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Abstract

Relative abundance and species richness of saproxylic beetles and nestimy, raodti
foraging ecology of pileated woodpeckers were studied in recent partial cuts and uncut forest
during the summers of 2006 and 2007 in Louisiana. Relabiuadancef saproxylic beetles
wasgreaer inoneyearold cuts than uncubrestduring2006but was not consistent during
2007. The number of dead trepsriodof capture, and trapping year alsfluenced beetle
abundance Species richness was similar in partial cuts and uncut forest.

Characteristics of habitat used by pileated woodped&ersesting and roosting in one
yearold and tweyearold partial cuts and uncdbrestwere similar Woodpeckers usefile
species of trees between 42 and 150 cm diameter at breast tbhytibf nesting K = 24,60.5
+ 3.02; mean SE) and roostingn(= 15,70.3+ 7.03). BaldcypressTaxodium distichujnwas
selectedn all treatments Nests (220f 24) and roost$12 of 19 were predominantlin boles of
live trees Yigorousto decadent)Nest and roostites contained more tree$0 cmdbhthan
were available imandomplots.

Foraging observations were conducted in 20 territorieadd®- and norradiotagged
pileated woodpeckerRileated woodpeckers spent the highest proportion of their foraging time
excavating $8%), followed bypecking(14%) gleaning(14%), scaling(7%), berry-eating(4%),
andprobing (3%). They foraged on live boles ¥d1 dead branches (27%), live branches
(13%), dead boles (19), andvines (9%). Woodpeckers preferred bitter peczarya
aquaticg, avoided sugarberry@tis laevigatg, and used overcup oa®(ercus lyratqin
proportion to availability. They avoided dbh classe@ppreferred dbh classes-30, and
used dbh classes -3 in proportion to their availability in most treatments. In partial cuts,

extremdy large trees (dbh classes-80+) were selectedPileatedither avoided vigorous and

Vi



decadent trees for foraging or used them in proportion to their availability. Woodpeckers
preferred trees in early stages of decay in all treatments but{yeavold partial cuts they
preferred trees in late stages of decay. Scat of pileated woodpeckers contained seed gathering

Pheidoleants, carpentelGamponotusants, beetles (Coleoptera), and seeds of poison ivy.

vii



Chapter 1: Introduction

The majority of lettomland hardwoo@BLH) forestsin the Mississippi Alluvial Valley
(MAV) werehistoricallyinfluenced by processes thaate modifiedoday(Fredrickson 2005)
For examplegpverbank flooding of streams and rivéristorically influenced tree composition
butis now largelysuppressed with leveéSredrickson 2005)Fluvial geomorphic processes in
BLH systemsin most casegperate at a much slower rate than in the past (Saucid). 199
Management of these systeimsequired to ensure that the functiomslaralues, including
wildlife habitats, can be restored and maintained.

The Lower Mississippi Valley Joint Venturé&fMVJV) (2007) recommergh strategyo
achievedesired forest condition®FCs)in the MAV by actively managing 795% of forests
DFCs vere developed to benefipecies of concersuch as Louisianlack bea(Ursus
americanus luteolyghat require large tracts of extensive forestiandy-billed woodpecker
(Campephilus principalisthat requirdargediameteyrecently dead woodPartal cutting has
been suggested as a techniquattainDFC goak. Little is known howeverabout thesffects of
partial cuttingon dead wood and species that depend on dead.wood

Saproxylic beetles are deasdod dependent and serve many ecologizattions,
including decomposition of snags and logs by feeding and providing an important source of food
for woodpeckergBull and Jackson 1995; Hammond et al. 208gproxylic beetles are known
to respond favoraplto sunrexposedstanding or downedeadwood (Martikainen et al. 1999;
Martikainen et al. 2000; Bouget 200%8; conditionsthatpartial cutting can creaie DWF
forest prescriptions 192002. Pileated woodpeckeatsodepend on dead wood for nesting
roostng, and foragingRaley and Aubry2006. Pileated woodpeckers arakeystone spees

becausehey create cavities that are usedgny othespeciedike ducks, warblers, snakes,



salamanders, squirrels, mice, bats, beetledywasps(Raley and Aubry 2006)Pileated
woodpeckergould ke negativelyaffected by partial cutting if this technique eliminates
structures required for nesting, roosting, and foraghgrvestingin generals known to reduce
the amount of standing dead wood availgdMeadows and Goelz 20050n the other hand
partial cutting techniquesan add substantially to coarse woody debris (C\\VIgrriner et al.
2002)and perhaps the standing dead wood component through haotesk to residual trees
(Nebeker et al. 2005)

This study sought to understand #fiects of partial cutting on species thate thought
to require dead woqdhe pileated woodpecker and species of saproxylic beetiebe
following chapters, | report the results of three studies that comggpenses of species in
partial cuts to uncurest. They include theffects of partial cutting on saproxylic beetles, on
nesing and rooshg of pileated woodpeckers awa the foraging ecology of pileated

woodpeckers
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Chapter 2: Relative Abundanceand SpeciesRichnessof Saproxylic Beetles in
Partial Cut and Uncut Bottomland Hardwood Forests

I ntroduction

Beetles that depend on deadioribund,or dyingwood for some part of their life cycle
are referred to as saproxy(ipeight 1989).Saproxylic beetleserve mangcologicalfunctions,
includingdecomposition oénags and logsy feeding pollinatingherbaceous and woody plants
andinfluencingactivities offungi (Hanula 1996Warriner et al. 2002fammond et al. 2004
Larval and adult saproxylic beetles ateoan important sowe of food for woodpeckers
(Conner et al. 1994; Bull and Jackson 1995; Fayt 1999)@me familiesof saproxylicbeetles
such as the Cleridae and Tosgitidaearepredators of other saproxylic beet{eammond et al
2004)

Saproxylicbeetlespecies g sensitive todrest managemefike clearcuttingoecause

deadwoodavailability is often reduceduring harves{@kland et al1996;Hammond et al.
2004; Gibb et al. 2006)Studies from northern Europe have shown significant negative effects
of forestmanagement on dead wood (Fridman and Walheim Z8i@6nen et al. 2000Gibb et
al. 2005) and saproxylic beetles (Kouki 1994; Siitonen and Martikainen 1994; Kouki et al. 2001;
Siitonen 2001)as nanagement often reducesadi wood voluméGrove 2002 Hjalten et al
2007 andalters etad woodree specie (Jonsell et all998), diameter and decay clag@kland
et al. 1996)andcondition (snag versus log) (Jonsell & Weslien 2008s a result, ranaged
forests generally support fewer individuals, fewer sgecnd different assemblagg#s
saproxylicbeetlescompared to primary or olgrowth forestsEhnstrom 2001¢rove 2002).

In contrast tanorthern Europe ansomeareas of the United States, the saproxylic beetle
faunaof the southern United Statasdther response to forest managemargpoorly
understood This is especially true for bottomland hardwd@&.H) forestsof whichonly 25

50% of the original praettlement area still exstSmith 1993) Bottomland hardwood forests
4



are alluvial wetlands #ttypically flank river systemsndare some of the most productive
ecosystems on earth due to overbank flooding and subsequent deposititneot rich
sediments (Mitsch and Gosselink 2000)

Forests in Louisiana were traditionally clearcut or koggide harvestedin the lastento
fifteen yearshowever forest management on Louisiana public lanasbeentransitioningto
unevenagedpartial cuttingthatimproves vertical structurgbenefitting migrant and resident
songbirdgHamilton et al. 200b Vertical structure is creatdsl introducing canopy gaps
through the use of singleee and group cut harvestinggmilton et al. 200b Singletree partial
cutsresult ingaps that are up to 0.24 ha while group cuts usuedlyit inopenings 0.5 har
larger. Either of these methongy be well suited for bottomlandsicethese forests are
naturally adapted to smadtaledisturbancesHamilton et al. 200b

Sincethe rediscovery of thivory-billed woodpeckeFitzpatrick et al. 2005)proader
ecological objectivessuch as dead wood maintenance iamgrovementhave been developed
for BLH forests (LMVJV 2007). &rtial cuttingcan help #ain some of these objectivemee it
has the potential to create dead wadshé&son et al. 200Shoch 200k For example, rature
treescan beretained inpartialcuts to generate large dimension snags for the future (Shoch 2005)
andstanding dead woodanincreasedue toharvestwoundedresidual trees that eventually die
(Meadows and Stanturf 1997artialcutting can cause widespread damage to residual trees
with from 60-84% being damaged (Meadows and Stanturf 1997; Nebeker et al. 2005).

In addition the harvest itselfancreae dead wood in the form aésiduallogging slash
(Warriner et al. 2002 High concentrations cfunexposedecentlydead wood are attractive to
manysaproxylic organismsMartikainen et al. 1999; Martikainen et al. 2000; Simila et al. 2003;
Bouget 2005gb). Adult saproxylicbeetledike Cerambycidae and Buprestidaeremore

abundant indeadwood laderwindthrowgapsin the first or second yeafterwindstorm



disturbanc€Wermilinger et al. 2002Bouget and Duelli 2004; Bouget 2005a; Bouget 2005b)
beetle abundance manmade gaps theoverstoryhave shown the same respongen
logging slash is lefbehind(Grove 2002; Warriner et al. 2002; Ulyshen et al. 20@4jhough
gaps are beneficial to saproxylic beettég,influence of gap sizébetween 0.13 and >1 hai
relative abundance and species richness of saproxyliebeety be negligibl¢Ulyshen et al.
2004; Bouge2005).

The effects of harvestingn saproxylic beetlesave been studied elsewhere bat
research has been conductegantialcutsin Louisiana BLH Consequentlythe current
practices opartialcut harvestingn BLH forestsneeds to be evaluatetly objectives wereto:

(1) compare relative abundanaedspeciegichnesf saproxylic beetleamongoneyearold
andtwo-yearold partialcuts and uncut contrgl§2) determine local stand characteristtbat

explain differences in relative abundarcelspecies richness beetlesand(3) determine ithe
decay class of a tree is affected by harvest woundingeach teseobjectives, | capturel adult
beetles iSantetraps(canopy traps designed fimtercepting flying insectgnd measurettee
characteristics in a 0.04 ha platesch trap | expected that | would collect a higher abundance
andspeciegichness of beetles in partial cuts due to fresh logging slash left behind from harvest
and thaplot characteristics pertaining to dead wood would be good predictors of beetles. 1 also
expected that trees with large resido@tvestvounds would be further along in decay classes
than trees witlsmallwounds

Study Area

During 2006, trappingwascorductedon Louisiana Department of Wildlife and Fisheries
(LDWF) Three Rivers/Red Rivaand Big Lakéwildlife Management Aresin east central and
northeastern Louisiana respectivéiyg. 2.1). In 2007, Bayou Cocodrie Nationdlildlife

Refuge(NWR) was aded as a site (Fig. 2.1).
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Figure 21. Santetrap study sites in LouisianaRed boxes indicate
approximate locations of Three Rivers/Red River WMA, Bayou
Cocodrie NWR, and Big Lake WMA.

The study sites wellecatedin backwate swampson Sharkey clay soil®f poor drainage
and high fertility that were frequenthondedfor short periods of time in the wintePartial cuts
in Red River and Three Rivers WMAs consisted of the overcujbibik pecar(Quercus
lyrata/Carya aquatia) association before and after harvest. One control site in Red River was
composed othesugarberryCeltis laevigatg-overcup oalkassociatiorand the other of the
overcup oalbitter pecan association while Three RIVAIMA controls were composed tife
sugarberryovercup oalkassociation The partial cuand controin Bayou Cocodrie NWR ware
ata higher elevation and the specigsreof the sweetgun{Liquidambar styraciflugwillow oak
(Quercus phellgsNuttall oak(Quercus nuttalllj association.Big Lake WMA partial cuts and
controls were composed of the American eliinfus americanggreen ashKraxinus

pennsylvanicgsugarberryNuttall oak association.



Methods

Study Design

To determine the early effects of partial cuttingsaproxylic beetledbeetles were
sampled igroup or single tree partial cuis total of six cutharvestedn the summer or fall of
2005 or 200banduncut controforestin Three Rivers/Red River and Big Lake Widand
Bayou Cocodrie NWRTable 2.1)
Table 2.1. Number oftraps during 2006 and 2007 d&te and HarvesY ear,HarvestType, and
size of cut block. Site Red River WMA RR), Three Rivers WMA(TR), Big Lake WMA
(BL), or Bayou Cocodrie NWRBC); Harvest type group cut (GR), single tree cut (SO

unharvestedtontrol (CON); Cut Area= size of the harvest blogiarvest Date = months in
which harvesting occurred

Site and Harvest Harvest Cut Area Harvest Number Traps Number Traps
Year Type (ha) Date 2006 2007
RR 2005 GR 85 Oct-Nov 6 3
RR 2006 GR 50 May-Jul n/a 3
RR CON n/a n/a 7 3
TR 2005 ST 145 SepDec 6 3
TR 2006 GR 25 Oct-Nov n/a 3
TR CON n/a n/a 5 3
BL 2005 ST 75 Nov-Dec 6 3
BL CON n/a n/a 2 2
BC 2006 GR/ST 113 Aug-Oct n/a 3
BC CON n/a n/a n/a 1

The selection of cuditeswas only a result of wdt was available opublic landsand was
not designed to compare different types of partial cuts; group or singleppeoximately 30
40% of thebasal areaBA) wasremoved in each treatment according to prescriptiopromote
advancedegenerationcreate white tailed dee©flocoileus virginianusbrowse and coveand
maintain and provideertical structure foMNeotropicalmigratory birdsand wild turkey
(Meleagris gallopavp(LDWF forest prescriptios 1999to 2002. Gaps created by single tree

cuts were 0.020.08 ha(Meadows and Stanturf 199%hile group cutting created openings that



were 0.42 ha(LDWEF forest prescriptions 1999 to 200BaldcypresgTaxodium distichuin
large overcup oak>70 cm dbh, and cavity treesiereavoided forharvesiand 50% of declining
trees were left foaddition to thestanding dead wood componebhDWF forest prescriptions
1999to 2002. Logging slash was left esite and gortion of residual trees were wounded

during harvestFig. 2.2).

Figure2.2. Partial cut characteristics. Left: Group cut at Red River
WMA with logging slash piled ossite. Right: Typical logging wound
on an overcup oak tree. Red arrow pointhaaiumsized wound.

Sante traps were used to intercepinifyadult beetles one and two years post harvest in
partial cuts as well as in uncut controls to compare relative abundance and species richness of
saproxylic beetlesEach Sante trap was equipped with a collection vessel at thaddpottom
of the trapthat allowed for the capture of beetles that resgondterception bylropping asvell
as rising(Hutcheson and Kimberley 1999; Ulyshen et al. 2q6#4). 23). Traps were deployed
from April to July, 2006 and 2007and were rotated every 14 days amdhgee Rivers/Red
River WMA, Big Lake WMA, and Bayou CocodrislWR (2007). This resulted in three (14
day) samphg periodsfor each trapn an approximately one month period of tirReriodl,

Period2, andPeriod3 (Table 22).



Figure 2.3. Characteristics of Sante traps. Top: Sante trap used in
the study with top and bottom collection vessels. Bottom: Relative
position in the canopy of Sante trap.
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Table 22. Sampling dates fdBantetraps in the study. Note: 2006
traps tookwo days to rotatamongWMAS, therefore, 2006 dates
include the duration of all traps in thagriod.

Year Site (WMA or NWR) Period Date
2006 Red River/Three Rivers 1 April 19-May 4

2007 Red River/Three Rivers
2007 Bayou Cocodrie/Big Lake
2007 Red River/Three Rivers
2007 Bayou Cocodrie/Big Lake

May 18June 1
June 2June 16
June 17July 1
July 1-July 15

2006 Big Lake andRed River/Three Rivers 1 May 5-May 20
2006 Red RiverThree Rivers 2 May 24June 8
2006 Big LakeandRed River/Three Rivert 2 June 1@June 25
2006 Red River/Three Rivers 3 June 26July 11
2006 Big LakeandRed River/Three Rivers 3 July 1+July 25
2007 Red River/Three Rivers 1 April 16-April 30
2007 BayouCocodrie/Big Lake 1 May 2-May 16

2

2

3

3

During 2006, 32 Sante traps weré¢ g in partial cuts that were either group or single
tree partial cut in 2005 (CUT1) as well as in uncut controls (CON). Eigitaete traps one
yearold partialcuts(CUT1) and 14 in uncut controf€€ON)were sampled three times
throughout the summeesulting in 3 total samples Threesamplesveredestroyed angalues
for relative abundance and species richmem® interpolateevith averagegor these samples
In 2007, the 2005 partial cuts weresampled (CUT2) and new partial cuts that wexesbsted
during 2006 (CUT1) as well as controls (COMre sampledTherefore, there were two 2006
treatment types and three 2007 treatméfable 2.1) During 2007 27 Santetrap locations
were samplechine in each of theneyearold partialcuts(CUT1), two-yearold partial cuts
(CUT2) and controlgCON) thatwere sampled three times throughout the summer resulting in
81 total samples.

Santetraps were spaced at least 120 m from each other to avoid psglidation since
Santetraps draw insectsdm 84 m to 100 m (Dugdale and Hutcheson 19#9#cheson and

Kimberley 1999)andwere positioned at least 100 m from major edges (i.e. roads, agriculture

11



fields, or other forest types). Traps were suspended from branches of random trees and the
bottom of ech trap was secured two meters from the ground (Hutcheson and Kimberley 1999).

A 100% ethanol solution was used to attract beetles to the collection \tedg#lthem
and store them until they were taken to the lab.béetlesG6 mm in length were extracted,
pinned, and identified to specieall Cerambycidae captured we@ mm so data includes all
cerambycids capturedsaproxylic beetles wergeparatedhto two groups; (1) Cerambycidae
and(2) Non-Cerambycidae Most ceramlycidswereidentified usinghefiField Guide to
Northeastern Longhorned Beetles (Coleoptera: Cerambyoidgejanega (1996)Non-
cerambycids were identified with the help of Louisiana State Arthropod Mu@ebiAiM) staff
and graduate student$o confirmidentifications | compared specimens to thosd.BAM.
Voucher specimens were deposited at LSAM.
Vegetation Sampling

To determine if abundance and richness of beetles were relsGedtrap site

characteristicsyees aSantetrap locations \wre measured in@ ha plos with the Santetrap
tree as the center. For each tree in the@l6tcm, species, diameter at breast he(ght),
decay classvine classand wound classere recordedTendecay classes were used to describe
the stage oflecompositionwith tree conditions frorwigoroustreesto downedlogs (Foti et al.
2005 (Table 23). Fivewound classes were developed to categorize the extent of harvest
wounds on trees (Table4}. In 2007, the percent of downed coarse woody d€¢BWgD) with a
diameterCs cm was measured at eg@hintetrap plot.
Statistical Analyses

The Santetrap dataverediscretecount dataand aPoisson distribution was assumed for
all analyses.| usedGeneralized Linear Mixed Model (PRGELIMMIX in SAS 9.1)to

determineaf the reamentor covariablegpredicted relative abundance and species richness of
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Table2.3. Tree condition and description oéchy
clas®s(Foti et al. 2005).

Decay Class  Tree Condition Description
1 . Live tree, live crown
2 Vigorous <1/3 crown dieback
3 1/3-2/3 crown dieback
4 Decaient >2/3 crown dieback
5 Recently dead
6 Early Stage of Decay Retains only large limb:
7 Only bol e (
8 Late Stage of Decay Only bole <8 m
9 Only stump
10 Downed Log

Table2.4. Description of harvest wound
classes of treds partial cuts.

Wound Class Description Length of Longest Side

0 None n/a

1 Small <20 cm
2 Medium 21-50 cm
3 Large 51-100 cm
4 Extra large >100 cm

cerambycidandnon-cerambycid beetlesNon-cerambycid families were classified into one of
three functional groups: (1) predominately rotting wéenrdilies (2) predominately fresh dead
woodfamilies and (3) predatdiamilies (Stehr 1991; Arnett et al. 2002)The functional groups
were statistically analyzed together sitloenumber of species and individuaisas too low in
each group for robust analysis. Since the numb2006treatments were different (CUT1 and
CON)from 2007 (QJT1, CUT2, and CON), | analyzed data separately for each yeararite
harvest typavereadded as random effasch all models and were assumed to not be significant
sources of variation.

The total number of eitheerambycid onon-cerambycid beetles collected in eddnte

trap sample was considered the rel@bundance responsad pecies richness was calculated
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simply as the number of species caughtSmarntetrap (a sample) | chose not to standardize
samplespecies richness according to sample abundance using rarefettanrséd had a
standard trappopeffort in all three treatment typeblowever, | did use rarefaction curves from
the program Estimate&06lwell 200§ to compare the total number of species detected between
years and among treatment types since sampling design was different betwsen year

The covariable§SBA, BA, NUMSP, DBH50, CWD, Decaderifotdead, Period, and the
interaction between Treatment and Periwdre chosen based on specific hypotheses | wished to
test. Basal area of sugarberry (SBA) was used as a covariable smasfdund to behigher in
controlsthanpartial cutsand | wanted t@nsure that any difference deteciedesponseamong
partial cuts and controls was due to the treatment and not to differences in sugarberry. Other
covariables includeglot basal area (BA)o test the hypothesis that beetdes more abundant
and species rictith less basal area (i.e. sunexposedpen aregsthe number of different tree
speciesNJUMSP) to test the hypothesis that beetd¢emoreabundant andpeciegich with
more richness in treeghe number of treeS50 cmdbh (DBH50) to test the hypothesis that
beetleabundancandrichnessncreasswith large diameter treeand CWD to test if beetles
increase with increasing CWD in a pldfo test the hypothesis that beetleseviafluenced by
decay class, | collapsed decay classestimbagroups | thought may be importaft) the
number ofdecadentrees ina plot (trees idecay classs3 and4 (Decadent and(2) thetotal
number of dead treas a plot (decay classes 5 tp(Jotdead. | also included the period of
capture (Rriod).

Beforeconducting parametric analyses with the bestlendance and richnedata, |
determind if the explanatory variabld eatmenf or covariables§BA, BA, NUMSP, DBH50,
CWD, DecadentandTotdead showedmulticollinearity. If variables were correlate@éarson

CorrelationCoefficientsr @0.4), | eliminated one of thecorrelatedvariablesbased on biological
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significance | chose 100.4to compromise between retaining variables that mayobelated

and consequenti#ébss of statistical poweand throwing out variables that may have been
important to the modelGenerally, <k 0. 4 have weak correlations wh:
correlated (Graham 200381 t hou g h t HPer ic odidludedartbbete adalyses, it

was not included in the correlation analysigri®dis a time variable and was not expediethe

correlated with any of the variables since plot variables were only measured once and would not

be expected to changeath time.

| usedmodel selection witlcorrectedposeuddA k ai ke ds i nf oAl@Grpat i on cr i
suitable for small sample sizasd nosnormal distributionss the selection criteria for theost
informativemodel (Hobbs and Hilborn 20D61 adapted some red forassessing theodels in
each setelativeto each other(1) two models withAIC - qp<2 were essentially the sanre
explanatory power(2) thosewith AICc gp -2werelesslikely to be the samevhile (3) models
h avi &X)weae quite different iny@lanatory powe(Burnham and Andersaz001). AIC
supports models with fewer variables stwib models were about the samfd@c p<2), | chose
the modelwith fewervariables.| also used Akaike weightsv) from 0-1 togaugewhich model
would emerge athe best model given repetitigBurnham and Anderson 2001)

Tukeyds post hoenultiple comparisonsere used to test for differences in levelslats
variablesor covariableshatwereselected for the best modeith adjusted pvalues for multiple
comparisons

To determine the effect direatmentPeriod andplot characteristicen the abundance of
individual saproxylicspecied first usedPrincipal ComponestAnalysis(PCA) ( PROC
FACTORIn SAS9.1)to group speciegerambycid anghon-cerambycidcombined)}o reduce
dimensionality in the data)uinn and Keough 2002 To avoid a large number of zero data in

thePCA, species with lovirequency (<1% of total) were removddom analyses A scree plot
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was used to determine the numbemafaningful pincipal components. | then usktlltivariate
Analysis of VariancéMANOVA) to test whethethe explanatory variableBreatmentPeriod
and plot characteristiexplained variation in thprincipal components of species frohe
Principal @mponent Analyis.
Harvest Wounds

| hypothesized that if harvest wounds to residual standing trees weakened trees, then trees
with woundslargeenough to harm the tree should be in later decay classes compared to trees
with wounds too small to affect the tree, espcby yeartwo postharvest. To test this, |
compared the decay classes of trees with large wounds (wound class 3 and 4) ¢tadsea\f
trees with smalvounds (wound classes 1 and 2) usaan@eneralized Linear Mixed Model with
amultinomial distbution for class response variablegh PROCGLIMMIX in SAS 9.1. Trees
with small woundsvere usednstead of trees withutwounds because | wanted to ensure the
trees used in the analysis were trees that were subject to wounding, (i.e. to ensurspBuida
composition and diameter class distributiohincluded trees in all stages of decay except decay
class 10 (logs) since wounded trees were expected to still be standing (ConrE388;aAulen
1991; Farris et al. 2002)Trees from 2005 an2l006 harvests were combined for analys&s.
positive relationship was determined to be significant withvalpe <0.05.

Results

Study Areas

Differencesbetweerpartial cuts and controigereconsistenamongsites partial cuts
had lowerplot basalareaand lowerbasal area of sugarbettyan control§Table2.5). Species
composition in partial cuts variemongtreatments and study sitéspughoak species
predominated in all sites in all treatmeatglsugarberryandbitter pecan were the next

dominantspecies Oak, sugarberryand bitterpecancomprised between 74% to 99% (89 £ 3.9)
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of BA in Red River and Three Rive¥§MAs but only 64% to 71% (67 + 1.5) Big LakeWMA

and Bayou CocodrislWR. CWD was higher in @rtial cutsthan controlsn all sites(Table 2.5.
Decadent treewere more abundattian dead trees in all treatmemtsll sitesbut variation
existedin the decadent to dead tree ratio among sites (Hj. Recadent and dead tregsre

more abundarith the smaller dbh classes §FR4). The diameter class distributiah treeswas
different between partial cuts and controls (RAc).

Table 25. Characteristics of partial cuts and controls of sites irbtrgetrap study. Figures are
based orSantetrap plot data collecteduring 2006 and 2007: Site andear of harvest; RR =
Red River WMA, TR = Three Rivers WMA, BL = Big Lake WMA, BC = Bayou Cocodrie
NWR; CWD = average plot laying coarse woody debbecadent trees/ha = number of trees

measured in decay classes 3 or 4lbeed Trees/ha = number of treegasured in decay classes
5-9/ha;BA = basal areaSB = sugarberry, BP = bitter pecan.

aI;?vaer;(tj CWD | Decadent| Dead Total | BA/lha | BA/ha | BA/ha
Year (%) Trees/ha| Trees/ha| BA/ha | Oak SB BP
RR 2005| 18.8 21 13 25.4 20.0 0.4 2.4
RR 2006 | 17.8 67 8 20.6 12.3 2.5 1.7
RR 8.0 32 14 33.8 14.7 13.3 3.3
TR 2005 15.6 38 21 20.8 10.5 2.4 2.5
TR 2006 11.2 192 8 23.0 13.7 5.9 3.1
TR 9.0 30 20 23.8 11.5 7.3 3.9
BL 2005 16.7 63 4 21.1 8.4 2.8 2.7
BL 6.2 50 25 25.7 9.0 2.8 6.4
BC 2006 | 24.0 125 58 27.0 11.5 5.7 0
BC 7.0 150 100 43.0 17.0 9.3 2.5
40 - 40
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Figure 24. Diameter class distribution (dbh class) of decafldatk)and dead
trees(grey) in 2006 and 2007Santeplots
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Figure 25. Diameter class distribution of
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forest measured in the same yégey). Data
Is from 34 Santetrap plots in partial cuts and
20 in uncut controls.

Covariables

According toPearson Correlation Coefficier88A, NUMSP, CWD, andDBH50 were
correlated withothercovariablegTables 2.6a, ). SBA was correlated with treatment in 2006
modelsbut not in 2007odels Becausd hoped to establish th&BA was not driving response
variables| included it in 2007 analysessnceSBA was notorrelatedto indicate whether SBA
affected response variableUMSP was correlated with twoovariablesandCWD was
correlated withTreatment so they weremoved as covarialde DBH50 was considered a
redundant variable with BA since BA incredseth increasing tree€60 cm dbh in this dataset.
Saproxylic Beetles

| captured a total of 5503 saproxylic beetles greatergtxamillimetersin length
representin@6 speciesA total of 65 species of cardbycidsand33 noncerambycids were
identified The Cerambycidae represented 71%agroxylicbeetles cptured the Cleriche 9%,

Elateriche 8%, Buprestide 5%, Eucnendae; 5% and other; 2%
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Table 2.6. 2006 (a) and 2007 (bPearson Correlation Coefficients (r) for covariables

tested in GeneralizeLinearMi x ed Model s. Values O00. 4 wer e
TREAT = treatment (CUT1 vs. CUT2 vs. CON), BA = basal area, SBA = basal area of
sugarberry, NUMSP = number of different tre

dbh, DECADENT = number of trees aaed in decay classes 3 and 4, TOTDEAD = total
number of trees counted in decay classes 5 to 9, and CWD = downed coarse woody debris.

a) TREAT BA SBA NUMSP DBH50 DECADENT TOTDEAD
TREAT 1
BA 011 1
SBA 054 0.25 1
NUMSP -017 0.03 -0.2 1
DBH50 -0.2 0.72 0.05 0.08 1
DECADENT -0.1 -0.12 0.02 0.40 -0.08 1
TOTDEAD 0.12 -0.11 0.2 -0.16 -0.18 0.01 1
b) TREAT BA SBA  NUMSP DBH50 DECADENT TOTDEAD CWD
TREAT 1
BA 0.24 1
SBA -0.0024 0.15 1
NUMSP 0.06 0.25 -0.14 1
DBH50 0.31 0.71 -0.12 0.15 1
DECADENT -0.32 012 0.12 0.04 -0.12 1
TOTDEAD -0.23 0.24 -0.10 0.54 0.13 0.13 1
CWD -040 -0.11 -0.19 -0.02 -0.14 0.41 0.07 1

The top five most abundant families were the same in both years @@bl&otting
wood families includedEucnemidae, Elateridae, ®hroidae, Lymexylidae, and Mordellidae.
Fresh dead wooftamilies includedBrentidae, Bostrichidae, and Buprestidae, predlator
familieswere Cleridae, Tragssitidae, and Passandridae.

During 2006,93 sampeésyielded a total o2387saproxylicbeetleq25.7/sampledf
which 1752 beetlesvereCerambycida€Table2.7). During2007, 81 samples yielded a total of
3116 saproxylic beetlg88.5/samplepf which2128 beetlesvereCerambycidae (Tabl2.7).

Thirteen percent more saproxylic beetles were captduethg2007 q =3116) than
2006 6 =2387) even though there were 13% fe®@07samplesif =81) as 2006r( =93).

These differences can be attributed to a few families that were more abundant ilM2087
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Table2.7. Number(n), percent(%), rank andlarval habitat nichesf families of beetles
caught inSantetrapsduring2006and 2007 Top five ranks of families atgoldedin red.

. 2006 2007 .
Family Larval Niche*
n % rank n % rank
Cerambycidae 1752 734 1 2128 68.3 1 Weakened, dying, recently deashdmoribund trees
Elateridae 215 9 2 222 7.1 3  Decayed to rotting wood
Buprestidae 175 7.3 3 107 34 5 Inner bark of dead and dying hardwoods
Cleridae 106 4.4 4 367 11.8 2  Predaceous on wood boribgetlelarvae
Eucnemidae 52 2.2 5 209 6.7 4  Newly dead to rotting trees
Mordellidae 22 09 6 16 05 7  Decaying wood
Staphylinidae 22 09 6 11 0.4 8 Predaceous on wood boribgetlelarvae
Trogossitidae 18 0.8 7 26 0.8 6  Predaceous on wood boribgetlelarvae
Brentidae 11 05 8 14 04 8 Inner bark of recently felled trees
Synchroidae 6 0.3 9 6 0.2 9  Under bark of dead hardwood trees
Lymexylidae 5 0.2 10 3 0.1 10 Decaying wood
Passandridae 3 01 11 6 0.2 9  Predaceous on wood boribgetlelarvae
Bostichidae - - - 1 0.03 11 Heartwood of recently felled trees
2387 3116

*(Arnett et al2002 Stehr 1991

specief saproxylicbeetlesverecaptured in 2007n(=86) compared to 2006 & 76). Eleven
uniquecerambycidspeciesvere collectealuring2007 anceightduring2006 nine uniquenorn-
cerambycidspeciesvere collected during007 andwo during2006.

Top vessels wemmoreeffective in capturing adutierambycidsluring2006 f =1530)
and 20071n =1964)than bottonvessed (n =222 aml 164 respectively) Top vessels were also
more effective in capturing then-cerambycidsduring2006 6 =488) and 2007n =753)
compared to bottom vessets£ 147 andh =235 respectively Ninety percent of total
cerambycid and 76% of totahon-cerambycids were captured in top vessé® saproxylic
specis with abundancgreater thamnewere onlycaptured in bottom vessels.

Cerambycidae

Fifty-two species of Cerambya@dwere capturediuring2006and 55during2007(Table

2.8). The seven mostbundant species were the same in both years although ranking changed

within. Of the top ten most abundant speckaelaphidion aspersutdaldeman ané&buria
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quadrigeminatgSay)were the only species to conspicuously decrease rank from 2006 to 2007
andAnelaphus villosugF.) conspicuously increasét@iable2.8).
Table 2.8. Number (n), percent(%), and rankof Cerambycide caught with

Santetrapsduring 2006 and 2006rdered from most abundant to least abundant
(2006. Top 1lOspeciesareboldedin red.

, 2006 2007
Species
n % rank n % rank

Neoclytus m. mucronatug~abricius) 374 21.3 1 333 15.6 2
Neoclytus scutellarigOlivier) 201 115 2 210 9.9 5
Obrium maculatum(Olivier) 195 111 3 356 16.7 1
Elaphidion mucronatum(Say) 179 10.2 4 268 12.6 3
Ecyrus d. dasyceruéSay) 171 9.8 5 239 11.2 4
Distenia undata(Fabricius) 142 8.1 6 75 3.5 7
Styloleptis biustugLeConte) 113 6.4 7 133 6.3 6
Neoclytus a. acuminatug~abricius) 59 3.4 8 44 2.1 9
Eburia quadrigeminata(Say) 35 2 9 10 0.5 20
Leptosylus transversugGyllenhal) 29 1.7 10 37 1.7 10
Parelaphidion aspersuni{aldeman 29 1.7 10 18 0.8 18
Lepturges angulatud_eConte) 24 1.4 11 31 15 11
Xylotrechus colonu§~abricius) 24 1.4 11 22 1 14
Knulliana c. cincta(Drury) 18 1 12 29 1.4 12
Urographis triangulifer(Haldeman) 15 0.9 13 6 0.3 23
Anelaphus paralleluNewman) 13 0.7 14 6 0.3 23
Liopinus alpha(Say) 11 0.6 15 19 0.9 17
Eupogonius paupdreConte 10 0.6 16 4 0.2 25
Lepturges pictigLeConte) 9 0.5 17 4 0.2 25
Clytoleptissp. 7 0.4 18 6 0.3 23
Dryobius sexnotatukinsley 7 0.4 18 20 0.9 16
Heterachthes palliduslaldeman 7 0.4 18 5 0.2 24
Saperdan. sp. 7 0.4 18 3 0.1 26
Anelaphus pumilu§Newman) 5 0.3 19 23 1.1 13
Leptostylopsis planidorsyseConte) 5 0.3 19 8 0.4 21
Nyssodysina haldemaniLeConte) 5 0.3 19 1 0.05 28
Urographis fasciatugDeGeer) 5 0.3 19 8 0.4 21
Goes pulverulentu@Haldeman) 4 0.2 20 2 0.1 27
Obrium rufulum(Gahan) 4 0.2 20 17 0.8 19
Oncideres c. cingulatéSay) 4 0.2 20 5 0.2 24
Psyrassa pertenuigasey) 4 0.2 20 2 0.1 27
Saperda discoidekabricius 4 0.2 20 4 0.2 25
Aegomorphis quadrigibbuSay) 3 0.2 21 21 1 15
Leptostylus asperatysialdeman) 3 0.2 21 19 0.9 17
Saperda tridentat®livier 3 02 21 6 03 23

Tabl e Co
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2006 2007

Species n % rank n % rank
Aegomorphis modest&yllenhal) 2 0.1 22 1 5 28
Megacyllene caryaéGahan) 2 0.1 22 - - -
Methia pusilla(Newman) 2 0.1 22 17 0.8 19
Micranoplium unicolor(Haldeman) 2 0.1 22 1 0.05 28
Orthosoma brunneurffrorster) 2 0.1 22 - - -
Plinthocoelium s. suaveolefisinnaeus) 2 0.1 22 3 0.1 26
Sphenostethus tasi@uquet) 2 0.1 22 - - -
Ancylocera bicolo(Olivier) 1 0.1 23 3 0.1 26
Anelaphus villosugFabricius) 1 0.1 23 69 3.2 8
Ataxiacrypta (Say) 1 0.1 23 3 0.1 26
Curius dentatudNewman 1 0.1 23 - - -
Enaphalodes atomariu®rury) 1 0.1 23 - - -
Enaphalodes rufuluHaldeman) 1 0.1 23 - - -
Goes debilideConte 1 0.1 23 - - -
Lepturges confluen@laldeman) 1 0.1 23 - - -
Strangalia famelicdNewman 1 0.1 23 2 0.1 27
Urographis despectud.eConte) 1 0.1 23 1 0.05 28
Euderces r. eicheiLeConte - - - 7 0.3 22
Phymatodes amoeng(Say) - - - 6 0.3 23
Goes pulchefHaldeman) - - - 5 0.2 24
Urgleptes signatukeConte - - - 4 0.2 25
Goes tigrinis(DeGeey - - - 3 0.1 26
Liopinus punctatugSay) - - - 2 0.1 27
Strangalia bicolor(Swederus) - - - 2 0.1 27
Strangalia luteicornigFabricius) - - - 2 0.1 27
Saperda lateralig-abricius - - - 1 0.05 28
Euderces pin{Olivier) - - - 1 0.05 28
Neoclytus joutelDavis - - - 1 0.05 28
Total 1752 2128

Relative Abundancef Cerambyaae

In 2006 and 200,thesame model emerged as thest model for predictingelative
abundance of Cerambya@edandincludedTreatmenipartial cut or control)the covariables
Period(1, 2 or 3 andTotdead and an interaction betwedmeatment anéeriod (Tables 2.9,
b). This model would emerge as the best model 64% of the time given many repetitions for 2006
and 71% of the time for 20Ghd are therefore informative modatscording to AIC weights

(Tables 2.9a, b).
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Table2.9. Pseudo AlG, A Ic@nd weight(w;) values for competing models
explaining the relative abundance of cerambycid beé@&s?\) in a) 2006 and

b) 2007. The highlighted model is the best model. Treat = treatment type (one
yr-old cut vs. tweyr-old cut vs. control), Pevd = sampling period (1, 2, or 3),
Totdead = number of trees in decay class@s BA = basal area, Decadent =
number of trees over 50cm dbh, and SBA = basal area of sugarberry.

a) MODELS 2006 PSEUDO AIG A IcC w,
CRA = Treat Period Treat*Period Totdead 37456 0 0.64
CRA = Treat Period Treat*Period Totdead BA 377.06 25 0.18
CRA = Treat Period Treat*Period Totdead B&cadent 377.15 259 0.18
CRA = Treat Period Treat*Period 419.78 45.22 0.00
CRA = Treat Period Totdead 458.24 83.68 0.00
CRA = Null 728.488 353.92 0.00
b) MODELS 2007 PSEUDO AIG @AC: w,
CRA = Treat Period Treat*Period Totdead 377.38 0 0.71
CRA = TreatPeriod Treat*Period Totdead BA 378.24 0.86 0.30
CRA = TreatPeriod Treat*Period Totdead BA Decadent 379.28 1.9 0.27
CRA = Treat Period Treat*Period Totdead BcadenSBA 384,58 7.2 0.02
CRA = Treat Period Treat*Period 398.91 21.53 0.00
CRA = Treat Period Totdead 451.21 73.83 0.00
CRA = Null 658.08 280.7 0.00

During 2006, relative abundance akrambycids \as greatemi CUT1thanCON (tg; =
2.9]1, p=0.005). During 2007, relative abundance was greateCUT2than eithelCUT1 (teg = -
3.64, p=0.00L5) or CON (tgg=-6.16, p<0.0001)(Table2.10). However, dundance irCUT1
did not differ fromCON during2007(tsg= 2.19 p=0.08) (Table2.10).

Relative abundanoeas greater durin@eriod 2thanPeriodl (tg7=-14.03 p<0.0001)
and Reriod 3 (tg7= 9.62 p<0.0001)andwas greater duringdfiod 3 than Period {tg;=-4.8 p
<0.0002 during 2006 Similarly, during2007, relative abundaneeas greater duringd?iod 2
thanPeriod 1 (5=-8.81, p<0.0001) andPeriod 3 (ts= 9.52, p<0.0001) No differencewas
observed, howevebetweerPeriod 1 and?eriod3 during 2007(tsg= 0.81, p=0.70) (Table
2.10. While the variable Period adds information to the modéd,nbt biologically interesting

since we expect seasonal variatio the relative abundance sdproxylic beetles.
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Table2.10. 2006and 2007estimategper sample
unit, standard error §E), and 95%upper and
lower confidence limitslCLM and LCLM) for
class and quantitative variables predicting
relative abundance @erambycid beetlesCUT1

= oneyearold partial cuts, CUT2 = twgear
old partial cuts, CON = contrglsSampling
Period= PERL, PER2, or PER3, Totdead = the
total number of dead trees in decdgss 59.

Year Variable Estimate SE UCLM LCLM
2006 CUT1 2050 250 2551 15.49
2006 CON 16,50 1.67 19.88 13.12
2006 PERL 11.22 147 1421 8.23

2006 PER2 28,59 3.77 36.28 20.91
2006 PER3 16.44 132 19.14 13.74
2006 Totdead 1.19 1.8 1.13 125

2007 CUT1 25.33 3.62 32.78 17.89
2007 CUT2 31.26 3.11 37.66 24.86
2007 CON 2222 233 27.02 17.43
2007 PERL 2193 218 26.41 17.44
2007 PER2 3570 3.96 43.84 27.57
2007 PER3 21.19 2.08 25.45 16.92
2007 Totdead 1.16 1.03 1.09 1.23

The2006and 2007nteraction betweefireatment an®eriod was importantWhile
morecerambycids were caught partial cuts, this was not consistent across periods Zf6g.
b). More cerambycids were caught in CON than CUT1 during Period 1 but more wereioaught
CUT1 during Period 2 and 3 in 2006. This was also the case in 2007; more cerambycids were
caught in CON than either CUT1 or CUT2 in Period 1, however, Period 2 and 3 exhibited the
same trend in that the most beetles were caught in CUT2 followed by @4rCON in Period
2 and 3.

For each additional dead tree in a plot, there was an estimagaadre beetlesluring
2006 and 1.1@uring2007 (Table2.10). The dead trees variable (Totdead) consisted primarily
of trees in later stages of decay (dedags 7 and 8) therefore cerambycid beetles were related

to the number of dead trees in later stages of decay.
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Figure 2.6 Meannumber of cerambycid captures by treatment type periodn
(a) 2006 and (b) 2007. CUTL1 = oegearold partial cuts, CUZ = two-yearold
partial cuts, CON = controls, and PER = Period.

Species Richness of Cerambyaxd

Species richnesturing2006 and 2007 was the same ampadgial cuts and controtsut
varied withPeriodduring2006 (Table.11a, band 212). 2006Pe&iod 2 samples were more
cerambycid rich thaReriod 1 (§,=-5.63, p<0.0001) budid not differ fromPeriod 3samples
(ter=2.1, p=0.09). Period 3 samples waksomore species rich thateriod 1(b; =-3.61, p=
0.0015) (Tabl.12). That speciesaried seasonally is expected arat thatbiologically
interesting.

Table2.11 Pseudo AlG, A Ic@nd weight(w;) values for competing models
explaining the species richness of cerambycid beé@&R) ina) 2006 and b)
2007. The highlighted model ithe best model. Treat = treatment type (gne
old cut vs. tweyr-old cut vs. control), Period = sampling period (1, 2, or 3),

Totdead = number of trees in decay class@ BA = basal area, Decadent =
number of trees in decay classes 3 or 4, and SBésallarea of sugarberry.

a) MODELS 2006 PSEUDO AIG A IcC w;

CSR = Period 72.12 0 0.40
CSR = Treat Period 72.79 0.67 0.28
CSR = Treat Period Treat*Period 73.02 0.9 0.25
CSR = Treat Period Treat*Period Totdead 75.99 3.87 0.06
CSR = Treat Period Treat*Period Totdead BA 78.83 6.71 0.01
CSR = Treat Pérd Treat*Period Totdead BRecadent 83.01 10.89 0.00
CSR = Treat 92.59 20.47 0.00
CSR = Null 93.49 21.37 0.00
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b) MODELS 2007 PSEUDO AIG A IcC w;

CSR = Null 53.82 0 0.81
CSR = Treat 58.88 5.06 0.06
CSR = Treat Totdead 59.19 5.37 0.06
CSR = Trat Period Totdead 59.62 58 0.04
CSR = Treat Period Period*Treat Totdead 61.34 7.52 0.02
CSR = Treat Period Treat*Period Totdead BA 63.48 9.66 0.01
CSR =Treat Period Treat*Period Totdead Becadent 70.34 16.52 0.00
CSR = Treat Period Treat*Period flead BADecadenSBA 70.48 16.66 0.00

Although no differences were found in sample species richness among treatments in
either 2006 or 2007, rarefaction curves indicate total cerambpeiciegichness was higher in
partial cutghancontrols during 206, but no differences were observiaring2007(Fig. 2.7a
b). This indicates that over the course of the summer setimamymber of species was greater
in partial cuts than contrglbut a snapshot of cerambycid species in any one sample would be
abou the same.

Table 2.12. 2006 and 2007estimatesper
sample unit, standard error (SE), and 95%
upper and lower confidence limits (UCLM and
LCLM) for class and quantitative variables
predicting species richness oferambycid
beetles. CUT1 = ongearold patial cuts,
CUT2 = twoyearold partial cuts, CON =
controls, PER1, 2, and 3 = Period 1, 2, or 3

Year Variable Estimate SE UCLM LCLM
2006 CUT1 756 0.37 8.29 6.82
2006 CON 6.36 0.40 7.17 5.54
2006 PER1 503 0.36 5.77 4.29
2006 PER2 8.78 0.40 9.60 7.96
2006 PER3 7.28 0.43 8.15 6.41
2007 CUT1 9.15 0.58 10.33 7.96
2007 CUT2 9.00 0.46 9.94 8.06
2007 CON 8.07 060 9.3 6.85
2007 PER1 7.7 0.49 8.71 6.7
2007 PER2 956 0.62 10.83 8.3
2007 PER3 8.96 0.48 9.95 7.98
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Figure2.7. Rarefaction curves faotal cerambycid species richneiss(a) 2006 and (b)
2007. Species caught in successive samplesrafieatal by black forCUT1, red for
CON, and greerior CUT2 Solid lines are SOBS rarefaction and dotted lines are upper
and lower 95% confidence avals.
Non-Cerambycidae
Twenty-four species oNon-Cerambycidewere captureduring2006and31 were captured
during2007(Table2.13). The most abundant five species were the same in both(Jednle
2.13)

Relative Abundance of Ne@erambycide

The best model predictingelative abundance abn-cerambycid beetlescluded
Treatmentand BA during2006and Treatment, Periodnd an interaction between Treatment
and Period during 200(Tables 2.14a, . The best 2007 model was selected based oledsée
number of variables since weights were similar between the three top models.

During 20086, relatively moreon-cerambycid beetles were caughtQT1thanCON
(te1=2.07, p=0.04) (Table2.15. During2007, more beetles were caughCdT2thanCUT1
(tso = -2.59, p=0.03) but not tha®ON (tgg =-0.79, p=0.75) CUT1landCON were not
different (g9 =-0.16, p= 0.12) (Table2.15).

The three functional groups of naerambycids exhibited differing trends in relative
abundance among treatments aetlveen years (Table 2.16). Only fresh wood species were

consistently more abundant in partial cuts in both years (Table 2.16).
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Table2.13. Non-cerambycid wooeboringspeciesapturedduring2006and
2007. The most abundant fivepeciesare highlighed in red

2006 2007
Family Species n % rank n % rank
Bostrichidae  xy|obiops basilarigSay) - - - 1 01 18
Brentidae  Arrhenodes minutu@rury) 11 1.7 10 14 1.4 11
Buprestidae  agrilus spp. - - - 8 08 14
Buprestissp. - - - 2 02 18
Chrysdothrisspp. 22 35 6 35 3.6 6
Dicercaspp. 143 225 2 60 6.1 4
Texaniasp. - - - 2 0.2 18
Cleridae Chariessa pilosdForster) 26 41 5 39 4 5
Cregya oculatissay - - - 6 0.6 16
Cymatoderaspp. 6 09 13 16 16 10
Enoclerus ichneumone(s.) 5 08 14 16 16 10
Monophylla terminatgSay) 3 05 16 2 0.2 18
Neorthopleura damicornigSay) 59 9.3 3 267 272 1
Priocera castanedNewman - - - 1 0.1 19
Pyticeroides laticornis (Say) 7 1.1 12 20 2 9
Elateridae  alaus oculatugLinnaeus) 4 06 15 7 07 15
Dicrepidiussp. 1 0.2 18 - - -
Hemirhipus fascicularigF.) - - - 2 0.2 18
Melanotusspp. 210 331 1 212 216 2
Orthostethus infuscatuSermar - - - 1 0.1 19
Eucnemidae promaeolusspp. 11 17 10 27 27 7
Euryptychus heterocerzay - - - 1 0.1 19
Fornax bicolorMelsheimer 2 03 17 - - -
Nematodespp. 39 6.1 4 181 184 3
Lymexylidae \elitomma sericeunHarris) 5 08 14 3 03 17
Mordellidae  Gjipa hilaris (Say) 5 08 14 1 01 19
Hoshihananomia octopunctaia 8 1.3 11 6 0.6 16
Yakulananomia bidentata (Say) 19 3 8 9 0.9 13
Passandridae catogenus rufugrabriciud 3 05 16 6 06 16
Staphylinidae Hersperus apicaliSay 20 33 7 10 1 12
Pinophilus latipesGravenhorst 1 0.2 18 1 01 19
Synchroidae  gynchroa punctathlewman 6 09 13 6 06 16
Trogossitidae Temneheila acutaLeConte 18 28 9 26 26 8
Total 635 988
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Table 2.4. Pseudo Alg, A Ic@nd weight(w;) values for competing models
explaining the relative abundance of nmerambycid beetles (NRA) a) 2006 andb)
2007. The highlighted model is the best model. Treat = treatment typey(anié

cut vs. tweyr-old vs. control), Period = sampling period (1, 2, or 3), Totdead =
number of trees in decay classe8, BA = basal area, SBA = basal area of sugarberry,
and Decadent = number of trees in decay classes 3 to 4.

a) MODELS 2006 PSEUDO AIG A IcC w;
NRA = Treat BA 257.81 0.00 0.52
NRA = Treat Period BA 259.93 212 0.18
NRA = Treat Period Period*Treat BA 261.18 3.37 0.10
NRA = BA 261.24 3.43 0.09
NRA = Treat Period Period*Treat Totdead B¥cadent 261.49 3.68 0.08
NRA = Treat Period Pard*Treat Totdead BA 263.9 6.09 0.02
NRA = Treat Period Period*Treat Totdead 268.19 10.38 0.00
NRA = Null 268.72 10.91 0.00
b) MODELS 2007 PSEUDO AIG A IcC w,
NRA = Treat Period Period*Treat Totdead 259.83 -0.44 0.28
NRA = Treat Period Period*Tredibtdead BA 260.11 -0.16 0.33
NRA = Treat Period Period*Treat 260.27 0 0.35
NRA = Treat Period Period*Treat Totdead BEXecadent 263.43 3.6 0.07
NRA = Treat Period Period*Treat Totdead B¥ecadenSBA 264.75 448 0.04
NRA = Treat Period 290.58 3031 0.00
NRA = Null 299.00 39.17 0.00

Table 2.15. 2006 and 2007estimatesper sample unit,
standard error (SE), and 95% upper and lower confidence
limits (UCLM and LCLM) for class and quantitative
variables predicting relative abundancenofrcerambycd

beetles.

CUT1 = ongearold partial cuts, CUT2 = two

yearold partial cuts, CON = controls, PER1, 2, and 3 =

Period 1, 2, or 3, BA = basal area.

Year Variable Estimate SE UCLM LCLM
2006 CUT1 7.24 066 8.5 5.91
2006 CON 6.10 056 7.2 4.98
2006 PER1 6.24 074 75 4.7
2006 PER2 7.47 0.8 9.01 5.8
2006 PER3 6.53 0.8 8.15 4.9
2006 BA 1.28 1.09 1.08 1.53
2007 CUT1 11.37 1.28 14.01 8.73
2007 CUT2 13.11 1.74 15.8 10.05
2007 CON 1293 14 16.7 9.5
2007 PER1 14.15 1.84 17.9 10.4
2007 PER2 119 1.39 147 9.03
2007 PER3 114 111 13.6 9.1
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Table 216. Comparison of relative abundance of functional group®oicerambyids between
treatments and years. # SP = the number of species in the functional group, total n = the total
sample size for that funcial group and Mean/trap = n/numbmdrsamples in that treatment

since 2006 had vging samples for each treatme@JT1 = 53 and CON = 40. 2007 had 27
samples for each treatment (CUT1, CUT2, and CON)

2006 2007
Functional # Total n Meanl/trap # Total n Mean/trap
Group Sp Sp
CUT1 CON CUT1 CON CUT1 CUT2 CON CUT1 CUT2 CON
Rotting Wood 11 179 131 34 33 12 128 134 194 47 5 7.2
Fresh Wood 3 127 49 2.4 1.2 7 43 51 28 1.6 1.9 1
Predators 10 83 66 16 1.7 12 118 162 130 4.4 6 4.8

During 2006, differenceswere not found in thebundance afon-cerambycidsaught in
Period 1 2, or 3. However,in 2007, more beetles were caughtRariod 1 tharPeriod3 (tgo=
2.5, p=0.039) but no differencesere observebetween Period 1 arReriod 2 (§9=2.01, p=
0.12 and Period 2 and 3s{t= 0.63, p= 0.88). Relative abundance increased with increasing BA
in 2006(Table 2.5). In 2006, beetle abundance wagher in CUT1 than CON across periods
but it was not in 2007s indicated byheinteractionbetweertreatment and periodFig. 2.8a, b).
In 2007, the interaction was similar to the cerambycids:aewambycids were more abundant in

CON in Period 1 but higher in CUT2 followed by CUT1 in Period 2 and 3 (Fig. 2.8a, b).
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Figure2.8.Figure 2.8.Meannumker of non-cerambycid captures by
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Species Richness of N@dberambycide

In 2006 and 200the most informativenodelwas the null modgTables2.17, 2.18).

Table 2.17. Pseudo AIG, oA IcGnd weight(w;) values for competing models
explaining the species richness of rmarambycid beetlefNSR) in a) 2006 and b)
2007. The highlighted model is the best model. Treat = treatment typgrfoftecut

vs. twayr-old cut vs. control), Red = sampling period (1, 2, or 3), Totdead = number
of trees in decay classesD5BA = basal area, and SBA = basal area of sugarberry.

a) MODELS 2007 PSEUDO AIG @A IcC w;
NSR = Null 162.97 0 0.74
NSR = Treat 165.93 296 0.17
NSR = Period Treat 168.81 5.87 0.04
NSR = Period Treat Treat*Period Totdead 169.91 6.94 0.02
NSR = Period Treat Treat*Period 170.16 7.19 0.02
NSR = Treat Period Treat*Period Totdead BA 171.27 8.3 0.01
NSR = Treat Period Treat*Period Totdead BAcadent 174.34 11.37 0.00
b) MODELS 2007 PSEUDO AIG A IcC w;

NSR = Null 83.55 0 0.88
NSR = Treat 87.8 425 0.11
NSR = Treat Period 92.55 9 0.01
NSR = Treat Period Treat*Period 96.06 12.51 0.00
NSR = Treat Period Treat*Period Totdead 100.28 16.73 0.00
NSR = Treat Period Treat*Period Totdead BA 101.86 18.31 0.00
NSR =Treat Period Treat*Period Totdead BXecadent 103.43 19.88 0.00
NSR = Treat Period Treat*Period Totdead BAcadenSBA 104.83 21.28 0.00

Table2.18. 2006and 2007 EstimateSE, and 95%
UCLM and LCLM for class variablesonsdered in
models for species richness ohon-cerambycid
beetles.

Year Variable Estimate SE UCLM LCLM
2006 CUT1 344 025 3.94 2.94
2006 CON 346 031 4.09 2.84
2006 PER1 3.23 0.33 3.89 2.56
2006 PER2 3.78 0.37 453 3.03
2006 PERS3 3.34 031 3.98 2.71
2007 CuUT1 533 0.38 6.12 454
2007 CUT2 481 035 5.55 4.07
2007 CON 488 0.37 5.65 4.12
2007 PER1 49 0.31 5.53 4.25
2007 PER2 5,07 0.37 5.83 431
2007 PER3 5.07 0.43 5.95 4.19
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Althoughtreatmenhad no effecon samplespecies richess total richnessndicated by

rarefaction curvetended to be higher partial cuts in both years (Fig. 2,%3.

Species

1 6 11 16 21 26 31 36 41 46 51 1 6 11 16 21 26
Samples Samples

Figure2.9. Rarefaction curves fdotal non-cerambycid species richness in (a) 2006

and (b) 2007.Total speciegollected in CUT1lare indicated bylack,red for CON,

and green fo€UT2. Solid lines are SOBS rarefaction and dotted lines are upper and

lower 95% confidence intervals.
Individual Species of Cerambycicdeand Non-Cerambycidae

Species composition was similar betw€dnT1 andCUT2; the species caught @UT?2

were also captured @BUT1 except fortwo specieghatwereunique Some species, however,
seemed to rely on conditions available in either partial cuts or uncut controls since they were
exclusively or predominatelyapturedhere Including only species with totalb u n d & c e
would be difficult to discern preference with too few individuads};species were exclusively
or predominately caught in partial cu&aperda tridentat®livier 100%(9 of 9 captures),
Catogneus rufu@.) 100% (9 of 9)Melittomma sericeurfHarris) 100% (8 of 8)Knulliana c.
cincta(Drury) 96%(45 of 46),Eburia quadrigeminatgSay)91% (41 of 45), andAnelaphus
parallelus(Newman)34% (16 of 19). One species was predominantly cagdun controls;

Dryobius sexnotatukinsley 85% (23of 27). As well, manymorespeciesvereexclusively

caught in partial cut€31) than (10xontrols with abundanceB<
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Principal Components Analysis

Seventeesaproxylicspecies ir2006 and 16 in 200With abundance-1% were analyzed
with PCA Thescree plotndicatedfive principal componentéPC)to retainin 2006and threen

2007(Fig. 2.10a, b). The weighted and unweightedriances arshown in Table&.19.
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Figure 2.D. Scree plot of ggenvalues foprincipal components Principal
Component Analysis of speci@s a) 2006 and b) 2007 The elbow in the
plot denotes the number pfincipal componentt® retain

Table 2.19. Variance explained by each
Principal Component(PC) retained in the
PCA analysis for the rotated factor pattern
method in 200&nd 2007

Year Principal Componen Weighted Unweighted

2006 PC1 67.6 16
2006 PC2 9.4 15
2006 PC3 321 13
2006 PC4 95 1.2
2006 PC5 7.2 12
2007 PC1 40.3 1.9
2007 PC2 84.7 1.9
2007 PC3 16.2 1.2

The variables and covariables found to be correlated with thePX08iIBy the
MANOVA were Treatment (CUT1 or CON) (Wilkesambda F g= 456, p = 0.0010), Period
(1,2, or 3) (WilkesLambdaFp 160= 6.15 p <0.0001) TreatmentPeriod (WilkesLambda

F10160= 2.68, p=0.0046) andTotdead(Wilkes-LambdaFs = 4.36 p = 0.0015).
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In 2006,PCL wasmost highly positively correlated witdeoclytus mucronaty$-.) and
Neoclytus scutellarifOlivier), (Table2.20). PCL(2006)wasexplained by theovariablePeriod
(F285=14.23 p <0.0001). PC1(2006)was more abundant Period 2(0.61 +0.26)thanPeriod
1 (-0.58+ 0.05)(tes= -5.4, p<0.0001) andPeriod 3(-0.06+ 0.05)tes = -3.02, p = 0.0093)and
PC1(2006) was more abundanPeriod 3thanPeriod 1{s=-2.5, p = 0.0387).

PC22006)wasmost highly positively correlated withe cerambycid€cyrus d
dacycerugSay), ancElaphidion mucronatuniSay)andwasexplaired byTreatment (fgs=
20.93 p<0.0001) andPeriod (Fs5= 4.34, p=0.0161). The estimate for PQ2006)was higher
in CUT1thanCON (tgs=4.44, p<0.0001). PCR006)was greatemn Period 30.20+ 0.14)
than Period 1-0.38% 0.13)(tgs=-2.8, p=0.0183) but not than Peri@{(0.16+ 0.23)(tgs= 0.30,
p = 0.95). PC22006)was greater ifPeriod 2 tharPeriod 1 (§5=-2.5, p= 0.04).

PC32006)wasmost highly positively correlated withe cerambycidObrium
maculatum(Olivier). A PeriodtTreatmentinteractionwas observe@; ss=6.05 p = 0.0085)
andPC3(2006)increased by 57 with each additionadlead tredF; gs=11.2 p =0.00L2).

PC4 wasprincipally composed dDisteniaundata(F.). This PCwasnot differentamong
the treatment types and was not correlated withodlye covariablegFggs=1.16 p = 0.33.

PC5 was most highly positively correlatedth Dicercaspp. andnost highly negatively
correlated witiMelanotusspp.(Table 2.8). PC5 wasexplained byPeriod (R gs= 4.18, p=
0.019). PC5 was higher in Pied 3 (0.43 + 0.23) than Period D27 £ 0.13) g5=-2.69, p =
0.023) but not than Period (17 + 0.13)@s =-2.24, p = 0.07). Period 1 and 2 were not
different (65=-0.39, p = 0.91).

In 2007, the variables found to be correlated with the @hcomponents by the
MANOVA were Treatment (CUT1, CUT2, or CON) (Wilkéembda k13,= 2.79, p = 0.0138)

and Period (1, 2, or 3) (Wilkdsambda Fk134= 8.07, p <0.0001).
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Table2.20. Rotated factor pattern for species with abundance >1% of total for
either 2006 or 2007. Species with values >0.5 were selected as being important
for that Principal Component Species highlighted in red were important in
either 2006 or 2007 whereas species highlighted in blue were important in both
years. Dashes indietpecies that were not >1% in tigatr

2006 2007

Species PCL P2 PC3 PG4 PG PCL PQ2 PC3
Anelaphus villosu§-.) - - - - - 53 -15 4
Chariessa pilosgForster) 9 -1 25 8 7 1 39 15
Chrysobothrisspp. -6 2 -5 9 -4 27 2 1
Dicercaspp. -1 8 -14 0 85 4 8 24
Distenia undatgF.) 17 29 -10 93 -3 -8 -4 17
Eburia quadrigeminatgSay) -3 35 -13 12 16 - - -
Ecyrus d. dasyceru$ay) 6 53 14 -15 1 11 22 -12
Elaphidion mucronatuniSay) 10 86 3 -13 -7 -3 34 29
Leptostylus transversy&yllenhal) 6 0 3 -14 5 0 16 3
Melanotusspp. -5 -3 2 -4 57 -10 19 36
Nematodespp. 4 -3 29 -15 -9 56 -4 -1
Neoclytus a. acuminatys.) 10 13 0 -1 19 -2 -3 12
Neoclytus m. mucronatyB.) 9% -13 23 -4 5 -12 99 -2
Neoclytus scutellari€Olivier) 7% 32 28 -25 -6 16 47 64
Neorthopleura damicorni€Say) 1 12 -10 -23 -9 54 -1 57
Obrium maculatungOlivier) 10 -4 99 2 1 93 1 -31
Parelaphidion aspersuidaldeman -2 24 -7 32 2 - - -
Styloleptis biustug_eConte) 18 11 -2 -29 3 -16 50 -4

PC1(2007)was pmcipally composed of theerambycidsObrium maculatunfOlivier)
andAnelaphusillosus(F.) and theredatorsNematodespp. andNeorthopleura damicornis
(Say) (Table2.20) and could be explained by Peri( = 10.22 p = 0.000L). PC1(2007) was
higher inPeriod 1(0.59+ 0.26)than Period Z-0.21+ 0.12)(t74= 3.46 p = 0.06) and Period 3
(-0.39£ 0.1) (t74=-4.25 p = 0.00@) but Period 2 and 3 were not differemy& 0.78 p=0.71)

PC2(2007)was composed dfleoclytus mucronatu$.) andtyloleptis biustus
(LeConte)andcould beexplaired by Reriod ,69= 1347, p <0.0001). PC2 was higher in
Period 2(0.68+ 0.29 than Period 1-0.42+ 0.03)(t74= 4.81,p <0.0001) and Period 30.26+
0.06)(t74=-3.98,p = 0.0005). Period 1 andvgere not significantly different{,=0.82,p =

0.69).
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PC3(2007)was composed dfleoclytus scutellarigOlivier) andNeorthopleura
damicornis(Say) a predato(Table2.20). MANOVA results indicatedone of the variables or
covariables were related PC3 even thouglboth N. scutellaris(Olivier) andN. damicornis
(Say)were almost double their abundame€UT2 thanCUT1 or CON.

Harvest Wounds

Twenty-four of 110(22%) plot treesin 200 partialcutsand18 of 89 (20%) trees in 208
partial cutshad residual trees witharvestwounds. Seven percent of wounds were broken tops,
the rest were tthe lower bole or rootsThirteen percent were exttarge wounds, 35% large
wounds, 28% medium, and 17% small. Wounuledswere from 16108 cm dbh (32.8m =
8.12cm). Because few harvest wounded trees were dead (nl @@y included vigorous and
decadent trees for analysiNo difference in decay class of trees with srhalivestwounds and
largewoundswas foundF15; = 0.03 p = 086) indicatingharvestwounds did not affect the

decay class of treewo years following harvest this study.
Discussion

The results of thistudyindicatepartial cutting can be used as a tool to incrélase
abundance of saproxylic beetles @e@sonaspecies ribness anthese effectsontinuefor at
least two years postarvest However,abundance among treatmefitstuaes greatly
throughout the summeaeasorandbetween yearsUncut forest starts off the season with more
saproxylic beetles than partial cfitsm mid-April to mid-May. This time framéeatureghe
highest mean/trap of necerambycids and the second highest mean/trap of cerambycids.
However, by midmay through to the end of July, saproxylic beetles are in most cases more
abundant in partialuts than controls with twgearold cuts having the highest abundance
followed by oneyearold cuts. This seasondluctuationcould be responsible for the lack of

consistency in relative abundance among treatments but illustrates the importance afinginta
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both uncut forest and partial cut forest. dther studies have examined relative abundance and
species richness over seasomy knowledge

Relative abundance also varied greatly by year, most notably in theenambycids
which were about twe as abundant in 2007 as in 2006. This annual variation causes more
differences in means thao treatments; howeveyearly variationwhich is likely due to natural
climatic variability, cannot be manipulateth this case hie spring season was wanmie 2007
compared to 20®(National Weather Service data 2008) anobablyaccounted for the higher
abundance andchnessof beetles in 2007.

Speciesrichnessof saproxylic beetlefr the entire season was greater in partial cuts than
controls but noeasonal fluctuations were observed. As well, species richness varied greatly
between years with more species during 2007 than 2006. This yearly vasasiomt due to
the addition of Bayou Cocodrie as a site in 2007 since only one new sBrgxess{s sp.) was
collected there Furthermoreit was not due to the addition of twearold-cuts since there was
not a succession of species from-gearold cuts to tweyearold cuts; only two species (both
unique were exclusive to twayearold cuts. Thigs in contrast to Hammond et al. (2001) that
documented a conspicuous succession of species froiyeareld cuts to tweyear old cuts.

Theeffectof partial cuttingon abundances most pronounced for Cerambycidae and
Buprestidaeboth families assoated with fresh dead wooderambycids anuprestiddikely
responeédto the input of freshsunexposeddead wood in the form of logging slash (Warriner
et al. 2002; Ulyshen et al. 200dhatwas presendne and two years peBarvest. Saproxylic
beetes in general tend toccur in greater abundanicemore surexposed conditions (Jonsell et
al. 1998; Sverdruighygeson and Ims 2002; Lindhe and Lindelow 2004; Bouget 2005&)d-ind
et al. 2005puch aghose that occur aftéorest fire,windfall, or treefall (Kaila et al. 1997;

Jonsell et al. 1998; Jonsson et al. 2005). Species preferrirexpased substrates are more

common during the early stagesl@g decay especially in hardwood systems (Jonsell et al. 1998;
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Jonsson et al. 2005%imilar to thisstudy, elative dundance o$aproxylicbeetles waslso

found to begreatelin recentlythinned standéoneor two yearspostharves} than unthinned

stands in Mississip@ndSouthCarolinaBLH (Warriner et al. 2002Jlyshen et al. 2004)

However, bed¢ abundance may begin decreasing shortly after harvest relative to the maximum
age of the stand. As little as five to six years later, beetle abundance can begin to decline to
levels lower than the original uncut stasmite CWD decomposéSlyshen et al2004;

Gutowski et al. 1985) This outlines the importance of a continuous suppbtaridingdead
woodwhich enhances thiecal abundance o€erambycidsas found in this study

The fact that erambycidabundance isorrelated with the number of snagems to
contradict their preference fineshCWD in partial cuts.However, sme species may be
adapted to suexposed fresh dead wood that would arise from a major disturfgurateas the
six species found in this study that predominately or excluswetg found in partial cutsyhile
otherg[such ad. sexnotatugLinsley) andO. maculatun{Olivier)] to standingleadtrees
created by the natural process of tmeartality.

As well, species may be adaptediifferentsubstratesOther studies haveéind
different assemblagespecies richnesand relative abundanod saproxylicbeetlesn snags
versudogs (Shiegg 2001; Sverdrdphygeson and Ims 2002; Jonsell and Weslien 2003; Gibb et
al. 2006; Hjalten et al. 2007). Association with different salbss may be particularly evident
in bottomlands where logs are frequently inundated creatihifeaence in moisture content
between standing dead trees and I®@yad¢cia and Batzer 200donsell and Wesliek003.

In this study, large harvestounds did not alter the decay class of trees one or two years
postharvesiand should not be expected to contribute to tree mortality in the short term
Lombardero et al. (2006) found mechanically woundtigus resinosarees by removing two
horizontal #rips of bark from 40% of the circumference of the tree, had no effect on bark beetles

and that six years later, all but two of the experimental trees were still vigorous and were
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indistinguishable in crowqguality and stem volumé&om control trees. Othremethodshave

more utility inkilling trees for wildlife purposes (Conner et al 1982; Aulen 1991; Farris et al.,
2002). Girdling treebas been investigated foreatng snagdutinjecting trees witl2, 4D kills
trees faster than gindlg trees (Conneet al. 1983). Further, injecting trees may be more cost
effective than girdling (Conner et al. 1983).

The results of this study, and other studies conducted in bottomland hardWardser
et al. 2002; Ulyshen et al. 2004; Ulyshen and Hanula 28di©ate woodborers like
cerambycid andbuprestid beetles are much more abundaBi_H than in coniferous
ecosystemsgJonsell et al. 2004;indhe and Lindelow 20043onsell et al. 20Q5Abrahamsson
and Lindbladh 20065chroederet al. 2006 SaintGermaine eal. 2007 and barkbeetles such as
Scolytinae are less abundant in BLHardwood species generally host higher abundances and
richness of woodborers than softwood species (Jonsell et al. 2005;-&a&nhaine et al. 2007,
Jonsell et al. 2007). Althoudhis may be a real characteristic of these systems, it may also be
due to differences in sampling techniqoedlying strategies of beetlesScolytinae are often
small and since beetles were sorted through a 6 mm filter, it could be argued that &olgtie
filtered, however, Scolytinae of any size were not abundant in samppls®al observatign
The comparisoamongregions is difficult since entomologists in other parts of the world have
not usedSantetraps to capture saproxylic beetlgsile Santetrapping is the only method used
and documentenh the Southern U.S.

Contrary to expectedbeetles wersix timesmore abundant in top vess#tsan bottom
vessels (nine times mocerambycids and three times maoa-cerambycids). This was
probablydue to decreased effectiveness of bottom vesselgpaieipitation thaboth diluted the
attractant (ethanol) with rainwater and cluttered vessels with le®zegetraps with nesh walls
may greatly facilitate capture oérambycid beetles comparedpiastic surfaces used in trunk

window traps where they may escape before falling into collection vessels.
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Chapter 3: Nest andRoostTree andSite Selection ofPileated Woodpeckers
(Dryocopus jdeatus) in Partial Cut and Uncut Bottomland Harwood Forests

Introduction

Managemendf bottomland hardwood®LH) on private and public lands the
Mississippi Alluvial Valleyis shifting to patial cut harvestingo meet wildlife objectives
(Guilfoyle et al. 2005; LMVJV 2007). Both group and single tree partial cutting are considered
favorable methods of harvesting from a silvicultural and wildlife perspe@#eadows and
Stanturf 1999Moorman and Guynn 2001; Grav2602; Somershoe et al. 20G3)ce hese
methods can increase vertical structure for resident and migrant songbirds, wild turkey
(Meleagris gallopavh and whitetailed deer@docoileus virginianus as well as release
advanced rgeneration in a standlDWF forest prescriptions 1992002 Hamilton et al. 2005).
Partial cutting may not however, benefit cavity nesting Hikespileated woodpeckethat
depend on dead wood for nesting and roossimge partial cutting often tartgelargediametey
poor quality trees for removalAgadows and Goeltz 20P5

Pileated woodpecker®(yocopus pileatusare common residents BLH forests of
Louisiana that excavate nest and roost cavities. These cavities are subsequently used by
secondaryavity nesters such as prothonotary warblBrstonotaria citreg, eastern bluebirds
(Sialia sialig, Great crested flycatcherdyiarchus crinitu$, Carolina chickadee$@rus
carolinensi$, tree swallowsTachycineta bicolgr and wood ducksAix sporsa) and also by
cavity-dependent saproxylic beetles, southern flying squir@sucomys volansbats, and red
wasps Polistesspp.) (Conner and Saenz 1996; McClelland and McClelland 1999; Adkins Giese
and Cuthbert 2003; Bull et al. 200Mlo studies hee been conducted on thiéeets of partial
cutting onnesting and roostingcology of thepileated woodpeckerin fact, basic information
on the characteristics of nest and roost trees used by pileated woodpeckers is limited in the south

regardless of fi@st type or management strategy. Numerous studies have evaluated nest and
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roost tree characteristics in the northwest (Bull et al. 1992; McClelland and McClelland 1999;
Aubry and Raley 2002); however, extrapolating information from one locality to ansthet
advisable since a large degree of geographic variation exists in pileated woodthedeckeor
(McClelland and McClelland 1999My objectives were tq1) identify differences in
characteristics of nest and roost trees of pileated woodpdmiaesenpartial cuts and uncut
controls in Louisiang(2) identify differences irprefeence oftree characteristics indicated by a
difference in use versus availabilltgtweerpartial cuts and uncut forestnd(3) determine
differences impileated woodpedk seledbn of nest and roostites between partial cuts and
controls | predictedpileated woodpeckemgould select tree species with lower wood density,
trees in larger dbh classesdin more advanced stages of defaynesting and roosting
predctedpreferred cavity trees would be more limiting in partial cinsespecificspecies, dbh
classes, and decay classes are selected for removal in partial cuts which would no longer be
availablefor nesting or roostingl expecédwoodpeckers to selesites with higher basal area in
partial cuts whereas in controlexpected them to usgtes with basal area in proportion to what

was available since basal area is more uniformmnicut forest
Study Area

Pileated woodpeckers were studied in the €fRevers and Red River WMAS in east
central Louisiana in 2006 and 2007. Trea of the two WMAsomprised 281 ha oBLH
that were historically flooded by the Mississippi River to the East. Since the construction of
levees on the Mississippiiver, the system is noyredoninately poned only by precipitation
andperiodically by the Red River to the Wedthe main soil on both study sites wasarkey
clay that isof poor drainagand high fertility LDWF forestprescriptions1999 to 2002 Partial
cuts consisted of the overcup ebitter pecar{Quercus lyrataCarya aquatica association

before and after harvest. One control site in Red RMMA was composed of the sugarberry

47



(Celtis laevigatdrovercup oak association and the other of the overcujbitiak pecan
association Three RiversVMA controlswere composed of the sugarbeawercup oak
association.

Pileated woodpeckeetritories were located in grogmdsingle tree partial cutsnd
uncut controls The selection of cuditeswas only a rsult of what was available grublic lands
and was not designed to compare different types of partial cuts; group or singlEhteestudy
wasnot designed to compare different types of partial cuts. Partial cuts consistedB6flmne
group cutand onel45 ha single tree cut harvested in 2@@8two group cuts harvested in 2006
(25 ha and 85 ha)All partial cutswvere harvested in either the summer or fAlbproximately
30% of thebasal area (BAyvas removed in each treatment according to a préiscrijp
fipromote advanced regeneration, create white tailed @eecoileus virginianuysbrowse and
cover, and maintain and provide vertical structure for Neotropical migratory birds and wild
turkey Meleagris gallopavid (LDWF forest prescriptions 19998 2003. Gaps created by
single tree cuts were 0.4208 hawhile group cutting create@l4-2 haopenings (Meadows and
Stanturf 1997) BaldcypressTaxodium distichuip cavity trees, anthrge overcup oak>70cm
dbh) wereavoided forharvest As well,50% of declining trees were left for addition to the

standing dead wood componebhDWF forest prescriptions 1999 to 2002
Methods

Study Design

Nests of birds in this study were initially located for the purpose of capturingfbirds
radio-transmitterapplicationas part of the foraging ecology stu@hapter 4. In 2006, nest
searching began in miglarch and continued until mitflay. Nest searching consisted of using
audio and visual cues to follow birds to nests. In 2007, nest searching begdy kebaiary

while birds were still excavating cavities. Nests were found opportunistically until the end of
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April during foraging observations. Once nests were found, they were revisited once or twice
before capture attempts to confirm activity. | nesa nests as being active if incubation, mate
switching, or presence of young was confirmed @1j. All nest cavities that were excavated

were used in analyses, regardless of activity status. Presumably, a cavity excavated but not used
by a pileatedvoodpecker would still be a potential nest site for secondary cavity nesters or

habitat for other animals that use cavities. Also, cavities excavated but not used for nesting may
have beemsed for roosting or may be used in subsequent years for nelstakg@n and Jackson
2004). Nest success was determined during foraging observations after capture attempts were
concluded. A nest was determined as being successful if fledglings were observed in the

territory.

Figure3.1. Confirmation ofactive nest site by mate switching

Once birds were captured and fitted with ralansmitters, they could also be located at
roosts during the morning and evening. Roost locations were found from March to July in both
years by following radionarked bids in partial cuts and uncut controRoostswere located
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sporadically consequently, the information on the number of roost cavities used by individuals
could not be determined with this data.
VegetationPlots
For each nest and roost tree, | estabtish€©.04 ha plot using the cavity tree as the
center. | recordedspecies, dbh, decay class, andvineaaés each tree 010 c¢cm dl
the cavity tree | useddecay classes developleygFoti et al.(2005)(Table4.1).

Table3.1. Tree condition and description oéchy
clas®s(Foti et al. 2005).

Decay Class  Tree Condition Description
1 _ Live tree, live crown
2 Vigorous <1/3 crown dieback
3 1/3-2/3 crown dieback
4 Decadent >2/3 crown dieback
5 Recently dead
6 Early Sage of Decay Retains only large limb:
7 Only bole (
8 Late Stage of Decay Only bole <8 m
9 Only stump
10 Downed Log

Vine density on trees was assessed by classifying the number of vines on the tree into one of five
vine classes (Tablg2). Tree species and frequency of vegetation <1@bhwas also
measured in the northeast quadrant of each plot.

Table3.2. Vine classes of trees.

Vine Class Number of Vines
0

1-2

35

6-9

10+

A W N PFEP O

In addition to cavity tree plots, | established 0.04 ha random tolatsllect data on trees

availabk to woodpeckers. Plots were sampigithin the territory of a nesting or roosting
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woodpeckebetween 50 and 200 m from the cavity tree in a random direction and within the
same treatment type (partial cut or control) as the cavity tree. | recordetidraeteristics as
explainedabove on ktrees

Selection of Tree Characteristics

To determine if tree characteristispecies, dbh class, decay class, and vine class)
used more than they were available, | compared the proportion of use afichesost tree
characteristics to the proportion of tree characteristics available in random plots with logistic
regressiofPROC LOGISTIC in SAS 9.1)Trees froncavity tree plotshat were not used for
nesting or roostingvere not includeas availablereesin analyses to avoid any bidgat may
have existed with trees in close proximity to nest trée®ssence, only the cavity tree was used
from cavity tree plots, while all trees were used from availability plots to compare tree
characteristicsThetree data were divided into two data sets that consistéi)qdartial cut
and (2) uncut control Cavity trees from ongearold and tweyearold partial cuts were pooled
since structurally, partial cuts were similar. Data from 2006 and 2007 wedezgopanalyses
and nest and roost trees were pooled since they were not mutually exclusive; nests were used as
roosts and also by males during nestmthis study Accordingly, two separate logistic
regressions were done to determine differencesefemceamongtreatments Snce
woodpeckers did not use tree40 cm dblfor nesting or roosting, all treegl0 cmdbhwere
removed from analyses.

To avoid quasseparation of datavhich occurs when there are not records in every
category, broader aagories were faned in the tree data. Species occurring less frequently than
1% of the total available and used treesecombined nt o an Aot her o categor
honey locustGleditsia triacanthog green ashHraxinus pennsylvanigapersimmon Diospyros
virginiana), swamp privetKorestiera acumina), andcedar elm (JImus crassifoliq In partial

cuts, woodpeckers used ten baldcypress trees for nests and roosts but none were sampled in
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random plots. Therefore, the datarequasticomplete sinebaldcypress hado observationm
the favail ableo category. It was cl ear baldc
evidence.To solve this conundrunbaldcypressvas not considered statistically five partial
cutanalysis. Trees90 cmdbh were combined into ongbh class Decay classes were reduced
to three classes; vigorous trees (decay cldds decadent trees (decay clas$)3and snags
(decay classH). Decay classes 8 and 9 were not considered available since woodpeckers did
not use trees for nesting that were less than 8 mistiers

Vine classes were also reduced to three classes; 0 = npimds5 vines and 2= >5
vines). The dataset for the uncut control cavity trees had incomplete representation of dbh
classes aoiss speciesherefore separate nested logistic regressivase used to analyze each
of these variablesSSite and cutype were included as random variables.
Selection ofSite Characteristics

Calculations were made from the plot data to use as sitaatbastic variablet
determine their influence on nest and roost site selection. Basal area (BA), the number of trees
A10 cm dbh in the plot (TOTREE), decadent tré&8 cm dbh (DECADENT), dead trees in the
plot L0 cm dbh (TOTDEAD), tree§50 cm dbh DBH50), the number of different tree species
(NUMSP), stems in regeneration <10 cm (REGEN), and trees in vine clasgi3\ANES)
were calculated from the nest and roost and random plot data.
Pearson Correlation Coefficients(lRROC CORR irBAS9.1) were used to identify

highly correlated variables before conductiogistic analyses. In parametric tests, it is
importart that variables are not correlated with each other to prevent multicollinearity since this
causes large fluctuations in regression coefficients and variance estimates can be inflated
(Geagharpers. comn). Therefore, variables with high correlati@®(4) with other variables

were considered for removal from the analyses.
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Results

A total of 20 nest and roost trees were found in unoatrols ad 17 were found in
partial cuts Nests were most difficult to find during incubation, more easily falurthg the
nestling stage, and most easily found during excavation. Six cavities that were fully excavated
were not used for nestirand were all in controlsNestlings were observed irxf eight(75%)
active nests in 2006 argdof 10 (90%) activeneds in 2007 All nests that werkastobserved
having nestlings probably fledged youngsed ortonservativdield observations of fledglings.
Of thethreefailed nests, one was in a partial end twowere in controlsalthoughone failed
nest in a combl waslikely due toabandonment following capture.
Selection of Tree Characteristics

Pileated woodpeckers used a variety of tree species for nesting and roosting (Fig 3.2). Of
the 24 nest cavity trees, 8 (33%) were in bitter pecan, 7 (RBB&)dcypess, 5 (20%in
sugarberry, 2 (8% black willow, 1 (4%)in overcup oak, and 1 wdentified(Table 3.3) Three
of seven nest trees that were in baldcypress broke off at the nest cavity in the same year either
during or after nesting. No other nesesédroke off during or after nesting. Of the 15 roost
trees, 7 (47%\vere in baldcypresd, (27%) in overcup oak2 (13%) in bitter pecanl (6.5%)in
sugarberry, and 6.5% identified

Twenty-four nests were found in trees between 42 and 95 cm dbh{@002; mean and
SE) and 15 roosts were found of which dbh was between 42 and 150 cra {7033. Twenty
two of 24 (92%) nest cavities and @15 (80%)roost cavities were in live tree©nly two nest
cavities were in dead trees (decay class 6 qthd both of these nest trees were also used as
roosts. On one occasion, the female and male roosted in thessttnee. All sevemoostsin
baldcypress were hollowvith multiple cavities even though trees were still technically alive.

Characteristis of 20 cavity trees were compared to characteristics of 84 random trees in controls
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and 17 cavity trees were compared to 69 random trees in partial cuts. Tree variables that were

retained by logistic regression were tree species, dbh class, and @ssay cl

Figure3.2 Nest and roost trepa) pileated woodpecker besidegypical roost tree im
baldcypressree b) observer tiaching a leg noose trap below the roost cavitynmuti-cavity
overcup oak roost tree) pileated woodpeckeabout to eter a nest cavity in a bitter pecan tree;
d) early morning capture at a baldcypress nest tree.
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Table 3.3. Characteristics 8006 and 200nhests and roosts in partial c{@UT) and
controls(CON); Cav = nest (N) or roost (RYea = year the nst or roost was found
Terr = Red River (RR) or Three Rivers (TR) WM8&tatus = active (A) or abandoned
(N); Species= undentified (UN), sugarberry (SB), black willow (BW), bitter pecan
(BP), overcup oak (OO}pr baldcypress (BG)DBH = diameter at breasteight, DC =
decay classl = vigorous, 2 = decaderdand 3 = deadSub = substrate, DB = dead
branch;Vines = number of trees with vine class 4/0.04 BA = basal area (A0.04
ha) and #Trees = number of trees/0.04 ha plot.

Treat Cav Yea Terr Status Species DBH DC Sub Vines BA #Trees

CON N 2006 RR11 A SB 95 1 BOLE 1 33 19
CON N 2006 RR13 A BW 57 4 DB 4 8.8 6

CON N 2006 RR15 A BP 52 2 BOLE 0 21 14
CON N 2006 TR14 A BC 72 1 BOLE 0 16 1

CON N 2007 RR13 A BP 88 3 BOLE 1 353 20
CON N 2007 RR15 N BP 59 2 BOLE 4 37.3 11
CON N 2007 RR17 N SB 54 1 BOLE 0 23 15
CON N 2007 RR17 A SB 43 2 DB 0 25 20
CON N 2007 TRO3 A BW 57 4 BOLE 4 27.3 19
CON N 2007 TR16 N SB 60 1 BOLE 1 36 12
CON N 2007 TR25 N BP 59 2 BOLE 1 24 15
CON N 2007 TR27 N SB 47 2 BOLE 4 22 13
CON N 2007 TR31 N BC 86 3 BOLE 1 30 14
CON N/R 2006 RR12 A UN 62 6 BOLE 0 36 14
CON N/R 2007 TR24 A BP 42 7 BOLE 4 39.3 13
CON R 2006 TR14 A BC 150 2 BOLE 4 21.3 9

CON R 2007 RR17 A BC 91 2 BOLE 0 48 19
CON R 2007 RR18 A 0]0) 66 3 BOLE 1 36 10
CON R 2007 TR24 A BC 76 1 BOLE 0 25 32
CON R 2007 TR24 A SB 54 1 BOLE 1 28 19
CUT N 2006 RRO1 A BP 42 4 BOLE 0 22.8 11
CUT N 2006 RROZ2 A 0]0) 59 4 DB 4 29.5 12
CUT N 2006 TR1IO A BP 81 4 BOLE 0 60.5 15
CUT N 2007 RR® A BC 74 1 BOLE 3 30 16
CUT N 2007 RRi18 A BC 59 4 BOLE 1 36.5 16
CUT N 2007 RR32 A BC 51 4 BOLE 2 52.8 17
CUT N 2007 RR22 A BC 50 4 BOLE 0 20 13
CUT N 2007 RR23 A BC 54 1 BOLE 1 37 9

CUT N 2007 TR14 A BP 48 3 BOLE 0 23 18
CUT R 2006 TRO3 A 0]0) 46 3 BOLE 0 33.3 4

CUT R 2006 TR1IO A BC 102 2 BOLE 0 60.5 15
CUT R 2007 RR21 A BP 62 2 BOLE 0 31.3 15
CUT R 2007 RR32 A 0]0) 55 5 BOLE 4 21.4 7

CUT R 2007 TR1IO A 0]0) 74 3 BOLE 0 20 11
CUT R 2007 TR14 A BC 62 3 BOLE 0 35 10
CUT R 2007 TR14 A BC 62 2 BOLE 0 40.6 14
CUT R 2007 TR14 A BC 51 3 BOLE 2 40 17
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Pileated woodpeckers used baldcypress more than expected in corfyeld 26, p =
0.0071) and partial cutsThis selection wasvenmore apparent in partial cuts where the
availability stayed approximately the same but use approximately dai@i3&gversus 26%)

(Fig. 3.3). Inpartial cuts andontrols,bitter pecan andugarberry \@reused in proportion to
availability; however, woodpecker use of sugarberry was greatly reduced in partial cuts since
sugarberryas not as available in partial cut®¢/oodpeckers used overcup oak less than it was
available in both controls &= 7.75, p = 0.0054) and partial cuts’(X 8.35, p = 0.0039
Woodpeckers were selective of dbh classes in contréis=(X3.28, p = 0.0003) but not in

partial cuts. In catrols, the 40 cm dbh class was used less than expecied1(X04, p =

0.0015), whereas the 90+ cm dbh class was used more than expécted.g@®, p = 0.0265

(Fig. 3.4). In controls, decay classes were used in proportion to availakilibhoughin partial

cuts, vigorous trees were used less than expected 668, p = 0.0098) and decadent trees

were used more than expected,£X5.58, p = 0.0101) (Fi®.5).

artial cuts
80 - controls g0 . P
70 - 70 -
S 60 - 60 -
g 50 1 50 -
8 40 - 40 -
Q 30 - 30 -
20 - l 20 - l
10 A ' 10 -
0 - : : A - 0 ; , — __ -
BC BP BW OO SB OT BC BP 00 SB oT
Species Species

Figure3.3. Comparison in percent of use (black) versus availability (grey)
of tree species of nest and roost trees in uncut controls and partial cuts
including treesX0 cm dbh. BG baldcypress, BP = bitter pecan, BW =
black willow, OO = overcup oak, SB = sugarbeagdOT = green ash

and umdentified
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Figure3.4. Comparison in percent of diameter class use (black) versus
availability (grey) of nest and roosees in uncut controls and partial cuts
including only tree€40 cm dbh.

controls partial cuts
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60 -
50 -
40 A

30 30
20 l 20 A
1 10 -
10 P I—.

Vigorous Decadent Dead Vigorous Decadent Dead

Percent%

Decay Class Decay Class

Figure3.5. Comparison in percent of decay class use (black) versus

availability (grey) of nest and roost trees in uncut controls and partial cuts

including only tree$40cm dbh. Vigorous = trees in decay clas3, 1

Decadent = weakened trees in decay claésaéhdDead = trees in decay

class 57.
Selection ofSite Characteristics

Forty-eight plots wereomparedn partial cuts of which 16 were cavity sites and 32 were

random sites. In controls, 46 plots weoamparedncluding 20 cavity tree sites and 26 random
sites. Basal area of nest and roost plots was bet®@and60.5m%ha 9+ 1.6). One nest

with a low basal area valled a large basal area in trees <d0dbhand anothewas in the

middle of abaldcypress swalith no surroundingegetatiorexcept forbaldcypress knees.
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Results of Pearson Correlation tests indicated BACZBIEH50 were highlycorrelated |
performed simple linear regression analysegetermine the nature of the correlation. In
controls, BA was correlated tbe number ofrees <50 cm dbh {1 = 4.84, p = 0.0392) but was
not correlated téhe number ofreesC50 cm dbhin a plot(DBH50) (F121 = 3.39, p = 0.08). In
partial cuts, the opposite was true; basal area was not correlétediiomber ofrees <50 cm
dbh (R 46 = 0.05, p = 0.83) but was correlatedBH50 (F; 46 = 48.39, p <0.0001)DBH50was
retanedsince it more accurately reflected large trees and was consistenéblesused in the
logistic regression weréhe number of different species in a 0.04 ha plot (NUM8R)number
of t 50ere abhBH50), andthe amount ofegeneratiorin aplot (REGEN). Logistic
regression of used and unused sites indicateztipeckers were more likely to use a plot if there
were more tree€60 cm dbh in control sites ¢X= 4.76, p = 0.0292) as well as in partial cut sites
(X3 = 12.74, p = 0.0004).

Discussion

Others have stated that pileated woodpechkersiependent arid-growthforest and
may use cutover areas only because they have strong site fidelity (McClelland and McClelland
1999; Bull et al. 2007) In Louisianahowever, | foundadio- and norradiotagged
woodpeckers used partial cuts to nest and roost even whemuoaatueforest was available
only meters away. | foungo evidencen the datao indicate partial cuts provide substantially
different orworse conditions for nesting or roosting/oodpeckers were able to find trees in
partial cuts of sufficient species, dla@md decay clader nesing and rooshg thatwere
comparable to uncdibrest Interestingly pileated woodpeckers weatsofound nesting in a
baldcypress swale devoid ather trees and in an agricultural hedgerow. Conner et al. (1975)
alsofound pileated woodpeckers sometimes successfully nested in field hedgerows, meadows

and clearcuts in Virginialn Louisiana, Bst success in partial c{i#9)wassimilar tothatin
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controls(8/9). Thiscontrasts atudy in Oregorthat found nest success was negatively related to
theamount of harvested araredominately fuel reductiopéBull et al. 2007).In contrast to
pileateds of the north, pileated woodpeckers in Louisinaot depend on olgrowth oreven

uncut forest for nesting or roosting.

Contraryto my predictionswoodpeckers usgaredominatelyive trees for nesting and
roosting in badt partial cuts and uncut foredtive trees, both vigorous and decadevere
abundant in both types of treatments in this sttitgrefore woodpeckers had many substrates
available for nesting and roosting. Interestingly, woodpeckers preferred decadent trees in partial
cuts even though just as many decadent trees were availdo partial cuts and controls.

The reasons for this are unclear. Similarls®in Washington coniferous forest were also

more likely to occur in decadent trees than snags; how®gsts were irtrees inlater stages of

decay than those used foesting(Aubry and Raley 2002)Converselypileated woodpeckers

preferred to nest and roost in snags in early stages of decay in mature coniferous forest in Oregon
and Montana as well as in Virginia oak forest (Conner et al. 1975; Bull et al. 1992¢IMo@Gl|

and McClelland 1999).

Both partial cuts and controls provide trees large enough for pileated woodpeckers to nest
and roost in although wo ®icmelhkne aveidrges ietheed® very
cm dbh clasg uncut forest.Nest and roost treebtl in partial cts (4281 cm mean = 60) and
controls (42150 cm, mean = 68.5) were well within the ranges recorded by p83268 cm
(Conner et al. 19738rawn et al. 1984; Bull et al. 1992; Mellen et al. 1992 \&tland and
McClelland 1999Aubry and Raley 2002)Pileated woodpeckers are selective in the size of tree
for nesting and roosting because they need a tree of sufficient size to contain their large bodies
(Brawn et al. 1984; Aubry and Raley 2002).

| predicted pileated woodpeckers would prefer the leasadding tree species to

excavate since excavating is so energetically demanding (Jackson and Jackson 2004). This was
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the case in Louisiana. Although woodpeckers used two of the most dense fepamsts and
roosts (bitter pecan and overcup qakpy peferredbaldcypresgless densepnd avoided
overcup oaKmore densefTable 3.4) This preference was especially marked in partial cuts
where the proportional use of baldcypress was almost dotitiiat inpartial cuts even though
the proportional avkability was about the same. The sugarberry component in partial cuts was
greatly reducedrom uncut forestprobably from harvesting and in the absence of sugarberry in
partial cuts;woodpeckers usetiore baldcypress instead of choosing other species mo

Table 3.4. Specific gravity of tree

species available to pileated

woodpeckers.  Specific gravity is

based on weight when ovendry and
volume when green. From Green et

al. (1999).
Species  Specific gravity
black willow 0.36
baldcypress 0.42
sugarbety 0.49
green ash 0.53
overcup oak 0.57
bitter pecan 0.61

available such as overcup oak. While baldcypressprayde an energy efficient tree to
excavate, threef the sevemests in baldcypress broke off at the cavity, rendering the cavity
unsuitalke for wildlife that require a covered cavityhis was not observed in any other species.
Therefore | recommendeavinglarge-sized sugarberry30 cm dbh) in partial cuts since these
trees are more durable and coulduzuable tootherwildlife that use pileated cavities
Woodpeckers excavatsinglenestcavitiesin sound baldcypresmdexcavated multiple
openings irollow baldcypress for msting. All baldcypress cavity trees had broken tops or
broken large limbs but were still classified as livexggnthough they wer@ollowed by heart
rot. This is because baldcypresm seal off fungal infectionSackson and Jackson 2004).

Pileateddavored broken topnaggor nestsand roostsn other region®f the U.S(Conner et al.
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1975; Bull et al. 1992; McClelland and McClelland 1988pry and Raley 2002)hereas in
Louisiana, no nests weoensideredroken topped snadpecause baldcypressawstill living
The structures probably similabetween brokefiopped snags and brokéwpped living
baldcypress

Pileatedwoodpeckergxcavate more cavities than they use in a sedsathis study, |
found that 38%8 of 16) nests were excavatedt not used for nestinglhis and the fact that
baldcypressreespileatedsuse for nesting break off inchte pileateds influence the structure of
bottomland hardwoods tolargedegree andrelikely a keystone species in the south.

Nest and roost tree sites selected by pileated woodpeckers had mo@&@reasdbh in
the immediate vicinity of the nest in both cofgrand partial cutsThis indicates thatlustes of
large trees should continue to be left when harvestdthers have also fourthatnest sites
include large treem the vicinity of the nest treeTheyassert that woodpeckers are choosing
nest site with other potential nest trees available to reduce predator efficiency since predators
would have to search more trees (Adkins Giese and Cuthbert 28@Bpthers have suggested
that these large trees may provide local foraging trees (Aubry angd Z#&; Adkins Giese and
Cuthbert 2003)however, this seems unlikely in my study sites since pileateds rarely spent time
by the nest foraging. It seems more likely that nest trees occurrediarstince vegetation is
often patchy and woodpeckers werdecting cavity trees with certain characteristics
independently of the surrounding vegetatiblowe et al1995;Adkins Giese and Cuthbert
2003. Regardless of whether woodpeckers are selecting sites with more large trees or large
trees occurred in cers woodpeckers found cltexsfor nesting and roosting in bogartial
cuts and controlsThisaddssupportto my conclusion that partial cuts provide sufficient habitat

for nesting and roosting.
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Chapter 4: Foraging Ecology ofPileated Woodpeckers Dryocopus pileatusin
Partial Cut and Uncut Bottomland Hardwood Forests

Introduction

Duringthe 1920s and 1930sidespread claautting or highgrading ofbottomland
hardwood BLH) forestsoccurred (Tanner 1942; King et al. 200&)h little regard for future
volumeor ecological impactsSince the 1930s, the value paradigm has changedi#nd the
last10-15years BLH forestmanagemenn both public (10% of larg)l and private lands (90%)
mayinclude wildlife objectives for both game and nongame anih&8/JV 2007) In
Louisiana, thigparadigmshift resulted irchangesn harvesting techniques. Harvesting now
includes toolsuch as group and single tree partial cutting thatosatehabitatfor species
requiringvertical structuren the understoryL DWF forestprescriptions19932002).

Although partial cutting i®eneficial to somanimals large diameteandpoor qualiy
trees(deformed moribund, or deacgrenormallytargetedor removal Meadows and Goelz
2005. This could negativg impactspedes that depend on largdead trees for foraging. On
the other hand, partial cutting often leaves an abundant soureadiodod in the form of
logging slash (CWDandstumpsandinvariably resuls in woundsto residual standing trees that
may eventually lead tveedeath(Meadows and Stanturf 199Mgbeker et al. 2005 Thus, it is
unknown whether the combined effectgaftial cutting would have negativeositive or
negligibleeffects on species depending on dead wood.

Pileated woodpecksi(Dryocopus peatug areknown todependon large diametesnags
(Flemming et al. 1999; LeMaitre and Villard 2Q0®aley and Aulky 2006; however, they are
also known to foragextensivelyon downed structures such as logs and sty and
Holthausen 1993; Hartwig et al. 2Q@aleyand Aubry200b). Pileated woodpeckensreyona

variety of organisms includimgood-boringadultand larvabeetlesi(e. Cerambycidae,
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BuprestidaeandElateridae) Pheidoleants carpenter antSamponotuspp.),andpoison ivy
(Rhus radicans(Bull and Jackson 1995)n BLH, partial cutting createhabitat for wooe
boring beetles in the few yeddlowing harvestWarriner et al. 2002; Ulyshen 2008hapter
2). Pileated woodpeckers haptastic foragingoehaviorexemplified byvariation inuse of
foraging tacticssubstratesandprey Connerl980;Conner 1981Bull and Holthausen 1993;
Conner eal. 1994; Flemming et al. 199Baley and Aubry 2004; LeMaitre and Villard 2005;
Hartwig et al. 2006; Raley and Aubry 200@ecause of their plasticity, pileateds mayaie to
take advantagef anincreased beetle resource in partial cuts.

No studesthat | am aware diavecomparedhe foraging ecology of pileated
woodpeckersn stands that have been harvested to those that havinrtbts study, | compare
differences in foraging behavior between partialstandsand uncustands Studies indcate
pileated woodpeckershange foraging tacti@nd substratewith variation in availabilityof prey
types(Conner 1981; Raley and Aubry 2004or example, Conner (1981) found pileated
woodpeckers glean on an abundant arthropod community on theesaffive trees and
excavate at the base of dead trees to access carpenter ant g&lkmties cut harvesting could
alterthe availability ofspecies composition, dbh class, and decay classbstrates in the
remaining stand, stimulating the useddferent foraging tacticsNumerousstudieshave
characterized pileated woodpecker asd selectiomf tree characteristics for excavation
foraging(Flemming et al. 199%Raley and Aubry 2004; LeMaitre and Villard 2005; Hartwig et
al. 2006; Raley and Aary 2006. In this study] includesubstrates usdar all types of foraging
tactics (i.eexcavatingpecking, gleaning, scaling, probing, and berafing)

The second part of this study involveeterminingvariation in prey use amorngartial
cutsanduncut foresthroughforagesign and scat. \dbdpeckers createique sigrwhen

excavatiorforagingthatcanusuallybe associated with specific prey (Raénd Aubry2004).
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For instance, large, deep, r@ogular sign usually indicatésraging on cgpenter ant colonies
(Raley and Aubry 2004)In this way,arthropods likely consumed by excavation foragiag be
comparecamongtreatments.Another method tguantify major arthropod groups in the diet of
woodpeckerss theexamination of scat (Beckviitand Bull 1985Rosenburg and Cooper 1990;
Bull et al 1992; Pechacek and Kristin 2004)ontents of cathave a close correspondeneai¢h
stomach contentsnce ¢ues exist for virtually every type of solid food a bird may eat
(Rosenburg and Cooper 1990

My objectives were t¢l) determinedifferences irforaging tactis, forage substrate type
and diameterandforage height in recent partial cuts versasut forest(2) assess woodpecker
selection of tree characteristicpécies, dbh, decay clasund classand vine clagsby
comparing trees used by pileated woodpeckers to random trees available in recent partial cuts
and controlsand(3) comparegoragesign andscatcontents betweepartial cut versus uncut

control forestin BLH of Louisiana
Study Area

The foraging ecology study took place concurrently with the nest and roost study in 2006
and 2007n Three Rivers and Red River WMAseast central LouisianeSeeChapters? and3

for additional sitanformation.
Methods

Capture

Pileatedsverelocatedin bothpartial cuts and controlsy surveying fowwoodpeckers
using audio and visual custarting inMarch, 2006 or Februar2007. Subsequently, nests were
foundprimarily to capture birds faladio-transmitterapplication. In 2006, malesvere captured
from the nest with hoop nets made of mosquito netting attached with duct tape to an extendable
pole (Rochelle Renkepers. comm Eric Bacapers. comn) or by target mistetting(Fig. 4.1)
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In 2007, woodpecker nest cavities weoenetimesigher than the 60 ft pol@uld extend or
were obstructed by branches, preventisg of the extendabjmlefrom the ground
Consequentlywe attempted capturat the nestrom a laddeor a deer standlimbed trees with
ascenders and attached leg rotvaps constructed of fishitige to the outside of cavities
(Cooper et al. 1995pr attempted target mistetting(Fig 4.1) Target mistnettingconsisted of
setting up a mishet in an area of high woodpecker acti\iigually a nest tregnd playimg
recordings of drums to attract woodpeckers to the-na@st The mishet set up consisted of
three stacked, 12 m, 100 mm gauge méis from AVINET that were strung on a pulley
betweertwo high branches of dominant trees. The pulley system was goneéedranches by
throwing a 3g sinker attached to fishing line and a fishing rod. The fishing rod was used to
manage the fishing line to prevent tangling.

Following capture, freated woodpeckers wereeighed, bandedndfitted with 8 g
radio-transmiters from AVM Instrument Company, Ltd. (2006) or 6.95 g transmitters from
Holohil Systems Ltd. (2007) mounted on a backpack harness maderofTeflon ribbon 1.0
0) (Fig 4.2) The pack was centered on the back of thedndlattached over the breasth
sewing threadising the design of Catherine Ral&SFS Pacific Northwest Research Station
(Fig 4.2) Transmittepackageve i ght was | ess than 3% of the bi
that was 3.4%. Three percent is the untested recommended mawieight for transmitter
packages for pileatasoodpeckers (Mellen et al. 1992; Bull and Jackson 1995).

Foraging Observations

Radiotelemetry was used to assist in locating birds for foraging observations since
pileated woodpeckemseredifficult to relocate. Since not all territories haallio-tagged
woodpeckersactual territory delineatiaof all birdswere unknown; therefore, territory

delineationwas used fospatialreference rather thdor a specific pair or group of birds.
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Figure4.1l Pileated woodpeckelapture methodology) ascending into a nest tree on a
climbing rope with ascendens) hoop net on extendable pole over cavd)canopy net for
target mistnetting; d) capture attempt with hoop net and extendable fiola a deer stand.
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Figure4.2 Transmitter application and bird handling techniq@@sransmitter in hand showing
the size of the Holohil unib) bird in hand with Holohil transmitter attachaddantennavisible
on the back of the birct) front of transmitter harness showing Teflon ribbon across the preast

d) release of bird.

69



