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Wildlife Habitat Coaditioms  in Mature Fine-Hardwood Stands in the Ouachita/Ourk  National Forests1

Ronald E. -&ill, Pbihp A. Tappe. and Nancy E. Koerth2

ABnRACT

A long-term, stand-level, interdisciplinsry  research and demonstration project was
initiated OLI he Ouachia  (ONP) and Ozark-St. Prancis National Forests in Arkansas in
1990 to canpare  the impacts of alternative reproduction cutting methods on commodity
and noncommodity ftxest restnrrccs  including wildlife habitat and populations. Habitat
masurement  procedures ad pretreatment habitat conditions for 20 of the 52 star&
id&d in this smiy  are !mnmakd  kre. ?bc wildlife component of this study consists
of a completely randuni~ block design involving four physiographic z-s  (blocks),
each amtaining  (~tlc  replicatim  of five ueamrents (four future ueammnts and an untreated,
late-rot&cm control). Of the 69 habitat parameters analyzed to date, 11 differed signifi-
cantly (P eO.05)  by physiogTaphic zore, lnlt only 1 differed by flmne uutment.  From
a wildlife sta&oint,  &se late-rotation stands primarily caksisted of so&facing,
relatively xeric sites character&d by high canopy coverage, an abundance of mostly small
hardwock,  very limited winter krbage and browse supplies, moderate snag abundance,
andlimitedamounta ofdownwood. Mcetofthehardwoodsaretoosmalltoproduce
much mast, and &n&es  of the larger (235 cm in dbh.) snags are insufficient to
accommodate high populations of several of tk larger resident cavitydepe&nt  wildlife
species. Snags and down logs of recent origin were gemxally scarce. Recent amuxhuent
of the USDA Foreat Service ONF Foreat Plan should klp to ameliorate these conditions.

INTRODUCTION

Even-aged silviculture  employing clearcutting, site preparation, and planting of pines has been tk @nary method of
regeneration on southern national forests for more than 25 years. Although young plantationa provide excellent habitat fa
many wildlife species, even-aged management on short rotations is generally detrimental to those species that require an
abundance of snags, cavity and den trees.‘hardwoods, hard mast, large down wood, and other mature-forest features CThill
1990). The USDA Forest Service has been under increasing pessure  to consider ahematives to eveeaged management
(e.specially  to clearcutting), such as single-tree and group selection and expanded management fa pine-hardwood mixtures.

In response to growing public concern over management of the  national faests  in Arkansas, a long-term, multidisci-
plinary, stand-level research and demonstration project was initiated on the Ouachita and Ozark-St. Francis Naticmal m
in 1990 to compare alternative reproduction cutting methods relative to their sib4icultural feasibility and their impacts 011
c~mndity  and noncommodity foreat resutrces  (Baker, this volume). Determining tk effects of tkse treamreuts on wildlife
poprhtions  and habitat features is a primary objective of this research.

Tk  objective in this paper is to characterize preueament wildlife habitat conditions in 20 stands (table 1) that are being
studied u&r this  initiative. Habitat measurements ad procedures are described, the  20  stands  are characterized, ad
differences by physiogmphic  zones and future treatments are presented Pretreatment bird and anah mammal data are
prated in separate papers within this proceedings.

’ Paper presented at tbe Symposium on Ecosystem Management Research in the Ouacbita Mountains: Preu*ltment
Conditions and Preliminary Findings, Hot Springs, AR, October  2627, 1993.

2 Supervisory research wildlife biologist, USDA Forest Service, Southern Forest Experiment Station, Nacogdoches, TX
75962; assistant professor, School of Fcsest  Resources, University of Arkansas at Monticeho, Monticello, AR 71656;
computer assistant, USDA Forest Service, Soutkm Forest Experiment Station, NacogQches,  TX 75962.
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ID no. Zone Tmtmmt Distnci comp4tunmt S t a n d

1 North CkNCUt

2 Nonh Sheltewood

3 NOM Group selection

4 NOdI Single-t ICC  pelecticm

5 Notth U n t r e a t e d  mntrol

6 East Cli?SSUt

7 East Shelterwood

8 East GKnlp  5eleclim

9 East S i n g l e - t  fee  seleaicm

1 0 East untrrrtsd  oxlttol

1 1 SOUth auian

1 2 south Sheltetwood

1 3 south GrcUp  seleaim
1 4 south Single-me seleuicm
1 5 south Unttuted  mtltrol
1 6 WWt claKot
1 7 WesC Shelterwocd

1 8 Wesl Gmup  select~m

19. West S i n g l e - t  Ice  selection

20 W&St lJntmted amtrol

Founhe

Magame.

Mapamc’

C o l d  Springs

odm

odal

oden

Jesieville

Jessieville

Wotnhle

C&d0

C&d0

WanMe

caddo

Fweau

Mena

ChOCUW

Kiamidli

Mena

4 5 8 1 6

4 5 7 1 2

4 6 I8

7 0 1 0

2 8 4 1 1

1 0 6 7 1 5

1 1 1 9 2 1

1 1 2 4 1 1

6 0 9 9

605 5

1 6 5 8 5

21 1

3 5 4 2

1 6 4 9 1 3

2 3 10

1 2 9 2 2

8 3 3 1

6 2 6

2 4 8 1 7

8 9 6 7

‘Ourk-St  Ftancis  Nalmal  Forest;  all ahea on  the Chuchita  National  Forest.

SELECTEJI EARITAT  PARAMETERS

For the eventual  development of  wildlife-habitat  relat ionship models,  data were colkcted  on a host  of habitat  parameters
that  are:  (a)  nondestructive to obtain,  (b)  relatively easy to collect ,  and (c)  often correlated with and(or  useful  in  pedictins

wildlife abundance and diversi ty (Gysel  and Lyon 1980, Hays and others 1981). These parameters are described below.

Ovemory  Conditions

Characterist ics of the  forest overstory  (e.g. ,  tree density,  spacing, and height;  species  compositiom  arxi  the number of
vertical layers) greatly infhtence  understory  floral compositicm  and production, vertical suuctmal  cnmpkxity,  micrcclimat.e,
and a host  of other  habitat  parameters that  influence wildlife diversity and abundance.  For example,  hardwood retention
within pine stands typically improves habitat conditions significantly for a broad range of wildlife species by inueasing  habitat
and microsite  diversity, forage substrate (e.g., bole,  bark, leaves, and fruits), vertical structural complexity, dens  and  cavities,
and/or  through the  amelioration of microclimatic  influences. Forest avifatmal  diversity is gerrerdy positively correkted  with
stand  structural  complexity (Dickson and Segelquist  1979, MacArthur and h4acArthut  1961,  Meyers rrrd  Johnsolr  1978).  but
dense.  multi layered hardwood midstories can drastically l imit  available forage for vertebrate herbivores (Blair pnd  Bnmett
1976, Blair  and Feduccia 1977).

hfomation  on sizes, densities, and species composition of hardwoods is useful in predicting hard mast producu~a
(Goodnnn  and others 1971) and availabil i ty of  natural  cavit ies (Ahen  and Corn 1990).

Snags  and Stumps

Snags provide foraging subsnate,  roost ing and hiding si tes,  and cavity si tes for  numerous vertebrate and imttebrate
species  O’homas  and others 1979a).  Stumps also provide addit ional  structure,  cover,  and foraging suMrate  used  by some
Wbs  (Maser and others 1979). Absence  of sui table  nest  s i tes  is  of ten a  l imit ing factor  for  cavi ty nest ing birds clhoms
and  others 1979a),  which comprise an ecofogicahy  important  component of southeastern forest avifauna.  Consequently,
wildlife abundance and diversity can be increased through retention of snags of appropriate sizes.  Snag preferences of cavity



lrstingspt!cie.saredependentalamallbaoffactorsincludingtree
czaum 1979, nlcmlas  and otkrs 1979a).

species, dimeta,  kight,  and sage of &cay (EWS  d

. Down woody lmelid SQves many crucial IxQIogical functials,  many of which have only recently been pppreciated
(Harmm  ad otkn 1986, Maaa and othas 1979). Tkse ftmctiom  influence flmal and faunal dive&y,  site productivity,
nutrient cydiug,  ad soil ad sedhnmt  aampat  ad storage (Harmon ad others 1986). From a wildlife  standpoint, these
materials are wed as hiding cover, feeding sites, and re&uctian  sites (Maser and others 1979). Far example, many
Plethabn  s8hmdc.n  require moist, rorting  logs and litter far egg development and adult cutalxols lqiratial (Stebbios
1966). Down woody material provides au alergy/nwiult  smuce pnd kbitat for many kctaia and fungi  scane Snail
~pCtfqtOfnVClalaneQwnl~~brurchesntberthrndinctlyoatbegnund~~aodKir~1992).
Capme success for dea  mice (Peromyscus  mtznidznu)  was highly axrelated  with coverage of down logs and stumps per
axe in Arhma pmdaosa pim (Pina  pm&rosa Dougl  Ex Laws.) f- (Goodwin and Hwerfccd 1979).

Facuxs infIumcing  mid we of down wood inch& size (diameter d length), species, decry state, and ovaall
abudance/distributiaa  of down wood (Harmon and otkrs  1986). Jaga down logs povide mae cover and gemxally persist
lolneathrnsnnlla~(MasaPnd~1979,~andTnppe19&4). Transiticmalstagesofdecays&rddifferent
kbitat featurea. For example, loose bark provides hiding and thamal cova for small vertetaates. In advarrced stages of
d6ay,smrll~canwnMte~,which,inMn,mrykutilized~rmph~~Pndnpiles~onaadahas
1986). Over a wide range of fcxest  types and seral stages, Harmon and others (1986) indicated that small mammals that use
Qwnwoodymaterialscompise70oo90pacaudthespecies~~rrd75aD99pacentoftbeaoalnrnnberof
individuals.

Much )ess  is known regarding herpetofaunal communities and their reliatxe (P down waxi. However, Pacific Northwest
teptilesPndamphib~that~Qwnwoodcompise93percentofthespeciesPnd99petantdth:individurk(Hnrmoa
and othaa 1986).

Rocks aud rock piles provide a host of habimt elements (e.g., sutming sites, thermal and hiding covex,  uxl habitat
structure) for  smaller organisms including  many amphibians, qtiles, aul small mammals.

Litter depth influences a number of impormnt biological processor including soil moisture evapaatia,  water infihmticm,
and soil heating and cooling. Litta provides forage and fa-aging sites, thermal and hiding cover, and can significantly
hduence  microcIimatic condititms for many amphibiatm and reptiles (Jones 1986). small mammals, md other smaller
qanisms.  It also provides habitat for invertebrates that xxve  as food far vertebrates. Litter coveq thickness, ami
composition  also influence nutrient cycling and soil eroaioa, which  in Mn,  dueace long-term site &uxivity. Undmsuxy
krbage  pductim is genady inversely related to litta &pth  (Gaimza  and otkxs 1954).

Pluht  Cover

To a large urtent,  wildlife abuuiance  and diversity are closely x&ted  to tk abundatue,  diversity, struc~e,  and
nutriticaml quality of available krkceous  and woody plants, mainly through tkir iufluences 0LL forage availability and cover
conditims.  Ftxage and covex  are gaxzally man limiting during late winter; amsequently,  late-winter measuea of these
variables were assumed to k maze highly correlated with animal abrmdance and diversity than growing su1s(11  measuns.
Ocuk  estimates of percent cover (proportion of sn area covered by tk vertical projection of plant crowns to the gromxl
surface) are much less expensive to collect than farage producti~  data and are generally suftlciently  correlated with forage
production to derive meanhqful  inferences (Gysel and Lyon 1980).

Horizontal foliage cover (often referred to as security OT hiding cover to distinguish from thermal cover) is a measure
of the concealment that vegetation and other suuctural features (e.g., rock or down wood) afford an animal from ita predators.
Many animals have evolved preferences for certain cover conditions; consequently, cover measurements are 0fte.n  useful in
developing wildlife-habitat relaticmships (Thomas ard others 1979b). Patchiness, a structural habitat muwre describing
vegetation distribution in a horizontal plane, can k computed ss the variance among horizontal cover estimates for each
vertical layer measured (Anderson and Ohmart 1986). Measures of patchiness, together with vertical suuctllre,  are lroeful in
pdicting  avian community structure (Rotenkrry  and Wieos 1980).
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MJRHODS

Study Areas  and Treatments

Four replicatioas of twelve silvicultural  treatments are currently being implemented on an operational basis in forty-eight
- 14.2~ to  16.2~ha  heeotatim  stands. Four untreated control stands of this size and type were also established; tkse plots will
red untreated (except for htsect and fue  protection) to provide a minimum management scenario for comparative purposes.
w ~eaanents  were ramioutly assigned to 13 late-rotation stands in each of 4 physiographic zones of the Ouachita  Naticutal
met and 2 southern clisuicts of the Ozark-St. Praxis  National Forest Logging wss  initiated during May 1993 and
completed by the  fall of that year.

&tcaus  of limited resources, habitat and wildlife responses are being monitored on only four replications of the  following
five  treatments: untreated control, clearcut, shelterwood, single-tree selection, and group selection An overstory hardwood
mnpxxmt (approximately 5 m2/ha)  will be maim&xi  in the latter three treatments to enhance wildlife  aad esthetic values.

AU stands selected for this study have a predcnninantly south, southeast, or southwest aspect and slopes of 5 to 20 percent.
P&r to treatment, selected star&  contained 13.8 to 25.3 m2 of merchantable pine basal area (BA) and 4.6 to 11.5 m2 of
merchntabk hardwood BA (Baker, this volume). shortleaf  pine (fittw echinu~u  Mill.), post oak (@ercur  srei!uru
Wangenh),  winged elm (Ulmur ala& Michx.), and blackjack oak (0.  maddicu  Mwdh.)  ted  to &miuate  these  slopes
(Chpp  1990).  On south-facing slopes in the  Crystal Mountain area, white oak (0.  albo L.) was dominant on lower slopes,
blackjack oak 011 middle slopes, and post oak 011 upper slopes (Mayo and Raines 1986). For a complete descripim of
climate, geology, treatments. physiographic zones, and stand selection and raudomizaticu procedures, see Baker (this vohrme).

Permanent transects were established in each of the 20 wildlife research stands for small mammal napping, habitat
measurements, and biodiversity surveys. To ensure systematic coverage and adequate spacing between transects for small
mammal trapping, the following procedures were used to establish these transects. An azimuth wss  selected that roughly
paralleled the elevation contour of the stand. Each stand was then divided into imaginary 5@m-wide bands along this selected
azimuth. One transect was then randomly established within each band across the width of the stand, with the limitation that
no two transects could be closer than 30 m apart (fig. 1). Starting 50 m from the stand boundary, umnrmbered stake flags
were then placed at 15-m intervals along all transects to within 50 m of the opposite end of each transect This ensured at
least a 5Cm  buffer zone around the entire sampling area. Stake flags were then removed in concentric circles from the
outside inward until 100 points remained in each stand; 80 of these points were randomly selected for use as smaJl mammal
trapping stations and associated habitat measurements. The entire transect length is being used for biodiversity surveys by
another research team. Under this arrangement, actual buffer-zone widths varied depending on the size and shape of each
stand- Where sufficient greenbelt areas (buffer strips that will be retained along drainages having a defined channel) were
present, eight (10 percent) of the trap stations were placed in what were presumed to be future greenbelts. Thirty of the
eighty statiolrs were randomly selected to serve as permanent habitat sampling points for monitoring long-term habitat
changes. Data from all 80 stations will eventually be used to &velop  small mammal habitat relationship models. However,
dy 1992 data from the 30 permanent sampling points were used in the analyses presented here.

Habitat Measurements

Habitat measurements at each station were confined to three adjacent 2- by 2-m quadrats  (each containing a nested l-
by l-m quadrat), a 5-m-radius semicircle, and a 15-m-wide belt transect (fig. 2). With the exception of growing season
(June/July 1992) measures of horizontal cover, all measurements were taken during late winter (February and early March)
1992.

Percent coverage of rock, bare ground, and litter were estimated ocularly within the three l- by l-m quadrats. Litter
depb was measured at three points in each l- by l-m quadrat, averaged, and assigned to a 2-m increment class (0.00 to 1.99,
2.00 to 3.99, etc.). Percent coverage of all down wcod ~2.54 cm in diameter was ocularly estimated within each of the three
2- by 2-m quadrats. Percent coverage of forbs and graminoids (grasses and grasslike plants, collectively) during late winter
was estimated within each l- by l-m qua&at; percent coverage of browse (leaves of evergreen snd tardily deciduous woody
plants to a height of 2 m) was estimated within the three 2- by 2-m quadrats. Data collected in each of the three equal-sized
quadrats were averaged, yielding one value per station,

Dead logs lying within the 5-m-radius semicircle and having an average diameter ~10  cm were measured for volume,
hhfied as pine or hardwood, and classified into one of four classes (from least to most decayed): (1) branches and small

.
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Figure I.-Layout  of small mammal trap stations at 15-m interwls  along randomly selected transects within SO-m-wide  ban&
(&shed lines). A bgfer strip of at least 50 m separates sampling points from  adjacent stun&.

A

15-m Strip Tm8oct  tar  hag  lurvoy a--

5.ncRodluo somklrolo  tof
Down Wood wd stump 8unry’

t

Figwe  2.-Locution  of nested I- by l-m and 2-  by 2-m quadrats, 5-m-radiur  semicircle, and IS-m-G& strib transects relative
to small mammal trap stations. Trap stations (solid circles) are located at IS-m intervrrls along permanent
transects.



twigsstillintact;(2)largerbraachesstillinmaandofrenboldingtbclog~e~(3)lyingontbelpoMdbutwithman  ’
of the  length still intacs (4) rotten and sqft  with much of the length reduced and the bole partly buried in litter.

Data on hardwood densities (means for  each species by stand) were fur&M by the Silviculaual  research  ~roup.3  one
measa=eIU of pine ti hardwood basal area WBS also taken from  the  center of each 5-m-radius sanicircle  wing  a 1O-factcx
(English) prism; all dam were converted to metric values. Allsnags(standingdeadUees  ;?lOcmindb.hand  klmtall)
wee tallied within the 15-m-wide belt transect (fig. 2) along its entire length (1,365 to 1,425 m depending on stand size and
shape; 2.05 to 2.14 ha/stand) by decay class and measured for db.h.  Decay classes were modified from Neiuo and others
(1985): (1) full height with branches and f= twigs; (2) some major branches remaining, may have lost up to olle-half  of
wr bole; (3) no major branches remaining, >2 m tall, more than half the upper boie gcme  or uunk  less than half its original
diameter; (4) sapwood gone, ~2  m tall, more decayed than class 3. Snag data presented hae were grouped into three diameter
&se5  based on minimum diameter requirements of primary cavity nesters (Hsmel 1992): (1) lxlow  minimum size (10.0 to
14.9 an), (2) adequate for smaller cavity nesters (15.0 to 34.9 cm), and (3) suitable for larger cavity nesters (~35.0 cm). Ail
stumps within the  5-m-radius semicircle having a diameter of ~15.2 cm were tallied Stump and snag data were converted
to densities (number/ha).

Horizontal foliar cover was estimated using a OS-  by 0.5-m density board (Nudds 1977). Readings were taken
perpendicular to transect lines across the center of each 2.  by 2-m quadrat fran a fuGed  dismncc of 15 m between the &&ty
board (positioned 011 the transect side of each quadrat) and the  observer. Tbtee vertical read@ (de&ty board resting 0LL
the ground and centered at 1 and 2 m)  were taken acroaa each quadrat. Readings were averaged, yklding  one value pa height
per station. The ~amongr~~gsfQeachunreacrosstbe30stntionswPscanpdedasamwrae of habitat
patchiness (Andemon and Ohmart 1986).

Data being colkcted by several other research teams will eventually be used to canpkment 01lt habitat da& Fu
example, tk Biodiversity Research Group is collecting foliage cover data by species for l&accau~  attd woody plants during
summer. Infer~~ea  on availability of key wildlife fmge  species will be based aa tixae dam. Data being collected by the
Silvicultaal Research Group on hardwood diameters, species, and dominance (canopy @tion)  will be used to cunpare
relative hard mast production potentials for each of the treatments. ‘These  data were not atilabk for inclusion in this repan
Avian minehabitat  data that are being collected by Petit and others (this vollrme) on five to six am-radius  bird cenrmsing
plots located in each stand will be summarized at a later date.

AluALYSE!!J

Two hypotheses were test& (1) tbete were no differences in various habitat paramwts among the fcnx  physiogmphic
zones prior to Ueatment implementation and (2) there were no differences in habimt parameters amaq  stands (grouped by
filture treatmellm) before ueatment.

Differences among aa~es (blocks) and future treatments in horizontal covex,  litter depth, grour@foliar  cova (rock,  bare
ground, litter, down wood, forbs,  graminoids, and woody plants), stump density, and basal area of pines and hardwoo&  were
analyzed in a maxknnized block design with both experimental errtx and sampling ezmr (n - 600 [2O experimeaul units  by
30 pints] except forb, gram&*  and woody plant cover [n - 591). If the ratio of experimental am to sampling am waa
significant (P <0.05), experimental error was used to test fa effects of future treatments and zaaes; if mt, sampling ma
was used. This ratio was significant in all but two M: percent bare ground (P - 0.3399) and pacent woody cover (P -
0.5907).

Differences in kzizuttal  patchiness (variance of haizomal cover in each stand), snag density (based on M value per
stand), and hardwood density (obtairkxl as a mean fa each stand) data were tested using experimaual exnx. Down log
volume was also analyzed using experimentnl error because of the high incidence of zeros (81 to 100 percent of values).

Dam were exam&i  fa mxmality  and hanogeneity  of variance. For one+way ANOVAs,  densities of stumpB, snag%  &
hardwoods and volume of down logs were rank-transformed and analyzed using Conover and Iman’s  (1981) mapnmeaic
procedure. Percentage dam (cover and density board) were arcsine square root-transformed  to improve variauce homogeneity.
Tukey’s HSD was used fa separation of means. Ati tests  were at tk 0.05 level of significance.

3 Unplbliskd  data file “T3NS.DAT” on file with USDA Forest Service, Southern Forest Expeximeat Station, Nacogo&ck%
TX 75962.
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RESULTS

Eabltat Cbamcteristics-Study Wide

Descripive  statistica for tk various habitat parameters collected on all 20 wildlife stands are shown in table 2. With
the excepticm  of snag dmsities  (which are based on a 15-m-w&  by 1,365  to 1,425m-long belt transect through each spnd),
a& man  is sn average across 20 stand means, each of which is based on data from 30 sampling plots.

pmn an overall wildlife smndpoinr, these standa arc characterized by high canopy coverage, an abundance of mostly
swill hardwoo&,  very limited winter krbage and browse supplies, moderate snag densities (see discussion section), and small
anmmm of down woody materials.

DiKennces by Zoaes

Wlm kbitat  puameten were competed among physiographic  xones (n -5stands/XQe),meansofollly11ofthe69
variables (tables 3 through 5) were different (P <0.05). Even among these 11 variables, however, tk magnitude of
differences was geoaally  small Altkugh  these dam indicate that these stands are relatively uniform acre xones, future
sPtisticaltestsfasarrek~tptpllrametasanlilreiytokmcmpowerfulifzmsanincludedasaseparntesoraceof
vuiatial.

DUIerancu  by Future Treatmenta

Only 1 of the 69 variables (volume of down pine logs, decay clam 3) differed significantly  among future treatments (n
- 4 replicatioru/trurrment)  (tables 6 through 8). only ok additiaial variable (total volume of down logs, decay class 3) kd
a significance level of *O. 10 (table 8).

DISCUSSION

Within inkrent  edaphic and climatic limitations, forest management practices in the Ouachita Mountains are tk primary
deteiminano  of wildlife kbitat sufficiency. Although snag densities and volume of down wood are partiaby  a ftmction of
natural disturbamz  events (lightning, windthrow, wild fm, insects, and disease) and natural &cay rates, faest management
activities (such as rotation length, &quency  and extent of thinning operations, season and frequency of prescribed burning,
and hardwood corm01  practices) can greatly influence their abundance and availability over time.

Tk availability of snags in Sot&astern and South Central States varies widely by forest type and stand age (McCornb
and others 1986); however, the  range in densities is much narrower when only pine types are compared (table 9). Due to
differem in dismetes clssseu, data in table 9 are not directly comparable; however, they suggest that snag densities in this
stuly fall within ranges typical of other regional sites.

Tk minimum snag requirementa fa cavity-nesting bird populations  that kve ken developed fa different regior~ vary
widely depending otl whether reserve snags ,are  included to account for unsuitable/unused snags and those required aa
replacement snags (Carmichael and Guynn 1983, Evans aad Cormer 1979). Based on the very conservative minimum snag
requirements developed by Carmichael and Guynn (1983). which included no provision fa reserves, snag densities in this
study are insufficient to support high popllati~ of cavity nesters that require snags 135  cm in db.h-such  as pileated
woodpeckers (Dryocoprcs pileunu),  red-bellied woodpeckers (Melancrpes curofinus),  red-beaded woodpeckers (Melunerpes
eryrhrocephlur),  OT bard owls  (Strit wriu)  (Had 1992).  Pretreatment bird surveys also support this pemise.  Compared
with other pine-associated forest types in tk Southeast, these 20 stands had comparable numbers of bird species within all
but the  cavity nesting guild (Petit and otkrs, this volume). A shortage of suitable cavity trees is most likely tk primary
came fa this difference. Purtkrmae,  because few of the snags are of recent origin (decay class 1, tables 4 and 7).
sustainable supplies of snags over time should k of concern

Given their abundance and insectivorous diet, cavity-nesting birds play an important role in control of forest insect pests.
As primary cavity nesters, woodpeckers create cavities needed by a wide variety of vertebrates and invertebrates.
Cmseq~end~,  cavity nesters (especially woodpcclaxs)  are of major ecological importance, and their welfare should k a
primary concern under ecosystem management.

The importance of large down woody debris has not been adequately asses& for southeastern forests. Nevertheless,
based 011’  extensive research in the Pacific Northwest, woody debris is presumably of major ecological significance elsewhere.
Eva though teee~  BS  small as 10 cm in diameter were in&&d  volume of down wood was low oa all sites. @&ermae,
quantities of down logs within decay classes 1 and 2 (recent origin) were much lower than in decay classes 3 and 4 (tables
5 sod 8). suggesting that down-log abundance will k even lower as decay classes 3 and 4 disappear. Down logs in decay
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Ttblt 2-Dtscripbe  staisks fii habiti  memmrements  /rorn  wikiiife  ruearch  stands in tk Ouch&
MOWW~N  ofrlrkvua,  1992’

Cd
HWpnmaar mm SE Minimum Maximum var. ($1

B-ntt  - (m2/W
Pint
Hudwod
All

17.6 0.9 12.5 24.2 22.4
a.4 0.6 4.3 14.2 33.4

26.0 1.0 18.1 37.1 16.8

Hudwoodr  (no&)
9.1-24.3  cat d.b.h
24.4-39.5  cm d.b.h.
39.CW.E cm dbh
r54.9  cm d.b.h

351.2 1a.9 218.9 538.3 24.1
27.1 3.9 5.2 72.7 64.1

3.5 0.9 0.4 18.0 111.9
0.4 0.2 0.0 4.0 205.9

Snw m/w+
10&14.9  a db.h.
15.O-34.9  cm db.h
235.0  cm d.b.h

10.1 1.3 0.9 20.6 59.7
6.7 1.0 1.4 17.a 68.9
0.a 0.2 0.0 2 8 95.6

-wJ omw 101.9 17.6 0.0 339.5 77.4

Down wood volume (m3/bt)*
Decay  climt 1
Jatcty clast 2
Dtuy  class 3
Dtuy  c1N.s  4
All

0.09 0.1 0.0 0.8 273.6
0.31 0.2 0.0 3.7 238.2
2 7 0 0.4 0.1 6.3 70.3
3.17 0.6 0.1 11.2 75.1
7.02 0.9 1.6 14.9 58.4

Gnxmd/foliu  cover (46)
Rock
-around
Litter
Down wood%
Forta
GRmiflOidS

W&Y plpla

2.2 0.4 0.2 6.1 85.8
1.4 0.2 0.2 4.0 69.2

93.1 0.6 87.7 9a.l 2.7
3.3 0.2 1.4 5.2 33.9
2.3 0.5 0.6 9.4 88.2
1.4 0.3 0.1 5.4 96.4
0.3 0.1 0.0 1.4 122.5

Litter depth (cm) 2 1 0.1 1.7 3.1 14.9

Hotimnul  awer  (%)1
0.00-0.50 m
0.75-1.25 m
1.75-225 m

53.0
32.1
3a.7

3.1
2 7
3.5

26.9
i5.a
21.a

86.0
60.7
76.11

26.5
37.0
40.3

Horhttul  ptdtittm
0.004.50  I
0.75-1.25 q
1.75-2.25 m

976.9 59.3 546.6 1445.5 27.1
911.3 52.a 2a5.9 1444.8 25.9
971.9 521 714.4 1364.3 24.0

‘vtlutt  wut  computtd  wing  etnul  tvtmgt3  (n  -  20  tttndt). Witb tbt txtpion  of sntg  @ities
(derived from aw sttip  tntwU/.stand).  & slrmd  avenge  wl brred (m 3O sampling points.

+ToW srow  pines, hardwoods, and four decry chss.

*vtlwJ ate tnttlt for pine rad budwoo& (>I0 cm tvtngt  dilmuef);  deuy ClrJs  1 is ledst  dl!uyed$
4 it mm dtaytd (tee tea).

k4ll woody flwxitl  z2.54 cm in ditmtttr.

‘Pwcmt obtcurlty  from 15 m.
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TW S.-H&M  chtiia (% f SE) in wUife research s&uds in tk OvoEhata  Mowwaint  4 Arkwas by phynogmphic  wne,  1992

Hudwoah (no./W
9.1-24.3 w d.b.h.

oak8
Hickoria

x4-39.5 cm d.b.b.
chb.
Hickoria

39.6.54.8  an dhb.
oeb
Hickoria

254.9  cm db.h
OSh
Hickories*
othen
Au

Stump daldty  (no./hl)

Ground/foliu  cover (%)5
Rock
-iv-d
Litter
DOWllWOOd

Forts
G-d
woody pl-

Litkr  depth (cm)

Horizatal  cover (I)
0.m.50  m
0.75-l .25  m
1.75-2.25 m

HorihW  patdrinea
0.oo-o.50  El
0.75-1.25  m
1.75-2.25 m

3.73 0.0331 15.9AB 0.6 21.u  2 0 14.98 1.0 18.5AB 1.8
1.10 0.3768 7.a 0.7 9.a 1.7 6.8 1.2 9.0 1.1

12.45 0.0002 23.am 0.2 31.OC  1 . 6 21.7A 1 . 0 27.5BC 1.3

0.59 0.6331 2a7.0 5 2 6 2125 18.5 2111.5 37.6 2M.2 35.8
242 0.1038 27.5 24 67.1 120 68.1 16.9 64.6 10.:
1.05 0.3971 53.3 21.0 6 1 . 4  13.11 #).O  21 .9 48.7 168
0.22 o.aau 367.a 46.4 3 4 1 . 0  30.7 376.7 50.1 319.5 26.5

0.71 0.5619 23.1 5.9 30.5  9.a 22.0 7.7 14.3 20
0.28 0.11361 1.6 1.3 1.7 0.6 1.5 0.9 27 1.3
0.U o.sasa 21 1.4 3.6 1.6 3.6 1.8 1.1 0.a
0.66 0.5199 27.5 5.2 35.1  11.1 27.1 9.2 la.1 3.6

0.31 0.11199 3.7 1.3 4.5 25 2.1 0.8 23 0.5
a 3 4 0.7967 Ql 0.1 0.1 0.1 a1  0.1 0.0 0.0
0.85 0.4a65 0.0 0.0 0.7 0.6 0.3 0.3 0.1 0.1
0.0 0.9701 3.a 1.4 5.4 3.2 25 0.9 24 0.6

0.65 0.5950

0.24 0.1669
0.62 0.6147

2 5 6 0.0913

0.2
0.0
0.1
0.3

54.3

0.1 0.7 0.6 0.3 0.2 0.1 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.2 0.2 0.2 0.1 0.1 0.1
0.1 0.9 0.0 0.5 0.2 0.1 0.1

23.3 146.0 50.9 69.6 9.8 137.5 324

0.05 0.9860 25 1.2 25 1.1 1.1 0.4 20 0.7
3.91 o.coao 0.7A 0.2 l.SAB  0.2 1.2AB 0.3 23B  0.6
2.04 0.1492 94.a 1.1 92.4 1.3 93.9 1.0 91.5 0.8
0.60 0.6223 3.0 0.6 3.0 0.6 3.4 0.4 3.8 0.5
1.47 0.2593 2 3 0.7 1.3 0.6 3.6 1.5 21 0.6
7.63 0.0022 3.OA 0.7 0.3B 0 .2 l.OB 0 . 4 1.2.a 0.3
0.64 oma O . l 0.1 0.3 0.1 0.5 0.3 0.3 0.1

1.56 0.2317 2 1 0.1 22 0.2 22 0.1 1.9 0.1

1.15 0.3590 51.2 1.9 47.3 4.5 50.9 8.6 62.4 7.6
0.46 0.7174 3i.a 1.7 28.7 1.3 37.7 7.5 30.3 7.9
3.66 0.0351 34.9A 2.6 32.OAB 4.2 55.6B 9 .5 32.4AB  4.6

3.03 0.059a am 49 1200  8a 844 113 1044 140
2.65 0.0841 a 5 6 6 4 1015 77 721 119 1053 106
2.14 0.1357 aa a 9 wa 130 825 54 112d  95

*<me-way ANOVA F value (stump and Mwood dcosity  d& WIR rat&-tmnsfonned);  means within IDIYS followed by uUih kttez¶ llllc
statistically diffefuu  (P eO.05).

hkebility  m with am-way ANOVA F vab.

*All value  were mm.
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Diameter
class (Ml) F* $ Wes t North SOUth East

1 10.0-14.9 13.73 0.0001 2.3lAB 0.67 0.19BC  0.12 3.83A

15.0-34.9 7.77 0 . 0 0 2 0 0.19A 0 . 1 2 O.WA 0.00 1  % B
2 3 5 . 0 0.95 0.4386 0.19 0 . 1 2 0.09 0.09 0 . 0 9

2 10.0-14.9
15.0-34.9
235.0

3 lO.Gl4.9
15.0-34.9
235.0

4 lO.Sl4.9
15.0.ML9
235.0

Nl 10.0-14.9
15.S34.9
z35.0

2.67 0.0824 2.78 0.84 1.14 0.32 2 . 6 2 0.82 2.68 0.34
1.29 0.3133 1.73 0.43 0.57 0 . 4 6 1.59 0.48 1.24 0.45
0.34 0.7967 0.19 0.19 0 . 1 0 0.10 0 . 0 9 0.09 0 .00 0.W

1.26 0 . 3 2 1 0 2.711 1.12 4.41 1.77 6.64 1.68 4.02 0.74

0.95 0.4398 2.21 0.54 2 3 9 1.23 4.21 1.74 3.06 0.57
2.21 0 . 1 2 6 3 0.4a 0.15 0.5a 0.18 0 . 1 9 0.12 0.28 0 .19

2.07
5.00
1.75

0 . 1 4 4 0
0 . 0 1 2 4
0. i9al

0.67 0.36
O.%AB 0.42

0 . 0 0 0.00

2.11 0.62
2.3am 1 . 2 1
0.30 0.28

1.40 0.51 278 0.87
0.47A 0.21 3.468 0 . 9 5
0.00 0.W 0.38 0.24

0.98
1.22
1.03

0 . 4 2 6 0
0.3317
O.W9

8.55
5.09
0.86

2.7a
1.05
0.2a

7.(16 2.72
5.34 286
1.15 0.49

14.50 3.17 9.49 1.57
a.23 2.68 8.06 1.24
0 . 3 8 0.21 0 . 6 7 0 . 1 9

0.80
0.73

O.WC 0.00

0.29A 0.29
0.00 0.00

‘Includes all pines and hardwoods ~10  cm  in d.b.h.  and ;?l  q tall.

becay clsscs  described in text

*One-way ANOVA F value; data were rank-transformed. Means within 10~s  followed by unlike Mets  ye  SatMcilly  diffetutt  (P  <O.OS

. &kability  associated with au-way ANOVA F value on  rank-ttansfotmed  data



1.00
166
1.00
5.90

0.W
0.W
0.00
O.WA

0.00 0.w
0.00 0.00
0.00 0.00
O.ooA 0.00

0.16 0.16
0.14 0.14
0.0) 0.0)
0.35B 0.18

0.w
0.00
0.00
0.00

1 Plm
. Hadwood

utlmwn
All

0.410
am7
0.4182
aooa

0.w
0.00
0.00
O.WA

a07
0.23

2 Fim
lwdwd
UllkDOWtl’
All

1 %
1.26

a0635
a3199

0.07 a07
0.29 a13
0.00 0.00
0.35 0.16

0.00 0.00
0.75 0.75
0.00 0.00
0.75 a75

al5
a 2 3
0.00
0.311

0.w
0.00
0.00
0.00

0.w
aw
0.00
0.001.66 0.2157

1.61 a2257
0.88 0.4745
1.75 0.1966
3.11 a0558

0.66 a 3 4 2.16 an0 2 0 3
0.42 0.37 2 1 2 1.07 a32
0.13 0.10 0.00 0.w a07
1.21 0.68 4.27 0.93 2 4 2

0.67
0.29

1.93
0.97
0.00
2 %

0.62
0.57
0.00
a 5 7

3 Plm

unhowo
All

0.06
0.75

4 Flm
Hudwood
UthOWtl
All

3.03
1.50
8.25
289

0.0599
0.2527
0.0015
0.0677

224
0.50
0.43A
3.17

0.92
0.50
0.12
1.12

234 1.26
0.67 0.22
o.ooB  0.w
3.01 1.45

20
0.12
o.uAB
2 6 3

0.34
0.12
0.24
a 4 2

6.17
0.49
O.WB
665

1.46
0.43
0.00
1.36

All PIIE
Hmdwood
IJ-
All

1.95
a83

11.45
1.39

0.1628
0.4955
0.0003
0.2dW

2 %
1.21
0.56A
4.73

1.23 4.50 1.w
0.50 3.53 1.86
0.15 O.WB 0.00
1.66 Il.03 241

4.42
at1
a55A
5.n

0.95
a u
0.37
1.12

8.10
1.45
awB
9.55

1.13
O.%
0.00
1.63

l locloda 8ll  log8 with aI aver8#e dlatnuer of 210 cm.

beuyclrrrrrQlclibedintext.

khb?-W8y ANOVA F vrllm; drtr wem mtk-tn08f0IUld  Mea8 within mws foUowcd by unlike letten  are artistidty  diffetQt  (P 4.05).

hobbilityaswcimd  with am-way ANOVA FvaJue  on  mk-mmfonneddrtr

‘All valllpl  wae DCIO.



-
Sinale-ttre GmP

Habiu~~ f P’ aeuaa Sheitetwmd s e l e c t i o n xleuim

Hattbd  w4w
9 . 1 - 2 4 . 3  cm d.b.h.

Gab
H i c k o r i e s
txtws
A l l

24.4-39.5 an d.b.h
chb
Hiclrotia
GQIUAS
All

39.6-54.8  cm d.b.h.
08k
Hickotia

OtJten
All

rY.9  cm d.b.h.
08kS
Hickories*
others
A l l

Stump dasity  (no&s) 0.61

Gmmd/fdii  aver  (%)a
R o c k

mkmlnd
Litter

Down wad
Forb
Gtantinoids

W&Y plmcs

0 . 4  1
1.41
1.08
0 . 7 4
0.52
0 . 4 1
0 . 9 0

0.40

Hainmtd wver  (%)
0.00430  m
0.75-1.25  m
1.7J-2.25  m

Hortzmul  +%inms
0.00-0.50  m
0.7J-12s  Et
l.lJ-2Y  at

0 .45 0 . 7 7 0 6 17.5 1 . 4 16.1 1.8 la.2 2.9 15.3 0.5 19.0 2.9
0 .40 0 . 8 0 3 2 7 . 2 0.8 a.1 1.5 7.6 1.5 9.6 1.8 a.9 1.6
0 . 2 8 0.8859 24.6 1.4 26.2 2.0 26.0 1.5 25.0 1.4 27.9 4.2

0.70 0 . 6 4 6 9 2 5 4 . 2  3 4 . 4 177.4 36.0 2 3 2 . 1  566.6 278.0  5 2 2 213.6  325
1.06 0.4cs2 33.1 a.5 7 9 . 4  23s 6 3 . 5  1 9 . 3 6 7 . 5  1 4 . 7 4 0 . 6 9 . 2
1.16 0.36a6 2a.7 28 71.0 15.7 7 4 . 6  3 1 . 9 53.a  1 5 . 3 aa.  2 3 . 1
0.64 0 .6418 3 1 5 . 9 33.9 3 2 7 . 1  2 0 . 2 3 7 0 . 2  l-l.6 3 9 9 . 3  3 0 . 4 342.9  368

0.84 0 . 5 2 2 0 27.5 6.5 Ii.4 4 . 6 27.3 8.0 2 5 . 4  1 3 . 3 15.6 5.1
0.01 0 . 9 9 6 5 1.5 0 . 9 2 3 1.4 20 1.6 2 3 1 . 4 12 0.5
1.03 0 . 4 2 2 8 0.6 0.5 24 0.9 4.2 22 1.4 1.1 s.l 20
0.48 0 . 1 4 9 9 29.6 6.6 21.0 5.8 33.6 9.5 29.1 14.9 220 6.9

0.36 O.a320 2 3 1.0 26  1.s 3.4 1.1 5.2 3.1 21 0.4

0.50 0 . 1 3 2 6 0.2 0.2 0.0 0.0 0.1 0.1 0.2 0.2 0.0 0.0

l.O!l 0.4143 0.0 0.0 0.1 0.1 0.5 0.3 0.7 0.7 0.0 0.0
0.67 0.6218 25  1.1 29 13 4 . 0 1.1 6.1 4.0 21 0.4

1.10

0.52
0.60’

0.n
0.79
0.53

0.42
0.69
1.u

0 . 3 9 4 2

0.7258
o&a2

0 . 6 6 4 7

0.797 5
0 . 2 3 0 4
0 . 3 9 9 2
0 . 5 7 9 9
0 . 7 2 3 8
0 . 1 5 4  1
0 . 4 6 0 8

o.aaa

0.11597
om4
0 . 6 9 6 7

0 . 7 9 2 0
o.i5oao
0 . 3 3 4 9

0 . 2 0.1
0.0 0.0
0.1 0.1
0.3 0 . 2

104.0 3 9 . 6

2 7 0.8
0.a  0.2

9 3 . 6 1.5
3 . 1 0 . 7
1 . 7 0.5
0 . 7 0 . 4
0.1 0 . 0

21  0.1

42.1 5.7
2 5 . 4 5.4
31.2 5.0

9 2 3 128
M l 1117
9 7 2 1 1 3

0.1 0.1
0.0 0.0
0 . 0 0.0
0.1 0.1

1.0 0.1
0 . 0 0 . 0
0.2 0.2
1.2 1.0

0.1 0.1
0.0 0.0
0 2 0.1
0.3 0.2

163.4  Sa.8

0 . 3 0 . 2
0 . 0 0 . 0
0.1 0.1
0 . 4 0 . 2

9 9 . 7  4 5 . 4 61.5 20.3 80.6 19.8

1.1 0.4 1.5 0.7 2.2 1.5 2.1 1.2
1 . 2 0.2 1.4 0.3 1.8 0 . 6 1.9 0.5

94.2 0.4 93.9 0.8 93.2 22 90.8 0 . 3

3.0 0.2 3.4 0.5 29 0.8 4 . 0 0 . 5
21 1.0 1.6 0 . 6 2 . 6 0.7 3.6 20

1.6 0.8 1.1 0.6 1.9 1.2 1.1 0.2

0.3 0 . 1 0.4 0.2 0.2 0.1 0.6 0.4

20 0.1 21 0.1

54.2 1.2 5 5 . 3  1 1 . 1
29.7 0.7 39.2 7.2
39.7 3.1 4 6 . 9 a.3

1131 124 919 190
a63  loo 1013 155

143 1 2 1 1113 144

23 0.3

54.3 a.7
34.8 7 . 1
4 0 . 9  1 2 2

920 69
925 51
658  117

22 0 . 2

59.0 50
31.5 7.4
34.8 9 . 0

991 166
au 32
a33  53

*Oat-way ANOVA  I: value (n~mp  rd hwdwoal  density dats  were nnkUrnsfonnal);  marns  within tows followd  by mlilrc  IelWs  UC
swisially  differa  ( P  ~0.05).

‘Robaility  sssacisted  w&i aw-way  ANOVA  F vrlue.

*Al1  vallm WM zcm.

+oodY  (3  m tab!) md herbusom  pht a~vef  at&surcd  in Me  winter.
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nblr 7.-snug  btslnes  (mo/llaz E  * SE)  m  wiulife  resewc~ s&l& by &cay ad &meter clalser  ad by Jkttur  treatments, 1992’

F* P(
single-tree Gtaup

cleucut Slmitemwd aktial 3h?lectim ClXlUd

1 10.0-14.9
. 15.0-34.9

235.0

2 10.0-14.9 0.11 0.5006 261 0.49 1.40 OA3 1.79 0.63 21s 0.77 288 1.11
15.0-34.9 0.25 0.9060 1.30 0.76 1.17 OAO 1.55 0.56 1.56 0.64 0.84 0.37
235.0 1.56 0.2359 0.00 0.00 0.23 0.23 0.u 0.14 0.00 o.a, a00 0.00

3 lO.Gl4.9 1.78
lS.&XQ 0.92
235.0 0.76

4 10.0-14.9
15.0-34.9
23x0

All 10.e14.9
15.0-34.9
235.0

0.20
0.15
1.09

0.92 0 .476  1 1.42 0.46 a94 asi 1.19 0.49 2 3 7 1.14 278 0.86
0.90 0.4896 2 1 4 a89 0.47 027 1.44 a u 2 7 4 1.56 2 3 0 1.44
1.20 0.3516 0.a 0.24 0.00 0.00 al2 a12 0.39 a36 0.00 0.00

1.43 0.2725 11.14 3.47 5.37 2.23 7.82 3.08 13.99 271 1216 2 7 6
1.69 0.m7 6.29 1.50 3s 1.04 8.30 3.3 9.S2 2 3 7 5.79 248
2.17 0.1221 0.72 a24 0.~ 43s 0.w 0.28 1.43 0.51 0.12 0.12

0.9353
a919
a3985

0.1%3 4.% 1.38 1.7s au 3.Y 1.w 6.87 1.61 5.31 1.45
0.4804 2 4 9 0.92 1.63 a73 4.38 218 4.16 1.06 2 1 6 0.57
0.5647 0.36 0.23 0.3s 012 0.41 a00 0.60 0.23 0.12 0.12

225 1.33 1.2a 1.2a 1.30 0.80 1.89 l.QI 1.19 0.74
0.35 0.22 0.23 0.23 0.94 0% 1.06 O.% 0 .4 : 0.34
a 1 2 a12 a00 0.00 0.12 0.12 0.3 0.14 0.00 0.00

be-wry ANOVA F vllo& daa  were lmk-ttmldofmed,

hdmbility  2ssocbd  with m-way ANOVA P vahm QL mnk-tmmfomul  drrr
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I Pitm? 1.00 0.4380 0.00 0.00 0.20 0.20 0.00 0.00 0.00 0.00 0.00 0.00
Hdwoxl  0.75 0.5725 0.00 0.m 0.01 0.01 0.17 0.17 0.00 0.00 0.00 0.00
unknowrl 1.00 0.4380 0.00 0.00 0.00 o.Q3 0.00 0.00 0.05 0.05 0.00 0.00
All 0.50 0.732a 0.00 0.00 0.21 0.21 0.17 0.17 0.05 0.05 0.00 0.00

2 Pine 026
Hudwood 0.52
UtlkIlOVn~
Au 0.31

3 Pine 3.26
Hlrdwoad 1.52
unbnown 0.88
All 2.61

4 Pins 1.42 0.2758
Hardwood 0.44 0.7766
unhlowrl  0.55 0.1039
Au 1.02 0.4294

All Pine 2.27 o.lopd 5.14 3.11 3.99 1.15 3.75 0.97 214 0.63 9.26 1.12
Hudwoal 1.15 0.37W 0.40 0.23 1.02 0.61 rn 1.06 3.29 243 1.27 0.73

unknown 0.30 0.8709 0.42 0.2 0.24 0.24 0.03 0.03 0.57 0.45 0.13 0.12
All 1.14 0.3755 5.95 281 5.25 1.51 6.55 1.81 610  21 10.66 1.56

0.8975
0.7258

0.6691

0.0111
0372
0.5005
0.077s

0.00 0.00 0.05 0.05 0.10 0.10 0.05 0.05 0.08 0.08
0.18 0.18 0.00 0.00 0.36 0.27 0.93 0.93 0.10 0.10
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.18 0.18 0.05 0.05 0.46 0.36 0.98 0.92 0.18 0.18

1.47A 0 .70 0.76A 0.31
0.12 0.09 0.35 0.35
0.00 0.00 0.13 0.13
1.59 0.72 1.23 0.23

3.67 2.52 299 1.40
0.10 0.10 0.67 0.61
0.42 0.3 0.11 0.11
4.19 234 3.76 1.59

1.74AB 0.29 0.78A 0 .42 3.72B 0.68
1.50 0.85 1.97 1.33 0.u 0.48
0.00 0.00 0.08 0.a 0.04 0.03
3.24 0 . 9 1 284  1.23 4.59 0.61

1.92 0.64 201 0.21 5.46 0.93
0.73 0.52 0.38 0.21 0.33 0.33
0.03 0.03 au  0.n 0.09 0.09
268 1.26 213 0.45 5.88 1.16

l lncluds all logs with m avenge diamaer of 210  cm.

+DeUy drucr  hctibed  in ttxt

be-wry AN0VA.F  v&;  dam  were  mk-transformai  MslDa within tows fdlowed  b dike kom 8t~ Sdtidy diffWt
(P <o.osj.

brobability  asocded  witb an-way ANOVA  F VJIE cm mk-tmsfocmul  data

‘Au  vsluss  were ao.
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ck  1 wete atsent in thne of tk physiogr@c  mes, Mc  were  any in decay  CUSS  2 found in u~st  zooe se (@bk 5).
f%3ducti0n  Of hUd tMSt  (acarrS d n-1 is depepdent OLI UUlly factors including demity pnd  speck of mast-prOducing

0~.  site quality, tree age, anopy posititm, pod  mpy fain.
wac  not attempted in tbis study.

Reliable estimates of mast production are wdy  to obtain d
However, based 00 hardwood-stocking infotmation  and available lit-, eved g-4

Given their relatively yanq  age (average of 65 years frx  all 52 stat&  and low site indices (G&n md o&as,  d&
v~~lrme),  these  sanda  would not be expected to have an abundance of mame, large hardwoods regardless of past management
practiccs.  Ona&nsityb&a,bacdwoo& ~9.lcmindb.hcanprise51petcent(meanaaassU)stPrds)oftbeaecsLtbcse
&, and bud mast podpring species (da and bickmirs)  comprise a majtxity  of the  &&woo&  (tabIe 3). However, most
oftbeakadbickaiessretooamaUtoprodwemucbmaa  Basedonrescarchfrom  eestunTexas,arbleaadunabout
25.4 cm in dbh produce lisle  tx no mast (Goodrum aod atbea 1971).

b managed fonsrr,  sufficient supplies of aitical habitat feaaxres  (like Iarge  suags aud & trees) must be acbievcd
&mgb intentionsl actions. Recatt  changes in mmaganent  00 tk Ouachita National Forest reflect a more socially acceptable
d ecok@cally  sensitive management approach. Fcx example, Amendment 12 (approved July 22.1993) to the  Fczest  Plan
far the  Chmchita Natiaul  Pareat will, amaq  other thugs,  ensure ietention  of additiaul  hardwoods in pine uunagancat types.
wbaeaeedtrecandak~oodnge- aya@msontobcemploycd,thiaamemimcntalsorquirestbatamixcd
~mOy(~1.15m’ofhudaroodmd230to3.44m1ofpineBA/hp)~~~ipdefinite1ytocnhpre~~~ity,
visual quality, sad ecological caapkxity. Luqer  reteat& of more pks and hardwoods will evcmually result ia additiunsl
largasmgsanddownlopandgrsrcerbudmastsupplia.  Tbisalmukiimprovewikilifeabundanccdspeciearicbness,
especially far cavity m and barkgl* birds (Stribling  md others 1990).
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