
A test of an expert-based bird-habitat
relationship model in South Carolina

Abstract Wildlife-habitat relationships models are used widely by land managers to provide infor-
mation on which species are likely to occur in an area of interest and may be impacted
by a proposed management activity. Few such models have been tested. We used recent
avian census data from the Savannah River Site, South Carolina to validate BIRDHAB, a
geographic information system (GE) model developed by United States Forest Service
resource managers to predict relative habitat quality for birds at the stand level on nation-
al forests in the southeastern United States. BIRDHAB is based on the species-habitat
matrices presented by Hamel  (1992). Species-specific accuracy rates for BIRDHAB pre-
dictions (the percentage of all stands in which a species was predicted correctly as pres-
ent or absent) ranged from 33.6-93.0X,  with a mean of 67.4+17.3%  (SD, n=46  species).
Accuracy was >90%  for 5 species, but <SO%  for 9 species. BIRDHAB performed well (P
<0.05)  in predicting presence-absence of 32 species. Generally, the model was more
accurate in predicting presence-absence for habitat specialists than for generalists. Habi-
tat-specific accuracy rates (the percentage of species for which a habitat’s prediction was
correct) ranged from 52.7-92.7%,  with a mean of 71.81(SD)  9.8% (n-26 habitat types).
BIRDHAB was a useful tool for many of the species that we tested, but it had no predic-
tive ability for many others. Such species-specific variation in accuracy probably is
common among wildlife-habitat relationships models, reinforcing the need for thorough
testing before these models are used in land-use planning.
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Land  managers frequently require site-specific hensive  surveys at every proposecl impact site, pre-
information on species occurrence to predict dictive  models of species occurrence are needed.
potential impacts of proposed management. Models with preclictions  that are based on various
Recause  it is cost-prohibitive  to conduct compre- habitat components are known as wildlife-habitat
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relationships (WHR)  models (see Morrison et al.
1992 for review).

Species-habitat matrices are a type of WHR
model that provides estimates of the relative quali-
ty of several habitats for each of many species (Mor-
rison et al. 1992). The quality of each habitat usual-
ly is rated on a qualitative scale (e.g., unsuitable,
marginal, suitable, or optimal). Although such
scales generally are defined to reflect increasing fre-
quency of occurrence or abundance (Hamel  1992),
species-habitat matrices do not explicitly predict
occurrence or abundance. They often are used in
impact assessments to evaluate habitat quality for
various species under alternative management sce-
narios. For example, a hypothetical management
alternative might be predicted to change the rela-
tive quality of an impact site for a species of inter-
est from optimal to unsuitable, or vice versa. Such
information may affect the type of management
action, its scale, or whether it is even implemented.

WhenWHR  models are used in land management
planning, they may have a dramatic effect both on
species’ habitat quality and availability, and on the
management options available to the landowner.
Thus, it is ecologically and economically important
that models be as accurate as possible and that the
level of accuracy be known. The importance of
WHIR  model validation has long been acknowl-
edged (Marcot  et al. 1983). However, most models
remain untested (Morrison et al. 1992, but see
Dedon et al. 1986, Raphael and Marcot  1986,Timo-
thy and Stauffer 1991, Block et al. 1994, Edwards et
al. 1996).

We used field data collected during recent and
ongoing research to test the predictions of BIRD-
HAB @Jnited  States Forest Service [USFS] 1994),  a
WHR model developed for national forests in the
southeastern United States (USFS Region 8). BIRD-
HAB was created to assist in impact assessment and
in the development of biological evaluations of
proposed management actions. It is an ArcInfo  geo-
graphic information system (GIS) analysis program
that uses standard USFS stand inventory data and a
species-habitat matrix (Name1 1992) to predict rel-
ative habitat quality (unsuitable, marginal, suitable,
or optimal) at the stand level for 271 bird species
that breed or winter in the southeastern IJnited
States. Hamel’s  (1992) matrix represented the
expert opinion of a team of ornithologists, and
included species-specific habitat quality predic-
tions for 4 successional stages of 23 vegetation
types.

Specifically, we determined model accuracy for
46 species and 26 habitats and tested BIRDHAB’s
ability to correctly predict species’ presence-
absence. Because the habitat needs of rare or sen-
sitive species are often overriding considerations in
management decisions, we focused on the model’s
performance for these species. More generally, our
study provides an evaluation of how species-habitat
matrix WHR models are constructed: can qualita-
tive models, based on expert opinion, provide accu-
rate estimates of species occurrence or should
other, more quantitative approaches be encouraged
in the construction of WHR models?

Study area
To test BIRDHAB, we used data collected on the

IJnited  States Department of Energy’s (USDOE)
Savannah River Site (SRS), a 78,000~ha National
Environmental Research Park located in Aiken,
Barnwell, and Allendale counties, South Carolina, in
the Upper Coastal Plain physiographic province.
Approximately 95% of the land area was undevel-
oped and managed by the USFS-Savannah River
according to USDOE policies. Of the forested
acreage, 71(X  was managed pine (loblolly [Pinus
tae&]  , longleaf  [Ilpalustris]  , and slash [peelliottii]),
3% was upland hardwood, 22% was bottomland
hardwood, and 3% was mixed pine-hardwood
(Workman and McLeod  1990). Pine forests were
managed on 80- to 120-yr rotations. Clearcutting
was conducted occasionally to convert off-site
slash pine to loblolly or longleaf  pine. Hardwood
forests typically were not managed, although har-
vest occurred occasionally.

Methods
The BIRDHAB model

BIRDHAB provides users with 2 options: query-
ing a list of predicted habitat qualities for all bird
species in a single stand or querying habitat quality
for a single bird species within an area of several
stands (e.g., a timber compartment). Output for the
latter query is displayed as a habitat map.

BIRDHAB’s predictions are based on Hamel’s
(1992) species-habitat matrix. The only difference
between BIRDHAB and Hamel’s  (1992) matrix
relates to the assumptions made in the derivation of
the 2 input variables (vegetation type alld  succes-
sional stage); once vegetation type and succession-
al stage are obtained, predicted habitat quality for



all species that occur on the user’s site (as deter-
mined from Hamel’s  [1992]  range maps, digitized
for BIRDHAB) is taken directly from Hamel’s  (1992)
matrix. BIRDHAB uses information from the USFS
corporate Continuous Inventory of Stand Condi-
tion database (CISC) to determine the vegetation
type and successional stage of the queried stand(s).
The CISC database contains USFS forest type codes
(different from Hamel’s  [ 19921 vegetation types),
stand-condition class codes (general descriptors of
timber stocking rates and merchantability), and
stand age. Hamel’s  (1992) vegetation type was
derived from the USFS forest type with a relational
cross-walk table taken directly from an appendix
provided by Hamel  (1992). However, successional
stage is derived using rules that combine condition
class and stand age (Appendix l), and these rules
require several assumptions that are not outlined
by Hamel  (1992). These assumptions may lead to
erroneous determination of successional stage for a
stand, and therefore to inappropriate predictions,
the responsibility for which should not be borne by
Hamel’s  (1992) matrix. Therefore, our results are
not intended to be viewed as direct validation of
Hamel’s  (1992) matrix. Nevertheless, we believe
that our testing represented a reasonable approxi-
mation of a validation of Hamel’s  (1992) matrix for
the SRS.

Test data
Because many WHR models do not predict occur-

rence (i.e., presence-absence) or relative abun-
dance but rather relative habitat quality, it is diffi-
cult to validate them using quantitative count data.
Further complicating the
issue is the fact that habi-
tat quality and species
density are not necessarily
related (Van Horne 1983,
Vickery et al. 1993). For
example, the quality of a
forest stand with appar-
ently excellent habitat
structure for a given
species may be compro-
mised by landscape-level
factors so that it actually
functions as a sink habitat
(Pulliam 1988). Such diffi-
culties notwithstanding,
we elected to use ob-
served occupancy rate as

an index of habitat quality. In doing so we assumed
that within any given classification scheme (e.g.,
habitat types, predicted quality levels, etc.), the per-
cent of stands that were occupied represented a
better reflection of the quality of an individual class
than did mean density of birds in stands of that
class. The intended objective of BIRDHAB is not to
explicitly predict species occurrence, and our tests
therefore did not constitute a true validation (i.e.,
we were not testing how well BIRDHAB achieved
its intended objective).

We used data from 6 avian research projects con-
ducted at the Savannah River Site from 1991-1998
(Table 1) to validate the breeding season compo-
nent of the BIRDHAB model for selected species
(see below). All data sets except J. B. Dunning’s
unpublished data were comparable in that standard
point-count techniques (Ralph et al. 1995) were
used. Counts were conducted from sunrise to 3.5-
hr post-sunrise between May 5 and June 30, except
during rain or high winds. Birds flying over the plot
were recorded separately. K. E. Franzreb (unpub-
lished data) used 50-m radius IO-min point counts
to sample all stands within a l-km buffer zone sur-
rounding active red-cockaded woodpecker
(Picoides  borealis) clusters in 1995. Likewise, S. A.
Gauthreaux  (unpublished data) used 50-m radius
IO-min point counts to sample at permanent vege-
tation monitoring plots of the USFS Forest Invento-
ry and Analysis program from 1993-1995. Kilgo et
al. (1997, 1998) and Buffington et al. (1997) used
50-m radius 5-min point counts, also recording
species detected in the stand rt3  min of the count
period, to sample stands of upland and bottomland

Table I .  Habitats and sample sizes of data sets collected from 1991-1998 used to validate
BIRDHAB for the Savannah River Site, South Carolina. With the exception of the Kilgo et al.
(1997, 1998)  and Buffington et al. (1997) data sets, in which a total of 62 individual stands
were sampled in multiple years, all stands in the database were sampled in only one year.

D a t a  s e t
No. of
stands Habitats sampled

Buffington et al. (1997) 6”

j.  B.  Dunning, Jr. (unpublished data) 1 3 1

I<.  E. Franrreb  (unpublished data) 99

S. A. Gauthreaux (unpublished data) 158

Kilgo et al. (1997) 76”

Kilgo et al. (1998) 45”

D. J.  Levey et al. (unpublished data) 5  6

Tota  I 5 7 1

Bottomland  h a r d w o o d  ( e a r l y ,  m i d ,  l a t e  s u c c e s s i o n )

Longlcaf, loblolly pine (early, late succession)

All’?

All

Upland hardwood, pine (late succession)

Bottomlancl  hardwood (late succession)

All

J Number represents stand-years.

1)  Included early, mid, and late succession upland and bottomland hardwood, loblolly and
longleaf  pine, and mixed-pine hardwood.



hardwood and mature pine forests from
1993-1995. D. J. Levey et al. (unpublished data)
used 50-m KidiLlS  5-min point counts, followed by a
5-min period during which an audio recording of a
screech owl  asio) was played, to sample
stands of several habitats in 1998 in which fleshy
fruit availability and use were measured. All 5
point-count studies separately recorded birds
detected beyond 50 m. The studies sampled at var-
ious intensities, both in terms of numbers of points
per stand and number of visits per point. Because
2 studies sampled at only 1 point per stand and vis-
ited that point only once, we randomly selected
only 1 visit to 1 point per stand from the studies
with >l visit or point. Collectively, these studies
comprised a database of point counts from 440
stands that represented all major habitats occurring
on the SRS in rough proportion to their acreage.

The point-count data were used to determine
presence or absence of species only. We defined a
species as present in a stand if it was recorded in
any way except flying over the stand. Thus, in gen-
eral we determined presence by unlimited distance
point counts of 10 min, a duration determined suf-
ficient for estimation of bird-habitat model per-
formance (Dettmers et al. 1999).

Unpublished data from Dunning’s surveys (here-
after Dunning counts), which were more time-
intensive than the point counts, were used to assess
the ability of point counts to detect presence of
each species (see below). These surveys were
described in Dunning and Watts (1990). Briefly, 2-
to 7-yr-old pine regeneration stands and mature
pine stands were surveyed for 6 min from each of
6 points, distributed evenly throughout the stand.
Birds were recorded during a 3-min  listening peri-
od, a 1.5~min period during which a tape-recorded
Bachman’s sparrow (Ainzc@n&z  mstivdis)  song
was played (densities of this species were of par-
ticular interest in this study), and a final 1.5-min  lis-
tening period. Sampling was conducted during
1991 and 1993-1994. Stands were visited twice
per year, and data were recorded as total number of
individuals of each species detected across all 6
points per visit. Thus each stand was surveyed for
72 mm, which likely yielded more accurate pres-
ence-absence information than the more conven-
tional point counts.

We assessed BIRDHAB’s  predictions for 51
species. Species detected in ~5 stands and species
for which point counts did not adequately assess
presence were not considered. This included wet-

land birds, nocturnal birds, birds most commonly
recorded as fly-avers, and birds that rarely vocalize.
Accordingly, the following taxa  were excluded:
waterfowl (Anatidae), wading birds (Ardeidae), rap-
tors (Falconiformes, Strigiformes), goatsuckers
(Caprimulgidae), aerial insectivores  (Apodidae,
Hirundinidae), hummingbirds (Trochilidae), king-
fishers (Alcedinidae), and corvids (Corvidae).

Testing
lising  BIRDHAB,  we obtained species-specific

predictions of habitat quality for each of the 571
(440 point counts+ 13  1  Dunning counts) stands for
which we had validation data. We defined a pre-
diction of “present” to include predictions of suit-
able or optimal habitat quality and a prediction of
“absent” to include predictions of unsuitable or
marginal habitat quality. We calculated the accura-
cy of the model in predicting presence-absence
(assuming the relationship defined above between
habitat quality and presence-absence) of each
species as the percentage of the total number of
stands in which presence or absence was predicted
correctly ([(the number of stands in which the
species was predicted to be present and was found
+number in which it was predicted to be absent
and was not found)/total number of stands] x 100).
Error of commission rate WaS calculated for each
species as the number of stands in which the
species was predicted to occur but did not, divided
by the total number of stands. Error of omission
rate was calculated as the number of stands in
which the species was not predicted to occur but
did, divided by the total number of stands. We test-
ed the accuracy of the presence-absence predic-
tions using Fischer’s exact test for 2 x 2 contin-
gency tables  (PROC  FREQ, SAS Institute Inc. 1988).
We also calculated the Kappa statistic (Kappa=
[error rate(randon1)  -error rate(model)]  /error
rate(random);  Landis and Koch 1977, Fielding and
Bell 1997) which represented the reduction in
error rate as compared to the error rate associated
with a random allocation of birds to stands (1 -
[(proportion of stands predicted present * propor-
tion of stands occupied) + (proportion of stands
predicted absent ” proportion of stand unoccu-
pied)]). The observed accuracy rates represented
an average of the accuracy rates of the 4 years of
data.

Because species often are missed on l-visit point
counts of short duration (Dawson  et al. 1995) the
validation data we used may have falsely inflated



errors of commission and underestimated errors of
omission. We attempted to assess the ability of the
point counts to detect species by comparing detec-
tion rates (proportion of stands in which a species
was detected) of the 51 test species between the
point-count data and Dunning’s more time-inten-
sive unpublished survey data using Fisher’s exact
test for 2 x 2 contingency tables. We had sufficient
numbers of stands for both survey methods in long-
leaf pine-shrub-seedling (I6 point counts, 45 Dun-
ning counts) and loblolly pine-shrub-seedling (17
point counts, 59 Dunning counts), each of which
was tested separately. We used the one-tailed alter-
native because the Dunning counts were expected
a priori to yield higher detection rates.

Finally, we calculated accuracy rates by habitat
types (defined as forest type-successional stage
combinations). For each habitat type, the accuracy
rate was the percentage of the 51 test species
whose presence or absence was predicted correct-
ly. Accuracy rate was calculated for each stand and
averaged by habitat type. Error of commission rate
and error of omission rate also were calculated.

Results
BIRDHAB predicted 95 species to have at least

marginal habitat in at least 1 of our 440 test stands.
Of the 51 species selected for analysis, only oven-
bird (Seiurus  aurocapillus) was not predicted to
occur. Only in recent years has this species expand-
ed its breeding range to include the SRS (Meyers
and Odum 2000),  and its range map in BIRDHAB
should be modified accordingly. For 4 additional
species (eastern kingbird [Tyrannus  tymnnus],
northern mockingbird [Mimus polyglottos],
orchard oriole [lcterus  spurius]  , and American
goldlinch  [Carduelis  tristis]),  the greatest level of
habitat quality predicted was marginal. Because we
treated a prediction of “marginal” habitat as
“absent” in our presence-absence analyses, the
species were never predicted to occur for purpos-
es of these analyses. As these species were rela-
tively common at SRS (J. B. Dunning, unpublished
data; Mayer et al. 1997),  habitat conditions for them
are presumably better than “marginal,” so their
BIRDHAB predictions should be viewed as inaccu-
rate. However, accuracy could not be calculated for
these 5 species, so BIRDHAB predictions were test-
ed for only 46 species.

Accuracy rates for BIRDHAB predictions by
species ranged from a low  of 33.6% for Carolina

chickadee (Poecile  carolinensis) to a high 93.0%
for field sparrow (Spizellu  pusilla),  with a mean for
all species of 67.4f  17.3(X (SD) (Table 2). Accuracy
was >90% for 5 species, and <50% for 9 species.
Generally, the model was more accurate in predict-
ing presence-absence of habitat specialists
(species with occurrence restricted to few habitats;
e.g., field sparrow, Kentucky warbler [Oporornis
formosus], prothonotary warbler [Protonotaria
citrea] , Swainson’s warbler [Protonotaria citrea])
than of generalists (species that use many habitats;
e.g., brown thrasher I Toxostoma rufum], mourn-
ing dove [Zen&la  macroura],  Carolina chickadee,
red-bellied woodpecker [Melanerpes carolinus]).
Mean error of omission rate was 6.8+6.S% (SD) and
mean error of commission rate was 26.1+ 17.5%.
Error of commission rates exceeded error of omis-
sion rates for all but 10 species, but several species
with relatively high accuracy had high error of
omission rates (e.g., white-eyed vireo [Vireo
griseus] , red-eyed vireo [ Oreo olivaceous] , and
indigo bunting [Passerinn cyanea]). Fischer’s
exact test indicated that BIRDHAB performed well
(PcO.05) in predicting presence-absence for 32 of
the 46 species. Observed frequency of occurrence
in stands with the four levels of BIRDHAB predic-
tion are presented for these 32 species (Table  3).

Our comparison of detection rates between
point counts and Dunning’s counts revealed that 14
of the 40 (35.0%) test species that occurred in long-
leaf pine-shrub-seedling stands and 24 of the 39
(61.5%) test species that occurred in loblolly
pine-shrub-seedling stands had greater (P< 0.05)
detection rates in the Dunning counts. Mean detec-
tion rates (i.e., the percentage of stands in which
each species was detected) were 15.7% greater for
Dunning counts (41.5%) than point counts (25.8%)
in longleaf  pine-shrub-seedling stands and 30.9’%
greater for Dunning counts (45.4%) than point
counts (14.5%) in loblolly pine-shrub-seedling
stands. Thus, as expected, point counts frequently
underestimated species’ habitat occupancy.

Accuracy rates for habitat types ranged from
52.7% for white oak-red oak-hickory-sawtimber
to 92.7(X for the same type in the sapling-poletim-
ber stage (Table 4). By gross habitat types, predic-
tions were worst for mixed pine-hardwood (*=
66.4rt7.4%), intermediate for hardwood (%=72.21t
12.2’%), and best for pine (%=75.2?5.4%). General-
ly, hardwood and mixed pine-hardwood had high
error of commission rates relative to error of omis-
sion rates (more species were predicted present



Table 2. Accuracy and error rates (‘%I  for BIRDHAB’s  predictions of presence-absence for the Savannah River Site, South Caroli-
na. Test data were collected from 1991-l 998. Species are listed in descending order of Kappa statistic.

S p e c i e s A c c u r a c y

Frror  I.I+P  a-. .
Omission

.-.-
Commission N h

Red-eyed vireo (Vireo olivac~eous) 80.7

Acadian flycatcher (Empidonax  virescens) 81.1

Northern parula (hula  americana) al.6

Blue-gray gnatcatcher (Polioptila  caerulea) 73.0

Kentucky warbler (Oporomis  formosus) 78.0

Indigo bunting (Passerina  cyanea) al.4

Hooded warbler (Wilson/a  citrina) 62.5

Field sparrow (Spire//a pusilla) 93.0

Wood thrush ( r  fylocichla  mustelina) 58.0

Yellow-breasted chat (kteria  kens) 91.4

Yellow-billed cuckoo (Coccyrus  americanus) 65.7

Swainson’s warbler (fimnothlypis  swainsonii) al.8

Bachman’s sparrow (Aimophila aestivalis) 68.2

Brown-headed nuthatch (S&a pus&) 5 4 . 1

Prothonotary warbler (Profonotaria  citrea) 82.3

Louisiana waterthrush (Seiurus  motacilh) 77.7

Carolina wren (Thryothorus  ludovicianu.5) 56.8

Eastern towhee (f’ipilo  erythrophthalmus) 42.0

Common yellowthroat (Ceothlypis hchas) 91 .I

White-eyed vireo (Vireo griseus) 85.9

Chipping sparrow (Spire//a  passerina) 78.0

Northern cardinal (Cardinalis  cardinalis) 53.4

Yellow-throated vireo (Vireo f/avifrons) 71.6

Downy woodpecker (Picoides  pubescens) 52.3

Prairie warbler (Dendroica  discolor) 92.0

Blue grosbeak (Cuiraca  caerulea) 91.8

American redstart (Srtophaga  ruticilla) 71.6

Pine warbler (Dendrok~ pinus) 65.2

E a s t e r n  w o o d - p e w e e  (Contopus  v i r e n s ) 43.4

Pileatcd woodpecker (Dryocopus  pikatus) 68.4

Northern bobwhite (Colinus  virginianus) 52.7

Eastern bluebird (.%/;a  sialis) 69.5

Tufted titmouse (13aeolophos  &co/or) 51.6

Yellow-throated warbler (Den&o&  dominic-a) 62.3

Summer tanager (Pi~2nga  rubra) 49.5

Brown thrasher (Towstom,,  rufum) 88.9

Mourning dove (Zenaida  macroura) 36.6

Brown-headed cowbird (Mo/oth/-us  ate/.) 42.7

Great crested flycatcher (Myiarchus  crinitos) 48.2

Carolina chickadee (Poecile  carolinensis) 33.6

Red-bellied woodpecker (Melanerpes  carolinus) 48.2

Red-headed woodpecker (M.  erythrocepbdus) 59.5

Hairy woodpecker (Pi<-odes  vi//osus) 44.5

Gray catbird (Dumatelld  carolinensis) 8 1 . 1

Black-and-white warbler (Mniotilta  varia) 87.3

Northern flicker (Cobptes  auratus) 58.4

10.2

-

7.0

5.7

2.3

3.0

2.3

2.7

0.2

4 . 1

5.2

1 4 . 1

0.0

3.2

2.0

0.0

1 . 1

16.8

1 . 4

5 . 2

13.6

6.4

13.6

5 . 2

3.6

4.5

4.8

0.9

21.8

2.7

6.8

2.0

3.2

37.3

0.0

2.5

7.0

5 ..5

5 . 2

1 . 1

4.8

15.2

4.8

1 . 3

2.0

2.9

6.8

PC Kawa

9 . 1 137 <O.OOl

11.8 1 1 1 <O.OOl

12.7 66 <O.OOl

14.8 1 2 1 <O.OOl

1 9 . 1 50 <O.OOl

6.4 76 <O.OOl

34.8 74 <O.OOl

6.8 5 <O.OOl

38.0 69 <O.OOl

3.4 28 0.006

20.2 105 0.004

18.2 9 <O.OOl

28.6 40 <O.OOl

43.9 60 <O.OOl

17.7 8 <O.OOl

2 1 . 1 1 7 <O.OOl

26.4 215 0.005

56.6 93 <O.OOl

3.6 27 0.028

0.5 6 . 5 0.001

15.7 42 0.014

33.0 173 0.030

23.2 42 0.007

4 4 . 1 49 0.036

3.4 23 0.061

3.4 24 0.068

27.5 1 5 <O.OOl

13.0 132 0.028

53.9 a4 <O.OOl

24.8 5 . 3 0.019

45.2 39 <O.OOl

27.3 29 0.012

1 1 . 1 2 .56 0.042

37.7 6 0.003

38.0 135 0.220

4 . 1 33 0.452

58.0 84 0.793

52.0 44 0.884

40.7 203 0.513

61.6 1 05 0.640

36.6 148 0.573

35.7 33 0.665

5 4 . 1 10 0.901

16.8 1 0 0.849

9.8 1 3 1.000

34.8 4 1 0.950
M e a n 67.4 t  17.3 6.8 i 6.8 26.1 zk  17.5

0.556

0.529

0.395

0.341

0.325

0.247

0.238

0.195

0.186

0.165

0.163

0.150

0.150

0.150

0.144

0.139

0.139

0.132

0.119

0.113

0.113

0.111

0.107

0.107

0.101

0.099

0.096

0.096

0.094

0.092

0.085

0.081

0.078

0.043

0.036

0.026

0.025

0.005

0.004

-0.002

-0 .004

-0 .010

-0.013

-0.022

-0 .050

-0.05 1

0.156

a Error of omission = not predicted but did occur; error of commission = predicted but did not occur.

I’  Number of stands in which species was detected out of 440.

c Fischer’s exact test.



Table 3. Observed frequency of occurrence among BIRDHAB’s
predictions of relative habitat quality for species on the Savan-
nah River Site, South Carolina, 1991-1998, for which tests of
presence-absence predictions were significant (Table 2). Blank
cells indicate that no stands were predicted in that category.
Species are ordered as in Table 2.

Species

Relative Habitat Quality a

Unsuitable Marginal Suitable Optimal

Red-eyed vireo 0.110

Acadian flycatcher 0.032

Northern parula 0.057

Blue-gray gnatcatcher 0.171

Kentucky warbler 0.030

Indigo bunting 0.183

Hooded warbler 0.030

Field sparrow 0.002

Wood thrush 0.086

Yellow-breasted chat 0.048

Yellow-billed cuckoo 0.194

Swainson’s warbler 0.000

Bachman’s sparrow 0.029

Brown-headed nuthatch 0.043

Prothonotary warbler 0.000

Louisiana waterthrush 0.006

Carolina wren 0.500

Eastern towhee 0.250

Common yellowthroat 0.078

White-eyed vireo 0.139

Chipping sparrow 0.009

Northern cardinal 0.333

Yellow-throated vireo 0.068

Downy woodpecker 0.053

American redstart 0.014

Pine warbler 0.278

Eastern wood-pewee 0.286

Pileated woodpecker 0.019

Northern bohwhite 0.027

Eastern bluebird 0.009

Tufted titmouse 0.475

Yellow-throated warbler 0.000

0.194

0.208

0.170

0.179

0.182

0.120

0.250

0.105

0.111

0.333

0.156

0.083

0.000

0.111

0.407

0.045

0.023

0.133

0.110

0.335

0.182

0.086

0.000

0.263

0.055

0.113

0.078

0.067

0.563

0.000

0.694

0.140

0.263

0.352

0.000

0.440

0.064

0.188

0.138

0.250

0.200

0.096

0.000

0.1 18

0.114

0.114

0.522

0.230

0.111

0.714

0.169

0.429

0.085

0.122

0.043

0.016

0.182

0.137

0.111

0.735

0.021

0.593

0.831

0.462

0.615

0.474

0.463

0.056

0.306

0.393

0.125

0.1 72

0.233

0.000

0.551

0.385

1 .ooo

0.455

0.226

0.152

0.129

0.387

0.287

0.174

0.056

0.529

0.05 1

a Predicted values are not given for categories represented by
~10  stands.

1) No asterisk denotes a non-significant (P  > 0.05) BIRDHAB
test (BIRDHAB has little or no predictive ability).

* denotes significance for both the goodness-of-fit (P < 0.15)
and the BIRDHAB test (P < 0.05) (BIRDHAB has moderate pre-
dictive ability).

** denotes significance only for BIRDHAB test (BIRDHAl  has
good predictive ability). See text for detailed explanation.

than were found) (Table 4). By successional stages,
predictions were best for sapling-poletimber habi-
tats (stage 3,  z?=79.4*7.6%) and worst for sawtim-
ber habitats (stage 4, z?=  66.2 rt7.7%). Generally,

grass-forb habitats (stage 1) had relatively high
error of omission rates (more species were found
than were predicted present) and sawtimber habi-
tats had high error of commission rates (Table 4).

Discussion
BIRDHAB significantly predicted presence-

absence for 32 of the 46 species we tested. For 14
species, however, BIRDHAB had little to no predic-
tive ability. BIRDHAB tended to perform better for
habitat specialists than for habitat generalists. The
occurrence of a species restricted to one or a few
habitats was easier to predict than a species that
occurred in several habitats, presumably because
each additional habitat predicted added an addi-
tional level of uncertainty. A model is considered
useful “if at least some predictions are empirically
correct” (Morrison et al. 1992:256).  Therefore,
BIRDHAB was a useful model for most habitat spe-
cialists on our study site.

Generally, there was good agreement between
BIRDHAB accuracy rates and results of the 2 x 2
contingency analyses. However, this was not
always the case; BIRDHAB had significant Fischer’s
exact tests for a few species that had low accuracy
rates (e.g., eastern towhee [Pipilo  erythrophthal-
mus],  eastern wood-pewee [Contopus &ens]), and
it had non-significant tests for a few species with
high accuracy rates (e.g., brown thrasher, gray cat-
bird [Dumatellu  carolinensis]  , black-and-white
warbler [Mniotilta  curia]).  The Kappa statistic
helped explain these discrepancies. Species with
high accuracy rates but poor predictive abilities
generally bad low Kappa statistics, indicating that
the high accuracy rates were likely due to random
chance. High accuracy rates can occur when a
species’ occupancy rates are very low and it is pre-
dicted absent in most stands. Species with low
accuracy rates but good predictive abilities general-
ly had moderate (about 0.10) Kappa statistics.
Kappa statistics in this range occurred when the
stands with predictions of present had occupancy
rates that were relatively low (<0.50) but still high-
er than the occupancy rates for stands with predic-
tions of absent. We suggest that results of the Fis-
cher’s exact tests should be interpreted as the
indication of BIRDHAB’s  ability to predict species
presence-absence, and that accuracy rates should
be used as supplemental information. Accordingly,
BIRDHAB may be considered most appropriate for
species with significant tests and high accuracy.



Table 4. Accuracy and error rates (‘%)  of BIRDHAB  predictions by habitat type on the Savannah River Site, South Carolina. Test
data were collected from 1991-1998.  Accuracy represents the percent of the 51 species analyzed whose presence or absence
was predicted correctly for stands within the habitat type. Predictions were the same for all USFS forest types within a vegetation
type of Hamel  (1992).

V e g e t a t i o n  t y p e
-Hamel  (1992) USFS forest type (code)

Successional E r r o r  r a t e
No. of

stage” Accuracv Omission Commission stands

Longleaf-slash pine longlcaf pine (21)
2
3

slash pine (22)

Loblolly-shortleaf pine loblolly pine (31)

Mixed pine hardwood shortleaf pine-oak (12)
loblolly pine-hardwood (13)

Oak-hickory

Southern scrub oak

E l m - a s h - c o t t o n w o o d

Oak-gum-cypress

southern red oak-yellow pine (44)
white oak-black oak-yellow pine (47)

white oak-red oak-hickory (53)

scrub oak (57)

s w e e t g u m - y e l l o w  p o p l a r  ( 5 8 )

swamp chestnut oak-cherrybark oak (6.1)
sweetgum-Nuttall  oak-willow (62)

laurel oak-willow oak (64)

s w e e t  b a y - s w a m p  t u p e l o - r e d  m a p l e  ( 6 8 )

M e a n

bottomland hardwood-yellow pine (46)

4

2
4

4

4
4
2

4

72.5
78.9
81.0
71.4

70.2

75.4
83.6
66.6

80.4
58.8
64.3
64.7
64.2

92.8
53.7

86.3

71.2
63.3

76.5
73.2
64.7

56.9
88.2
73.3
66.7
65.7

71.4

23.5 3.9
14.8 6.3
10.5 8.5
6.3 22.3

6.7 23.1

6.9 17.6
6.2 10.2
8.3 22.1

19.6 0.0
25.5 15.7
6.7 29.0
0.0 35.3
2.9 32.8

7.2 0.0
1 . 4 45.0

11.8 2.0

9.8 19.0
2.6 34.1

23.5 0.0
10.5 16.3

4.9 30.4
9.8 33.3
5.9 4.9
7.5 19.2
0.8 32.5
0.7 33.7

9 . 1 19.5

2
16
22
93

17

17
29
83

1 2
43

62

d Successional stages: 1 = grass-forb; 2 = shrub-seedling; 3 = sapling-poletimber; 4 = sawtimber.

BIRDHAB tended to err on the side of over-pre- missing species where they were predicted present
dicting habitat suitability rather than under-predict- far more often than it resulted in missing species
ing it; error of commission rates generally were where they were predicted absent. Consequently,
much higher than error of omission rates. There our results may be viewed as minimal estimates of
may be several components to this error. First, BIRDHAB’s accuracy. Had detection rates been
inaccuracies may have existed in the input data greater for those species with high error of com-
(i.e., the CISC database). If a stand’s forest type or mission rates, accuracy undoubtedly wo~~lcl  have
age was incorrect in CISC, the habitat type designa- improved. Third, many WHR models are intention-
tion would have been incorrect and predictions ally designed conservatively so that if a species may
would have been inappropriate. We corrected all possibly be present on a site, a manager will be
known errors, but a few still may have existed. prompted to consider it (Dedon et al. 1986). BIRD-
LJsers should be aware of the critical importance of HAB  is apparently no exception. However, conser-
accurate stand inventory data. Second, inaccuracy vative predictions could lead to habitat loss if rela-
certainly existed in the validation data. Determina- tively poor habitat was defined as suitable and was
tion of presence-absence based on one ten-minute used in mitigation for destruction of optimal babi-
point count was problematic; species frequently tat. Finally, the model may simply be inaccurate.

were overlooked, as indicated by our comparison Regardless of the cause, errors of commission may
of the point count and Dunning survey data sets. be considered risk-aversive in conservation plan-
Because BIRDHAB did tend to over-predict habitat ning in that it is better to over-predict than under-
quality, we feel the detection problem resulted in predict (Edwards et al. 1996).



A few species had relatively high error of omis-
sion rates (e.g., white-eyed vireo, indigo bunting,
pine warbler, tufted titmouse), indicating that they
occurred with some regularity in habitat predicted
to be unsuitable. The first, second, and last potential
sources of error discussed above may apply to
errors of omission as well. With regard to the sec-
ond (the potential effect of errors in validation
data), species detected in adjacent stands or those
attracted from adjacent stands by tape playback
would have caused errors of omission if the adja-
cent stand was of a different type. Similarly, detec-
tions of species foraging in habitats that were
unsuitable to them for breeding would have caused
errors of omission (e.g., many forest species occa-
sionally forage in clearcuts and young pine planta-
tions, Krementz and Christie 1999). Additionally, a
portion of the error of omission rate likely was
attributable to our treatment of “marginal” habitat
predictions as predictions of “absent.” Tbat is, the
species actually occurred in habitat predicted to be
marginal, an outcome that should not be considered
model error. True model error of omission should
be considered more serious as it leads to the exclu-
sion of species from consideration in impact assess-
ments. It was difficult to determine the proportion
of the observed error (both commission and omis-
sion) that was due to true model error, but clearly it
was less than the observed rate, and thus true accu-
racy likewise was greater than the observed rate.

BIRDHAB performed more poorly for some habi-
tats than others, either because less was known
about the bird communities of certain habitats at
the time of model development, or because the
communities in those habitats were inherently more
difficult to predict. It consistently predicted too
many species in sawtimber hardwood (both upland
and bottomland), with error of commission rates
>30% for 6 forest types, and it predicted too few
species in grass-forb and shrub-seedling succes-

sional stages of sevefal  habitats (primarily longleaf
pine) where error of omission rates were 23.4 and
14.8%,  respectively. Conversely, in 12 stands of
oak-hickory-sapling-poletimber, not a single error
of commission was made and accuracy was 92%.
Likewise, habitat-specific accuracy rates varied
widely within and among other studies. Raphael
and Marcot  (1986) reported accuracy of 3578%  for
breeding birds in 4 seral stages of mixed evergreen
forests of northwestern California, although their
figures were conservative because they did not
include species not predicted and not found. Rice

et al. (1986) reported accuracy rates of 8%96’s for
breeding birds in two habitats along the lower Col-
orado River, though they excluded several problem-
atic species with intermediate predictions.

BIRDHAB’s  good predictive ability for several
species indicated that qualitative, expert-based
WHR models can be useful and accurate tools.
Therefore, for some species, model performance
may be improved by adjustment of the predicted
suitability of certain habitats within the bird-habitat
relationship matrix upon which BIRDHAB is based
(Hamel  1992). Examination of species- and habitat-
specific error rates may facilitate this refinement by
highlighting where errors currently exist. Howev-
er, for other species, incorporation of quantitative
vegetation and landscape structural variables (e.g.,
understory density, canopy closure, stand size, sur-
rounding habitat type) may be necessary to
improve predictive ability (Bolger et al. 1997).
Finally, for some extreme habitat generalists, accu-
rate prediction may not be possible by either qual-
itative or quantitative models.

Management implications
From a land management and conservation per-

spective, a model should perform well for those
species most likely to be the focus of impact assess-
ments. Thus, the fact that BIRDHAB performed well
for habitat specialists is fortuitous. Many species
with narrow habitat associations tend to be relative-
ly rare, particularly if the habitat with which they are
associated is rare, and thus are often the focus of
impact assessments. For example, BIRDHAB had at
least moderate predictive ability for all of the tested
species that were ranked by Partners in Flight as
“very high” (4 species) or “extremely high” (I
species) priority for conservation attention in the
Atlantic coastal plain and for most (13 of 18 species)
that were ranked as “high priority.” Likewise, WHR
models for species for which predictive ability is
poor clearly should not be used in land management
planning. If their use is restricted to appropriate
species (those with significant predictive models),
BIRDHAB and similar models should be useful tools
for impact assessment by land managers.

BIRDHAB, as well as Hamel’s  (1992) matrix, may
be useful tools at a regional scale, such as that at
which gap analysis is frequently conducted. Accu-

racy of WHR  models is dramatically affected by the
scale of prediction, with most models performing
better at scales larger than the individual stand



(Hamel  et al. 1986,  Raphael and Marcot  1986). For
example, Hamel  et al. (1986) reported that model
success (i.e., the percentage of predicted species
that were observed) increased from 41-63'~ from
the stand to the regional scale for oak-hickory
forests in Kansas, and Edwards et al. (1996) report-
ed accuracy of 81-95X  in predicting breeding bird
occurrence at the large scale of 8 national parks in
Utah. BIRDHAB’s  habitat-based accuracy rates fell
within the range of those previously reported for
breeding birds, even at larger scales. Scaling up  to

the landscape or regional level should yield even
higher accuracy rates. As with any model, however,
thorough testing should be conducted for each
scale at which it is intended to be used, especially
if such scales would require the use of input other
than CISC data to determine habitat types, as in
GAP analysis.
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Appendix 1. Derivation of successional stages from condition class and stand age information by BIRDHAB.

Look un direction in BIRDHAB -3

IF USFS Condition class (code): AND Stand age: THEN Successional stage:

In regeneration (1)

D a m a g e d  p o l e t i m b c r  ( 2 )

Damaged sawtimber (3)

Forest pest infestation (4)

F o r e s t  p e s t  i n f e s t a t i o n  ( 4 )

Sparse poletimber (5)

Spar se  sawt imber  (6 )

Low quality poletimber (7)

Low quality sawtimher (8)

Mature poletimber (9)

Mature sawtimber (10)

Immature poletimber (11)

I m m a t u r e  s a w t i m b e r  ( 1 2 )

Seedling/sapling adequately  stocked (13)

Seedling/sapling adequately stocked (13)

Seedling/sapling inadequately stocked (14)

Seedling/sapling inadequately stocked (14)

N o n - s t o c k e d  ( 1 5 )

Group selection management (16)
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Any
Any
<:30
&xl
Any
A n y

Any

Any

Any

Any

Any

Any
510

211

<IO

211

4
A n y

Grass-forh

Sapling-poletimber

S a w t i m b e r

Sapling-poletimber

S a w t i m b e r

Sapling-poletimber

S a w t i m b e r

Sapling-poletimber

S a w t i m b e r

Sapling-poletimber

S a w t i m b e r

Sapling-poletimber

S a w t i m b e r

Shrubseedling

Sapling-poletimher

Shrub-seedling

Sapling-poletimber

Shrub-seedling

S a w t i m b e r


