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AN APPROACH TO QUANTIFYING LONG-TERM HABITAT
CHANGE ON MANAGED FOREST LANDS

PAUL B. HAMEL  AND JOHN B. DUNNING,  JR.

Abstract. Forest land managers must determine the effects of their management on nontarget re-
sources, resources for which no current inventory is available, and for which no past trend information
exists. The tools available to managers to make these determinations consist of the inventory infor-
mation gathered for those commodities desired to be produced, i.e., the target resources. A method is
proposed here, using available land use records and bid data sets for the Savannah River Site, to
reconstruct past land use conditions and bird community composition and distribution. In addition to
describing habitat change and resource response, the method can estimate the amount of uncertainty
inherent in assessing implications of land management decisions for nontarget resources.

Key Words: bird-habitat relationships, forest history, forest management, habitat modeling, land man-
agement planning.

Forest land managers need to make rapid and
accurate decisions to be effective natural re-
source stewards. The quality of these decisions
depends upon several factors, one of which is
the accuracy of inventory information available.
Unfortunately, land managers rarely have the
staff  to inventory resources other than those they
produce intentionally.  Inventories that  are com-
pleted focus on a few critical elements relevant
to commodity product ion.  Such inventory work
is typically carried out in a cyclical fashion, in
which managers return to individual forest
stands on a regular  basis .

Information available to the decision-maker
often is only the current inventory. Unless this
individual  has a long history of  management re-
sponsibility on the site, little information from
the previous inventories will be available to
them. Unfortunately,  the details  of earlier inven-
tories often are not archived in a retrievable
fashion. Because t imber harvest  rotation ages of-
ten are longer than the careers of managers,  i t  is
unlikely that managers will have much infor-
mation on the his tory of  a  s tand or  i ts  his torical
product iv i ty .

If the absence of resource inventory infor-
mation was the primary problem faced by man-
agers, their tasks would be difficult enough.
However,  as conditions change over t ime, addi-
t ional  resources often are identif ied as important
products of the forest. As these resources are
identified, forest managers become responsible
for  producing and monitor ing them.

This addition of resources to the targets of
production is the problem of interest here. Ac-
ademically trained to produce one set of re-
sources, managers later in their careers find
themselves required to produce other,  nontarget
resources as well. The managers cannot have
been trained to produce these nontarget re-
sources nor, more importantly, can they have ad-

equate inventory information for these nontarget
resources. The resource management nightmares
that result from these circumstances are numer-
ous. The Spotted Owl (St&  occident&is;  Tho-
mas and Raphael  1993) of the Pacific Northwest;
the Bachman’s Warbler (Vermivora bachmanii;
Evenden  et al. 1977, Hooper and Hamel 1977,
Remsen 1986), the pondberry (Lindera melissi-
folia; DeLay  et al. 1993), and the Red-cockaded
Woodpecker (Picoides borealis; Hunter et al.
1994, Conner et al. 1996) of the Southeast are
all examples of such resource management
nightmares. Ultimately, without an accurate un-
derstanding of the habitats  for these species and
others,  creatures of considerable value econom-
ically, like the Passenger Pigeon (Ectopistes
migratorius),  aesthetically, like the Carolina Par-
akeet (Conuropsis carolinensis), or ecologically,
like the Ivory-billed Woodpecker (Campephilus
principalis), are lost to future generations.

In this brief paper, we propose a mechanism
to address this problem using the lands of the
Savannah River Site (SRS) managed by the Sa-
vannah River Natural Resource Management
and Research Institute (SRI) as a model. We
suggest  exploring potential  effects  of  land man-
agement planning by looking not for more so-
phist icated means to anticipate the future but  by
taking advantage of current technology and un-
derstanding of ecological processes to reinter-
pret the historical record of land use. The objec-
tives of this paper are to (1) outline a process to
retrofit current land-use information into a his-
tory of  the SRS, and (2)  suggest  methods to ap-
ply existing bird-habitat relationships to develop
predictions of past bird communities. A by-
product of this  process will  be a method for for-
est land management planners to evaluate con-
sequences of decision-making processes on
birds and to use those evaluat ions to guide future
decis ion-making.
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THE RECONSTRUCTION PROCESS

The proposed process involves a reconstruction of
the past land use environment. The reconstruction uses
available information projected back into the past, as-
sesses the accuracy of those backward projections
based upon examination of past records, makes pre-
dictions of later conditions of nontarget resources from
the reconstructions of the past, and compares those
predictions to subsequent measurements of those re-
sources. We outline several methods to conduct the
reconstructions. The several bird community studies
presented by others in this volume provide the “non-
target resources” for which the projections can be
made.

TECHNIQUES SUGGESTED FOR RECONSTRUCTING FOREST

HISTORY

Three techniques are outlined for reconstructing for-
est history. They are (a) strict backtracking from pres-
ent inventory coverage, (b) successive backtracking
using past inventory coverage, and (c) re-evaluation of
old aerial photographs. Each of these techniques is ca-
pable of projecting a past forest condition that can be
mapped. The utility of using several of these tech-
niques on the SRS is that with the extensive history
of forests and bird communities maintained by re-
searchers on the site, it will be possible to develop
several depictions of the history and compare them
with each other. The result of the comparison will be
information useful to managers in other locations who
may have only one of these methods at their disposal
to reconstruct the history of the forest.

Strict backtracking from present inventory coverage

The most straightforward method of reconstructing
the history of the forest on the SRS is to use the cur-
rent inventory of existing tabular files and maps of
stands. These data are maintained in a management
information system, the Continuous Inventory of Stand
Conditions (CISC), and a set of maps maintained in a
geographic information system (GIS). By associating
characters of age and composition with the mapped
stands, it is possible to estimate the mosaic of forest
conditions in approximately lo-yr  intervals into the
past from the present to the establishment of the SRS
in the 1940s. This technique should be relatively easy
to apply, and is limited only by the unavailability of
information on the previous composition of stands re-
cently harvested or otherwise modified, as by fire.
Where stands are regenerated, the previous CISC data
for that stand can be used to continue the projection
of history in the stand. One important qualifier for this
process will be the extent to which this stand infor-
mation is actually available. Much of it may have been
lost or destroyed as no longer relevant information. A
second qualifier is the extent of the area that can be
typed by this method. If the area that cannot be typed
is large, this technique will be less useful than if that
area is small.

The steps in this process are
1. Quantify age-condition-structure relationships us-

ing a cross-sectional approach, given the existing CISC
data.

2. Backtrack in lo-year time intervals to estimate
expected situation during each interval.

3. Overlay bird-habitat affinity information (e.g.,
Hamel  1992) onto the projected habitat situations for
specific time periods.

The result of applying this process will be a set of
maps of distribution of habitats for particular bird spe-
cies, with associated suitabilities, for the entire SRS at
specified times. From these maps can be derived sum-
maries of extent of habitats believed to be present at
the specified times. Empirical associations of relative
abundance with habitat condition (e.g., Hamel  1992,
Hamel  et al. 1988) will indicate relative abundance of
species at specified times. Comparison of the abun-
dance and quality of habitats and relative abundance
of the birds suggested by this process for the specified
times will indicate the suggested trend in habitat avail-
ability and relative abundance for the species during
the period of time since establishment of SRS. The
individual snapshots of habitat availability and sug-
gested relative abundance are the outcomes available
for comparison among methods for projecting the past
conditions on SRS.

Using past inventory coverage-successive
backtracking

To the extent that they are available, historical CISC
records also will permit construction of the forest for
stands at particular times in the past. This is the equiv-
alent of using the current CISC data base for depicting
the forest at the present time. Although perhaps the
most effective way to reconstruct the management
view of the forest at some time in the past, this method
likely suffers from lack of available records, an unfor-
tunate casualty of the management focus on current
conditions and the next management action. Useful for
monitoring and managing intended resource uses, such
a focus reduces the managers’ ability to inventory and
monitor the nontarget resources in their care.

From each of these sets of historical records, a past
history can be developed as in the first technique.
Comparison of these histories is a useful check on the
use of management data to depict history. Differences
between the maps projected from the first technique
and actual past maps from this technique reflect at least
two sorts of errors, both of which are relevant to pre-
dicting occurrence of nontarget resources from stand
inventory information. The differences confound error
introduced by the projection process with error intro-
duced by the variation in individuals who did the ini-
tial inventories and prepared silvicultural prescriptions
for the areas. Comparison of retrofit projections with
actual past estimates, however, does provide an im-
portant measure of change, despite problems with ob-
server variability in preparing stand maps from inven-
tory information (stand typing).

As in the first technique, projections of bird com-
munities can be overlain onto the projections of habitat
conditions to estimate bird communities at particular
times in the past. Comparisons of bird community es-
timates derived from retrofitting current stand infor-
mation with estimates derived from using actual past
estimates is again a measure of observer variability in
typing. Until this sort of error can actually be mea-
sured, however, it will not be possible to ascertain
whether it exists at an acceptable level.

A potentially appealing use of past inventory infor-
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TABLE 1. SCHEMATIC OF USE OF CURRENT AND PAST VEGETATION AND BIRD DATA SETS TO RECONSTRUCT AND
TEST LAND USE HISTORY

Time Period current 1 0

Prediction data set (test data set)

CISC data gathered (air photos)
pest

20 30 40 50

Current A(V P P P P P
10 yrs ago F A(T) P P P P
20 yrs ago F F A(T) P P P
30 yrs ago F F F A(T) P
40 yrs ago F F F F i(T) P
50 vrs a90 F F F F F A(T)
a Symbols in the table ret&t whether the vegetation maps are A - actual, (JC F - forecasts of the future based upon actual measurements in the
pest, or P - historical projections into the past of measurements  made later. (T) - indicates that aerial photographs can be used to test measurements
made on the ground; they can also be used to evaluate both Projected and Forecast maps.

mation  will be the use of earlier CISC inventories to
project both backward and forward in time (Table 1).
Each of the past CISC data sets can be used to project
both forward and backward in time to establish a set
of predictions of habitat conditions for all the time
periods to be examined. The utility of this approach
will be that it provides a method to compare the ac-
curacy of predictions made with data of different lag
times, i.e., in which the predictions are one, two, etc.
re-entry cycles removed from the actual inventory in-
formation on which they are based.

Retyping old aerial photographs

A series of aerial photographs exists for the SRS, as
they do for many areas. It is possible to conduct an
inventory of forest resources from each of these sets
of photographs, and to identify individual stands and
map them. This method, called forest typing, involves
interpretation of the photographs and determination of
the extent of stands of similar conditions of composi-
tion (forest type) and structure or successional stage
(stand condition class). Although a respected method
of forest inventory and management work, it suffers
in that it takes a great deal of time to retype old aerial
photographs.

The strength of this approach is that it will allow
comparison of the projections of CISC with replicable,
objective data sets compiled from the aerial photos.
Observer variation is potentially controllable by hav-
ing a single individual conduct the silvicultural pre-
scriptions from the photographs themselves. Ground-
truthing of the old photographs obviously will not be
possible. Bird data can be overlain onto the projections
of the aerial photos as well, as in the other methods.

SRS-AN IDEAL CASE STUDY AREA
SRS is an ideal area on which to test this ap-

proach or apply this model. The size, forest mix,
location, and forest management activity con-
ducted by SRI on SRS are representative of Na-
tional Forests or of other managed forest lands
in the South.  The advantage of  SRS is  the avai l -
ability of relatively long-term investigations of
resources other than timber. This array of bio-
logical  data  provides the opportuni ty to  evaluate

how well managers might anticipate effects of
management act ivi t ies  on nontimber resources.

APPLICATION OF THE F&CONSTRUCTION PROCESS

As an example of this process, we analyzed
the 1988 CISC database for the SRS to estimate
changes in habitat  from 1950-1988. We used the
1988 CISC database because it was the oldest
complete database available to us.  As mentioned
above, information on prior history is lost when
stands are regenerated and data on new stand
conditions are inserted into the CISC database.
Thus use of more current databases would result
in the loss of more information on prior history.

We selected 4-7 compartments in each of
three regions of the SRS, regions devoted pri-
marily to Forest Service management. We ex-
cluded heavily industr ial ized areas from this  test .
The selected compartments also were located
away from the Savannah River floodplain,
which has different soils, hydrology, and forest
types than the upland portions of the SRS. We
excluded areas within the compartments identi-
fied in the CISC database as deciduous forest
because studies of these forest  types have shown
li t t le  temporal  change in  dis t r ibut ion on the  SRS
since the 1950s (J. Pinder, pers. comm.). The
following amounts of  pine forest  and open hab-
itats remained for analysis: northwest (NW) re-
gion (compartments 14-17, 2,227 ha), northeast
(NE) region (compartments 24-29, 4,475 ha),
and southeast (SE) region (compartments 76,
80-85, 4,812 ha) (Table 2). We classified the
remaining pine forest  and open habitat  s tands in
these regions by lo-yr age class using the year
of planting recorded in the CISC database.

We then made a series of assumptions to ex-
trapolate 1950 habitat  dis tr ibut ions from the cur-
rent (1988) database. For all stands identified in
1988 as pine forest (including stands of forest
types = loblolly pine, Pinus  tueah, longleaf
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TABLE 2. 1988 HABITAT DISTRIBUTIONS IN SELECTED

SRS COMPARTMENTS, EXPRESSED AS PERCENTAGE OF

TOTAL PINE/OPEN  HABITAT WITHIN THE COMPARTMENTS

Age Classes

1946-  1951- 1961- 197lL 1981-
Reg ion pre-1945  1950 1960 1970 1980 1 9 8 8

Northeast 32 5 26 1.5 3 19
Northwest 13 7 52 3 15 10
Southeast 10 6 53 2 9 20

pine, P. palustris, and slash pine, P. elliottii) we
assumed that:

1. Stands with year of planting of 1945 or
earl ier  were forested in 1950.  Current  studies  of
forest  maturation and avian response show that
5-yr-old pine stands (especially loblolly and
slash pine stands) are likely to consist of 4-5 m
tall  trees ,  and be dominated by forest-associated
birds (Dunning and Watts 1990; J. B. Dunning,
unpubl. data).

2. Stands with a year of planting between
19461950 were in regeneration in 1950, and
therefore  consis ted of  o ld-f ie ld  success ional  hab-
itat.

3. Stands with a year of planting between
1951-1980 were active or fallow agricultural
fields. Within these age classes the stands aged
1971-1980 are the most problematic. At this
t ime,  most  of  the  in i t ia l  convers ion of  farmland
to planted forest  was completed,  and some har-
vest of older forest may have been occurring.
We treat  this  age c lass  as  part  of  the agricultural
conversion because we have found no sources
indicating that substantial timber harvest took
place in the compartments we used during this
decade.

4. Stands with a year of planting between
1981-1988 represent potential  error in the anal-
ys is ,  as  the  his tory  of  these  s tands  pr ior  to  plant-
ing is  unknown.

By this analysis the three regions differed
substant ia l ly  in  their  1950 distr ibut ions  of  pine
forest  and open habitats (Table 2) .  At least  32%
of the NE region was forested in 1950 (as iden-
tif ied by pre-  1945 year-of-planting designations)
while only lo-13%  of the NW and SE regions
were in pine forest. In all three regions, we es-
timate that 5-7% of the regions were in regen-
eration. Between 45-70% of each region was in
agriculture in 1950, as indicated by planting
years between 1951-1980 in the 1988 CISC da-
tabase.  The NE region had the lowest estimated
proport ion of  farmland,  and also the lowest  pro-
portion in the problematic 1971-1980 age class.
Error rates in the 1950 habitat reconstruction
varied from lo-20%  as estimated by the 1981-
1988 age class.

From this initial analysis, we estimate that
lo-32%  of the SRS was forested in 1950, while
50-70%  was more open. If needed, a decade-
by-decade portrai t  of  the  convers ion from agri -
culture to managed forest could be developed.
About 5% of the SRS was probably similar to
regeneration stands today.

As loss  of  information in  the  CISC databases
associated with the most  recent  habitat  conver-
sions totaled lo-20%,  use of even older data-
bases would likely improve confidence in this
type of reconstruction. Thus the use of older
CISC data as outlined in the second technique
would build upon the process we have init iated
here .  A major  improvement  in  our  abi l i ty  to  con-
duct this type of analysis would be to change
the CISC database  s tructure  so  that  pr ior  history
is not lost when stands are harvested and re-
planted.  Information is  a lso  lost  with  the  current
database structure when stand boundaries are re-
drawn (for  instance,  when small ,  s imilar  stands
are combined into a  s ingle  stand) .  At  such t imes,
stands are  often renumbered,  result ing in  the loss
of  a l l  h is tor ica l  informat ion associated with  the
former stand numbers. We strongly urge that
managers  be receptive to  the need for  historical
information on their management lands by re-
taining such information in their stand data-
bases.

The final step in the process of quantifying
long-term habitat change using the CISC data-
bases was to  overlay avian habitat  requirements
onto the  projected habitat  condit ions  for  di f fer-
ent time periods, and estimate change for spe-
cific bird species. We compared avian surveys
conducted by E. Odum in the early 1950s (sum-
marized by Meyers and Odum this volume) with
J .  B.  Dunning’s  studies  of  birds of  open habitats
(clearcuts)  and pine forest  during the late 1980s
and early 1990s (for methods see Dunning and
Watts 1990, Dunning et al. this volume). With
few exceptions,  we found that  breeding densit ies
and species l ists  from Odum’s “pine” and “pine
scrub” habi tat  categories  were  s imilar  to  modem
avifaunas in mature longleaf  pine forest stands
(Table 3). The active and fallow agricultural
fields surveyed by Odum (Meyers and Odum
this  volume)  contained an avifauna dist inct  from
those in open habitats  present  on the SRS today
(Kilgo et al. this volume; J. B. Dunning, pers.
obs.). Thus a first approximation of changes in
the avian communities on the SRS can be
tracked by reconstructing changes in open and
pine-dominated habitats  in  dif ferent  regions of
the SRS.

EXISTING SRS DATA SETS
A rich and re lat ively  long his tor ical  set  of  da-

tabases on the flora and fauna is available for
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TABLE 3. MOST COMMON BIRDS RECORDED ON SURVEYS IN 1950s (ODUM~)  AND 1980-1990 (DUNNING~)  OF THE
SRS

Census Period, Habitat Sampled, Species Richness

Rank 1950s 1950s 1990s 1990s
Abun- Agricultural Pine ‘4  Pine Clearcuts Mature Pine
dance Fields (S  = 8) Scrub  (S = 18) (S = 27)

1 Eastern Meadowlark PINE WARBLER Prairie Warbler EASTERN TOWHEE
2 Field Sparrow PRAIRIE WARBLER Eastern Towhee PINE WARBLER
3 PRAIRIE WARBLER BACHMAN’S SPAR- Indigo Bunting BACHMAN’S SPAR-

ROW ROW
4 Eastern Kingbird NORTHERN CARDI-  Bachman’s Sparrow Indigo Bunting

NAL
5 MOURNING DOVE EASTERN TOWHEE Yellow-breasted Chat PRAIRIE WARBLER
6 RED-HEADED Brown-headed Nuthatch Northern Bobwhite MOURNING DOVE

WOODPECKER
7 Eastern Bluebird Summer Tanager Northern Cardinal Carolina Wren
8 Orchard Oriole Tufted Titmouse Mourning Dove EASTERN WOOD-PE-

WEE
9 EASTERN WOOD-PE- Blue Grosbeak NORTHERN CARDI-

WEE NAL
1 0 Great Crested Flycatch- Brown-headed Cowbird RED-HEADED

er WOODPECKER
Notes: Species found in either of the 1950s surveys and 1980-1990  cleatcut  surveys ate  indicated with boldface; species in either of the early surveys
and late surveys in matwe  pine stands are indicated with CAPITALS. Note that 6 of the species most  c~mttmn  in early pine/pine scrub  habitat occw
in both cleatcuts  and matnte  forest from later survey period,  while only 3 of the species mnst  c~mtn~n  in agricultural fields in the 1950s appear  on
the 1990s lists. Scientific names ate  in Appendix 1.
a For list of snntces  see Meyers and Odum (this volume).
b  LB. Dunning, pets. comm.

SRS. Extensive vegetation and bird data sets
(Meyers and Odum this volume) are among
those available. Additional data on climate,
physiography, topography, and soils also may be
useful. For simplicity, we reconstruct land-use
histories without reference to these other data
sets.  The approach depends upon use of the ex-
isting and past vegetation data bases to recon-
struct past land-use, a bird-habitat association
model to predict past bird communities, and a
group of  val idation vegetation and bird data sets
to compare estimates of past land use and bird
communities to those actually measured at the
time.

to be stable  over  t ime,  while  boundaries  of  stands
reflect the different timber staff assistants and
their  views of  management options.

Advantages.-The high quality of existing GIS
coverage  for  SRS means  that  reconstruct ion wi l l
be  relat ively easy to  accomplish.  Manipulat ion of
CISC data for existing stands in the GIS is rela-
t ively direct  and rapid.  Use of  the  GIS to  identi fy
larger scale units of habitat for particular bird
species  is  easy.

VEGETATION

Several  vegetat ion coverages  exis t  for  the  s i te ,
four of which are important as reconstruction
tools. These are the existing USDA Forest Ser-
vice (USFS) Geographic Information System
coverage (GIS), the set of current and past re-
cords of the Continuous Inventory of Stand
Conditions data base (CISC), current and past
aerial  photographs,  and the Forest  Inventory and
Analysis  (FIA) survey data.

Disadvantages.-A large investment in quality
control  and digi t iz ing in i t ia l  informat ion,  as  wel l
as in maintenance of  equipment and data,  is  in-
volved in  use  of  the  GIS .  GIS  lacks  the  f lex ib i l i ty
to change stand boundaries  that  is  inherent  in in-
dividual  typing of  aerial  photographs because the
GIS is a depiction digitized from other sources
rather than the primary data source.

Current CISC  data

Existing GIS coverage
This is  a  thorough,  accurate map of  the bound-

aries of the existing compartments and stands,
digit ized to high standards of  accuracy.  Bound-
aries  of  management compartments are expected

The CISC data base includes information iden-
tifying the individual stands within compart-
ments. Associated with each stand is a tabular
data set  that  ref lects  the management information
concerning the vegetat ion of  each stand.  Forest
type and site index data, stand condition class,
intended management type and associated site in-
dex for that management type, stand age ex-
pressed as the stand birthdate,  a modest number
of  quantitat ive measurements of  the vegetat ion,
and some indication of  the management act ions
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taken during the current entry cycle form the data
in CISC. CISC data are gathered by staff  foresters
and reflect  a  minimal amount of effort  consistent
with classif ication to the appropriate forest  type.

Advuntuges.-CISC data are the inventory
data on which land management decisions are
based. Using them directly ties information on
nontarget resources like birds to the best repre-
sentation of the conditions on the ground. All
members of land management and management
planning teams are familiar with the data, their
use ,  and l imi ta t ions .

Disadvantages.-CISC data have uneven ac-
curacy from place to place, period of time to pe-
riod of time, and are subject to certain kinds of
observer variat ion that  can be frustrat ing.  Some
preparers of CISC data are prone to interpret the
field information on stand composition with a
bias toward economically important trees in the
stands. Others will have relatively less bias to
commercial  species.  Variat ion in typing is  due to
such biases.  The relatively small  number of actual
biological descriptors in the CISC data creates
difficult ies for workers wishing to infer the pres-
ence or absence of other attributes of stands, such
as snag densit ies,  presence of certain volumes of
downed woody material ,  and the l ike.

Current and past aerial photographs
At approximately lo-yr intervals, complete

coverage of low alti tude aerial  photographs has
been taken to permit foresters to develop type
maps for managed forest lands as part  of the re-
entry cycle. An evaluation of existing sets of
aerial photographs will permit development of
an independent map of forest stands from each
set  of  photographs.

Advantages.-Each available set of aerial
photographs is a document of conditions exist-
ing at a particular time. As such, these records
are a most useful documentation of actual con-
ditions. As remotely sensed data, the photo-
graphs cover areas much larger than stands, and
landscape features can be measured from them.
Observer variation in developing forest type
maps can be examined by having several differ-
ent observers produce type maps from the same
set  of  aerial  photographs.

Disadvantages.-The major disadvantage of
using aerial photographs is the very time-con-
suming process of examination required for ob-
servers to interpret them. Because the time re-
quired is  great ,  i t  may be cost  prohibi t ive to  use
complete sets  of past  photographs to reconstruct
land use  his tory.

FIA plot data
The FIA Unit of the Southern Research Sta-

tion, USFS, maintains a set of permanent plots

in forest  throughout the South.  A number of  per-
manent  plots  are on the SRS. Each of  these plots
has been measured at least one time, and some
as many as three or four times, at approximately
7-12 year intervals. Data from these plots can
be used to estimate the amount of forest on the
SRS. Location information is also available for
the plots, permitting limited spatial analyses. It
is  also possible  to  use the measurements  on the
FIA plots to estimate certain quantitative mea-
sures of vegetation composition and structure
not available in CISC.

Advantages.--FIA  data are gathered to very
high standards of accuracy, and involve a large
number of quantitative measures of vegetation
structure. The relatively large number of FIA
plots on the SRS makes this an ideal site to use
the FIA datasets  as a means to quantify mea-
surements of vegetation structure at the larger
scale of the stands on a si te of reasonable extent.
Current FIA data sets are a vastly underused re-
source for tasks such as this one.

Disadvantages.-Because FIA data are gath-
ered at randomly located plots, the measure-
ments made on FIA plots are representative of
forest types. Consequently, they are not mapp-
able directly as are CISC and GIS data, and the
forest type boundaries made on aerial photo-
graphs. Sensitivity of location data associated
with FIA plots may make certain kinds of uses
difficult for others wishing to use them for pur-
poses of  historical  land use reconstruct ion.

BIRD PREDICTION DATA SETS

Two primary data sets exist for development
of estimates of bird occurrence associated with
land use reconstructions, Hamel (1992) and the
USFS Region 8 BIRDHAB model (U.S. Forest
Service 1994). Both are derived from the matri-
ces of species by vegetation type associations
developed in Hamel et al. (1982), in which the
authors developed a set of species-by-habitat
matrices for bird occurrence in the Southeast.
These were tested in limited way by Hamel
(1984, Hamel et al. 1988) and currently are be-
ing tested extensively by USFS Southern Re-
search Stat ion personnel  using bird census data
from SRS. The BIRDHAB model has been ex-
tensively modified to provide a user-friendly
method for wildlife biologists and others in Re-
gion 8 to be able to use the GIS to associate bird
species  to mapped habitat  condit ions as  found in
CISC. Each of these data bases is sufficient to
associate a group of bird species with a mapped
s tand.

Advantages.-Projections of the data in Ha-
me1  (1992) or BIRDHAB is easy to accomplish
because each is an automated product. Each in-
cludes capability to associate birds with each
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acre of the SRS or any other southern forest
land.  Matrices in each were designed specif ical-
ly to associate birds with forest type and stand
condit ion designations such as  those in Table  2 .

Disadvantages.-Because the data in Hamel
(1992) and BIRDHAB are generally applicable,
and designed to associate birds with relatively
broad vegetat ion type or  forest  type categories ,
each of  these works represents  a  set  of  hypoth-
eses of occurrence. Neither is capable of asso-
ciat ing species  with  part icular  vectors  of  empir-
ical  measurements  of  vegetat ion structure,  par-
ticularly as that vegetation structure may vary
among stands that fall within the same forest
type-stand condit ion c lass  combinat ion.

TESTING THE PREDICTIONS
Two  kinds of  tests  are  desirable  from the data

developed in the procedures outlined here. In
one kind of test, past projections are compared
with each other  to  identi fy  uncertainty inherent
in the reconstruction, hence the planning, pro-
cess. In the other kind of test, past projections
are compared with measurements made in other
studies on the site. Each of these sorts of com-
parisons provides important information for
managers on the effectiveness of the planning
process .

CONSISTENCY OF PAST RECONSTRUCTIONS
MEASURES RELIABILITY OF PREDICTIONS

The several reconstructed land use histories,
e.g. ,  one for  each interval  of  CISC coverage,  one
for each set of aerial photographs, can be com-
pared with each other to assess whether and to
what extent the records of land use agree with
each other. It is unlikely that they will agree,
perhaps not  even closely.  Differences among the
projections of land use is a measure of the un-
certainty inherent  in  project ions based on the in-
ventory information that  managers  must  use.

Bird communities based upon the historical
project ions of  land use can be compared among
themselves.  The differences among these projec-
t ions are  another  measure of  the uncertainty on
which management decisions must be based.
Variat ion observed here is  an actual  measure of
the variat ion introduced by the planning process .
I t  i s  var ia t ion in  poss ib le  es t imates  of  nontarget
resources based on information designed to
monitor  target  resources .

ACCURACY OF THE PROJECTIONS REFLECTS THE
S~JFFICIENCY  OF MANAGEMENT INFORMATION

Comparison of  projected land use history with
specif ic  measures of  landscape,  such as those de-
rived from retyping old aerial photographs or
from historical vegetation studies, provides a
measure of the accuracy of the land use projec-

tions. Testing the accuracy of projections made
from data lo- vs. 20- vs. 30-yr  distant from the
source of the projections is a valid estimate of
the uncertainty inherent  in  the project ion process
as  i t  extends  far ther  f rom the  current  t ime per i -
od.  Comparison of  b ird community  pro ject ions
with those actual ly observed in the past  studies
of the SRS avifauna estimates the accuracy of
predict ions based upon general  habitat  associa-
t ion models .

Resul ts  of  these  comparisons  wi l l  be  instruc-
tive in showing managers the extent to which
initial efforts to associate nontarget resources
with categories in the management inventory
and information system can be adequate for  pre-
dict ive purposes .

DISCUSSION
It has been said that “It is not management

unless it is done on purpose.” This reasonable
standard for managerial activity fails to incor-
porate the reali ty that  each management action
affects not only the target resources, for which
the activity was done “on purpose,” but also
may affect a wide range of nontarget resources
as well .  Each of  these resources is  affected in an
unintent ional  way.  Consequently ,  the ef fect  of  a
management activity on a particular resource,
such as  a  community  of  birds ,  may be benef ic ia l ,
neutra l ,  or  detr imental .

Current  forest  management pract ices  often ap-
pear to follow a row-crop agriculture mindset
(cf .  Garrett  and Buck 1997), wherein the process
is  v iewed str ic t ly  as  a  control led act iv i ty  leading
to production of targeted amounts of specific
known commodities. Only quality control mea-
sures are needed for a production activity, for
which all relevant outcomes are believed to be
known.  With respect  to  nontarget  resources ,  for-
est  management  is  not  such a  control led act ivi ty ,
nor  i s  i t  shor t - t e rm.

Management of forest succession or timber
harvest rotation is a long-term process. Short-
term monitor ing records  of  management  act ions
inhibit development of a collective history of
that  process .  Without  the  col lec t ive  h is tory  f rom
a si te ,  planning is  not  easi ly done and effects  of
management activities on nontarget resources
are unavailable for improvement or even ex-
amination.

A real missing link in the land management
process has been the recognit ion that  each man-
agement act ivity is  a  manipulative experiment as
well  as  a  production act ivi ty.  These experiments
create  an historical  record of  land management
on a site. Far too seldom have these “experi-
ments” been documented, so that their results
could be used to adjust future management.  Far
too often the results of these “experiments”
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,have been used by opponents of the manager to
discredit the management. Neither of these out-
comes is particularly useful to the nontarget re-
sources in question.

Several methods for projecting the past his-
tory of the forest stands at the SRS have been
described. An example of the use of one of them
has been presented. Each ideally will produce a

1 set of maps with associated tabular data. These
data reflect several different projections of the
actual extent, distribution, and characteristics of
the forests of the SRS. The landscape structure
of these projections could be estimated to char-
acterize the spatial heterogeneity across the SRS.
Comparison of techniques can identify charac-
teristics of accuracy, precision, and efficiency in
the projections of habitats. Using a single recent
CISC coverage, it was possible to estimate the
past extent of age class coverage on the SRS for
80-90%  of the sample pine forest area.

Projected bird communities can be compared
as well. Differences among them will be instruc-
tive of sources of error involved in habitat pro-
jections themselves, in associations of vegeta-
tion characteristics with habitats, in associations
of birds with vegetation characteristics, and in
spatial associations of habitats. Projected bird
communities can be compared to actual mea-
sured communities when study sites for earlier
works can be located on the maps. Differences
between the actual and the several projected
communities can similarly be apportioned into
sources of error associated with the different
techniques. The entire process can be used as a
model for land use planning elsewhere as well,
in locations where land use records are less ex-
tensive than those maintained at SRS.

Those working at SRI stand in a fairly envi-
able position of using historical records to es-
tablish predicted future conditions of the forest,
and then testing the predictions against actual
realizations. Differences between current and
predicted current conditions are measures of the
uncertainty inherent in land management plan-
ning. Knowledge of that uncertainty will be a
powerful tool a manager can employ during de-
velopment of a forest plan or other document
indicating management intent.

CONCLUSION
Existing data sets for the managed lands of

SRS can be summarized and several reconstruc-
tions of past habitat conditions made from them.
While the task is not trivial, SRS is an ideal area
to demonstrate the process described here. Ex-
isting data sets on past bird distributions on SRS
can be used to assess relationships between birds
and habitats on SRS at present and in the past.

Habitat and bird community trend information
potentially can be developed from these com-
parisons.

Data and analyses developed for this volume
provide an unparalleled opportunity to elaborate
and to test a process of forest reconstruction that
is applicable to National Forest lands in the
South. Although not universally applicable, this
approach might even be called a “model” for
forest reconstruction.

The process is not without difficulty, however.
Lost data will be a potentially debilitating factor
to conducting the projections inherent in testing
these methods of land use reconstruction. But
they will be an even greater debility for appli-
cation at sites other than SRS. Readers must re-
alize that management applications in actuality
are not yet conducted in the same way as are
controlled experiments. Managers must recog-
nize the importance of maintaining archives of
past inventory information to permit reconstruc-
tion of trends in habitats and distributions of
nontarget resources.
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APPENDIX 1.
SCIENTIFIC  N AMES  O F  B IRDS  M ENTIONED IN  T H E  T EXT

Northern Bobwhite Colinus virginianus
Mourning Dove Zenaida macroura
Passenger Pigeon Ectopistes migratorius
Carolina Parakeet Conuropsis carolinensis
Spotted Owl Strix occidentalis
Red-headed Woodpecker Melanerpes erythroce-

phalus
Red-cockaded Woodpecker Picoides borealis
Ivory-billed Woodpecker Campephilus principalis
Eastern Wood-Pewee Contopus virens
Great Crested Flycatcher Myiarchus crinitus
Eastern Kingbird Tyrannus  tyrannus
Tufted Titmouse Baeolophus bicolor
Brown-headed Nuthatch Sitta pusilla
Carolina Wren Thryothorus ludovicianus
Eastern Bluebird Sialia sialis
Bachman’s Warbler Vermivora bachmanii
Pine Warbler Dendroica pinus
Prairie Warbler Dendroica discolor
Yellow-breasted Chat Icteria virens
Summer Tanager Piranga rubra
Eastern Towhee Pipilo erythrophthalmus
Bachman’s Sparrow Aimophila aestivalis
Field Sparrow Spizella pusilla
Northern Cardinal Cardinalis cardinalis
Blue Grosbeak Guiraca caerulea
Indigo Bunting Passerina cyanea
Eastern Meadowlark Sturnella  magna
Brown-headed Cowbird Molothrus ater
Orchard Oriole Icterus  spurius


