8/85
7/65- B/66 ~10/85

11/ 64~ B/o6 2075~ 3/77 9/ Bh4~10/55

T/57- 8/66 g/66~ 3/77 L4/77~10/85

period from 1946 to 1957; a 1/5~acre
circle was the basic sample plot. These
plots were randomly selected and syste-
matically distributed by using grids
printed on aerial photographs. Again,
trees were bored to determine growth
rates. The second survey marked the
initial use of permanent sample plo
the Southeast as plot locatlons were
documented so they could be remeasured,

(A

Point sampling was in“rmdua@d into
Forest Survey plot n during ©f
third inventory ayale betwwﬂu 1957 and
1966. Two versions of the new sampling
technique were used during the third
survey. A single BA~10 variable plot

was mwpﬁrxmywbmd on the old 1/5-acre
sample plots in South Carclina, Florida,
Georgia, and the Coastal Plain of North
Carolina. 1In the remainder of North
Carolina and in Virginia, a 10-point
cluster of BA~37.5 plots was established
at each sample location., This plot
design is still in use.

During the third survey cycle, methods
of growth determination were in tran-
sition., Trees were still bored to

obtain diameter growth information while
the switch to diameter remeasurements
was tested and gradually implemented.
The changeover from increment core o
remeasurements on permanent plots was
complete by the time the fourth survey
began in 1966. Fourth survey methodol~
ogy consisted of relocating the BA~10
or BA-37.5 plot, remeasuring surviving
trees, and establishing a new inventory
suitable for future remeasurement, The
fifth survey cycle began in 1977 and was
completed in late 1985. Procedures were
much the same as those of the fourth

of the 10 sample
are currentl;

inventory cycle,
points at each loc:
remeasured.

Detailed descriptions of FIA plot
inventory and remeasurement procedt
> provided in field manuals for eact

State and survey cycle. 1 cent
Resource Bulletins also pruvydm defini~
rions of all terms commonly used in the
inventories (Sheffield and Knight 1984).

lapvailable from the Southeastern Forest Exper—

iment Station, Forest Inventory and Analysis.




DATA TIMITATIONS
Because of the che o invern-
sign over the years, it is dif-

anges 1in

tory de
ficult to develop comparable estimates
of individual-tr
. Tree growth data from the earlier
d, No published
growth rates

growth rates over

£ lme

surveys are iJmL“
records of ind:

' FUT the first survey period, and
from that survey were
ars ago. Similar problems

ex e second SiZVEyf but the
figtk LOfm contal neasurements of
tree core increment thU been salvaged

for Virginia. Th a will even-—
tually @~?a0$j%h tree growth rates in
this State for the 1947 to 1957 period,
rhe oldest information extractable from
rhe FIA data base. Data available from
the third uJFVﬁy E

iod are mostly in

the form of core measurements
recorded on the ‘orms. Some of
that third survey data have been coded

Eventually all
into a form

for computer analysis,
of it will be convert
sultable for computer ce and analy-
sis., Tree growth-rate 1 for the
fourth and fifth survey periods are
based entirely on diameter remeasurement
data. The initial discovery of diameter
growth reduction came from comparisons
of average growth rates from these

diameter remeasuvements. In South
ylina, the interim survey diameter
measurement in 1983 provided another

Car

re

period for comparison beyond the fifth
inventory.

Analyses of available data and inves-
tigations into possible causes of
growth reduction are more difficult and

1imited than would be the case if the
FLA i?voutarxz% were d@“k@ﬂ@d for such
uses. :, stand, and
L param@Lerﬁ @LLhwi have not been
ected or have been collected in a
variable manner over time. These survey
i and data limitati problems
analyses of possible causes of the
reducti

ool

O

UNDERSTANDING THE NATURE
OF THE FIA DATA

F1A remeasurement data are unique in
that they are d from the entire
population of i and stands across

10

the Southeast. Procedures are designed
to accurately sample the population at

each point in time and Lo measure basic
changes in the population from inventory
to inventory. The broad-based and dy-

namic nature of the population of tr
and stands is difficult to fully compr
hend, even for someone with experience

in forest inventory. For this reason,
three examples of changes in stands and
associated tally of trees over time in

abl
radius plots) are provided to put into

hypothetical point samples (vari

focus the source and nature of the dz
used in subsequent sections

le (fig. 23, four

in the inventory at
Sampliﬁﬂ point in the
member that other [rees
of those shown,

3
]

%yyothotlﬁd
third survey. 3
are also in the vicini

T
- (D

but they are not large enough to be
included in the tally for this inventory
. remeasured in the fourth

1 has disd. Trees Z,
and 4 have survived and are rem c
11 2es would be nucludoi iRy

period, Wh

L
o

survey, LT

These three t

age diameter
vzow?hg th@ averas are usually
assigned to the ‘s diameter class !
the third survey, the beginning of this
g'fowﬁh pg iod. The same three remeas—
ured are expanded to per acre lev—
els and the diameter growth is converted
to stand basal area growth (surviver
yu;wth) by methods and concepts docu-
()9&@>

mented by Beers and Miller

A new inventory is now established at

the same plot center (PC) to measure the
nt inventory and set a new base for

remeasurement, Remeasured

- 3, and & become part of the new
inventory, but an additional tree (#5)
is also included because it
enough to be within the limi
distance determined by the ares
factor of the point sample. During the
ext plof remeasurement (fifth survey),

is now large

this new tree is remeasured along with
trees 2 and 4. Tree 3 has been cut in
this example. Diameter growth rates for

individual trees would be based on trees
2, &, and 5 and assigned to the diameter
class of the respective trees in the
fourth inventory. Survivor growth for
the stand would be calculated using the
e s,

ame U
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FPigure 3.--Tree tally and remeasurement trees at a hypothetical sampling point
in three successive inventories——timber harvest and regeneration,

1t is important to note that 1f only
undisturbed plots were included im the
computation of average growth, this
hypothetical plot would be included for
the third-fourth growth period. Because

2

timber cutting occurred between the
fourth and fifth surveys, this plot

would be excluded from the computation
of average growth for this period.

In another typical example of changes
onn a plot (fig. 3), the initial inven~
tory consists primarily of sawtimber
These are before the
fourth survey remeasurement;
remain on which to compute average
diameter growth or survivor growth for

trees, trees cul

no trees
tree

the stand. However, a numb of small
saplings have become established and are

11
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Figure 4,~~Tree tally and remeasurement trees at 4 hypothetical sampling point
in three successive inventories—-no wajor disturbance.

part of the new inventory on this plot
in the fourth survey (trees 6, 7, 8, 9).
Those surviving until the fifth survey
remeasurement (trees 6, 7, 9) are
remeasured and constitute the source of
growth information for this plot during
the latest growth period.

The third survey inventory in a third
example (fig. 4) consists of saplings
{treesg 1-6). The stand is undisturbed
between the third and fourth and again
between the fourth and f£ifth surveys. A
number of the trees grow larger and are
remeasured, while others die. Again,
new trees ave added in subsequent invern-
tories as their size increases, pro-
viding new remeasurement opportunities
in the next remeasurement. Even though
the trees in this mgampkw are obviously
older in the last inventory and may be
growing slower as a result, it is impor—
rant to realize that growth that occurs
on the same trees in consecutive periods
is assigned to a different diameter
class for each period. Similarly, stand
growth is assigned to higher stand age
and/or density classes for each period,

Many more examples would be needed o
exhaust all possible combinations of
stand and tree his story for the di

growth periods. Two points shou
membered: (1) Tremendous diversity

exists in the population of trees and
stands over large geographic areas, and
(2) sampling procedures employed by FIA
are designed to capture and weasure the
changes in the population from one
inventory to the next., Changes in tree
and stand growth presented here are notb
based on a single sample of trees
selected during the third survey and
tracked over succeeding remeasurement
periods. The population of trees and
stands is resampled at each inventory
to establish a new base for the next
remeasurement,

INDIVIDUAL~TREE GROWIH REDUCTION

Reductions in survivor growth of pines
were first observed at the individual-
tree level. Th@ measure of tree growth
used in the individual-tree analysis was
average nual radial increment (AARL).
Tree volume growth would have been more
degirvable, but tree heights were not
measured w,wm the same precision as tree
d.b.h. In some cases, heights of indi-
vidual remeasured trees were not avail-
able for use. Because AARI's (and tree
volume growth) do not adequately describe
stand productivity, move detailed analy-
sis of the data was deemed necessary. In
the meantime, AARI's could be computed




rather quickly from the latest remeas~—
ent data to provide an initial exam—
ination of growth trends.

AART COMPUTATION

Declines in AARI's in npatural atamdﬁ

of loblolly pine in the bmmlde Piedmont

and Mountains are shown in plottings of
radial growth by initial diameter class
for the two most recent remeasurement
periods (fig. 5). Reductions in this
particular ewxample range from 1l percent
for the lé4-inch diameter class to 37
percent for the 2Z-inch class.

‘‘‘‘‘‘‘‘ e 1GET-1G72
v 1972-10852

41 STANDARD ERROR

2 4 6 & 10 12 14 18 18 20+
INFTIAL 2-INCH DIAMETER CLASS

Figure ﬁmwmﬁv&r&ga anowal radial increment
(A4RT), by diameter class, for loblolly
pine growing in natural stands during the
two latest remessurement perieds, Georgia
Piedmont gnd Mountains.

In this and subsequent presentations
of AARYL, mean growth values are shown
for each diameter class. Pine Lrees
that were measured at the beginning of
either remeasurement period and survived

to be remeasured at the end of the

basis for the growth
T each remeasurement
2ps involved were

period form ti
computation,
period, the
follows:

P

ok &%

L. Surviving pine trees were
assigned to a diameter class
based on the diameter of the
tree at the beginning of the
growth period,

Vs Ammn&i diameter growth for each
surviving tree was computed by
dividing the change in d.b.h.
by the number of years between
remeasurements,

3. AART for each tree was
by dividing annual diameter
growth by 2.

computed

4. Mean AART's for each diameter
class &md speclies we calculate
by summing individual-tree AARI's
and dividing by the number of
individuals,

Since the AARI's were computed inde-
pendently for each period, the means do
not reflect declining growth for the
same Crees tracked across both remeas-
urement periods, but simply reflect how
trees of the same diameter
growing in successive time
dynamics of the tr populatic
continuous turnover of individuals
within a size class. During any one
growth period many trees are cut, o©
die, new trees grow large enocugh Lo be
included in the inventory, and most
vivor trees grow into a larger diamete
class. Therefore, the averages reflec
naturally occurring changes in overal]
forest structure over time.

58 are
ods, T
ensure a

he

Standard errors are imdifaweﬁ around
the means in the e sle plotting of
AARY (fig. 5) but mitted from sub-
sequent illustrations of AARI. Means,
ple sizes (number of trees), and
standard errors for all the AART data
are available in tables in appendix A.
Tests of sgignificance bevond providing
meang, sample size, and standard errors
are omitted. Readers may wish Lo make
their own interpretations of signifi-
cance based on the
interpretation of stat
cance is provided in the text.

se statistics. Some

stical signifi-

&

The shapes of the growth curves do not

resemble those in traditional growth and
vield studies of managed stands. Most

of the natural stands in the FIA reme
urements are not managed, and trees of
all crown classes are included in the
averages. Relatively high proportions
of intermediate and overtopped trees in
the smaller diameter classes suppress
the growth values.

13



AART COMPARIEONE

AART data for the
(those with diameter
were assembled for each of fhe study

for which there were Lwo or more

aredas

available remeasurements. The data are
presented in appendix A for the major

growing in natural stands
each study area and for planted
where the sample is large enough
11; appendiz A, tables 18-47).

pine speci
within
gtands
(rable

Since AART trends in the Coastal Plain
differ from those in the Piedmont and
Mountains, the important findings are

ST zed for each region.

Piedmont and Mountains

& pattern of reduced AARI is evident
for all major pine species growing in

natural stands throughout the upla

areas of the Southeast between
most recent remeasuvement periods. For

most study areas, the growth slowdown
apparently occurred between the fourth
and fifth surveys--somebime in the

1970%s or early 1980's., 1In Bouth

Carolina, pine diameter growth changed
little between the fourth and fifth
but did decline thereaft

X5 S i

hased on

VeVEs

4ART's determined for the interim survey

Reductions ¢ 3
to 1983) were
periods in

remeasurement period,
this 5-year period (1978
as severe as for 10-year
adijacent States.

Reductions in diameler growth of pi
in nat stands are evident for all

al

but the est pine trees in the

and Mountain regions. T

Piedmont he

Table IL.-~A summary of appendiz A tables showing AARL comparvisons for growth-loss study areass
. . . . Stand Pine N
Study area Survey period . Tabile
g ty pe species
Georgia Piedmont and Mountains 1961-1972, 1972-1982 Na 1 Loblol] 18
Natural Shortleaf 19
Georgla Coasstal Plain 1961-1972, 1972-1982 - Natural Glash a0

South Carolina Piedmont 195819648,

South Carolina Coastal Plain 1958~1968,

Morth Carolina Fiedmont 1964~1974,

North Carolina Coastal Plain 19641974,

Harth Carolina Mountaing 19641974,

Yirginia Piedmont 1966~1976,

Virginia Coastal Plain 19661976,

Virginia Mountains

1959-1970,

Horth Florida

South Florida 19591971,

1968-1978,

1968-1978,

1968-1978,

1974~ 1984

19741984 .

(Mot available

1970-1980

Matural
Natural
Planted

Longieat
=

1978~1982 Hatural 24
Natural 25
Planted 26
1976~1983 Natural Loblolly 27
Natural Pod 2
Natural f 24
197819483 Planted Loblol iy 30
Planted Slash 3

Natural
Hatural

Loblolly 32
Shortleaf 33

Natural Virginia 34

984 Matural Loblolly 35
b

MNatural Pond 36

Natural Lomg 37

38
39

Natural
Hatural

1976-1985 - Natural Virginia 40
Natural Shortleaf 4l

1976-1985 0 - - L Loblolly 47
Natural Virginia W3

present time)

o Natural Slash Al

Hatural Longleaf !

Planted Glash 46

Natural Slash 47

1970-1980

14



magnitude of the reduction varies by
species and diameter class but averages
20 to 30 percenty the majority of dif-
ferences in AARI's are statistically
significant at one standard errvor or
higher probability. These changes are
based on & relatively large number of
remegsured trees, wmth several hundred
samples in many fumbxrﬁfkmw& of specie
and diameter class.

A comparison of pine diameter growth
trends for plantations in the Piedmont
and Mountains was possible only im South

Carolina (appendix A, table 26), azny
reductions show up for loblolly pine in
the interim survey data (1983), compared

with data from the two pw&vi&75 T eme g
urements. Differences between diameter
@1%&5& often were nob statistically
‘icant at one standard error. The

iple size for plantation Iw}]oily pine
in this study area is not particularly
large, especially in the fifth survey
here most diameter classes have fewer
than 30 samples.

Coastal Plain

The AART walues for the est surves
in the Coastal Plain show little evi-
dence of general growth reductions in
natural stands. Trende in diameter
growth vary by study area, species, and
X LQFIQl!y pine, the most
v es in the Coastal Plain,
well in the f£ifth survey period
as in the fourth in Coastal Plain study
areas in Virginia and North Carclina.
Some reduction in diameter growth of
natural loblolly is evident in the
Georgia and South Carolina Coastal Plain
areas, primarily in the smallest
diameter classes. The r@ducﬁi@n,iﬂ
South Carolina apparently occurred be-
tween the fifth and interim survevs,

For other pine species in natural
stands, there are similar inconsisten-—
cies in diameter growth trends. In the
Coastal Plain regions of Georgia and
North Carolina, radial growth rates for
leaf pine weve down for the smaller
diameter cla rally the Z-
through the 10-inch class) between the
fourth and fifth surveys. In North
lorida and South Carolina, the most

sses (gener

recent diameter remeasurement data indi-
cate r@iativaly stable growth for long-
leaf pine. Slash pine diameter growth
for natural stands in the Georgia
Coastal Plain is relatively stable in
all but the swallest diameter classes.
Natural slash in North Florida has
slowed somewhat more in diameter growth,
while no general trend is evident in
South Fleorida,

Comparisons of diameter growth rates
were posgible for planted slash pine and
loblolly pine in certain study areas
e for two
Growth

where the sample size was
or more remeasurement pe
trends for these types also vary
geographically. Diameter growth of
planted slash pine is relatively stable
in the Georgia Coastal Plain, generally
up in North Florida, and generally down
for the smaller trees in South Carolina.
The reduction in South Carolina may be
attributable to the decrease in planting
of this species this far north in the
last 10 to 15 years. Without recent
plantings, average growth rates in small
dl@m@t@r classes are eap@cted to decline
because they represent increasing pro-

portions of suppressed trees as the
stands age. Growth of loblolly pine in
plantations is compared only in the
South Carolina Coastal Plain, whe
relatively stable growth rates ‘
indicated. Management factors such as

re

changes in tree spacing over time,
drainage, bedding, use of genetically

improved stock, etc., complicate the
evaluation of diameter growth trends in
antations more than for natural
stands.

]
o

THIED SURVEY IRCREMENT CORE

MEASUREMENTS

A logical conclusion based on data
available from the fourth, f£ifth, and
interim surveys was that any diameter
growth decline was probably restricted
to yellow pines in the Piedmont and
Mountain areas of the Southeast. The
FIA staff decided that growth informa-
tion from the third survey should be
examined. The effort to code third
survey data for computer storage and
iedmont and

analyasis began with the



Mountains
South Carcolina Pi
tually extended into the Coastal Plain.
These efforts are continuing.

of Georgia, continued with the
fmont, and was evenw-

Few diameter remeasurement data are
available for the third survey. Tree
growth data gathered during that survey
came from tree cores extracted from
inventory trees., In order to compare
growth rates for this period with more

ent ones, Cree core measurements had
to AARIL's.

re
to be converte

Conversion to Equivalent AARI's

During the third survey of South
Carolina, all sample trees 3.0 inches
d.,b.h. and larger were bored on the plot
center side of the tree and the last
full 5 vears of radial growth was
measured and recorded to the nearest
1/20 inch. 1In Georgia, the minimum size
of tree bored for radial growth was 4.0
inches d.b.h. Trees of any size with
abnormalities or defects at by
ight were not bored.

Bark measurements at breast height on
more than 40,000 trees provided the data
necessary to develop P;Udfﬁﬂﬁ to pre-

5 arnd

m*ct bark thickness, by ;
.b.h. The procedure d@V@}Gp@d to com
ptt radial growth (including bark) from
he third-survey tree core measurements

(excluding bark) required computing
regssion coefficien for bark

kness prediction equations for eack
¢, Separvate sets of equation
ients were solved far saplings
under 5.0 inches d.b.h.) and
treegs. Three djfior@mt calou-
lating procedures were tested, and their
results were compared over a wide range
of diameters and radial growth rates.
The three mathematical procedures were
further rtested using the actual third
survey sample trees for both study areas
in Georgia. All thr methods produced
essentially the same estimates of AARI
on a tree-by-tree basis and at the sum-
mary level. The procedure selected for
use in this study produced the lowest
estimate of AARI's. The prediction
uations and a more detailed explana-—
tion of the procedure are presented in
appendix B. All trees whose radial

ey

16

growth rates were unknown were assig
an average radial growth value by
cies and diameter class within each

study area. Sample trees assigned an
average growth were not used in making

AARI comparisons but were used in esti-
mating initial basal area per acre and
basal arvea growth per acre.

D.b.h. 5 years prior to the third sur-
vey was calculated for each tree from
the computed AARL. Trees were then
sorted and averages developed by the
same procedures as for the fourth and
fifth surveys.

Limitations of Third Survey Data

During the recovery and analysis of
third survev data for Georgia and South
Carolina, several limiting factors were
identified. The first and perhaps most
serious limitation of the third survey
data was that 1t was impossible to
aecount for all the major components of

change during the 5-year growth period.
Third survey inventory trees were pro-
cessed backward, so only surviving trees
and ingrowth trees could be accounted
for during the period. There was no
record of trees that died or were cut

£

34

during the growth pericd. This limita-—
tion prevents the complete reconstruc-—

tion of stand conditions at the
beginning of th

e growth period. Ancther
limitation of the third survey data was
the lack of stand history information
for the 5-year period. Past distur-—
bance and cubting history coding only
~ognized the 3 years preceding the
time of the inventory, leaving Z vears
of possible unaccounted disturbances
during the growth period and no record
of stand history prior to the period.

The date and nature of stand origin
{(planted or natural) would have been
useful for this study. During the 20
years prior to the third survey, many
pine stands in the Piedmont of Georgia
and South Carclina originated on aban-
doned agricultural land either by
- or by natural regeneration. A

stands was the Piedmont and
Mountains of but not in the
Coastal Plain of Georgia or in South



Stands orviginating on old~
were not iden
("

lso, stand

was not

Piedmont and Mountains

lmeoLIy and shor

fnmd over a longer

7. 6.

C l asses are

L over most dlwmctﬁr
apparent in wawpazLﬂg the latest growth
rates (1972 to 1982) with those of the
earliest period (1956 to 1961). The
decline for loblolly is eater betweer
the third and fourth survey than between
the fourth and fifth. Shortleaf pine

;wﬁh has slowed more dramatically over
the e ire period; 40~ to 50-percent
drops in growth rates have occurred for
this species. About half of the loss
took place before the fourth survey and
hal £ latest growth period, For
both loblolly and shortleaf pine in this
study area, reductions in mean AARIL be-
tween the third and fifth surveys are
catistically significant at least at
gtandard error; most means within
diameter classes differ at much h
levels of signi ance. The sample size
large for these two species; well
ey 100 B&mpio@ we present 1n most

2 ¥ in all three surveys

y} s 48~49).

-

2

3‘\

AARL's for the third survey are not
presented for the Z-inch ¢ 2ter class.
Trees of this size were not bored.
were computed for this diameter

were based on larger trees
owing fast enough to have
in-

that were gr
been in the 2~inch class at the be
ning of the growth period (5 vears
earlier). Thus, AARI's for this
diameter class are biased, compared with
later diame rgm@a&ur@mmntﬁ of all
trees.,

In the South Carolina Piedmont,
reductions in dj“m@t@r growth for
natural loblolly and shortleaf pi
=4 bet third and interim
irvey periods. For most diameter
classe feclines are statistical

[

]

significant at the

the large

ity level, giver
and standard error value
53~54).

span 3 dec
owth decline :
o d continuously throughout tl
Declines occurrved between
third and ] eys and between

fifeh anc L 5urv0y=“ The fourt
and fifth survey AARI's are essentially
the same,

s {appendix A,
Carolina
-1983).

nwx appear Lo

period,

¥

Coagstal Plain

The completed analyses
al Plain areas
~current diamete

third survey
have been

data for Coast
quite surpris
growth rates
siderably lower than those of 2 to 3
decades ago, For instance, natural
slash pine growth rates have declined by
approximately 40 perc in the Georg
Coastal Plain (f 7). Almost all of
this drop occur i the third a
fourth survey pericds, and the di
ces in AARI's are statistically
cant at one standard errvor or more,
Declines of somewhat smaller &pmz*ud
are apparent for loblelly pine in
region., The same nds exist in th
Coastal Plain uf North and South
Carolina (figs. 7 and 8). each area
and for each major pine speci
erall diameter growth tuctid
and most of the loss Look

and fourth

vellow pines are

5, an

on 1w

ove
apparent,
place between the !
veys., The reductions
and latest su are
the 95%-pevrcent pro
most combinations of
diameter class (appendix A,

50-~52, 55-60),

rables

STAND GROWTH REDUCTIONS

Over the past 3 decades in the South-
. . of
vdl,Jm

east, the
pine stand
The avers
ally older
the pine stand of
the factors cont:
growth reductions

age
chang dran
zand today is

and more densely stocked
30 vears
buting to overs
at the regiona
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slowdowns in the growth rates of indivi-

dual trees, increased mortality, amd
declining ingrowth are the most disturb-
ing. This 5wcfzom focuses on these fac-
tors to inves rate growth at fbw stand
level and wypiarmu the possibility that
regional changes in stand structure may
be responsible for the observed growth
reductions.

The analysis was accomplished by com~
paring rates of average annual basal
area growth per acre for three separate
growth pericds in two study areas of
Georgia. Natural loblolly and short
leaf pine stands in the Piedmont and
Mountainsg and natural slash pine stands
in the Coastal Plain were chosen for
analysis. These combinations afforded
the largest and most current data bas
available at the time this study was
begun. Similar analyses involving other
forest types and study areas are
incomplete,

STAND LEVEL DATA

Special summary records were ge
from the third, fourth, and fifth
tories of Georgia Lo examine stand basal

rated

Lnven—

20

stands, by growth period, North Carclina

area growth trends. To be included in
the data for a given survey period,
samples were required to have at least |
square foot of basal area per acre in
trees 1.0 inch d.b.h. and larger at both
the initial and terminal inventories.
Any plots showing evidence of planti
or timber cutting during the remeasure-
ment period were excluded. Other treat-
ments and disturbances, or cutting prior
to a4 given remeasurement pwm}@ﬂ were

not taken into account. Key stand vari-
ables retained on the summary records
include forest type, stand age, initial
imvemfory7 survivor growth, ingrowth,

and mortality. Because of changes in
collection procedures, many of these
variables were computed differently for
each survey. Variable definitions and
computational methods are outlined below.

Forest type was assigned on the basis
of the initial inventory of each sample
In order to qualify as one of the three
forest types used in this analvsis,
Sampiéh were required to have at least
50 percent of all-live basal area in

s




yellow pine species, and a plurality of to ggﬂp etely reconstruct the third sur-
ﬁhe vellow p;n& basal area in the par- vey ini @] inventory. However, the
uTar

Jp@am@“ appearing in the Seyear gzﬂwfh measurements collected
type mnamea. from tally trees during the third survey
made it possible to estimate the d.b.h,
of those trees in 1956, The estimat
of old d.b.h. were subsequently used Lo
approximate the stand basal area exist-
ing in 1956, The 1956 basal area values

Planting history was not collected in
the 1961 survey of the Georgia Coastal
Plain. The slash pine data presented
here for the periocd between 1956 and
1961 include only a small number of

-

. do not include trees that died between
planted stands. Most of these were ° elude tre - fhdt,d%éé ?&?“i’”
B P 1956 and 1961, so the 1956 initial in-
rejected because the trees on them had .

ventory es ate is actually the survi-
vor~tree initial inventory, and there-
fore underestimates the actual 1956
basal area.

not vet reached 1.0 inch d.b.h, by 1956.
Plantation management was just becoming
a common forestry practice at that time.

i
Survivor Growth, Ingrowth

The stand age assigned by field crews and Mortality
s the average age of all trees repre~
senting the manageable stand. In the Net g

~owth between two Cimber inven-

absence of a manageable stand, the tories can be divided into three
as ﬁ]?m&d age is the average age of all separate components: survivor ;*owth?

trees in the primary overstory. Stand ingrowth, and mortality. Survivor

age was available only for the fifth growth 1s the basal area growth per acre
survey terminal inventory. Stand ages gecrued on all live trees 1.0 inch

used in this analysis apply to the ini- d.b,h. and larger at the time of initial
rial inventory of each period, TFifth inventory that survived to the end of
survey initial stand age was determined the remeasurement period. Ingrowth is
by subtracting the remessurement period the terminal inventory basal area per
from the terminal stand age., TFourth acre assigned to all live trees which
survey initial stand age wag computed by grew across the 1.0-inch diameter
subtracting the fourth survey remeasure- threshold during the remeasurement

ment period from the fifth survey ini- period. Mortality is the initial basal

tial age on all plots common to both area of trees 1.0 inch d.b.h. and larger
surveys., Age was nol ragr@“%md to any at the initial inventory that died from
third survey samples or any fourth or natural causes during the remeasurement
fifth samples that experi period., Fifth survey survivor growth,
major sed disturbance dur ingrowth, and mortality were deternined
remuagur@mﬁmt period. from the 1982 remeasurement of tal
trees originally recorded on the 1972
Initial Inventory 3-point subsample. The fourth survey
components of growth were obtained from
For the fourth and f£ifth surveys, ini- the 1972 remeasurement of tally trees
rial inventory is defined as the total recorded on the 1961 BA-10 plots.
basal area per acre of all live trees at
least 1.0 inch d.b.h. at the beginning The ahsence of a third survey remeas-

of the remeasurement period. In the urement sample made reconstruction of

case of the fifth survey, initial inven- ingrowth and mortality estimates betwe

tory was calculated from trees tallied 1956 and 1961 impractical. Survivor

on the BA-37.5 3-point subsample estab- growth for this period was calculated

lished during the fourth survey in 1972. from the 5-year increment core measure-

The fourth survey initial iwvwmrary was ments.

obtained from the BA-10 sample installed

during the third survey im 1961. The basal area growth occurring on
sample during each remeasurement

Because no second survey plots were period was calculated according to
directly remeasured, it was not possible methods outlined by Beers and Miller

21



(1964) for wvariable-plot samples. In
order to maintain a valid estimate of
population growth for all three periods,
"nongrowth" (variable-plot ongrowth)

=re counted as part of the new

al inventory following remeasur
ment of the old inventory at each
le, HNongrowth trees are used only
ablish a new inventory base for
future remeasurement and do not figure
wnto growth calculations until the next
growth period,

METHODS

In order to determine 1f re
ges in fh =rage density or age
of pine stands in these two study areas

€ awv

are re g in overall

sponsible for chang
growth rates, stands were stratified by
the conditions existing at the initial
inventory of each remeasurement period.
Samples were grouped into 10-vear ini-
tial age classes and 20-square-foot ini-
tial basal area classes. The subsequent
growth occurring in these stands,
grouped by initial age and basal area
classes, was then compared for the three
growth pericods to determine 1f changes
in stand growth rates were s£ill evident
when these factors were held constant,

it must be emphasized that the samplec
used for any one of the three growth
periods constitute a random draw of the
population of undisturbed natural stands
present during that period. 1In other
words, the same of samples has not
been tracked over three periods in time.
Plots that met the qualifications to be
counted for one period may not have been
used for another period for several
reasons. Foremost among these reasons

ares

s in the forest land base.
Some gamples were cleared Lo a
nonforest condition, whereas
others reverted to forest fr
nonforest,

2. Cutting history. Some samples
experienced some type of timber
cutting during one remeasurement
period but not during another.

es falling in this category

Samp

ware used only for the periods
during which they were
undisturbed.

3. Changing forest Lype. Based on
the criteria for determining
forest type, a given sample may
have qualified as a loblolly,
shortleaf, or slash pine type
during one period but not during
another,

Some sample locations may have been
used for more than one of the three
growth periods. Reuse 18 not perceived
as having any serious implications.
Although exactly the same Lrees were
remegsured at each sample within each
growth period, differences in sample
design resulted in the weasurement of
different trees between the periods, To
alaborate, stand growth between 1961-1972
was derived from the remeasurement of
the single~point BA-10 plots., Stand
growth between 1972~1987 was estimated
from the remeasurement of three BA-37.5
points installed at each plot location.
Even though some of the same trees may
have been included in growth estimates
used for both periods, they carried dif-
ferent per-acre expansion factors.

Also, the stands they occurred in would

fe
most likely have been assigned to dif-
ferent combinations of initial age and
density.

FOURTH AND FIFTH SURVEY
COMPARTSONS

Changes involving net growth, survivor
growth, ingrowth, and mortality of matu-
ral loblolly pine stands in the Piedmont
and Mountains of Georgia between
1961-1972 and 1972~1982 are depicted 1in
figure 9. Initial and densities, net
annual growth, and > components of net
growth include all species present in
the stand. Data used to produce these
graphs are provided in appendix A, table
61. The effect of initial stand density
is held constant along the x-axis of
each graph.

Het growth declined substantially over
the entire range of initial stand den—
sities, as compared with the former
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remeasurement period. It is evident
that declining survivor growth across
the range of initial densities is the
major cause of the overall reduction in
net growth., Increased mortality is a
contributing factor. Ingrowth has

ained fairly stable but is down in
the most sparsely stocked stands

e

Figure 10 shows differences in growth
between the two periods when initial
stand age is used as the control vari-
able. Data used to draft these figureg
pendix A, table 62.
wer samples were available for the
stand age analyses because of restric-
tions imposed on the methods used to
regress stand age from the fifth survey.
Although net growth has declined across
the range of initial ages, older loblolly
stands do not seem to have been affected

Survivor growth has fallen
s than 35 vears old but
gained slightly in older stands. Movtal-
ity has risen in all age classes. In-
creased mortality in stands 35 years and
older has offset increased survivor
growth in these stands. Ingrowth is
down in the youngest St@ﬂdmy where it
counts the most.

are provided in ap
Fe

5 seve
in stands 1

Table TI1 is a matrix designed to iso-
late the combined effects of initial
nd age and density on net annual
srowth for each period. Unfortunately,
the samples are too small in individual
cells of the matrix to draw any definite
conclusions. Sample sizes range from a
low of 0 to a high of 19. As a result,
ndard errors of each cell are

1y high. About half the cells

show a significant growth loss at one
standard error when both initial stand
ity and age are held comnstant. More
than half indicate a growth decline
during the latter period, bult the dif-
ferences are not all significant.

relative

C

Table IV highlights the relationships
among the compounents of growth and ini-
tial stand conditions for the 1961-1972
growth period. Table V shows these same
relationships for the 1972-1982 data.
Two points apparent from a comparison
of these tables are worth mentioning.

t, no real changes have taken place

Firs

24

in the relationships among these vari-

ables between the two periods., Second,
mortality is not significantly corx

lated with surviver growth.

This last F@iliiﬂﬂ}hi@ may be evidence
that the agent(s) causing increases in
mortality is not necessarily responsible
for r“ductimmg in survivor growth., If
the same agent were responsible for bo
phenomena, one might expect mortality
to be negatively corrvelated with sur-
vivor growth., This interpretation is by
no means conclusive because the le o f
correlation could also mean that pos-
sible declines in survivor growth on
samples with high mortality are simply
masked by increases in survivor growth
due to more favorable conditions caused
by the mortality. Whatever the case
there does not seem to be any evi ﬁ,ncg
that one single agent or combination of
agen is causing widﬁﬂpr@ad mortality
and declines in survivor growth on the
same samples., I1f such agents are at
work, their eff

ts are subtle.
Virtually the same scenario portyr
for loblelly pine stands in the Pi
and Mountains of Georgia also holds
natural shortleaf pine stauds in the
same region. Since only about half as

many samples were avallable for short-

leaf as for loblolly, the shortleaf data
are more ervatbic, These data are pre-
sented in appendix A, tables 63-67. As
with loblolly, net amnual growth of
shortleaf pine stands dur: the latest
period has declined even wl initial
stand density and age are held constant,
Again, older stands do not seem to have
been affected as severely. The only
notable difference between the two
forest types is that shortleaf stand
survivor growth seems to have remained
relatively steady over the entire ran
of initial ages when stand age is held
constant (appendix A, table 64). Thus,
declines in the net annual growth of
shortleaf Standv over the latest
remeasurement periocd have been more
heavily meldéma@d by increases in mor-
tality and declines of ingrowth.

A somewhat different situation exists
for matursal slash pine stands in the
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Table II1.--Sample sizes basal a (BA) growth

initial stand age, initial

natural loblolly pine
id density, and survey

Initial

stand~

al stand-age class (years)

denslty Survey 19 10~19 2029 30-39 40+
class cyele
BA/acTe g 5 - W 7 - - 5 « - ¥ . - -
(Fe ) I 4 By i & . ki o, { Sy N ¥ 5y
£ £
16 6.96 .82 To4.dz2 078 0.65 - 1 0.74 —— e - e

1-19 4

o
~3
g
o
©

$

i

2.83 W8 5 3.03 .99

20-39 4 6 5.69 1.79 11 5.21 .72 3 3.57 1.32 3 91 0,26 I1.62 R
5 4 6.07 .21 14 5.21 1.01 8 2.24 66 2 .87 .99 4 58 0.90

40~59 4 & 9,33 1.4 18 5,85 .84 4 4.83 1.08 2 2.08 .10 e - B
5 5 5,70 1.05 18 3.45 <51 5 1.45 1.01 2 1.0 .55 7 L.54 W59

60-79 4 4.59 1.25 13 3.76 W71 2 3.83 .28 3 3.30 .58 3 1.58
5 3 2.24 .33 19 3.00 .72 26 2.43 W33 4 3,36 1.10 2 1.7 2.07

B~

80-99 3 o - - 9 5.09 G 5 6.25 L66 2 3.59 .19 1 1.06 e
5 3 ~1.81 1.66 L2 4,20 A5 1h 2037 1 & 7.39 1.05 z L Th 43
100~119 4 i5.81 21 9 5.37 1.06 20 1.50 1.67 7 372 b5 e - B
5 2 4,06 5.94 12 2.70 .96 18 z.17 W42 4 471,88 8 2.67 .69
120+ 4 3.81 4 3,15 2.97 5 Z.14 1.81 1 - 54 - L 4.09 e
5 z .38 17 1.36 97 14 2,44 .53 16 1.88 .68 7 L3801 34

IV .-~Correlation coefficlents {upper) and associated probability values® (lower) for initial

inventory and stand age, net annual growth, and co
stands in the Georgia Piedmont and Mountaine, four

ponente of net annual growth, natural loblolly pine
th survey

» Initial Het annual Survivor . S Initial
=148 . i Tngrowth Mortality -
. g
inventory growths growih 4 stand age

initial

inventory
Wet annual -0.2203
growth L0071
Survivor L2293 0.7847

growth 0051 L0001

Ingrowth -~ . 4089 L3381 ~(1. 1680
L0001 OO0 L0412

Mortality L6310 - 052 L0831 -0, 1822
L0001 L0001 L3154 L0267

Initial L3199 - 5382 -. 3309 -.3261 0.0238
stand age L0001 Q00T L0001 L0001 L7737

&Yrobability > | R{ under Ho:RHBo=0.



Table V,-~Correlation coefficients (upper) and associated probability wval

inventory and stand ape, net

annusgl growth,

(lower) for initial

and components of met snnual growth, natural loblolly pine

stands in the Georgia Piedmont and Mountains, £ifth survey
- Initial Wet annual Gurvivor ; Ini
e oo : e 3T
N=287 invenrory growth growth Ingrowth Mortality stand age
Initial
inventory
Het annual ~0.2222
g1 owth 000
Survivor L2646 0.6937
growth L0001 L0001
Ingrowth . 2697 L3225 =0.0637
L0001 L0001 L4608
Mortality A GEL - 6882 -, (630 ~0.0505
L0001 L0001 L2B72 L3943
initial L2831 -.2093 -.2531 =, 2167 (0. 0452
stand age L0001 L0004 L0001 L0002 b 57
S . o ! . " ‘ -
Probability » | R under HosRHo=D.
Coastal Plain of Georgia. Figures 11 in figure 13 and approximate rhe ~fore
and 12 delineate changes in the net mance of survivor growth when initial

growth of slash pine stands between the

latest two remeasurement p&fi@dgm The
data thalb acc Qmpﬁmy thes gures are
provided in ppwnd . A, tab s 68 and
69. Ceneral declines of net stand

growth between the fourth and fifth sur-
veys are still evident despite stratifi-
cations by initial age and density.

Howe declines are not nearly
as dramat as those found in loblolly

-, Chese

and shortleaf stands in the Piedmont and
Mountains. Additional data enabling
furth comparison of slash pine stands
with loblolly and shortleaf stands are

tables 70~72.

included in appendix A,

THIRD, FOURTH, AND FIFTH
SURVEY COMPARISONG

As mentioned above, the relationship
between survivor growth and the initial

inventory of survivor trees was recon-
structed from increment
ments for the pericd between 1956 and

1961, Initial survivor—tree inventories

and survivor—-tree growth were also cal-

cCOore measure™

culated from the 1961-1972 and 1972-1982
remeasurement data to permit a standard

basis of comparison for three periods in
time. These comparisons are presented

stand density is used as the control
variable., The data used to produce thes
figures and their associated standard
errors can be found in appendix A,
tables 73-75. The initial stand density
classes are underestimates because mor-—
tality trees were not taken lnto account.
These figures are roughly comparable to
the surviver-growth graphs in figures 9
and 11, Equivalent comparisons by
rial age are not available because
was not regressed to fhe third

¥

,E, Th _L .

age
survey.

Survivor growth of loblolly stands in
the Georgia Piedmont and Mountains
dropped about the same amount between

the third and fourth remeasurement
periods as betwe the fourth and fifth,

regardless of initial stand density.

Alﬁhomgh Lhe data are more erraftic,
natural shortleaf stands in the same
area have followed a similar pattern.

growth of Coastal Plain
slash pine stands between 1956 and 1982
plunged about the same total amount as
loblolly and shortleaf stands in the
Piedmont and Mountains. However, it is
obvious that most of the decline in the
Coastal Plain stands occurred prior to
1972. Assuming the same factors are
esponsible for survivor-growth declines

The survivor

~a
(Y
—;
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in both regions, it appears that Coastal
Plain stands were impacted more suddenly
and earlier than pine stands in the
Piedmont and Mountains.

Although in some cases growth declines
by initial density class are not sta-
tistically significant between the third
and fourth and the fourth and fifth
periods, differences between the third

and fifth periods are significant at one
standard error or higher probability in

nearly all

classes,

DIBCUSSTON

General declines in the net annual

growth of the three forest types pr
sented here are apparent when the latest
remeasurement period is compared with
the 1961-1972 peried. During the last
decade, stands in the Georgia Piledmont
and Mountains have béen affected more
severely than stands in the Coastal
Plain. Although regional increases in
stand density and age can logically be
expected to have a detrimental impact on
net growth, they do not seem to explain
the magnitude of decline observed.
Regional changes in stand density, by

themselves, do not account for the dif-
ference in growth between the two
periods. Reductions are evident even
when stands with the same initial den-
sities are compared. Regional changes

in stand age, by themselves, do not
explain the declines in overall net
growth., In most cases, reductions per-
sist even when stands with the same ini~
tial ages are compared. The data sets
are too small to effectively test the
combined effectes of age and depnsity as
presented in this analysis.

With some noted exceptions, survivor
growth, ingrowth, and mortality have all
been adversely affected and are contrib-
uting to the overall decline

Survivor Growth

0f the three components, survivor
growth has the most influence on net

growth, Data indicate sUrvivor
growth in the two Piedmont and Mountain

forest types has been falling steadily
during the latest 2 decades. Survivoer
growth in the Georgia Coastal Plain has
dropped by a similar amount, but most of
the reduction in these stands occurred
sometime between 1961 and 1972. When
‘ied by initial stand density,
results are reasonably consistent,
Survivor growth declines are apparent
for nearly every initial density class

The picture becomes less distinct when
age 1s held constant. Survivor growth
in Coastal Plain slash pine stands is
only slighty down. However, age com-
parisons were available only for ,
latest two remeasur nt periods, and
most of the Coastal Plain decline took
place during the first of these periods.
Survivor growth reductions in the
Piedmont and Mountain loblolly stands
are_ significant only in the vounger age
classes. Survivor growth in upland
shortleaf stands does not seem to have
suffered when viewed by stand age.

Ingrowth is an important component of

net growth only in sparsely stocked and
voung stands., In all cases, ingrowth
has declined in the most sparsely

stocked stands. In Coastal Plain slash
pine stands, this decline also extends
into medium-stocked stands, Likewise,
ingrowth is down in all of the youngest
age classes. In shortleaf pine stands,
ingrowth reductions are apparent through
the 35-year age class.

Mortality dis highly correlated with
initial stand density., TIncreases have

consistently occurred across the mid-
range of initial density classes in all
three forest types.

Mortality in the

ly stocked stands

some cases has actually declined.

Mortality is not significantly corre-
lated with stand age. FIA data indicate
that annual mortality in basal area per



acre lg relatively constant regardless
stand age, Nonetheless, levels of
mortality between the two periods, when
examined by stand age, have increased in
almost every a/ﬁ ”13&& for all three
forest types the latest peri

Additional Comments

The magnitude and timing of stand
growth reductions in the two GGP cgia
study areas are comsistent with
individual-tree growth slowdowns in the
same reglons. However, we caution that
stand level findings for loblolly,
eaf, and slash pine in the two

short]

Georgia study areas apply only to these
forest types in these two study areas.

Future analyses of other species and
study areas may yield different results.

POSSIBLE CAUSES

What are the most likely causes for

the reductions in pine tree and stand
growth over the past 2 to 3 decades?
Before the rhird survey results revealed

reductions in the Coastal Plain and
lengthened the periocd of change, pos-
-ions focused on factors
nto ey n growth changes in
the Piedmont during the past decade.
The growth decline is now known to be
broader in scope and the identifi-
rents has been made

cation of causal a

more di

The Likﬁlihomd that any one agent
could cause most of the decline
fbrmuﬁhmwi the entire region and across
the timespan involved is small, There
15, bowever, a selt of agents that have
the potential of accounting for some
portion of the reductions.

ATMOSPHERIC DEPOSITION

One hypothesis is that atmospheric
pwﬂirjmu of pollutants in various
forms 18 &dw&z@ely af fecting
f Lrees acrc targe ar
Fastern United States.

articles have connected at

While popular
nospheric

poliution with slowing pine diameter
growth, there is currently no scientific
evidence either confirming or refuting
this hypothesis for pine growth reduc-
rions in the Southeast. In Europe,
visible symptoms such as def
unexplained mortality are indicator
forest decline (Schutt and Cowling
1985). Forest conditions similar to
those in Europe have also been doa
mented in certain high-elevation forests
in the Fas {Bruck and

and
of

i United States
Robarge 1984: Siccama and others 1982).
In both areas, there is evidence of a
link between forest decline and

atmosp Le deposition. Although
vigible symptoms toumd in those

are not apparent pine forest
Southeaster Umi? States, there 1is
some evidence that radial growth reduc-—

tions occurred in Burope many vears
before visible symptoms were apparent
(Bchutt and Cowling 1985). Therefore,
any possible link between atmospheric
deposition and growth changes should be
investigated. Aﬁmoap*wriw deposition,
for m&dmpi@5 may predispose forests Lo

I of other factors that reduce

AGING OF STANDS

Since diam growth naturally de-
clines as stands mature (Kramer and
Kozleowski 1960), changes in age class
distribution from one p@riod to anotl
could be a factor in explaining some
portion of the growth decline. The
current age structure of matural pine
stands throughout the Southeast suggests
a higher proportion of remeasured pines
are in older stands now than in previous
inventories, For example, nearly one-
half of natural pine stands are
currently between 20 and 40 years of
age., Stands older than 40 vears account
for 32 percent, but stands 20 years or
younger account for ﬂnlj 20 percent of
the total. The FIA set 1is less
than ideal for quan ving the impact of
changes in age structure. In the third

survey, stand age was nobt measured.
When stand age was added as a data-
collection item, it was estimated in
broad classes and many stands were




assigned a mixed age. Thus, analyses of
rhe true impact of changing age struc~
ture have been d. Even though
reductions in tree AART and stand basal
area growth are still apparent after
accounting for shifts in age, changes in
. structure may still account for part
of the declines,

INCREASED STAND DENSITY

Over the past 2 to 3 decades, density
of forest stands in the Southeast has
been increasing most rapidly in the
upland areas of the region. For
example, in the Georgia Piedmont and
Mountaine, basal area of trees 1.0 inch
d.b.h, and larger in natural pine stands
increased by more than 50 percent be-
tween 1961 and 1982. As stand density
increases, average growth of individual
trees normally declines because of
greater competition f moLsture,
nutrientd, and 1i

ht (Smith 1962). FIA
remeasurement data from any survey
period show that individual-tree growth
rates decline with increasing stand den-—
sity, but growth rates for trees or
stands within any stand density class
lower in the more recent than in
These data suggest

are
earlier Surveys.
increased stand density alone does not
account for most part of the observed
Lr

TRCREASED HARDWOOD COMPETITION

Tmproved fire protection and the
infrequent use of prescribed fire over
the past few decades have favored the
survival and development of hardwoods
and shrubs in natural pine stands in the
Southeast., Although most of this vege-
tation is inm the uvnderstory of these
stands, a significant amount is also
accumulating in the midstory and over—
story. This vegetation competes for
nutrients and moisture; when these items
are limiting, the growth of pine trees
will suffer (Cain and Yaussy 1984;
Carter and others 1984; Clason 1984).
The hardwood component of pine stands 1s
increasing in both the Pledmont and
Coastal Plain of the Southeast. In the
2 Piedmont and Mountains, hard-
for ome~fourth of the

Georg

woods accounted

basal ar (1.0 inch d.b.h. and larger)
stands in 1982, compared
1961, HWumber of

e increased from

1

per ac

the same

0 to 390 over period,
percentage increase was
the Georgia Coastal Plain.
bution of these changes in hardwood
petition to the obs 1 pine growth
decline has been difficult to determine
from available FIA data., This possibil-
ity, however, is worthy of additional
study.

greater in

The contri—

come

DROUGHT

rainfall and al drought

that molsture

Trends in gener

indices show
probably higher in the late 1970"'s and
early 1980's than in the 1960"s and
early 1970's (Karl and others 1983).
Piedmont areas were probably affected to
a greater degree than the Coastal Plain.
The vecent growth declines in the
Piedmont can be more rveadily attributed
to drought than the declines indicated
by the third survey data. Available
data, however, do not permit a quan-
titative assessment of the impact. We
do not know all 2cific effects of
stresses on £

Wera

the s

molsture orest growth, and
we do not know what the
> at specific locations. Another
problem ia that Forest Survey data show
average rates of growth over a period of
several years ratl individual
years., Thus, it is difficult to corre-
late armual or monthly rainfall and
drought index wvalues with periodic
growth rates for large areas. While
drought may account for a significant
portion of the most recent growth reduc—
tions in the Piedmont, € indi-
cated by the third survey data in both
the Coastal Plain and Piedmont do not
with recurring drought
periods. Studies currently underway
(see next section) should shed addi-
tional light om the impact of drought on

stress val

e

ver than for

results

o

e

A potential al agent on the
Coastal Plain is a drop in watey tables.



stress may well have increase
i omany uu@mtml Plain areas as a result
‘ace drainage and increased

rwundwatex use, especially for irriga-
ion. The extent to which this factor

{

may have influenced tree growth, if at
all, is not known. It is reason bYQ o

postulate, however, that :
¢ combined wit
ease molsture

n lower

periods of drough
water tables would incr
stre

55 .

LOSS OF OLD-FIELD SITES

An dmportant potential factor in pine
growth reduction, particularly in the
Piedwmont, is the land use histor vy of
many of the pine stands. A huge area of
cropland was abandoned between 1945 and
1965, This area was concentrated in the
*{edmont (Boyce and others 1975). Natu-
ral pine stands d Ww]wymﬁh on fhe old
fields may have benefited from previous
C“ifxvarzur and &@Ld&ax fertilizers and
1 epefited from the lack of
aump@ﬁau% woody vegetation., Over the
past 20 vyears, relatively little farm-
land has been abandoned and the majority
new natural stands have be estab-

lished on cutover forest land., Pines in
these stands do not have the initial
growth advantage of trees in old fields.

Ont other hand, many Gf the aban~
lds we; dly ercded. Pine
was initially qu
reas but suffered as the com-

ents, light,

‘A

petition for water, nu
tensified,

and space in

DISEASES

The impact of diseases such as fusi-
form rust, littleleaf disease, and anno-
sus root rot en tree diameter growth is
not precisely known. Less is known
about broader scale effects on the
owth of a species over a large arvrea.
We do know that the incidence of these

i ; is high in some areas (Anderson
and chiréfta 1982). Fusiform-rust
infection of lobleolly and slash pines is
especially high and has imcwvaswd over
the past 2 to 3 decades (Dinus and
Schmidt 1977}, The occurrence of

¥

littleleaf disease on shortleaf ;1nu 18
well documented, but it is also %uz
common on loblolly pine, especially on
poor, eroded sites (Campbell and
Copeland 1954).

o

Since some species exhibiting growth
reductions are nobt df Qaﬁ@d by all thes
diseases, no one disease can account for
the observed growth declines. Together,
however, diseases could be causing some
portion of the growth decline of several
cies. In some cases the presence of
a disease way indicate a stressed con—
dition resulting from one or a com
bination of other causal agents.

=

COMBINED EFFECTS

Given the scope of the reduction, it
seems improbable that any one agent is
the major driving force behind the
changes. Several of the agents listed,
and possibly others, have probably
contributed to the decline in pine
growth., Efforts to ascertain how much
of the reduction is attributable to any
one cause will be extremely difficult
cause of the interrelationships among
them.

be

Obviously a great deal remains to be
learned about the pine growth reductions
and causes. A pxaﬁlhility to consider
in %uku;@ research is centered on the
definitvion of normal growth., Regional
tree wrwwf% rates may be cyclic., Since

a regional average has never been
established, the argument that third
survey growth rates were abnormally high
is just as valid as the argument that
fifth survey rates are low.

FURTHEER STUDY AND ANALYSES

Considerable progress has been made in
recovering old FIA data and in preli-
minary analvses to define the geographic
scope and timing of AARI declines in
the Southeast. However, a great deal of
research must be done before any conclu-
sive statement can be made about the



causes of this phenomenon. FIA can con-
tinue to contribute to a betfer under—
standing of the extent and severity

of the regional growth decline.

During fiscal vear 1985 four new
efforts were initilated:

# Recovery of third survey data in all
regions of the Southeast.

@ Identification of permanent FIA plots
in the Southeast that have been con~
tinually vemeasured since the third sur-
vey. Trees on undisturbed plots will be
remeasured and cores will be extracted
to provide an independent verification
of the periodic diameter measurements
and to help explain the pattern of
growth over the past 30 to 40 vears.

® Development of a computervized drought
index more appropriate to forest con-
ditions than the Palmer drought index
developed for agricultural purposes. A
forest drought index, in combination
with tree cores from undisturbed plots,
will permit testing of molsture stress

® pcquisition of old aerial photographs
of sample locations to identify and
stands established on old
fields prior to the third survey.
Growth trends for old-field pine can

then be compared with those from other

separale

conditions
mnfluence
abundance

to measure the possible
of changes in the relative
of these stands,

g

@

additional st

Finally, the

@ Reformat all FIA data to make them

more suitable for use with standard sta-
tistical programs to enhance statistical

tion into

testing and inves
causal agents,

po

of

@ Conduct move elaborate analyses
stand structure to obtain better
measures of the combined effects of age,
density, hardwood competition, and other
Such studies will include ana-
lyses of variance and fitting of data
from different remeasurement periods to
growth and vield models.

CHUBQE,

® Explore the possibility of combining
data sets, Screening by several com—
binations of variables rapidly dilutes
resulting data set. Differences 1
timing of inventories limit the
sibility of combining data set
study areas. Growth
trends should be evaluated for similar
study areas and the data combined
whenever possible.

g

acress similar

seUs

8 Tdentify long-term data sets for the
Sputheast Coastal Plain that show
average water table depths and de
if those data aid in explaining the
growth reductions in this region.

Cermine

® Achieve and maintain a
sriod to monitor

future

remeasurement
growth trends and provide more timely
forest information for the

Southeast.

resource

",

Lo
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APPENDIX A

DETATLED TABLES

Table 1.-=Changes in net annual growth of yellow pine growing stock on timberland
State, by physiographic region, and remeasurement periods

in the Southeast, by

Physiographic

Remeasurement

Net annual growth

State region neriod
te2p 1 Or eI LG o - -
- . From To Change
. Million cubic feel = -
Florida Coastal Plain 1970-1980 27 Ly + 1773

Georgla

South Carolina

North Carolina

Virginia

Southeast

Coastal Plain
Piedmont & Mts.

Total

Coastal Plain

Piedmont & Mis.

Total

Coastal Plain

Piednont & Mts.

Total

Coastal Plain

Piedmont & Mts.

Total

Coastal Plain

Piedmont & Mts.

Total

19711981
19721982

1978-1983
1977-1983

19731983
1974-1984

19761985
19661977

1970~-1985
19661984

590

+134

672 565 107
1,128 1,155 27

357
243

LOO

262
228

Hg0

459

102
76

100
119

178

219

1,548
1,219

1,852
960

+304
=209

2,767

2,812
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Table 2.--Changes in net annual growth of yellow pine growing stock on timber-
and in the Southeast, by owr te region, over the
recent remeasurement periocds”

1

n . , - Net annual growth
Ounership Physiographic aL B

claas reglon

From To Change

- = Million cubic feet = -

Public Coastal Plain 146 177 +31
Piedmont & Mountains 89 70 =19

Total 235 247 &2

L industry Coastal Plain ) 683 w237
ludes leased) Piedmont & Mountains 176 182 )

Total bz 865 +2H43

Other private Coastal FPlain 956 992 36
Piedmont & Mountains ga 4 708 w2 46

Total 1,910 1,700 -2 10

4

ALl owners Coastal Plain b, nl8 1,852 +304
Piedmont & Mountains 1,219 960 =259

Total 2,767 2,812 +45

table 1 for remeasurement periods.
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Table

land in the Southeast,

by specles,

recent remeasurement periods”

F.==Changes in net annual growth of vellow pine growing stock on timber-
i f-3
by physiographlic region, over the most

L e o
Species

Physiographic
region

Net annual growth

From To

Change

Loblolly pine

Slash pine

o

shortleaf pine

Other yellow pines

ALl species

Coastal Plain
Fiedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Comstal Plain

Piedmont & Mountalins

Total

- w Million cuble

feaet

+ 104
117

-13

568 846

+278

56 3 ¢
624 862 +2508
19 16 3

346 271
206 201

bhe hr2

1,548 1,852
1,219 960

2,767 2,812

See table 1

for remeasurement periods.
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land in the Southeas
remeasurement periods”

over

Limber-

the most

recent

State

Annual

removals

From

T

10

Change

Florida

Georgia

South Carolina

North Carolina

Virginia

Southeast

Coastal Plain

1 Plain
& Mountains

Coaste
Fiedmont

Total

Coastal Plain

Piedmont & Mountains

Total

Plain
b & Mountains

Total

Coastal Plain
Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

m o= Million cublce

260

427

+ 167

399
379

+ 145

+156

+301

4
]

+85

267
147

i
5 PO

hh

=10

O —a
oo

190

200

733

928

—
0
O

h

2,549

Y . . “
See table 1 for remea

surement periods.
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Fable B.-=Changes in annual removals of vellow pine
land in the Southeast, by ownership class, by physilographic
most recent remeasurement peri@dsa

stock on timbere
ion, over the

Annual removals

Ownership

class

From To Change

w e MIT1300

Public Coastal Plain 19 93 + 14
Piedmont & Mountains 58 TH w7

Total 137 168 +31

Forest industry Coastal Plain
(includes leased) Piedmont & Mountains

Total 585 175 +190

Other private Coastal
Piedmont & Mountains

Total 1,27

ALY owners Coastal Plain 1,263 1 +358
Piedmont & Mountal 753 #1495

Total 1,996 2,k +5573

See table 1 for remeasurement periods.
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Table B, —w ﬁhamﬁ@ﬂ in amnual removals of yellow pine growing stock on
land in the Sou by specles, by physiographic region, over the most
it remess pericds”

Anral remove

Physiograr
region

Species
From To Change

- = Million cubic feet =~ -

Loblolly pine Coastal Plain 522 608 +86
Piedmont & Mountains 360 530 4170

Total 882 1,138 +256

Slash pine Coastal Plain 344 +279
Piedmont & Mountains ) +34

Total 350 663 +313

Shortleaf pine Coastal Plain 19 3 -
Piedmont & Mountains 2h5a 241 w ]

Total 271 264 -1

Other yellow pine Coastal Plain 378 367 w1

Piedmont & Mountains 115 1T 2

£
Yol
L4
;:
oo
I
i
e

Total

ALL species stal Plain 1,263 1,621 +358
tmont & Mountains 133 928 +195
Total 1,996 2,549

[y

T for remeasurement periods.



Table 7.--Changes in inventory volume of yellow pine growing stock on timberlanc

in the Scutheast, by State, by physiographic region, over the most recent
remeasurenent periods”
‘ Inventory volume
. Phyaiographic o
State X ;;:a;;r?(};}p *
L From To Change

Florida

Georglia

South Carolina

North Carolina

Virginia

Southeast

Coastal Plain

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountainsg

Total

- - o Million cublc

feef, = = =

5,270

6,324

+1, 054

5,962
8,202

+576
+1 11

14, 164

5,066
3,288

8,354

5,406
4,073

I

5,758
4,130

+352
+57

9,479

9,888

+409

2,341

2,102

2,275

474M3

4, 864

24 045
17,665

26,171
18,089

41,710

Ly, 260

Ay o o , )
See table 1 for remea

surement periods.
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Table &.,--Changes in inventory volume of yellow pine growing stock on timbere
land in the Southeast, by ownership class, by physiographic region, over the
most re torer surement period

- L o . . inventory volume
Ownership Physiographic ’ Y )

class region From To
L Ik E

Char

ic feet - -

lion cu

S

Public Coastal Plain 2,560 3,168 +608
Piedmont & Mountains 1,6 119

Total 4,376 H, 103 + 727

Forest industr Coastal Plain 5,843 6,986 w1, TR
¢ . L ¥ ¥
{includes leased) Piedmont & Mountains 2,161 2,381 +2 240

Total 8,004 9,367 +1,363

Other private Coastal FPlain 15,042 10,017
Piedmont & Mountains 13,688 13,773

Total 29,330 29,790 +450

ALl owners Coastal Plain 24045 20,171 +2, 126
Piedmont & Mountains 17,665 18,089 +4 24

Total 41,710 44,260 +2,550

1 for remeasurement periods.
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Table 9.--Changes in inventory volume of yellow pine growing stock on timberland
in the Southeast, by species, by physiographic region, over the most recent
remeasurement periods’

Inventory volume

Species

Physiographic
region

From

To

Change

Loblolly pine

Slash pine

Shortleal’ pine

Other yellow pines

ALl specles

Coastal Plain
Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountalns

Total

Coastal Plain

Piedmont & Mountains

Total

w - o Million cubic

feet, w ~ =

10,569
8,674

19,243

6,872
341

8,476
320

7,213

8,796

450
5,018

— a0
ey

O

5,468

4,583

6,154
3,632

5,670
4,409

9,786

10,079

24, 0U5
17,665

41,710

4,260

a e 4 e : .
See table 1 for remeasurement periods.
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Table 10, ==

cand-age distribution of pine”

ine stands in the Southeast, by broad gwnership
P AR ey e e g o oy A _— [P D

, as of the most recent Porest Surveys

and

Stand-age

Broad ownership ol

Fublic

industry

Foreat

Other
private

ownerships

Total

- Thousand

BOres

3,685
3,372
2,435
1,245

G2v

619

3,902

4,358

9,217

5,416

5,785

11,981

k651

A L ) X
Tneludes all softwood

1.

i
L

e bable

Lypes.
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Table 11.--Changes in area of timberland in the Southeast with pine” and oak-
pine forest types, by State, by physiographic region, over the most recent
remeasuremnent periods

(IRt

1

Area of

Physiographic pine and cak-pine type

State

region

Plorida

Georgia

South Carolina

North Carclina

Virginia

Southeast

Coastal Plain

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain
Piedmont & Mountains

Coastal Plain
Piedmont & Mountains

Total

From To Change
- Thousand acreg -— - -

9,568

9,194

6,945
9,185

6,328
8,070

16,130

14,398

=1, 1
1,732

4,280
2,895

2,024

h.hee

28,555
19, 341

26,903
17,748

47,897

44651

~3,246

%1neludes all softwood types.

D ; . o
See table 1 for remeasurement perlods.
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Table 12,--Changes in area of timberland in the Southeast with pine™ and

oak-pine forest typ
most recent remeas

by

ownership class, by physiographic region, over the
b
rement periods

Ownership

class

Physiographic
region

Area of
pine and oak-pine

type

From To

Change

Public

Forest industry

(includes leased)

Other private

ALl owners

Coastal Plain
Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain
Piedmont & Mount

Total

Coastal Flain

Piedmont & Mountains

Total

housand acres

2,907
1, 508

b o415

9,047
2,519 2,93

28,255

~3.698

26,903
19,341 17,748

~1,053
~1,593

LY, 651

o ALA
-3,246

a. .
Includes all softwood types.

o,

D ; . .
see table 1 for remeasurement periods.



timber]
by physi

Physiographic
region

r
From L0

e Thousand

Coamstal Plain 6,628 7,040 +412

Loblolly ‘
Piedmont & Mountains 5,823 5,825 D

Total 13,451 13,865 w414

Slash pine stal Plain 9,940 9,670

tedmont & Mountains g8 386

Total 10,438 10,056

Shortleaf pine Coastal Plain 1EY |
Piedmont & Mountains 5,005 2,23

Total 3,169 2,386 ~803

Dak=-pine Coastal Plain h,921 5,297
Piedmont & Mountains 5,316 4,910
Total 11,237 10,207 w1, 050

Other Coastal Plain 5,883 o748 -1,135
Piedmont & Mountains 3,699 3,389 -3

Total 9,582 8,137 -1, 445

ALl types Coastal Plain 28,556
Piedmont & Mountains 19,341

Total br,897

B . S
Includes all softwood Lypes.

D.. . ; . .
See table 1 for remeasurement periocds.
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Table 14.-~Change in numbers of yellow pine trees.on
timberland in Fl da, Georgla, North Carclina ith
Caro. 5,% and coastal Virginia between the Fourth and
fifth surveys

Ownership Dobah, Million trees Parcent

Forest industry 2 -536

4 +G2
6 #314
8 F1UY
10 +25
12+ -3

Other private 2 -2, 200
Q 1,031
6 =409
8 20

10 +37
T2 +T72 +16

ALY mwmewsb 2 -2,758 40
i ~361 =23
b «G5 -
8 +123 +11
10 +66 +711
124 +30 + 14

A, e . . .
“Changes for Scuth Carolina are between the fourth Survey
and the Interim Survey.

b , . ]
Tncludes public lands.



Table '5.-~Changes in annual mortality of yellow pine growing stock on

timberland in the Southeast, by State, by physiographic region, over the
most recent rempeasurement periods

State

Physiographic
reglion

Anmual mortality

From

To

Change

Florida

Georgla

South Carolina

North Carclina

Virginia

Southeast

Coastal Plain

Coastal FPlain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

w e Million cubic feet w

24 he +28
30 62 32
L 142 +50

204

39
29

+13

+e 1

+44

25 30 +5
13 35 27
38 65 w27
155 226 11

281

+150

507

C

See table 1 for remeasurement periods,

lll



Table 16,--Changes in annual mortality of yellow pine growing stock on

timb in the Southeast, by ownership class, by physiographic region,
- -1

over the most recent remeasurement periods®

e

] o ) s Ernnual mortality
Ownership Fhysiographic

class region

From To Chay

- = Million cubic feelb =

Public Coastal Plain 15 25 +10
Fiedmont & Mountains 13 i +2 0

‘ij’}
Wi
o0

Total 28 30

Forest industry Coastal Plain 43 L& +15
(includes leased) Piedmont & Mountains 17 32 +15

Total 50 80 +30

Other private Coastal Plain 107 153 +46
Piedmont & Mountains 101 216 +115

Total 208 369 +1671

A1l owners Coastal Plain 155 226 +71
Piedmont & Mountains 131 281 + 150

PO
o
i

Total 507 +22

sSee table 1 for remeasurenent period.



Table 17.--Changes in annual mortality of yellow pine growing stock on

timberland in the Southeast, by species, by physiographic region, over the
most recent remeasurement periods

Species

Physiographic
region

Annual mortality

From

Ll o

ER

Change

Loblolly pine

Slash pine

Shortleal pine

Other yellow pine

A1l species

Coastal Plain
Piedmont & Mountains

Total
Coastal Plain
Piedmont & Mountains
Total
Coastal Plain
Piedmont & Mountains
Total
Coaatal Plain
Piedmont & Mountains
Total

Coastal Plain
Piedmont & Mountalins

Total

e = Million cubic feel - -

77
47

102
114

+d5
+67

124

3

16

o

+92

a7 1 +34
2 Y +7
39 80 +4 1

5 B +1
LY 101 i
63 107 w4
36 W7 +11
2l 57 +33

60

155

131

+71
+150

286

507

22

=9 ; — , :
See table 1 for remeasurement periods.
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Table 18,--Average annual radial increment of loblolly plne growing in
natural stands, by initial diameter class and survey period, Georgia
Piedmont and Mountains

Survey period

1961-1972 1972-1982

Initial
diameter
class Average One Average One
(inches)  =ample  padial standard  S8mPle  padial standard
trees growth error trees growth error

Number - - lnches - - Number - = Inches -~ -

1.0~2.9 895 0.079 0.0022 0495 0.050 0.0018
3.0-4.9 4G 094 L0029 G460 LOTH L0027
5.0-6.9 we7 LITH 03 Lo .089 .0028
7.0-8.9 462 220 L0032 470 L098 <0025
G.0-10.9 4eb 22 L0028 21 . 107 L0026
11.0-12.9 293 L6 L0033 344 101 L0028
13,0-14.9 172 L L DOHU 237 .02 L0035
15.0=16.9 103 100 L0050 134 096 LO0h3
17.0-18.9 56 L0948 . 0089 65 097 L0000

19.0 and
larger e 095 L0078 50 . 0971 L0079




Table 19.--Average annual radlal increment
natural stands, by initial ¢

Georgla

ameter class an

dmont and Mountal

shortl

eaf pine growing in
survey period,

Initial
ilameter
class

(inches)

Survey period

19611972

Average One
Sample  padial standard
e growth error

arage One
radial standard
growth arror

1.0-2.9
3.0-4.9
5.0-6.9
7.0-8.9

9.0-10.9

13.0-14,9
15.0-16.9
17.0-18.9

19,0 and
larger

677 0.061 0.0019

304 LT L0031 246
363 L0800 L0027 255
295 .08z L0030 248

233 086 L0029 196

—
LA
U

LOTY L0034 125
61 L0B6 L0009 ui

L0078 24

o L0067

Y 076 L0123 7

4 . 069 0086

0.,0018
L OH5 L0027
058 L0028
053 L0023
059 L0020

L0063 L0033

€31

~l



19611972 1972-19¢




Table 21.-

LNe Erowing

5, by initial diameter class and survey period,

in

diameter

a8 s

(inches)

Survey period

1961-1972 1972

Sample

One
standard

Aver

Lverage One %
radial

radial standard Sample

1,0-2.9
3.0-4.9
5, 0=0.9
7.0-8.9

9.0-10.9

15,0-=16,9
17.0-18.9

19,0 and

larger

4 e g 0 e e
trees growth error Lrees growth erpror
Number - - - Number -

139
79
bG

17

0.0057 L2 0,054 0.0066

L0090 Wi 0G4 L0098
L0054 55 L0076
LO0HT 7 L0B8 L0045
L0038

.099 L0038

L0048 85

51
<2
3

LO79 LOQOH0

.083 L0056 53 L0045

L0064 L0069 149 L0550

L0687 L0336 I L0134

L0660 L0058 6 L0665 L0086

59



Table 22.--Average annual radial increment of loblolly pine growing i
natural stands, by initial diameter class and survey period,

Georgia Coastal Plain

Survey perilod

15611972 1972-1482

class Average One Average Une

. g g . .\ - oy gy "

(inches)  Sample  radial standard  S@mple  padial standard
trees growth error trees growth error

Number - = lInches - - Number - = lnches -

1.0-2.9 124 0,103 0.0078 90 0.076 0.0066

3.0-4.9 76 35 L0107 81 092 073

—~3
o
£

WO

5.,0-6.9 L0123 57 .133 L0106
7.0-8.9 67 134 L0089 78 . 133 L0089
§,0-10.9 69 156 L00492 99 131 L0068
11.0-12.9 72 . 139 L0070 66 .132 .0095
13.0-14.9 40 127 L0106 56 121 L0086
15.0-16.9 39 132 L0102 38 .133 L0112

17.0-18.9 22 Q0 L0703 25 128 L0094

19.0 and
larger 30 L 104 L0150 30 . 106 L0093




Table 23%,--Average annual ra
planted stands, by initial dismeter class and sur

Georgia Coastal Plain

dial increment of slash pine growing in

vey period,

Initial
diameter
class

(inches)

Survey period

1961=1972

1972-1982

Sample
trees

hverage One
radial standard
growth error

ot b
Sample

Lrees

Average One
radial standard
growth error

1. 02,9
3.0-4.9
5.0-6.9
T.0=8.9
9.0-10.9
11.0-12.9
13.0-14.9
15.0-16.9
17.0=-18.9

19.0 and
larger

Wumber

Number

0.0102 4o
116 L0118 277

1Y L0092 191

0.0037
LTTH L0036
. 106 L0033
130 L0059
<110 097

110 L0210

61
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of loblolly pine growing
and survey period,

o

Table 30,--Average annual radial inc
in planted stands, by initial diameter
South Carolina Coastal Plain

Survey period

Initial

g 1968-1978 1978-1983

class Average One Average One

- 3 it = . L Te

(inches) Sample  padial standard  Sample  padial sbandard
trees growth error trees growth errop

- - lnches = - Number - - fnchesg - -

1.0-2.9 77 0.151 0.011% 228 0.185 0.0088
3.0-4.6 68 150 L0049 160 S1TH L0093
5.,0-6.9 51 L T46 L0111 135 . 136 L0091
7.0=8.9 18 .155 ,0200 111 . 138 L0081
9.0-10.9 9 167 L0248 100 151 L0075
11.0-12.9 7 L11T 0259 U5 153 L0088
13.0-14.9 — o - 19 154 L0140
15.0-16.9 -- - -~ 10 155 L0242

17 .0-18.9 e — - o —

19,0 and
larger o - - - - o




Table 31.--Average annual radial increment of slash pine growing
in planted stands, by initial diameter class and survey period,
South Carolina Ceastal Plain

Survey period

Tnitial

: ; 1968-1978
diameter

Une
standard
error

class kverage One
X .\ [ 5T e - i Samp
{inches) wample  pgdial standard  Sample
by ;‘ § ) €
Lre growth arror trees

shes - - Number - =X

1.0-2.9 156 0.124 0.0049 75 0.083 0.0099
3.0-4.9 124 17 L0059 124 .084 .0058
5.0-6.9 76 124 L0071 153 .08 .0053
7.0-8.9 23 136 .0163 146 122 .0050
9.0-10.9 20 107 L0163 79 . 134 .0068
11.0-12.9 6 132 .0061 25 121 L0093
13.0-14.9 -~ - - 10 .138 L0261
15.0-16.9 — - - 8 145 L0249

17.0-18.9 — - - - - -

19,0 and
larger . —— v e o o

™
W0

<



Table 32.--Average annual radial increment of loblolly pine growing
in natural stands, by initial diameter class and survey period,
North Carolina Piedmont

Survey period

19641974 197 H-1984

bverage One Average Une
[ T R [PPRP g .
wAIMPLE padial standard  =8WPLleé  padial standard
A gy s 5 by gy o o N
trees growth error rees growbh error

Number w - Inches - - Number - - nenesg - -

1.0-2.9 53 0.079 G.0085 87 0.067 0,0072
3.0-4.9 Lg 093 L0109 93 L059 L0057
5.0-~6,9 82 099 L0064 90 LOTH L0001
7.0-8.9 81 113 L0080 102 .085 L0052
9.,0=10.9 Gh SN L0056 121 100 L0050
11.0-12.9 %8 S L0073 93 097 LGO46
13.0-14.9 28 L1 L0115 09 .089 L0053
15.0~16.9 21 . 108 L0112 %0 .099 L0084
17.,0-18.9 5 ST LOTT 19 L0973 L0078

19,0 and
larger 14 LO74H L0108 21 L 100 L0118




Table 33.--Average annual radial increment of shorileaf pine growing
in natural stands, by initial diameter class and survey per!
North Carolina Pledmont

Survey period

Initial

diameter 1964-197H 1974-1981

class Average One

. [SP e T L [SP—

(inches)  28EPLE  padial standard  “ample
IR , e
crees growth error Lreey

- Number

Number w o In

1.0-2.9 59 0.076 0.0091 78 0,052 0.0049
3,0=4.9 9 062 L0045 95 LO43 .00k
5.0-6.9 170 055 L0033 120 LOU8 L0039
7.0-8.9 170 L061 L0029 158 LOLE L0024
9.,0~10.9 148 052 L0025 139 LOuY L0025
11.0=12.9 73 050 L0036 91 LOUH L0028
13.0-14,9 21 053 L0055 43 033 L0039
15.0~16.9 16 050 L0069 11 .039 L0075

17.0-18.9 4 59 L0139

LA
B

j
G
—t
s

O
—
™o
N

19.0 and
larger

Lad

042 L0317 e _— —
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Table 34,~--fverage annual radial increment of Virginia pine growing
in natural stands, by initial diameter class and survey period,
North Carolina Pledmont

Survey period

Initial

diameter

1964-1974 19741984

class Average One Average One
(inches) radial standard  Sample  padial standard
growth error Lrees growth error

w = Inches - = Number - = Inches = -

T.0-2.49 e 0,064 0.0050Q 184 0.065 0.0045
3,0=4,9 105 078 L0057 159 »050 L0037
5.0-6.9 109 078 L0038 143 L0606 L0035
7.0=-8.9 15 L0B0 L0048 149 LObH L0028
G,0-10,9 5 . 089 L0050 86 L0065 0038
T 0=-12.9 20 LOTH L0093 38 L0068 L0053

13.0-14,9 5 02 LO231 1 L0599 L0130

o
s

<O
—
B

O
o

L0655 L0125 o - -

19.0 and

Tar ger o . P o o o




Table 35.-=Average annual radial
stands, by initial diame
ina Coastal Plain

in natu
North Ca

ral
ap

of loblolly pine growing
188 and survey period,

Initial
diameter
class

(inches

survey period

19641974

iw?gwﬁgﬁﬁ

Average

One Average One
3 vy i e ,
standard  Se8mple  pgdial standard
error trees growth ereror

10209
3 @ U"‘W% ® 9

5 00,9

100
L094
L0971
081

083

D69

on i'

CMQUjZ /JL{)(} U@Q? 1

0.0032
0040 290 081 L0039

EN K 064 L0036

<0026 346 106 L0031
0023 364 . 100 .0028
.0026 350 097 .0027
L0031 227 L0094 L0033

LOOH3 138 096 LOOHT

L0036 139 087 L0038

(O]



Table 30,-=Average annual radial increment of pond pine growing
in natural stands, by initial diameter class and survey period,

North Carolina Coastal Plain

Survey period

Initial ) i}
cnitial 1964-1971 19741981

diameter

& Average Une Average One
&? ok
C inches ) WAL radial standard ”:}a“mp'j e e standard

b v g Ay ey o .
tre growth error Lrees growth error

- - Inches - ~ Number - = inche

1.0-2.9 330 0,050 0.0026 292 0,040 0.0023
3.0-4,9 193 .050 L0031 162 L0517 L0028
5,0-6,9 238 067 L0031 148 .053 L0028
7.0-8.9 207 059 L0034 22z 076 L0040
$.0-10.9 235 051 ., 0027 154 L0600 L0035
11.0=12.9 179 LOUY L0025 114 052 L0036
13.0=14,9 87 055 L0040 57 051 L0047
15,0=16,9 L2 .049 L0048 36 063 L0063
17.0-18.9 17 050 .0083 10 .008 L0137

19.0 and

larger b LT LOHOH Y .0 L0095

(3
Lo




Table 37.--Average annual radial incr

in natural

stands, by initial diameter class and

Korth Caroclina Coastal Plain

ement of longleafl pine growing
survey period,

Initial
diameter
class

(inches)

Survey period

196H4-1974

19741984

Sample

wrees

Average
radial
growth

One
atandard
Error

Sample
trees

Average One
radial standard
growth error

13.,0-14.9
15.0-16.9
17.0-18.9

19.0 and
larger

4
T4
87

53

- e IT0CNES -

0,084
SOTT

085

0.0068

LOOTH

LOOH2

47

22

- = inches ~ -

0.036 0.0050
LOHZ L0075
072 L0064
L0660 L0042
LT3 L0036
070 L0041
06T L0035
L0686 L0052

056 L0109




Table 38,--Average annual radial increment of Virginia pine growing
in natural stands, by initial diameter class and survey period,

North Carolina Mountains

Survey perdiod

Initial

19641974
diameter 190 I

1974-1984

class Average

- . - [ .

(inches)  =ample  padial
trees growth

One

standard

errer

Sampple
trees

Average One
radial standard
growth error

Number - e INCHES - =

1.0=2.9 12 0.064
3.0-4.9 19 .088
5.0=0.9 21 073
T.0=8.9 25 L0070
5.0~10.9 16 092
11.0-12,9 & LO04
13.0=14.9 4 L OHD
15.0-16.9 - -
17.0-18.9 e -

19,0 and

larger v o

0.0164
L0107
L0095
L0087
L0107
Q001

«,U“U—@

Number

9

0.052 0.0095
L0589 L0113
. 064 L0070
064 L0076
051 L0058
076 L0083

060 LOT13




Table 39.--Average annual radial increment of white pine growing
in patural stands, by initial diameter class and survey period,
North Carocolina Mountains

Survey period

Initial
diameter

19641974 197H=1984

olass Average One Average One
Sy 16 PR Sampy e s

(inches) Sample  padial standard  Sample  radial standard
trees growth error trees growth error

Number - - lnches - -

1.0-2,9 16 0,054 0.0120 H4 0,041 0.00487
3.0=-4.9 13 L TOH L0180 12 LOT0 L0179
5.0-6.9 12 102 L0225 1 086 L0194
7,0-8.9 14 115 L0108 12 108 0259
9.,0-10.49 19 12D L0113 13 L1ER L0200
11.0-12,9 13 . 169 L0184 T4 193 L0232
13,0-14.9 13 R L0185 13 163 L0203
15.0-16.9 b 76 L0250 10 52 L7z
17.0-18.9 2 . 186 LOUGH i L1951 L0116

19.0 and
tareer 10 126 .0192 20 13 L0165

77
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Table H0,-~Average annual radial increment of Vir
in natural stands, by initial diameter cla

ia Pledmont

rinia pine growing
ss and survey period,

Initial

diameter
class

(inches)

Survey period

19671976

1976-1985

Sample

trees

Average
radial
growth

One
standard
error

1,02 .9
3,0-4,0
5y Omb G
7.0-8.9
9.0-10.9
11.0-12.9
13.0=14.9
15, 0-16.9
17.0-18.9

19.0 and
larger

Number

105

G.004
LTO
067
L063
L0065

L0560

0.0024
L0029
L0025
L0025
L0033
L0034
L0064

L0097

Average One
g s . o 7
WAMPLE  pgdial standard
trees growth error
Number - - inches - -
235 0,051 0.0031
220 050 L0028

L0286

240 055 L0021
155 059 L0024

61 LOUh L0037

30 045 L0051

4 L0484 L0069




7t
A

in natural

sta

annual ¥
by initial diameter

nds,
Virginia Piliedmont

rad

increment of

shortleafl pine growing
class and survey period,

Initial
diameter
class

(inches)

Survey perilod

1976-1585

Sample
trees

Average
radial
growth

One
standard
arror

-

sample

bvera
radial

growth

One
atandard
arror

A 0=H,9
5, 0mb .9
7.0-8.9

9.0-10.9

13.0-14.9
15.0=16.9
17.,0=-15.9

19.0 and
larger

93
up

20

0,0041

L0042

0.0088
00063
L00u7
L0038
L0031

0046

2

L0095

/

749



]

et

Table HZ. of loblolly pine growing
in natural stands, by initial diameter class and survey perlod,
Virginia Coastal Plain

Survey perdod

Initial

. 19661976 1976-1985
diam

class Average One Average One
. oy o . Damny @ . )
{(inches) ?&mpl@ radial standard  SamPle  padial standard
trees growth error trees growth error

Number - - Inches - - Number - - Inches ~ -

1.0=2.9 268 0.082 0.0042 112 0,084 0.0068
3.0-4.9 196 075 LD0U5 111 LOT1 L0056
5.0-6.9 181 079 L0043 141 L0717 L0048
7.0-8.9 225 L080 L0036 202 077 .0035
9.0-10.9 285 084 L0030 171 075 L0034
11.0-12.9 218 L0814 L0035 209 079 .0032
13.0-14.9 139 LOT7H4 .0032 137 073 ,0033
15.0-16.9 g2 081 L0040 89 075 L0046
17.0-18.9 " 56 073 L0052 38 079 L0062

19.0 and
larger L L061 L0056 oL 057 L0042




Table

b3, w~fverags
in natural stands, by initial diameter cle

Virginia Coastal Plain

as and

annual radial increment of Virginia pine growing
survey period,

L1
diameter
class
{inches)

Survey period

1966-1976

1976-1985

Average One
radial sta
growth error

dard

Sample
trees

Average One
radial standard
growth error

1,0m2.9
3, 0-4,9

5.0-b.9

)
i

T.0-8,

1

9.0-10.9

11.0-12.9
13,0-14,9
15.0-16,9
17.,0-18.9

19.0 and
larger

0.0066
L0059
L0004
L0053

29 071

23 LU0
5 073

L0260

A
T
o

LO0HO

L0054

~
(g



Ha

o

e annual radial increment of slash pine growing
by initial diameter class and survey period,

Table Y4, e-p
in natural
North Florida

Survey period

diamete
¢ S Average One Average One
. o T A oy ) P
(inches) wEIPLE padial standard  S8mPle  pagial standard

b e g Gy v
trees growth error LITEEs growth error

Number - - lnches - - Number - o Inches - -

T.0«-2.9 685 0.048 0.0018 hel 0,044 0.0019
3.0-4,9 466 058 L0023 367 LUB5 L0030
5.0-6.9 120 085 L0037 270 073 L0035
7.0-8.9 222 OY9Y 0039 2649 L0786 L0030
9,0-10.9 LY 097 L0042 203 L0871 L0033
T1.0-12.9 118 L086 L0048 157 075 L0037
13.0-14,9 76 LOTD L0002 109 .069 LOOU0
15,0-16,9 32 072 L0069 43 L0065 L0773
17.0-18.9 13 L0606 L0109 T4 L0682 L0020

19,0 and

larger 10 060 L0133 18 L0060 L0069




Table 45, -=Av
in natural
North FL

X

orida

a

age annual radial increment of longleaf pine growing
, by initial diameter class and survey period,

Survey period

Initial
diameter

1959-1970

1970=-1980

class

Average

(inches) Sample radial

b
[

@en

growth

One

standard

error

Sample
trees

Averag Or
radial standard
growth error

Number

1.0=-2.9
3.,0=-4.9
5.0~6.9
T.0-8.9

9.,0-10.9

19, 0-1 b,9
15, 0w=16,9
17.0-18.9

19.0 and
larger

98

0.082
066
L0871
L0871
072

~ = Inches - =

0.0067
. 0066
L0045
L0030
L0026
L0030
LO0LT
0079

L0083

Number

69

97

0,058 0.0079

063 L0054

L0658 L0029
L0060 L0040
L0065 L0090

L0700 L0124




Table U6, --Average
in planted stands,

North Florida

annual radial increment o©
by initial diameter class

slash pine growing
and survey period,

Initial

diameter
olas

(inches)

Survey period

19591970

1970=1980

Sample
trees

Average One
radial
growth

erpror

standard

Sampl
trees

Average One

@

radial
growth

atandard
Error

1.0-2.9
3.0~4.9
5.0-6.9

7.0-8.9

9.,0-10.9

13, 0-14.9
15.0-16.9
17.0-18.9

19.0 and
larger

Number

16

14

10

- = lnches - -

0.093 00,0093

077 .0055
095 L0082
094 L0148
069 L0140

AN L0155

Numbe

r

595

0.

122 L0060

104 LOT07




Table 47.--Lverage annual radial increment
sural stands, by initial diame

in na

South Florida

ter clas

s oand

ltash pine growing

survey perlto d 4

Initial
diameter
class

Survey period

1959-1970

1970~1980

Sample

trees

One
standard
error

Average
radial
growth

Sample

Lreas

: One
radial standard
growth error

1,0-2.9
4,0-4.9
5.,0-6.9
7.0~8.,9
9.0-10.9
11.0=12.9

13.0-14,9

19.0 and
larger

0,068 0.0078 61

16 L0127 Gh
. 108 LOT04 49
LOB7 L0097 57
085 LO07H 47
080 L0058 26
.07Y L0091 21

L0491 101 13

-3

058 L0103

%
S

- = inches

0.099 0.0092

103 L0082
106 L0084
LO0TT
L0078

35 L0

LO70 275

on
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Table 63.~-Sample sizes, means (%), and standard errors | ) of inventory basal area (BA) and components of net

%
growth for patural shortleaf pine stands in the Georgia Piedmont and Mountains, by Initial stand depsity and survey
QyCie

i Components of net annual growih
Ipitial -

srand- s - o o .
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e o B2 b A g 6
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N N .2 ' y W2
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2039 4 L3 30,15 . B4 79 75.53 3.91 h.09 .36 3.66 17 .29 05
5 13 33.88  1.57 92 61.72 T.h2 2.70 T 2.02 i) .33 17

KQm5 G 4 40 51.00 .97 B0 93,68 4.51 3.85 .39 3.79 .27 6T .25 .b2 A
] 19 W8T 1.2 B4 59.03 3.88 .99 37 1.67 3 26

.61 .20 4G 10 1.08 6
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5 20 92.38 1.36 81 1zt.2d 8.1 2,82 B3 3.99 .56 L3807 1.56 0y
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oy of survivor trees and survey cyole

Initial Initial Percent
atand- inventory pine

1-13 3 129 97 2,40 0.2
4 56 97 2.12 .25
5 31 9c 1.51 W23

3 93 29.30 4,51 .30
L [35) 29.12 2,13 .26
5 Sh 29.70 764 W32

3 67 Gz <39

4 45 93

5 28 B .26

60-79 3 89 48
i 51 L 36

5 87 e

BGmG5 g2, 60 92 .63
90,54 90 .37

5 98,98 84 JH3

4 2 19 85 T.00 T2
il 1i 81 b, 64 LGl

5 20 &9 3,73 KE

120+ 3 8

@ @3
S~
e
iap —md

a3d 3 L4

clasges i

fad L4 &5
P
e

rd survey

inventor




PERDIX

4
on

species,
stamate AN
comparable Co
{1) was used
rion of d.b.h.

DBBH = b
(8]

iation (2)
ins

)

step

Step 4

3 - Use

Step

ART = l

AAR

afficients
southern

G
major

SPECIES

Loblolly pine
Slash pine
Shortleaf pine
Longleaf pine

Virginia pine

four-step procedure

ide
height.

Compute

By CONVERTING IHCRE T CORE MEASU ANTS TO AART

was used o an AART value each tree based
d.b.h., and radial g The computed AARIT was then used to

IRVEnTOory,

surement

g a doh“hm
Eqg ation

ial duJau¢ thue yieldin

at breast hei as a func-~
+ b, (1)
e
was used to predict the ratio of double bark thickness to
bark {d.i.b.) at breast height (BATIO) as a function of d.i.b.

b, (d.b.h.-DBBH) (2)
A

involved four steps after the appropriate coef-
gpecies being processed.

(1) to determine double bark thickness at breast height

from d.b.h. to obtain estimat

equation (2) to compute the ratio of DBBH to d.1.Db.

from radial

growth

(RG/100.0) = (2.00 + RATIO)

for equations (1) and (2), for saplings g , for the
pine species that are the focus of mbi& study are as follows:

eyt
]

EQUATION (1) DBBH = b_ + (d.b.h.)

SAPLINGS i

N b b, N b b
o 1 o 1

-0, 040144 }. 178064 5,955
0.157505 0.170501 4y671
~(, 040095 0.183498 2,162
0.045764 0.1525 ZJ 2,517
0.043788 0.0965 1,160

wmjf'
0.4950
0.206256 0. 06

Fd



EQUATION (2) RATIO = DBBH/(d.b.h.~DBBH) = b

+ b, (d.b.h.-DBBH)

1

SPECIES

Loblelly pine
Slash pine
Shortleaf pine

Longleaf pine
& :
Virginig pine

Initial d.b.h. 5 years prior to the

M

458
790
141
103
156

from the computed AARL.

initial d.b.h.:

EXAMPLE: Species =
= 10.0

d.b.h.

SAPLINGS

&) b]
0.199900 ~0,000215
0.438536 ~0,052724
0.244207 ~0.011044
0.276299 ~0.,0228856
0.092489  ~0.000444

Loblolly pine

Radial growth =
Fguation (1)@
Fquation (2):

RATIO

inches

-
15

(d.b.h.~DBBH

LARCER TREES

N ,

8]
5,955  0.234952
4,671  0.283656
2,162  0.253204
2,517  0.220846
1,160  0.140837

DBBH = (.478397 + 0.093657(d.b.h.)
= DBBH/(d.b.h.~DBBH) = (.234952-0.006941

by
~0,006941
~0.013036
~0.010866
~0.008894
~0.004764

third survey was calculated for each tree

Initial d.b.h. = present d.b.h. - (2.0 x AARI x 5.0)

tree was processed to obtain AARI and

Step | Using equation (1), determine double bark thickness at breast height
DBEH = (0.478397 +
DBEH = 0.478397 +

Step 2 Compute estimated

d.i.b, =

d.i.b, =

d.b.h, -

10.0 - 1

0.093657(d.b.h.)
0.093657(10.0) = 1.414967

diameter inside bark at breast height

DBBH
414967 = §.,385033

Step 3 Using equation (2), determine the ratio of DBBH to d.1.b.

RATIO =
RATIO =

Step 4 Compute
AART =
AART = |
Initial

Initial

112

DBERH/d. 1.0,
DBBH/d.i.b. = 0.234952 -~ 0.006941(8.585033) = 0.175363

il

0.234952 - 0.006941(d

AART from radial growth

(RG/100.0) = (2.00 + RATIO)
(15/100.0) = (2.00 + 0.175363)

d.b

d

.

L.
o

/2.0

= d.b.h. =~ (2.0 % AARI x 5.0)
10,0 - (2.0 x 0.163152 x 5.0) = 8.368477

Lieby )

| / 2.0 = 0.163152
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The Forest Service, U.S. De-
partment of Agriculture, 15
dedicated to the principle of
multiple use management of
the MNation's forest resources
for sustained yields of wood,
water, forage, wildlife, and,
recreation. Through forestry
research, cooperation with the
States and private forest
owners, and management of
the National Forests and
National Grasslands, it strives
_as directed by Congress—to
provide increasingly greater
service to a growing Nation.

USDA policy does not permit discrimination because
of race, color, national origin, sex OT religion. Any
person who believes he or she has been discrimi-
nated against in any USDA-related activity should
write immediately to the Secretary of Agriculture,
Washington, D.C. 20250.



