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Substantial new information was dlsmvered dunng this three-year investigation of relationships
between southern Pine beetles. {Dendrafrﬂnus Jrontalis} and Red-cockaded Woodpeckers
(Picoides borealisj. But the hasm cause for elevated infestation rates of active woodpecker
cavity irees and their appareit attrsictwcncss to southern pine beetles was not discovered.

Previously decliring woodpecker pnpu]atmns in Texas National Forests (Conner and Rudolph
1989} stabilized during the mid 1990s. During 1997, all Red-cockaded Woudpecker populations
in Texas national forests declined slightiy aftes several years of small increases (Conner et al.
1995), but oniy the Angelina and: Sabine National Forests have continued to decline in 1998,
These declines appear to be in part 2 result of the return of encroaching hardwood midstory and
understory vegetation between 1995 and early 1998. This encroaching hardwood vegetation was
eliminated during late summer - earl}r fall, 1998. However, losses of active cavity trees o
infestation by southern pine beetles continue to impact wc-ndpe:cker cavity trees and popuiations,
but not as severely during 1997 and 1998 because southern pine beetle populations are very low.
Managemeni's ability to use artifi cml cavity ingerts confinues fo aid Red-cockaded Woodpecker
populations impacted by southern pine beetle activity (Conner and Rudelph 1995, Rudolph and
Conner 1995, Conner et al. 1997, Conner et al. 1998), particularly those populations located in
lobloBly and shortleaf pine habitat, :

Angelina National Forest .-
Between September 1995 and Aughisi 1996 we checked all active and inactive cavity trees in the
Angelina National Foresi during’late fall 1995 and spring 1996. Duriag the field work,
approximately 121 loblolly pines, 52 shortleaf pines, 17 stash pines, 360 longlteaf pines, and 18
pines of undetermined species (a total of 568 pines each season) were examined for status and
possible southern pine beetle activity. Six cavity trees were infested and killed by southem pine
beetles (two leblolly pines, three shortleaf pines, and one longleaf pine) in the Angelina National
Forest during FY 19%a. One admtiona] cavity tree was killed by wind-snap.

Between September 1996 and August 1997 we checked all active and inactive cavity trees in
Angelina National Forest and Huntsviile State Fish Hatchery for southem pine beetle activity
during late summer 1996, winter 1996-1997, and spring 1997. Six cavity rees were infested and
killed by southern pine beetles (tws loblolly pine, three shortleaf pines, and one longleaf pine) in
the entire Angelina National Forest during FY 1996. One additional cavity tree was killed by
wind-snap. During FY 1997 nine cawt}f trees died in the Angelina National Forest: five killed
by bark beettes, two killed b}' lightmng, one kilied by wind snap, and one death by unknown
causes.

Between September 1997 and Augusi 1993 we checked all active and inactive cavity trees at
Angelina National Forest and Hunitsville State Fish Hatchery for southem pine beetle activity
during late summer 1997, winter 1997-1998, and spring 1998. Four cavity trees were infested
and killed by pine bark beetles (all lobloliy pines) in the entire Angelma Nattorial Forest during
FY 1998. Only two of these ;fnur trees were killed by southern pine beetles; fps beetles infested
and kilted the other twe cavity frees. Eight additional cavity trees were killed by wind-snap, 10
killed by wind throw, and ohe klllﬂd by lightning. During FY 1998, fifty-seven southern pine
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beetle spots were detected, and 915 pines were mfested by southern pine beetles according to the
Southern Pine Beetle Infanrfatmn Sysfem (SPBIS) data set,

[ata on southern pine bf:etle actwllt}' for 1984-1997 in the forest compartments on the north end
of the Angelina Nationzl Forest {compartments 1-20 plus the Turkey Hill Wilderness Area) wete
obtained from the Forest Pes’t Mﬂnagemeﬂt section of the U.S. Forest Service in Pineviile,

Lowisiana. There are currenﬂ}r i
between scwthern pine beet]e infey
southern pine beetles (T able 1)

4 years of complete data available to explore selationships
tation of single cavity trees and "ambient” population levels of

Anmial Red-cockaded Wu(i(iipecl'c.
(SPB) infestation and measures of

Table i

er cavity iree moriality resulting from southern pine beetle
beetle activity in surrounding forest compartments (1-20) on

the northern portion of the ﬁlige]ina Mational Forest.
YEAR CAVITY TREE NUMBER 5PB NUMBER PINES
) DEATHS SPOTS INFESTED

1984 BT 20 247
1485 ] Ef 12 i33 10,111
1986 S| 00 3,262
1987 22 i2 208
1088 3 24 470
1959 4 145 2,215
1990 2 58 470
1921 il 145 2,004
1992 7 110 1,672
1993 14 327 21,353
1994 i5 140 2,871
1995 8 66 1,620
1996 i3 27 263
1997 :j2 57 215
1998 2 * ®

* Data for 1998 not yet availfajb]e, :

The additional year of data prm'lded by the continuation of our study (FY 1998) has

strengthened our undcrstandmg uf

forest habitai that surrﬂunds acti

the refationship between southern pine beetle activity in the
ve Red-cockaded Woodpecker cavity-trez clusters and the

impact these beetles have on autw? cavity irees. We have determined that southern pine beeile
population levels are signii cantl:f correlated with the infestation and mortality of Red-cockaded

Woodpecker cavify trees {see Con
appear to single out active cawtj,r i

ner et al. 1998). We do noi know why southern pine beetles
rees for infestation at a higher rate than infest inactive cavity




irees. We also do not know wh:-,r southern pine beetles appear to prefer the active cavity tree that
was used as the nest tree during fhe preceding breeding season (Conner et al, 1998).

Several publications have reaulted from this Section 6 study (see Aftachmenis).

Huntsville State Fish Hatchety
|

During spring 1996 caviiy ﬂ'tlaes at: the Huntsvilie State Fish Hatchery were invenioried as a base
line check for status [actwa Vs, 111actwe} and past mortatity. Eight live cavity trees and three
dead cavify irees were fou+1d SFven of the eight live trees were active and had fresh resin
flowing from active resin weils [Three artificial cavity starts had been drilled, two into existing
cavity trees. Three resmc’cf:-r plléﬂess have been added to cavity trees i prevent/reconstruct
damage done by Pileated Wﬂadpecl(kers {Dryecopus pileatust. Based on the distribution of active
cavity frees, there appeared|io be two groups of Red-cockaded Woodpeckers present at the
hatchery. Subsequent rc-ustlmg effﬁrts suggesied that five woodpeckers may be present in one
group, and possibly twa wnudpeerm in the second group. The actual number of groups and
woodpeckers still needs to he preclseiy determined. Cavity trees will again be monjtored in the
falt to determine if mfestaunn by Sbuthern pine beettes or other forms of mortairt}r have occurred.
I

During FY 1997, fourteen c&wty trees at the Hunisville State FlSh Hatchery were inventoried as
a base line check for status (act:we vs. inactive) and past mortality. Twelve live cavity trees and
two dead cavity trees were fnund Six of the 12 live trees were acfive and had fresh resin .
flowing from active resin We:]is Durmg summer 1997 a deep active caviiy start was discovered
near the nest tree of the 199]}' breedmg season. Three ariificial cavity starts had been drilled, two
into existing cavity trees. Base& on the behavior of the woodpeckers, there appears to be one
group of Red-cockaded Wuodpeck]ers present at the hatchery. During the spring nesting season
check, four woodpeckers were present with seven woodpeckers present post-nesting, Cavity
trees will again be mumtored ¢ the fall to determine if infestation by southemn pine beetles or
other forms of mortality héve occurred.  No cavity frees died during this past FY. Texas
Depariment of Correction Has Eu:cnmpilshed significant midsiory reducimn with the Red-
cockaded Woodpecker hal:ntat at the hatchery.

During FY 1998, eighteen cawty Lrecs at the Huatsville State Fish Hatchery were inventoried as
a base line chr:ck for status! (actp'.re ¥5. inactive) and past mortality. Four new artificial insert
cavities were added during Y 19 8. Sixteen live cavity trees and two dead cavity trees were
found. Six of the 16 live ﬂ‘eﬁs were active and had fresh resin flowing from active resin wells.
During summer 1998 a seco d deép active cavity start was discovered near the nest tree of the
1998 breeding seascn, but the zu':t:we start found last year was now inactive. Based on the
behavior of the woudpecke{'s there appears fo be one group of Red-cockaded Woodpeckers
present at the haichery. Dunlng thH spring nesting season check, four woodpeckers were present,
with six woodpeckers pres&:llt postmesting. No cavity trees died during FY 1998. Texas
Departraent of Correction as: accomplished significant midstory reduction within the Red-
cockaded Woodpecker habitat at t]1-|.3 hatchery.




General Conclasion from Th‘is ;Stud}' and Our Previous Research

Southemn pine beetie mfestaﬁlon vlas the major cause of mortality for Red-cockaded Woodpecker
cavity trees in loblolty (Pinus raeda) and shortleaf (7. echinata) pines. We examined southern
pine beetle infestation rates’ uf pines with natural vs. artificial cavities in loblolly and shortleaf
pine habitat on the northern: pnﬂ ﬂ'n of the Angelina National Forest. No significant difference
existed in the rate at which: s-:}uth pine bectles infested and killed pines with aatural cavities
vs. those with artificial cawty inderts (x* =0.84, P = 0.36). Southern pine beetles infested and
killed 20 nataral caviiy trees (25'6%) during the five-vear study (78 cavity-tree years) and 19

artificial cavity trees (18. 8%, lﬂl cavity-tree years). Data for the entire Angelina Nationat
Forest indicate that 40% (23 of 62) of the cavity trees killed by southérn pine bestles between
1984 and 1996 had been ﬂ}e nelsi tree during the preceding hreedmg season. The anmzal
infestation rate of cavity ireés a]}]g?ars to be related to sonthern pine beetle population levels of
the surrounding forest. Use :uf amﬁma] cavities is essential to mainizin sufficient numbers of
usable cavities for Red—t:c:-ckadad "lﬂv’uudpeckers in Texas. Why southemn pine beetles appear to
preferentially infest active Red-nmckaded Woodpecker cavity trees is still unknown, but may be
related to southern pine beeﬂe attralnuon to resin volatiles produced when woodpeckers excavate
resin wells andfor changes ifi the levels of infestation- -inhibiting trée volatiles as a result of cavity
and resin well excavation.
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SOUTHERN PINE BEETLE-INDUCED MORTALITY OF PINES
|WITH NATURAL AND ARTIFICIAL RED-COCKADED

i WOODPECKER CAVITIES IN TEXAS

I'l'i‘H ARD N. CONNER,"* DANIEL SAENZ,! D. CRAIG RUDOLFH.' AND
i ' ROBERT N. COULSON*

S pa——

ﬁES’FH C‘T—Suul:hcm pine beerle { Destdrecteomas fronrafisy infestanon is the major cawse of ot liy fior
Red- c&ckaded Wnodpecker t Picoides Boweedis) cavity trees in loblolly (Pius roedat and shartical (8. ecfinata)
pines: Fl'eceni intcnsive managernent for Red-cockadad Woodpackers includes the use of attificial cavity insems.
Beriein 99] 'and 1906 we examined southem pine beetle infestation mtes of pines with natural vs anifcial
cavities! in Iabiolliy atid shortleaf pine habitat on the notthern portion of the Angeling Mationad Forest. Mo
mgmﬁcnn! difference existed in the rase at which sauthern ping beetles infested anad Killed pines with natural
cavitics \-'sl thlérse with amtificial cavity insens (x° = 0,84 P > G053, Sauhern pine beetles infested ot kilied
lE) rl.n]urni cavity mees +23.6% ) during the 5-vear siudy £ 78 cavity-tree years) and 1% amificial caviny mecs18.8%:
Li)) cawt:.r' m:z:,'L years). Pata for ihe entire Angelina National Forest ndicare that 4045 €25 of 53} of the wvity
trees k;l[cd by southem pine begtles between 1984 and 1996 had been the nest iree dunng the preceding h-rc{:amg
SEASOMN, & ahiual infestation rate of cavity Inges tppears 10 ke relaled o southemn ping beetle popuTaion fevels
of the: P.1.L-.-n:|umimg forest. Else of armificial cavities ix essential wo maneain sofficiens aumbers of wiable cavinies
for de—cm:k;ldlad Wondpeckers in Texus. Why southern pine beetles appear 10 preferentially infost acuve Red-
f:uck:_].c_leld ;Wpﬁipecker cavity fmees is sidl unknown. byt may be relotcd (o sowhern pine bestle atiraction o
resin yolatilés pmduccd when woodpeckers excavate msin wells andfor changes in e levels of nfesunion-
mh|h1ung tmzl nlatiles as a result of cavity and resin well excavation. Reeefved 8 Aprsl 967, oeeepred 23 Sepr.

r997.: [

Céwtty thlees are a critical resoutve for Red-
co-ckadbd “i’oadp-eckm’s (Picoides borealis)
{ngun IQ?D Lentiartz et al, 987, Walters et
al. 1988, EQQE} They are essential for repro-
dm:tlm:'l a.nd rooshing, require a long period of
time ;Lo exvavate {Conner and Rudolph
19953) am:l are often limited in availability
(Conﬂer and Rudolph 19849, Costa and Escano
1989 |Walterls et al. 1992). During the past
dtbcade: sevetal studies attnbuated severe Red-
cackaded Wuodpecker populaticn declines to
severai faci rs. ameng which was §Hmited
ava:!abihty qf cavity trees (Conner and Ru-
dolph l‘EB':E‘Eﬂ'1 Costa and Escano 1989). Cavity
res mﬂrmlltg.r, which may further reduce cav-
ity tred availability, may be of great impor-
tance fnr malnagement and recovery of Red-
cu-:kaded ‘h\fondpeckcr populations.

The develupmﬂm and uze of antificial Red-
cockaded Woudpecker cavities 1o reduce

' WItllillﬁ: {Habitar and Silviculiore Luboestory
{M.lmt-uncd in| coopermion with the Collegs of Fuor-
aulry. Slcphe F Austin Statc Universityt, Southern
RL'HL‘..!I‘;.EI Sualon . USDA Forest Service, Nacogdaoches,
X 75952 Eldil: € ConnerR M tiwn sfsuedu

- D{:P.II'IZT.ILII'II of Entomology, Texas A&M Univer
sy, Eullege Sation, TX 72843,

* Corfesponding avthor, -

shortages of cavities and facilitate population
expansien thronugh the formarion of new
woodpecker groups has greatly enhanced the
forest manager’s ability to recaver dwindling
populaticns (Copeyon 1990, Copeyon et al.
1091, Aldlen 1991). Use of anificial cavities
has contmibuted to Red-cockaded Woodpecker
population increases in Texas (Conner et al.
t905), Miszissippl (Richardson and Stockie
19495}, North Carolina and Gegrgia (Carter et
al. 1995}, and South Carclina (Gaines 2t al
E995, Watson et al, 1995),

The major cause of Red-cockaded Wood-
pecker cavity tree monality in loblolly {Pirus
tgeda) and shortleaf (P echinata) pines is
pine bark beetle infestation (Connber et al.
1991, Ross et al. 1995). Of 26 Red-cockaded
Woodpecker populations on U.5. Forest Ser
vice lands, 19 are primmarily associated with
lobloily or shortleaf pine habitay (Costa and
Escane 1989). Thus, pine bark beetle-induced
mortality of cavity trees is a significant poten-
tial problem throughout the range of the
woodpecker. The majority of bark beetle in-

festations are primarily composed of southern

pine beetles {Dendroctonus froniafis). Foor
other pine bark beedes aften occur in associ-
alionr with southern pine beetle infestation in

10G



varying 3r|;|:pﬂmuns These inclode three spe-
cies of engraver beetles (Ips avulens, 1. gran-
dicollis, ami lf calligrapfus} and, occasional-
iy, blat:k lurpn:nhruz beetles (Dendroctonus ter-
ebrans), ln|ﬂus| papern. we focis on cavity-tree

mnﬂaht induced pomarily by southern pine
beetles. ! |

In Texas artificial cavities, primarily cavity
inserts, hanje| en used regofarly (o provide

sufficient. céwufes for woodpecker groups that
have log a:cu € cavity trees to southern pine
bertle mfesta’lzlf:rn (Conner et ad. 1995, Ru-
dalph and Cﬂnner 19495). However, when Red-
CDC:kEII.‘IEI.‘I Wmdpeckers begin 10 use artificiat
cavity mse:lrts |and peck resin wells, southern
pine beeﬂeig infest and kill pines containing
cavity msen‘.sl épparentt_v finding them as at-
tracmre'fm mfes.taum] as natural cavity rees
{Conner ami Rudolph 1993h).

We mnlnpanleulj the beetle infestation rates of
pines c:nnta.mlmg nawral Red-cockaded Wood-
pecker CHI.VIH.El';S |w1th Pines contalning artificial
cavities OVEr & IS-year pericd on the Angelina
National Farest We evaluated instances where
only a szngle|Red cockaded Woodpecker cav-
ity tree! was mfasrted and killed. Cavity trees
can also be|mfested and killed as the resalt of
the “gmwﬂi] uf an expanding beetle spot
(mululﬂe tree mfestauun, Billings ard Varner
1983, Comle:r: ‘Iet al. 1995b); oo cavity tee
deaths msultu:ig from beetle spot growth were
observed:on Ihe Angelina National Forest dus-
iog aur s dy.

Rnd-ecrckaxlied Wmdpeckgm create a resin
barier on the pine’s bole thar serves as a bar-
rier agmnst rat snekes (Elapfie spp.; Jackson
1974, Rudnlph Iet al. 19%0). The resin system
of pme tre:.‘as sr:r\rm as their primary defense
against s.outhem pine beetles and zome pines
with: supr:rmr resin output can survive beetie
altack (Lnnu :II!?SIS} Pines that are able 1o pro-
duce murelresm might be preferentially se-
lected b}r wuodpeckers becanze they would
provide h::tfe:r Tesin barriers against rat snakes
and pnbenhally be more resistant 1o southem
pine beetle mfefstahnn Nebeker and cowork-
ers (1992} ubs vied that wound-induced resin
flow rafe.' tatal fesin flow, and viscosity in lob-
lolly pmzs :n!e'u'?: genetically controlied. Red-
cnckadad Wnc dpec:k::rs may be able w detect
the ablhty ﬂf a pine to produce resin when
they begm | excavate a cavity start. In con-

I . s
trast, a cavity itree is selected for a cavity in-

Coaner et af » RED-COCKADED CAVITY TREE MORTALITY
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sert based on the openness of its bole and a
sufficient diameter (38 cm) at the height of
tnstallation to physicaliy contzin the caviey in-
sert. Mo consideration js made for the poten-
tial resin production of the trees. This sugpgests
that pines with cavity insents may be more
susceptible to mortality following southem
pine beetle infestation, sinee on the average,
they mipht prodoce less resin than trees se-
iected by woodpeckers. We hypothesized that
pines selected by biologists for installation of
cavity inseris were more likely to be infested
by southern pine beetles than pines selected
by woodpecker: for natural cavity excavation.

We alzo compared the number of Redcock-
aded Woodpecker cavity mees killed by zouth-
ern pine beetle infestation per vear (only sin-
£le oee infestations, not cavity-tree moriality
resultiog from beetle spot growih) with beetle
pepulation !evels in forest stands surrounding
woodpecker cavity-tree clusters, and deter-
mined the number of active cavity trees killed
each year by bark-beete infestation refative to
the totz! number available.

STUDY AREA AND METHODS

We studied southern pine beetle infestation of Red-
cockaded Woodpecker cavity gees on the Angelina
National Forest (62,423 ha; 31" 15 W, 4° 15" W) in
castern Texas, The nonthern porion of the Angeling
Natiotial Forest iz predorninantly covered by lablolly
and shortleaf pines, whereas Jongleaf pine (Pinns pa-
fusirisy is the dorminant bee specics on the southern
pantion of the forest ip the arsas where Red-cockaded
Wocdpeckers are found {Conter and Rudolph 198493,
The Toblolly-shoszleaf pine habitst where Red-cock-
aded Woodpecker clusiers aceur on the northern por
tion of the Angelina Mational Feiest is docated pri-
marily- on mesic, shrink-swell clays (Woodiel and

LaCerda soi) eypes), which readily suppont growth of

hardwood vegetation {Fuchs 1980, Conner and Ru-
dolph 1995} Varying moisture copditions throcshout
the year produce: te shrink-swell characteristics of the
soils. which can strip rool bairs off lateral pine toots,
tncreasing sress and pine suscepiibility to southern
pine beetle infestation (Lorio et 2l 1982, Michel) ct
al. 1991, Conner and Rudolph 1995 The iongleaf
pine habitat where Red-cockaded Woodpeckers ocour
on the southern portion of the Anesling Mational For- -~
est is iocated primatily on deep loamy sands {Tehran
and Lemey soit types) containing materials of voleanic
origin {Meitsch Y982), These zoils commsin very Linde
organic material resulting in 2 low water olding ca-
pacity. High soil emperatures during summer reduce
the water holding capacity in these zcils, retarding the
growth of bardwoods on these sites and shessing
pines, but de ot wsually affect longlesl pine Rsin pro-
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ducrion or ml:mase the susceptibility of these longleaf
pines ro: snurhem pine beetle infestation. Historically,
souther’ flmle he&:le infestation of caviry trees in the
iongieaf,pine hah:tals of the Angelina Nationa! Fores:
has been a"mmma.l (Conner gz al, 1991).

We made arlr'.dal spring visits w0 all Red-cockaded
Wondpenkerl drlvuy ees on the Atgelina Manonal
Forest ([953 m\.l-gh 1996} to evaluate cavity tee sia-
tus and mndmun using the indicators described by
Jackson (I'Qf?'.-‘ ¥ le?EI} Caviry tres clusmrs occupied by
woodpeckgrs wite visited several Kmes per year Wa
ﬂetermmed the! ddcurrence and causes of all cavity mee
martality -:conn'e'r et a). 1951, Conner and Rudofph
1995). Cavity I:rclas infested by southern pine beetles
typically Ihad numzruus white “‘popcom-like™ pitch
tubes of’ talllzed pine resin around wounds on the
bole wherle mdrr-ldusl bectles had chewed through the
bark and into It.hle cambiume. Dead cavity tees with
signs of I:ﬂrlc l:remll: infestation were examined 1o de-
termine u{bc & lighming zmike was also associated
with tree dga:.h ar if the infestation was caused by other
species ot' bark' Beslles. Cavity-tire morality caused
b I1ghtrung,.| h "I:l action, and fire have been reponed
prevmusly {COIII'II‘.'T et al. 1991, Conner and Rudolph
1995¢c). |

As panluf
Wmdpcc:keﬂpopulatmns. a program of cavity inscre
mstailanm'1 (Alllzp 1991) began on the Angeling Na-
tional Fomst during 1990 {tee Conner e1 al. 1995), A
total of 39;9 ca Ilt_y inserts was installed on the nerhern
amd southern pcrn::ns of the forest between January
1990 and| sprihgi 1996: 57 between early 1930 and
spring 1 lE jﬂ berween summer 191 and spring
1992, 59 d.l:lnng 19921993 31 during 19931994,
129 durmg 199i—]995 ated 63 dudng 1995-1994.
Cavity mscrts l\i-‘ere. installed primarily within active
wmdpw:kar clusaers, bur also within inactive clusters
and recruitm ﬂands near active clusters.

We usaqli x!‘ almailym bt compare souEhem pine beetle
infestation rates|of amificial and natoral cavity bees in
1 active huudl;'ae:kcr clusters on the norhech porton
of the An,gchna Natmnal Forest over a S-vear period
berwesn Dcmber 1991 and May 1996, We alzo used
X ana]}'s:s 1] :I'-'aluale the effect of meency of natural
cavicy c:ump]c:umi or aificial insert activation on like-
lihood oflbeet}e %II[BSH.[IM.. as well as the likelihood
of Beailts 1'|nt'¢|su{.mn of active cavity trees uzed for nest-
ing and roostmg

To -::ur:rparc|5uuthem pine beette population levels
with a.tmua] ses of cavity irees, we obtained reconds
of the ual nuinber of southern pine beetle jnfesta-
tions ( le|spol3} and the number of pines infested
on the no porton of the Angelina National Focest
from tha USDJ’L Forest Service Past Management O
fice in Pil'l!g'\"I“B‘ Louisiana, and Aitaria. Genrgia
{SPB[S—Suurhern Pine Beetle [nformation System
data basé), Pedrkon corrslations were calculated Lo ex-
amine refal:mnslmps Detween annuval, beetle-induced
CcaVIlY- u'ea mm‘tal:t;r in 11 cavity-tres clusters on the
northern porion bf the Angelina National Forest and

f.nmvc efferts iz recover Red-cockaded
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yearly measures of southem pine beelle popufation
levels in the surrounding forest stands,

RESULTS

Southern pine beetle infestation of Red-
cockaded Woodpecker caviry irees has oc-
curred regunlarly in lobiolly and shortleaf pines
on the Angelina Mational Forest over the past
14 years, killing 2-40% of the active cavity
trees annually (Fig. 1). Bark besile-induced
mortality of active cavity trees imcreased after
the intensity of woodpecker management in-
creased in the early 1990s following the de-
tection of severe population declines and lid-
gation {Conner and Rudelph 1993k, Conner
et al. 1995). Since 1983 on the eptire Angelina
Mational Forest, 25 of 62 southern pine beete-
killed cavity trees {4040} had been nest trees
during the preceding breeding season. Over a
14-year period an average of 23.1% of the ac-
tive cavity trees were nest trees in a given year
(376 active cavify-ee years (nurnber of active
cavity trees each vear summed over the 14
years) vs 87 nest tree years in lobloliy and
shortleaf pines on the Angelina Mational For-
est]. The 40% ipfestation rate of nest trees is
significantly greater than what would be ex-
pected based on the ratic of active cavity treess
te nest trees on the average (0% vs 23%, 32
= 1385, P = 0.001).

Berween 1990 and 1996, 329 cavity insers
were installed on the Angelina National For-
est. Eighry-seven of these artificial cavities
were instatled in the 14 active woodpecker
clusters we examined closely in loklolly and
shortleaf pines on the northem portion of the
forest. As a result of cavity-tree loszes to
zouthern pine beetles and cavity enlargement
by Pileated Woodpeckers {PDrvocopus pilea-
tus; Conner et al. 1991), maost active cavity
trees used by Red-cockaded Woodpeckers
since 1991 have comtained artificial eavities
(Fig. 2). During 1992 52% of active cavity
trees contained ardificial cavites, 63% in

- 19893, 49% in 1994, 56% in 1995, and 61% in

1994, averaging 56.4% over a 5-year period.

Southern pine beetles infested and kifled 3%
natural apd artificial cavity trees in loblolly
and shortleaf pines in the 31 active elusters
examined berwveen 1991 and 19946, Of the 39
cavity trees kilied hy beeties between the fall
of 1991 and the snmmer of 1996, 32 were
active and 7 were inactive. Eleven of the 32
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Bl ACTIVE TREES SURVIVING
B NO.CAVITY TREES INFESTED

NO. CAVITY TREES

1IQB'-3 1984 1935 1986 287 1988 1959 199!} 1991 1992 1993 1994 1995 1995

YEAR

FIG. j. | Number of active Red-cockaded Woodpecker cavity mees and the number of cavity rees infested

and kifled byjsozthermn pine beetles am the northem portion of the Angelina National Forast from 1983 through

1906,

active cayity trees (34%) had been oesi tees
during | the] |preceding breeding season, 15
(47%) had beeu roost trees for several vears,
and in 6 (19%} cavity trees, cavities had been
Dumpfeted just prior to jnfestation. Relative to

their availability, nest tees on the northern
portion of the Angelina Mational Forest were
infested at a higher rate than active cavity
trees used only for roosting (x* = 4.6, P =
0.032),

' ;30 -_‘

" | {|/||B NATURALKILLED

25 |8 NATURALNOTINFESTED

nin ARTIFICIAL KILLED

= a0 ARTIFICIAL NOT INFESTED = ~
; ‘ :' :"\ :\:
& | il i Py
W > R %
= v A N
: |5 % A :5:
4 ﬂ: . 2 -_

1995 1996

FI5, 2. | The number of active Red-cockaded Woadpecker cavity wees with arificial and nahural cavities in

lublollﬂand sﬁurueaf pines comparad io the number infzsted and killed by southem pine beetles in eleven

caviny-tes clusters on the northern portion of the Angelina Nauomll Forest berveen 1992 and 1996,
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Dunng _hr: J-year study, 20 (25.6%) namral
cavity'] trce:s (TE cavity-tree yearst were killed
by southem pme beetles whereas 9 (18.850)
amﬁma] c'av]ty trees (104 cavity-tree wears)
were I(.lllbd Pines with natural cavitfes and
pines wI;t.h m‘tzl.ﬁmal cavities did not differ in
the saté ;-u. whmh they were infested by south-
em pine beetles {Fig. 2; 256% vs 18.8%, »°
=~ 0.84, |adjiisted for continuity, P > ©.03).

The : rﬂc&l!.ul:}r of natral cavity completicn
and occr.lpauun of artificial inserts by wood-
peckers, bﬂﬂ'll of which included the excava-
tion of a series of resin wells around the cavity
entrances, ted the likelibood of bark
beetle mfe:s'e!.-mnn Over the 5-vear period be-
ween 1992 and 19948, 24 5% of active cavity
Tees (24 uf 98} were infested and killed with-
in one yeall‘ ?I natural cavity completion or use
of cavity sexts, whereas only 7.9% of active
cavity l‘.rees {13 of 164 cavity-tree years) were
killed ail'r.er Ihl:.t-: first year of their completion
Of use, II'CSP'EII'."II\"BIj" (x: =139, P = 0.001).

Cavity- tirele | mortality oecuming in pines
with ﬂ.]"-;lﬁﬂla]' cavity inseris {31.1%) during
the ﬁrstl year :of cccupation was not =ignifi-
cantly gmater than mortality n newl:.r com-
plet=d uatllual ‘cavity trees (18.:9%: ¥t = 1.97,
P=0 {}3} i Holvever, during the four vears fol-
lowing: linset] otcupation or namral cavity
cumplehul:l.,“:mly L.39% of the cavity trees
with ificial inserts (1 of 72 ecavity-mee
years): were|k1]1ed by bark beetles compared
o 13 04% of natural cavity trees (12 of 92
cavnty~t1'lee }'Iem's ¥ = 152, P = 0.H08). This
suggesis that active cavity trees with inseris
that sur{rwa their first year have a high prob-
ability af éur'vwmg at teast four more years.

Sli)i.n‘]‘jle:['llznr ine beetls-induced mortality of
Re:d-cnclkafdé'dIWuudpﬂcker cavity wees on the
nnrmem portion of the Angeling Natdonal For-
est was pﬂsuweiy correlated with outbreaks of
snuﬂ'uem pm'a' beeties in the surrounding forest
stands {lﬁlg .3] Cavity tree mortality was cor-
related with bmh the mumber of southern pine
beetle spol [r = 0667, P = 0,013} and the
number nf pmes infested (r = 0673, P =
0.012) in forest stands sumounding woodpeck-
er clusier a.raafs.

DISCUS S5ION

Sﬂuﬂﬁen pm: beetle-induced morrality of
Red—cqckadyltdl Woodpecker cavity trees in

lobtoily|and shortleaf pine habitat on the An-
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£elina National Forest and many other foresis
in the Sopth has a sebstantial mpaci on the
avidilability of woodpecker cavity trees (Con-
ner and Rudolph 1995, Rudoiph and Conner
1993), Berween 1983 and 1988 the infestation
of single Red-cockaded Woodpecker cavity
trees by southern pine beetles averaged about
1.7 cavity trees per year on the Angelina Na-
tional Forest. Subsequent to intensification of
management activities doring the late 19805
to halt severe woodpecker population de-
clines, the mean number of single cavity trees
infested and killed by southern pine baetles
increased significantly, maore than tripling that
observed previously (5.7fy; see Conner and
Rudolph 1995b). As suspected by Conner and
Rudolph (1595b), cavity tree infestation rates
are significantly correlated with outbreaks of
southern pine beetles in swrounding forest
stands. However, the apparent preference of
souihern pine beetles for actve as opposed to
inactive cavity trees is still not fully under-
stocd (Conner and Rodolph 1995b, Rudolph
and Conner 1995}, Becavse af these sebstan-
tial cavity-tree losses to bark beetles and the
extensive use of artificial cavities by Red-
cockaded Woodpeckers, most cavity trees cur-
rently used by the woodpeckers on the north-
ern portion of the Angeiina National Forest
contain artificial cavities. Fortunately, Red-
cockaded Woodpeckers roosted and nested
readily in antificial cavities relative Lo matural
cavities during our study and other previous
stdies {Copeyon 1990, Allen 1991} The im-
portance of this mapagemeni technique for
Bedcockaded Woodpecker recovery in areas
where bark beetles are abundant is obvious,
Onr hypothesis that pines with artificial cav-
ity inserts would be more susceptible o south-
ertt pine beette infestation than naturad cavity
trees was incormect Artificial cavity tees were
oot infested and killed by southem pine beetles
more of less often than natoral cavity ess.
This suggests that chamacteristics used by forest
biologists on the Angelina Natiopal Forest to
select pines for cavity insert installation (open.
boles and at least 38 cm diameter at 6 m above
the ground) may not have been substantially
different f1om those osed by Red-cockaded
Woodpeckers during their selection of namral
cavity uees. Clearily, forest management is oot
creating a hiological sink for Red-cockaded
Woodpeckers by installing cavity inserts to re-
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FIG. 3, "li‘il:u. number of single Bed-cockaded Woodpecker cavity trees that were infested and Killed by
sn:rutlm: p‘lln.el Ibée‘tles £5PE) veosus the number of beetle infestations (top} and the number of pines infested by
beeﬂgs:{buumu‘ on the porthem portion of the Angeling National Forest from 1983 through 1996,
place losr. nau.u'al cavity trees and provide sites  peckers had a lower probability of being in-

for w mdpeckm‘ pepulaiion expansion. In fact, fested by bark beetles than occupied nanmwal
lohInliy ::1.111'1I Shortleaf pines chozen by biolo-  cavity trees. The meason for the lower infesta-
gists to I:ule Iafuﬁma] insert rees that survived Gon rate of occupled, insert cavity ees after
the fisst year;of use by Redcockaded Wood-  the first year remains unknown.
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Newly Icuplplered natural cavities and re-
cently. :ictwated artificial cavities were infesi-
ed at 3 grca:er frequency than cavity trees that
had besn Iax: tive for mare than one year. This
was partmu ly true for wees with cavity in-
Eerts, suggeshng that effective use of scuthem
pine be:aﬂe 'repe]lents such as the pheromone
verbemhe Payne anpd Billings 198%, Billings
and Llpmn iQE‘IB} and the host tree volatile
phr:nylpmpanmd 4-allylanisole (Strom et al.
1905, I—IIa;t‘.ne:%EI gt al. 1594} during the first year
of insert use b:.r Red-cockaded Woodpeckers
may subﬁ a£ al]y reduce bark beetle-induced
murtahty 1 cavity @ees comtaining artificial
inserss. i

Then'f are ﬁwm’a] possible reazons why re-
cently act.w td insert trees had a higher mor-
tality It]-nlanI newly completed namwral cavity
rees. E.xca\rauun of patural cavities can take
an extended | Betiod of time, often as much as
2 to 6 |yéatt | (Conner and Rudalph 1995a).
During cavlt}‘ excavation and the gradual jn-
clusmu|nf resm wells around the cavity en-
trances thl: pmf: tree may have time to respond
to the m:runﬂmg by adding radial tranmatic
[esin duc:ts aru:l increasing resin production
(Gerry 1922] Hodges et al. 1979, Nebeker et
al. 1938 'Rﬂﬁs et al. 1997} When installed
cavity msml-ts are used by Red-cockaded
Wuudper:knrs, the process of instaliation and
resin well| l:xcavanon often ocours in a fairly
short penod 'of time {less than a week to sev-
eral munths | Resin produced over 2 shor pe-
riod af Im'nr:. following an initial wounding is
thn:rught 11 h'i: ‘preformed resin (Nebeker et al.
1988) and Rat elevated producton resuiting
from a woundmg respomse (Gerry 1922, Harp-
er and ‘r\’}rnlllan 1936), This sudden wounding
of pines \rrml'_u caviy inserts followed by im-
[l:lﬁdlatel e a]]l:l resin well excavation by Red-
co-ckadad I Imdpbckers may increase their ret-
ative suscleprubﬂlty to bark beetle infestation
by mdulcmg|the pine’s preformed resin. Ex-
cessive wc:-undmg of pines during orpentining
for naval drotes weakened pines and occasion-
ally pre-clpj{azled attack by bark beetles (Wy-

1932}

ﬁ smmﬁ::amiy higher percentapge of cavity
trees (ai'uﬁclml and namral) kilted by southern
pine heetles|had bhean nest trges within one
vear of beetle infestation. Cavity trees nsed for
nf:stmg |arle pxnhabiy the most important trees
for wnodper ker groups and typicaily have nu-
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merous resin wells that produce eopiogs
amounts of fresh pine resin (R. Conner, C. Ru-
dolph, and I}. Saenz, pers. obs.). Previous re-
search has demonstrated that active caviky
trees are killed at a higher rare than inactive
cavity trees {Conner and Rodolph 1995b, Ru-
dalph and Conner 1995%. The amount of resin
produced by loblolly and sherleaf pines is
highly wariable depending in part on tree
grawth form, soil factors, moisture, and sea-
son of year (Schopmeyer and Larson E955;
Lorio 19%6; Ross et al. 1993, 1995%. The ap-
parent atractiveness of active cavity rees
with copious resin flow w southern pine bee-
tiez sugpests that scme component of resin
volatiles, the amount of resin volatites pro-
duced, or siress exerted on the pines by ex-
tensive resin well excavation may increase the
preferencefvulnerabifity of such ca\rlt}r rees g
southern pine beetle attack.

Southern pine beetles are attracted to and
aggregate on pines where the resin volatile al-
pha-pinene (a major component of pine resin)
and the beetle pheromone frontalin are pres-
ent. The combinaton of these two chemicals
serves as & strong atractant for southern pine
beetles (Thatcher et al. 1988). Alpha-pinene,
alope, does mot appear to serve ag a prilmacy
atiyactant te scuthem pine beees (Thatcher et
al. 1980, Billings 1985). Thus, it is somewhat
perpiexing why scuthern pine heetles are at-
tracted to active loblolly and shortleaf pine
cavity trees at 3 higher rate than to inactive
cavigy rees.

Site dizsturbance (Coulson et al. 1986,
Flamm et al. 1993} and Lighming sirikes
{Coulsen et al. 1983, Lowvelady et al. 1991)
have been shown to be associated with the
infestation of pines by southermn pine beetles.
Such disturbances apparently increase the at-
tractiveness of pines for an initial atiack by
southern pine beatles. Woodpecker excavation
of resin wells on cavity frees may sufficiently
siress loblolly and shortleaf pines that they
take aon characteristics of pines suffering other
types of stress.

The mechanism by which szouthem pine
beetlzs setect Red-cockaded Woodpecker cav-
ity trees for initial attack may relate in part to
the ping's production of allylanizole. This host
volatile, produced by healthy pines, is known
to inhibit infestation by touthern pine beetles
and other bark beetles (Hayes and Soom



1994, Ha}m' et al. 1994). Reduced levels of
all}r]amsulc Have been associated with south-
€rn pine pcﬂie attack and successful infesta-
tion of pinl | Research is needed to evaluate
the r:latii’e contrirations of allylanisole re-
duction and ajpha-pmene elevation resuiling
from Red-' nckaded Woodpecker activity ar
resin wells toward increasing the ariractive-
ness of; plluTsitu sauthern pine beetles,
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LOSSES OF RED-COCKADED WOODPECKER CAVITY

111

TREES TO SOUTHERN PINE BEETLES

r anp D. CrAaIG RUDOLFH'

[1)

RicHarDp N. Eom]:

ABSTRACT —Chver an 11-year period {1933-1993), we examined the southern pine besile
(Dendroctonus fronsalist infestation rate ?f sinple Red-cockaded Woodpacker (Pivaides ko
realis) cavity trees on the Angelida Naﬁulnal Forest in Texas. Southem pine beetles infested
and killed 38 cavity trecs during ikis period. Typically. within each cavity ree cluster, beetles
infesred only a single wee (usually (he nest tree of the previous spring) during autumn and
used the cavity tree as an uvmﬂimmﬁﬁ sita for brood developmene Seven (4 active and
3 ipactive) cavity trees (ot of 346 :avif:.r tree years) died as a resull of beetle infestation
during fhe first five yeams of the 5i1u:_ly IFB]—IQ‘E‘?}. In 1938, an intensive habitat manage-
ment program was tnitiaved on the {oresE 1o halt a severe population decling of the wood-
pecker: During the next six yem'(l&&hl-iﬂ'ﬂ}, a tnuch higher mortality Tat: was ohserved;
3 single cavity irecs {out of 436 cavily ires yearsy word infested and killed [y? = B3 P
= 0.002), Southern pine beetle-caused honality of cavity trees aiso was high on ather Texas.
 tiopal 4 state forests during this petiod. This marked increase of beetle-caused cavity
mee mortaliy during a period of increéseld intenstry of nocessary managernent is of exirems
concern. Ag 3 resul of high bee'ﬂefc:inlhs::d mortality of acive cavity trees, 6% of antive
cavity trees being wsed by Red-cockaied Woodpeckers on the morthern portion of the An-
celina National Forest during 1993 whk¢ ariificial cavities, Pincs selected by biologists fue
cavily inserts may produce ess i;esinlthén thoze selected by woodpeckers and not provide
an adequate bastier sgainsh snakes. Ilr.:: velationship bewween infestation of single active
cavity trees and the number of ;bzéﬂlel ilnfeslmicms (spoiz} on the norhem portion of the
Angelina National Forest from i|93_4 rulrril',;l% was inconclusive fr = 056, F = 009, N =
10); further research is needed for & definitive conclusion. Received 13 Apr. 1894, accepeed
J4 Repi. 9. . I '

‘ I

g
In the southeastern United States, old pines required for Red-cockaded

Woodpecker (Picoides borealisy cavity excavation (Commer and O’Hal-
{oran 1987, Rudolph and Cofifier 1991) are rare, and the cusrent age
structure of pines on most naﬁ-:fmal foresis indicates that this shoriage is
likely to continue for at least 20 years (Conner and Rudolph 1989, Costa
and Escano 1989). Provision -I:n;f adeguate oid growth pines as potential
cavity sites for this enda'.l?gere,dl woodpecker is a key element for its re-
CEWVETY. J !

Southern pine' beetles (Dendroctonus frontalis) are the major cause of
cavity tree death on Texas national forests (Comner et al. 1991). Growth
of multiple-tree infestations il:nfaetta spots) normally occurs from early
spring to late summer (Coulson et al. 1972, Belanger et al. 1993}, is

facilitated by atractant phe I ones (Thacher et al. 1980), and can rap-

[
' wildlife Habitat and Silviculture Eaberatory (maintined in cooperatian with the College of Foreswy.
Stephen F Austin $tatc Univ.), Southern. Farist Expatiment Stating, USDA Forest Servics, Nacogdoshes,
Texas TSI .

&1
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e clusters. More than 350 cavity trees.
ntire cavity iee closters, were Kitled by
southern pine beetles duririg a\major infastation in the Four-MNotch area
of the Sam Houston Nananat Fm{est between 1983 1o 1985 (Billings and
Varner 1986, Conner er al. 1991}

Although less catastmphm anlnlual losses of singie cavity wrees to south-
ern pine beetle infestations! appear 1o be persistent and cumulative. Bark
beette infestation of smgle cavu}; trees primarily affects active wood-
pecker cavity trees. Such t:;ees typically infesied during the fall and
serve as over-wintering sites for Beetle brood development, with southern
pine beetles émerging prioi| to summer of the following year (Conner et

idly eliminate entire cavity tra
which included more than 150

al. 1991, Ruodolph and Conner
trzes by singie tree infestations
gmups significantly over ihe 1o
cavities for moosting and nesting. |
replacement of dead cavity trees'
2.4 years for shortteaf plne|and

Rudolph 19%5). -

1995), Regutar annual losses of cavity
ave the potential to impact woodpecker

1Ig' term by limiting sufficient numbers of

Cavity excavation by woodpeckers for
éan require from one to four years (£ =
l| 3 years for loblelly pines, Conner and
I

Southern pine beetle mfelstaunn s not normally a pmblem in longleaf
pines {Pinus pafustris) becéu&e {lpf this species’ copious production of pine
gesin which serves as the pme ’s first line of defense against beetle infes-
tation (Wahlenberg 1946, Hodges et al. 1977). Loblolly (P. raeda) and
shortleaf (P. echinata) pinss pmduce tess resin, and generally are mors
susceptible to soothern pine bbeltle infestadon.

Following reporiz of smrere w?cdpacker population declines (Conner
and Rudolph 1989, Costa and Esca:m 1989 and a 1988 federal court caze
{Bigony 1921, MacFartane 1992} the National Forest System intensified
ciuster area management on Nauanal Forests in Texas, and on nearly all
other natiznal forests in the suuth berween P98BS and 1993, in an urgentky
needed effort to reverse thel SEW-“E[‘B population declines. This intensified
management included complete rernmra! of hardwood tree species and
substantial reduction of pine basal arez to bring clusters into the 4 10 16

mi/ha basal area range ordered }y the federal cournt. Typicaily, the entire
hardwood and pine m:dsl:ory as removed by mechanical equipmment
{Conner and Rudolph 1991} Startmg in 1990, an aggressive program was
initiated to install artificiatly dnllie:;d cavities and cavity insens using the
techmiques of Copeyen (1990) :a_;nd Alten (1921) o give woodpecker
groups sufficient cavities fornésting and roosting. As a response 1o avents
on national foresis, managﬁ:mf:nt|e!ffurts for Red-cockaded Woodpeckers
also were intensified on the EW Gnn-dnch Jones and I. D Fairchild Stare
Forests in Texas during the Iiat_e 98{}5

In shis paper, we examirie past baseline and recent increases in beetle
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caused morality on thf. norhers portion of the Angeling MNaiional Forest,
which is primarily a lﬂblul g.'r-shurﬂeaf pine forest. Southem pine beetle
infestations of single cavit  trees on the Sam Houston and Davy Crocketd
Mational Foresis and ‘two stme forests in Texas also are examined. We
explore the hypothesis lhatl southiern pine beetle caused mortality of Red-
cockaded Woodpecker -::awry trees on the Angelina National Forest is a
function of ambient beetls! population levels in the surrounding forest
habitat. :

STUDYE AREAS AND METHODS

The Angelina National Forest (’52 423 ha: P15 M, 94°15° Wt iz locaed in eastern Texas.
The northern portion of 1he ﬁngeltna Mational Forest is predominantly covered by Toblolly
and shortleaf pites, whereas lunglcaf pine is the dominant tree sperics on the southern
portion of the forest in the a{»eas biliere Red-cockaded Woodpeckers are found (Conmer and
Rudolph 1939}, The Da'l.r:.- Crbdwl[ {65,329 ha; IP21'N, 95°07'W) and Sam Houston

. {65,218 ha: 30°30'N, 95“22‘}”} National Forests are both predominantly loblelly and short-

leaf pine. The L Tn Fairchild {E4E|ha TN, 95722°W) and W, Goodrich Jones (688 ha:
13N, 95°20"W) State Forests l=1rz primartly shortlzaf and loblolly pine.

The loblolly-shortleal piné ha.bnai where Red-cockaded ‘Woodpecker clusters are Incated
occurs mainly on mesic. si'mnk—'swlell clays {(Woodte] and LaCerda soil Lypes), which readily
suppon growth of hardwmd,veg tation {Fuchs 19800, Warying moisture conditions through-
QuL the year produce the 5hn|nk—¢ ell characteristics of the soils, which can skip root hairs
off taters] roots of both pines amd hardwood wegetation. Soch scils place considerable swess
on the plant <omounides they suppm:t and ¢an increase the hazard of scuthesn pine beetle
infestation (Eorio et al. 1932 Muﬁh:ll et al. 1%21). Longleal pines ooou pnmacn]y on deep
Ioamy sands {Tehran and Lmney sml types} containing materials of volcanic origin {Meiisch
1982). These soils Contain very llﬂll.'- organic material, resulting in a low water holding
capacity. High soil emperatures dunng summer apd limited water in these soils limit the
growth of hardwoods on these sites but do not negatively affect longleaf pine sesin produc-
tion. Historically, southern: p:m ben':tle infestation of cavity trees in the longleaf pine habilats
of the Angelina Mational Ful-es’: Ilaa been minimat (Conner et al, 199]1

The woodpecker pﬂpulat!.u‘n GH the Angelina Natonal Forest is comprised of w:del:,.r
separated izojated suhpopu'[aums (Conner and Rudoiph 1989, Woedpeckers on the northern
side of the Angelina Nationial Fcrést {12 active ciustersh are 3 km (ncluding the 4-6 km
wide Sam Rayburn mservmr} froHl_lS active clusters in the two southern subpopularkons.

We made annual spring vlisils hal) Red-cockaded Woodpecker cavity trees on the An-
gelina Mational Forest in :asizm Ims (1983 through 1993) 1o evaluate cavity troo status
and comdilion, using the md:-:amrs described by Jackson {1977, L78Y. Active pavity rree
clusters wete visied several ttme!s per year We examined cach cavity tree ko ascortain
activity at restn wells (number of Ia.:.‘:tiw wells and a subjective estimate of volume of resin
flawing from the wounds), amom[l ul‘ scaling of bark, and condition of the cavily entrance.
Wi determined the pocumence and causes of cayity tree monality (Conner et al. 1994}
Cavity wees infesied by southem Igme beelles typically had numerous white **popeorn-like”
pitch wbes of crystaliized pline resin around wounds whers individual beetles had chewed
through the bark and ntc carmf:uum of the bole. Dead cavity rees with signs of bark
beeale infestation were exammad to determine whether lightning strikes were 2z assoeiated

_with wee deaths, Records of sout] rn pire beetle infestation of Red-cockaded Woodpecker

cavity mees and cavity troe :Lcﬁvit v starus on the Diavy Crockett and Sam Houston National
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Forests and the 1. . Fairchitd 1r"u:| W. Goodrich Jones State Forests were obtained from
respeciive forest htn!oglsm i .

In order to compars amb:em soulhem pine beetle population levels with antwal losses of
cavily irees, we obtamed rbc: of the annual number of southern pinc beelle infestations
{beetle spois) and the number u‘f pines infested on the northern pottion of the Angelina
Mational Forest from the USDA 'Fm'esl Service Pest Managerment Office in Pinevifle, Lou-
isiana, and Atlanta, Gaurgla (SPﬁ]S Zouthermn Pine Beetle Information Sysiem data base).
The Matignal Fores: and Grsssl-'mds tn Texas provided dara on areas affected by midstory
removal within de—cuckadcd mdpecker clusters between 1938 and 993,

I

|
i

Sonithern pine bﬂﬂlttes mfeslen:l and killed 38 single Red-cockaded
Woadpecker cavity mees ﬂactwe and inactive combined) on the northern
portion of the Angehna [‘lqalmnal Forest feorm fall 1983 through spricg
1923, The number of: wmdpeckﬂr groups on the nosthern portion of the
Angelina National Fm'ast E:—inged berween seven and 10 over this 1t year
time span. Southern pme Ieeﬂm typically infested cavity trees during the
fall (Qctober and Nmrember), and trees appeared dead (dropped all nee-
dies and some bark packed off by woodpeckers at mid hole height} by
the following spring {Man: through Junel. Seven cavity trees {out of 346
CAVILY free years) were kll]fﬂﬂ by single-tree beetle infestation during the
five-year period (1983—198?) immediately prior to injtiation of intensive
management for Rﬁd-cackadad Wondpeckers (Tabie 1). Puring the next
six years, when mt.enswe rrflanagement peeurred (198581993, Table 2), 31
cavity trees (out of 436 cavity tree years) were killed. This was a much
higher monality rate {6 3% vs 2.0%) than during the previous five-year
pediod (x* = 8.8, P =10, 3) Seven of these 31 cavity irees were killed
betwean fall 1921 arui sprm* 1992 and 14 during the same time period
the following year ('F]g 1]

Active cavity trees on ihree national and two state forests {Table 13
were infested ata hjgher 8 e:tage annual Tate pér vear (£ = 10.9 £ 10.7%)
than inactive tees (. = U B+ 1.2%, t = 431, P = 0.0003) (alzx see
Rudolph and Conner: 19511‘;5} This was particularly apparent during the
158581992 five-year penod on the Angelina Nationat Forest (Fig. 2). The
majority of cavity tiee mortﬂllt}r on the Angelina National Forest occorrad
within active cavity tree T]usters (Fig. 3},

Fifiy-five percent {21 of 38) of the beetle-cansed cavity tree mortatity
occurred during the iast ¢ years of the 1l-year period (3 = 387, P <
0.001). Thirty-three and -active cavily trees were present oh the aorth-
ern portion of the Angellra ‘National Ferest during 1991-1992 and 1592
1993, respectively. Thus Ihf. loss of seven active cavity trees in 1991
1292 represents a 21% ioss of active cavity trees, and the 14 active cavity
trees killed in 1992—1993 -rlqpresems & 32% loss (Table 1. Rates of single

RESLILTS
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| TaBLe 1

SOUTHERN FiNg Bepnik INDUCED MorTarmy oF LOBLOLLY AND SHORTLEAF PiNE, RED-
COCKADED WODGPECKER Ca¥ITY) TREES ON NATIONAL ANT STATE BORESTS IN EASTERN

i Texas
: Active Inactive
My, active SPB Lid SPP kilp=d
cavity Mo, inaoiive

Fogmgt i'!'l.‘-w oet  cavinyaress 0 N = N 5
Angelina M. F igo3 44 63 4 32 0 0
igoz 33 30 72 0 0
199 33 44 o 0 i 2
1950 1] 44 2 7 0 qa
1935 3% 435 3 7 I ]
028 29 49 3 L o 0
1937 a3 46 ] qa ! 4
1986 28 a4 ] 4 0 ]
1985 27 44 s 7 ¥ ]
1984 46 24 ) )] I 4
1983 K" 5 1 3 0 0
Cravy Crockett N E 1993 192 429 1n G 8 2
1992 184 ans 24 13 4 =1
oL 117 406 4 3 2 =1
950 g0 .372 5 & z =i
" Sam Hooston M, E i 1993 433 1303 35 B 7 4 |
i 1992 425 JIB4  2g 7 R |
L D. Fairchild State Forest | 19903 14 af & 38 W 0
1002 17 45 5 M o a
Jones State Fopest [J41Fe Y 40 3 4 10 i} 0
& 17 1 ]

902 35 . 0

i TaBLE 2
AREA WITH MIDSTORY REMOVAL COMFLETED WHHIN RED-COCKADED WOODPECKER CLUSTERS
o0 NATIONAL! Fiog, :lTs N TEXAS BETWEEN 1928 AnD 1903

Vear of manaz=menm orivaly

wsn-ni_fsy 1190 1950191 15152 1971493
Midsory mmoval (ha) .
Angeling N. E n 127 170 102 75
Davy Crocken N. E 473 163 90 i53 1)
Sam Houwston M. E i3g i74 102% 333 36

Fotal S0 572 1444 796 314




3] THE WILEGN BULLETIN ».Vol 107, No. 1. March 1005

F. R

—
L]
M

NUMBER SPB KILLED
CAVITY TREES
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Fig. 1. Number of single Red-corkaded Wondpecker cavity trees infested and Killed by
southern pinc beetles on the m:-lrmeml gide of the Angefina National Forest before (1983=
1987 and afeer (1988 1992) ingensive woodpecker managemetit was inifiated,

cavity tree losses to southern pine beetles atso were high on state forests;
during 1991-19%2 and 1992-1993 a total of 11 and 10 active cavity trees,
respecuvely, were killed by southern pine beetles on the W. Goodrich
Jones and I D, Fairchild State Forests. The highest loss rates of any forest
(29% and 38%) wese observed on the 1. D. Fairchild State Forest (Table
1). Although not as high las logs rates on the Angelina National Forese,

losses on the Davy Crockett and Sam Houston National Forests during

19911992 and 19921693 w:e:re substantial (Table 1}.

On the northern portion ofjthe Angelina National Forest the number
of detected southern pine:beeile infestations (zpots) and the number of
pines infested within these spots varied considerably from 1984 throngh
1993 (Fig. 4A, B). The an:nua number of single cavity trees infested by

1E

w] & acTiveTree
E IHAC

CAVITY TREES
s

MUMEEA OF 5PB HILLED

Fuwz. 2. Mumber of active and- M‘:Lﬁc: Red-vockaded Woodpecker cavity wees killed by
southem pine beetles before {l933—I985‘r} and afier (198%-1962) intensive woodpecker man-
AEEMEE was initiated on the Angelina National Fores,
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-
Wy = ACTIVE CLUSTER
%1 E| INACIIVE CLUSTER
w4

12 4

1 o

HUMBER OF 5PB KILLED
CAWITY TREES

15831987 19531092

Fic. 3. Mumber of Red-cockaded Wondpecker cavity irees killed by southern pine bee-
fles within active and inactive ciu :{z:r.s during 9633987 and 19331952 on the Anpgelina
Mational Fotest. :

southern pine beetles was marginally correlated with the aumber of south-
ern pine beetle infestations! {7 = .56, N = 10, P = 0.09) but not cor-
related with the total nl:mﬂ:l e of pines infested within the general area (7
= 027, P = (.44} of the cavity tree clusters. However, the sample sizes
for these correlations were small, and thus the biological significance of
the results remains inccirnclusive.

I . DISCLUSSION

. The increase in sauth!ern pi:ne beetle-caused mortality of Fed-cockaded

Woodpecker cavity tree!s béginning in 1988 is of exwreme congern. The
coincidental timing of incréhse:d cavity tree losses with initiation of in-
Ensive manageinent suiggesils that efforts to correct habitat problems may
be associated with incrf:as.ag.' in southern pine beetle infestation of active
cavity trees. Physical disturbance of soils and root systems of irees during
thinning and midstory femoval operations is known to inerease the sk
of beetle infestation and thaf susceptibilicy of pines o attack (Nebeker and
Hodges 1985, Hicks et al. 1987, Mitchell et'al. 1991} Infestation of cavity
trees occurred primarily \5it_hil.1 active woodpecker clusters. Intensive
management activities 1:.vere Ifi:rcused primarily on active cavity tres clus-
ters when they were first iﬁitjated. again suggesting the possibility of a
relationship between cluster rfnanagement activities and beetle infestanon
of cavity trees. The 'm:mt agpressive midstory and thinning work was
completed between 1959 anfnii 199§ on the Angelina National Forest; but
the mortality rates of c::avi y.trees were highess duzing 1992 and 1993
when southern pine hf_::i:tle :l'::_rpulatiuns were at high levels. Midstory re-
maval and thinning of pines was restricted to woodpecker cluster areas
and did not include thé sumounding general forest. Thus, present man-
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.FIG. 4. Wumiber of single Red-cockaded Woodpecker cavity trees killed by southemn pine
beelles versus the aumber of pites 'IiIIfeS.'I'.-EEd by southemn ping beetles (A) and the number of
southemn pine beetle infestations (BY on the onrthemn portion of the Angelina National Forest
From 1983 throwgh 1993, | ’
apement produces a pocket of rélatively open pine forest sormounded by

a sea of pines and dense hardwoiod midstory. Southers pine beetles have
a search image for verticatly otiented dark objects—e.g., pine boles, and
hardwood foliage is known o ]I'IIEI-TfEl'E with beetle movements (Showaler
and Turchin 1993). Green le::af ﬂ_lati]es from deciduous foliage alse in-
terrupt bark beetle aggregation response (o attractant pheromones when
infesting sonthermn pines (Di-:{lv:ens et al. 1992). Management’s creation of
istands of open pine forest within|a sea of forest with midstory may serve
as “‘magnels’ 10 increase southein pine beetle numbers within Red-cock-
aded Woodpecker ciuster areas. ||

In addition, woodpecker pecking at resin wells may elevate suscepti-
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bility of cavity trees o ians._tatinn either by decreasing tree vigor or by
creating a wick of resin volatiles thdt serves as an atwactant for southern
pine beetles. When RE;d—Cf;Il!:kudEd Woudpeckers initially excavate resin
wells in a pine around a newly completed cavity, resin flow from the
wound is rypically highI b "a'use the pine actively transports oleoresins Lo
the wound site (Ross et al. 1991, 1593). As woodpecker excavation of
resin wells contipues through time, resin flow to excavated wells in lob-
lolly and shortieaf pine oftén decreases, pethaps to levels below what s
adequate for defense againsi southern pine beetles {Ross ef al. 199:3%, This
would acceunt for the fact that active cavity Irees were infested at a higher |
rate than inactive trees (Tatll]_e 13 ;

Resin flow to wound sites serves a3 the pine’s primary defense agaiust
infesting southern pine beetles (Schmitt et al. 1988), but it is influenced
by periods of active tree g wih, moisture, temperature, and season of the
year (Lorio 1986). Tregs infésted by southem pine beetles during the fall

. are often those that haye been recently hit by lightning and serve as over

wintering sites for beetle Brood development (Coulson et ai. 1983, Blan-
che et al. 1985). Lightning strikes impair the pine’s ability to transport
oleoresing (Blanche e.t|ai_ :1'985), perhaps similar to decreased resin flow
resulting from cuntinu;ed [}ﬂd—cnckade:d Woodpecker excavation of tes1n
weils in loblolly and shorileaf pines. There are similarities between light-
ning-struck pines andilnbla:olly and shortleaf pine cavity trees that may
increase their susceplitiri]itylitu successful infestation by southern pine bee-

tles. !

Foruenately, the sm%ere l}qgses of cavity trees to southern pine beetle
infestation can be offset by the pew technology of artificial cavity mstal-
Jation (Copeyon 1990, Aligni 1991). As cavity wees are kifled by southem
pine beetles, new cavily inserts are installed w0 replace the lost trees. Over
100 cavity inserts were installed on the Angelina National Forest during
1992 alone {pers- cormnun. Alfredo Sanchez, District Biologist, Angelina
Maiional Forest). As a reg-:u_lt of the cavity tree morality and the insert
program 1o offset 1, 28 of 44 (64%) active cavity trees being used by
Red-cockadad Wnadp:eck?lrs on the northern Angelina National Forest
during 1993 had anificial cavities. Thiz percentage is likety io increase
as Deetles kill more naturat cavity tress and more cavity inserts are m-
stalled. However, pines lith artificial cavities are also susceptible to
southern pine bestte infestation, particularly when Red-cockaded Wood-
peckers begin 10 use tlham:.l Ninety-three percent {13 of 14) of cavity trees
kilted by southern pirlm “beetles between fall 1992 and spring 1993 con-
tained antificial cavities. |||

Southern pine beetle :-Icipulaﬁons in the general forest area around
woodpecker cavity tree clusters would likely have an influence on infes-
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mfestation of single Red
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owever, on the northemn pottion of the Angelina
éd to detect a significant relationship between

cockaded Woodpecker cavity trees and measures

of the ambient snutl?ern pine beatle population. Our sample size was guite
low (N = 10}, which limited statistical power. The lack of a clear rela-
tonship between ambient beeile populations and cavity wee raortality
suggests that factors such as management of cluster areas or individual
cavity tree chamx:tei'isticls-(pine tree volatiles in resins) may be associsted
with the infestation’ of single Red-cockaded Woadpecker cavity rees.

Long-term effects of woodpecker use of primarily artificial cavities are
unknown. When eXxcavating natural cavities, woodpeckers may select
pines that produce. glcsilﬁd amounts of pine resin (Conner and O Halloran
1987). Pines select?d by biclogists for cavity installation may have dif-
ferent resin characteristics than those selected by woodpeckers. If such
pines are unable tu_lpmlluce sufficient resin to repel southern pine beetles,
they also may not be Hble produce encugh resin at resin wells for
barriers to adequately ]_:Erc_!tec:t cavity trees from climbing rai snakes (Ela-
phe obsoleia) (Rudolph et ai. 1990),

Additiomal research %5 needed to explore relationships among wood-
pecker management, southern pine beetle infestation of single cavity trees,
and ambient beetie: population tevels. Infomnation is needed to determing
if woodpecker chister arisa management accumulates beettes around cavity
trees by creating open! patches of mature pines within otherwise dense
vegetation, Although there is experimental evidence that scuthern pine
beetles are not attracted to certain host volatiles (alpha pimene} (Billings
1985, Thatcher et 4], 1980}, production of all host volatiles at resin wells
also needs exarnim?ninn!sis a possible atractant for southern pine beetles,

Southern pine heetles are a problem pest in southern pines throughout
the southeastern Upitaci! $iates (Thatcher et al. 1980} Verbal reports from
Arkansas, Louisiana, and Mississippi suggest that beetles are infesting
active cavity trees at thigher than expected rates (F L. Olivena, pers.
commusn.), Thus, ﬂ;iere.[ js a likelihood that the phenomenon we have ob-
served is a south-wide|problem in areas where Red-cockaded Woodpeck-
ers use loblolly an:d shortleaf pines for cavity trees.
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THE RED-COGKADED WOODPECKER'S ROLE
IN THE SOUTHERN PINE ECOSYSTEM, POFULATION TRENDS
AND REL&TIDNS"} IPS WITH SCUTHERN PINE BEETLES

Richard N. Carjner D. Craig Rodolph, Daniel Saenz
and Rabert N. Coulson*

Wildlife j-faimm and Silvieafiure Loboratory
{Maintatned i cmpemrmn with the College of Forestry, SFASL)
Jourhern Retearch Station, UIDA Forest Service

' Narlogdache: Texas 75962 and
*Ele‘mmnriqf Entomology, Texas ASM Universiry
ﬁhffege Statien, Tevar 77847

Absiract. —This study - rcvlr.'ws the owerall wological role of the Red-cockaded
Woodpecker (Ficoides borealis) i the southern pine ecosystem. 1t is the only Nonh
American woodpecker species mIbemme well adapted to a landscape that was relatively
devoid of the subsirate bypically beed by woodpeckers for cavity excavation {i.e. smags and
decayed, living hardwonods), [Is adaptation to vse living pines for cavily excavation has
expanded the use of this Fm—dlsulimu ecosystem for numerous other cavity-using species.

. As such, the Red-cockaded! Wo-udpﬁc];:er represanis an important keystone species of fire-
o digclimax pine ecosysternns of fhe Smlth Historically, populations of this woodpecker and
other cavity dependent species dﬂcréa&ad dramatically with the logging of the southem pine
forests benwesn 870 and §930. nodpeckcr poputations continued to declins into the 1980s
az a result of inadequade afd- gmwl:h pine habital, and suppression of fire which permjtted
encroachment of hardwoods intg the previously pine-dominsted 2cosysters.  Management
practices initiated afier [958 haye resulted in wondpecker population intreases on Texas
national forests. Cavity-tree nmrtal:t;.r and southern pine beetle {Dendrocronus fromiafis)
infestation of cavity tnzes on the A'_:Ilgthm Mational Farest in eastern Texas were studied from
IPE3 through 1995, The intentive management aclivities initiated to stabilize severely
declining wondpecker p-opulaxmng in 198® may bave increased bestle infestation mtes of
cavity trees in lobloly {Pinss meffd] and shorntleaf (Pitus schinard) pine habivat resulting in
a nel loss of cavity trees over lhe‘.past seven years. [nitfal results sugpest thal bestlescanced
mortallty of cavity ire=s may be i‘elm&d in part to ambient southern pine beetl: population

levels in sumund:ng forest smdﬁ_

As a cooperative breader {Ligoa 1970), the Red-cockaded Wood-
pecker { Picoides boredlis) tives in famnily groups composed of a breeding
pair and one te several hel :n:-e_rs (Walters et al. 1988; Walters 1990}. The
woodpecker excavates cavities into the heartwood of old pines that
typically are infected wn.h red heart fungus (Phellinus pini), have
retatively thin sapwood, aid a large diameter of heariwood (Conner &
Locke 1982; Conner ét afl 1994, Hooper 1988; Hooper et al. 1991b;
Rudolph et al. §995). Red wckaded Woodpeckers peck shallow excava-
tions, termed resin wells, a70und their cavity entrances (Jackson 1978b).
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,s causes a capions flow of pine resin from
ef the pine {Ligon 1970). Bark scaling and
‘ent by creating a barrier against climbing rat
ackscm 1974; Rudalph et al. 1990b), but have
:Inst southern flying squitrels (Glakconm's
se unenlarged cavities {Rudolph et ai. 1990a;

Loeb 1993).

Pileated Woodpeckers {Dryocopus pilearus) enlarge many cavities
{expang the cavity entrance tube and cavity chamber by excavation) and
occasionally nest in Red-cockaded Woodpecker cavities (Conner et al.
1991). Over a nine yeds petiod Pileated Woodpeckers enlarged 55 Red-
cockaded Woodpecker: cal.':mcs or the Angelina Naticnal Forest in
eastern Texas (Conner & Rudolph 1995a). An average of 6.1 cavities
was enlarged per year, representmg 2.4 percent of the cavity lrees
present each year on the fnrast The enlarged cavities created by
Pileated Woodpeckers pl'DﬁidE cavity sites for many other relatively
large secondary cavity uSErs, such as fox squireels (Sciurus niper),
American Kestrels (Falco sparwnus}, Wood Ducks (4ix sponsa), and

Bastern Screech-QOwls {Gm‘mm]

THE ROLE Or RE -COCKADED WOODPECKERS AS A
KEYSTONE SPECIES

Although the Red- mcka!ibd Woodpecker is often singled out as ap
- example of singie species management, it is in fact a keystone spemes
of fire-disclimax, pine ecowstems of the South, and is the primary
species (o excavate cavities:in what can be an otherwise cavity-barren
environment {Conner 1995)¢| Cavity excavation by Red-cockaded Wood-
peckers in live pines requirgs a relatively long period of time, averaging
.8 yr in loblolly pines (qus taeda), 2.4 yr in shortleaf pines {P.
echingta), and 6.3 yr in lon;leaf pines (P. palustrisy (Conner & Rudolph
19933y, Thus, the cavities they create tend to be in high demand by
other species (Dennis 19713 Rudolph et al. 1990a; Loeb 1993: Conner

et al. 1996).
Approxicnately 24 SFECEE‘]S: of vertebrates are known to use Red-
cockaded Woodpecker cavitjes (Dennis 1971; Baker 1971; Beckett 1971

Hopkins & Lymn 197]; Jackson 1978a; Harlow & Lenpartz 1983;
Rudolph et 1. [990a; Lm:h| 1993; Kappes & Harsis 1995). Although
the majority of these vertiehrates use either enlarged or abandoned
cavities, several sP-E.cles suuhasRed beliied (Melanerpes carelinus) and
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Red-headed (M. erythrocephalus) woodpeckers and southern flying
squirrels, appear to activelyl compete with Red-cockaded Woodpeckers
for normal, unenlarged’ cawhes Because of the dﬂpendence of many .
other cavity nesters on R&d—cnckaded Woodpecker cavities, forest
biediversity would suffer su stantialiy in the absence of this endangered
woodpecker in southern pmel, BCOSYstems.

RED-COCKADED WOCDPECKER POPULATION STATUS,
TRENDS AND' ESSENTIAL M ANAGEMENT

Two major factors are sm:late:d with the historic declines of Red-
cockaded Woodpeckers thr ughuut the southeastern Uniied States (Fig.
1J. Eoss of old-growth pllla forest initially caused severe populatmn
losses (USFWS 1983}, : In 1|hf: coastal plain of Texas, "bonanza era”
harvesting occurred between 1890 and 1930 (Maxwell & Baker 1933,
McWilliams & Lord 1988). ”Suhsequent 1o the loss of old-growth pines
and fragmentation of southern pine forests through harvesting, the
suppression ‘of natural ﬁresi :an::l development of artificial fire breaks,
such as roads, reservoirs apd agriculiural lands across the landscape,
permiited a gradua] encruacpment of hardwoods imto what had been the
open-pine savannahs of the South.

Becanse of continving loss and fragmentation of pine forest habitat
and exclusion of fire, "thej|Red-cockaded Woodpecker continued to
decline throughout its range| during the 1970s, 1980s and early 1990s
{Jackson 1980; Baker 193 1983; Carter et ai. 1983; Eddieman &
Clawson 1987; Ortego & Lay 1988; Conner & Rudolph 1989; Costa &
Escano 1989; Masters et a!' 989) despite more than two decades of
protection under the Endangered Species Act and §wo recovery plans.
Of the 26 Red-cockaded Wondpecker populations on nationat forests in
the South, 1] were still cit::clining between 1990 and 1992 and 13
appeared to be stable {USDA 1993). South-wide, only the Francis
Marion National Forest popullatmn in South Carolina {prmr 0 Hurricane
Hugo) increased without the aid of artificial cavities and woodpeckes
¢ranslocations (Hooper et al. 1991a] The targest remaining woodpecker
population {nearly 700 wmdper:ker groups on the Apalachicola National
Forest in Flerida) has recestly exhibited signs of population declines
within the smaller subpopu ations on the eastern pordion of the forest
(James 1991).

Small Red-cockaded Woodpecker populations (<30 woodpecker
groups) are highly vulneratile to demographic probiems resulting from
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Figure J. Histotical
southeastern Linited

cluster isolation

and presant disicibution of Red-sockaded Woodpeckers o the

bl

-habitat fragmentation, and thus, are more likely to

suffer population decimes than larger populations (Wa!ters et at. 1988,
Conner & Rudnlﬁh 1989; 199ia; Costa & Escano [989; Hooper &
Lennartz 1993; R Aduiph & Conner 1994). Populations or subpopula-

tions composed of

<10 groups with large distances between clusters are
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- RED-COCKADED WDDDPECKEH POPULATION
TRENDS ON TEXAS NATIONAL FORESTS
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Figur: 1. Pbpulatlun trends of Red ded Woodpeckers on the Angelina, Davy Crocken,
Sabine and Sam Houston National Forests betwesn 1983 and 1996,

in eritical danger of extirpati h (Cunner & Rudolph 1989; 1991a).

. In Fexas, Red-cockaded Wmdpecker populations declined during the
1960s {Lay 1969; Lay & Ruqse!] 1970), 1970s (Jackson et al. 1978),
and 1980s (Ortego & Lay 1988; Conner & Rudoiph 1989; Rudolph &
Conner 1994). Popuiations continued to dectine on the Angelma and
Davy Crockett National Furefsts between 1983 and 1988, appeared 1o
stabifize between 1988 and IQPI and increased in 1992 and 1993 (Fig.
2, alse see Conner et al. .1993). Populations on the Sabine MNational
Farest decreased between. 193? and 1990, but increased in 1992 and
1993, Woaodpecker pupulatmns on the Sam Houston National Forest
decreased between 1989 and 1?92 but increased in 1993 (Conner et al.
1993}, Populations on the Davy Crockett, Sabine and Sam Houston
Nationai Forests have Cﬂnl.lnllﬂd to increase through 1996 and ihe
Angelina National Forest appaars to be stable (Fig. 2).

As of spring 1996, approximately 316 groups of Red-cockaded
Woodpeckers wers present in Téxas. The Sam Houston National Forest
had 156 groups present, with 40 on the Davy Crockett National Forest,
26 on the Angelina National F{:-rest and 24 on the Sabine National
Forest. The W. Goodrich Jo a5 and I. D, Fairchild State Forests had
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14 and six gruu:-s respectively, -with two groups present on the
Huntsville State |Fish Hatchery. The Alabama-Coushatta Indian
Reservation had twe groups and the Big Thicket National Preserve one
group. Appmxim:;tely 45 groups occurred on private lands, primarily
lands belonging iq |private industrial timber companies.

Several significant problems have affected small, isolated Red-
cocladed W{}dee -ker populations in Texas and elsewhere in the South,
Encroachment of hardwaud vegetation is a primary cause of cluster
abandonment {Ct}um:r & Rudolph 1989; Locke et al. 1983; Van Balen
& Doerr 1978). Dn the Angelina and Davy Crockett National Forests
between 1931 and 198? the woodpeckers abandoned cavity-tree clusters
with abundant dWm::d vegetation at a significantiy higher rate than
clusters with little m' no hardwood vegetation {Conner & Rudoiph 1989).

" Although Conner|!& Rudolph (1989) ideatified hardwood midstory
encroachment in clusters as the major probabte cause of population
declines in Texas Eghey later identified a lack of suitable cavity trees,

cluster isolation,|:and forest fragmentation as contributing factors
(Conner & Rudolph 1991b). Midstery reduction within cluster areas on
national forests whs aggressively pursued by mechanical means during
the late [980s and n:ar]_‘,r 19905 (Conner & Rudolph £991a; Conner et al.

1995). Efforts tojihiin pine stands within and around cavity-tree cluster
areas were also isitensified. Beginning in late 1989, use of artificial
cavities (Alten 1991; Copeyon 1990) and cavity restrictors to prevent
cavity en]argemcr{f {Carter et al. 1989) became widespread on all Texas
national forests. In the early 1990s Red-cockaded Woodpeckers were
translocated to aggment single woodpecker clusters (DeFazio et al.

i987), tﬂmpﬂraﬂl_‘,l’ solving problems created by cluster isolation and
demngrapht-: dysfunction (Conner et &, 1985}, In several instances
pairs of Red—cuc;kaded Woodpeckers were reintroduced. to sites of
previous extirpatt In (Rudolph et al. 1992).

The 1988 co '-urdered management plan in Texas enjoined clear-
cutiing within tiﬂt} m of Red-cockaded Woodpecker cavity-tree clusters
in an effort to pre ‘ent habitat fragmentation and provide sufficient older
growih pines for gesting, roosting and foraging. Any possible beneficial
effects of this- Ipumant of the court order have not had sufficient time
to come to fruition. Thus, the court-ordered change in fimber harvesting
techniques {smglE tree seleciion rather than clear-cutting) can not
accouitt for the o senred favorable Red-cockaded Woodpecker popula-
. tion response (Commer et al. 1995).

Collectively, ah aggressive management program that mcludad
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1

hardwood midstory control through mechanical means and fire, cavity
restrictors and thinnin | within cluster areas stabilized some Red-
cockaded Woodpecker pnpula:mns {1989-199i, Fig. 2). Red-cockaded
Woodpecker population Encreases on the Texas national forests cecurred
enly after the beginni |nf apgressive instaliation of artificial cavities
and translocation of woodpeckers which began in 1991 (Conner et al.
1995).

LES AND RED-COCKADED WOODPECKER -
ViTy TREE MorTALITY

Dendroctonus frontalis) are the major cause of

SGUTHERN PINE BE
C

Southern pine beetles

%
cavity tree death on Texas national forests (Conner et al. 1991). Growth
of mutt:ple -tree mfestatmns {beetle spots) normally occurs from f:ar!y

spring o late summer ( Goulson et al. 1972; Beianger et ab. 1993), is

facilitated by attractant gmmmnnes {Thatcher et al. 1980), and can
rapidly eliminate entire cavity tree clusters (Billings & Varner 1986).
Southern pine beetles kitled more than 350 cavity trees, including more
than 30 entire clusters, cfll:mng a major infestation on the Sam Houston
National Forest behwecu 1983 and 1985 (Billings & WVarner 1986:
Conner et al. 1991). Durmg major epidemics, southern pine beetles

. aceount for more than Tﬁ

“these bark beetles duiring
3).

Although less catastro
pine beetie infestations
infestation of single cav
cavity trees. Such trees
over-winfering sites for

% of cavity tree mortality, whereas losses to
+.=|:ndem1c population levels are about 53 % (Fig.

I
Phu: losses of single cavity trees to southern
are persistent and curmedative. Bark beetle
ty trees affects primarify active woodpecker
dre typically infested duriag the fal, serve as
Jeetic brood development, and suuthern pine

beetles emerge prior to

summer of the following year (Conner et al.

1991; Conner & Rudﬂlph 1995b; Rudolph & Conner 1995). Reguiar

annua] losses of cavity treés by single tree infestations have the potential
10

to significantly impact wnndpf:ckcr groups over the.jong term by re-

ducing the number of suitable cavities for roosting and aesting (Conner

& Rudolph i995b).

From fafl 1983 thrtnugli' summer 1996, southern pine beetles infested

ared killed 62 single Red-¢
inactive combined) on
Forest, where lobleily

number of woodpecker gt
Forest ranged beiween se
pine beetles typicalty :lnfeh

g

kaded Woodpecker cavity trees (active and
narthern portion of the Angelina National
shortleal pine predominate (Fig. 4). The
oups on this portion of the Angelina National
Jren and 11 over this 13-year period. Southern
sted cavity trees during the fafl (October and
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| .
CAUSES OF RCW CAVITY TREE MORTALITY:
ENDEMIC SPB POPULATION LEVELS (N=253}

M%‘

SPB
WINDSNAP
FIRE

WIND THROW
LIGHTNING
QLD AGE
HERBICIDE

A N

DMENE

29.6% 83.0%

CAUSES OF RGW CAVITY TREE MORTALITY:
EPIDEMIC SPB|POPULATION LEVELS (N=535)

SPB
WINDSNAP
FIRE

WIND THROW
LIGHTNING
OLD AGE
HERBICIDE

DIEBNEAN

Figurs 3. Causes of :-:m-clcaded Woodpecker cavity tree mortality during perjods of
endemie and epidernic southarn pine beetle populztion levels in caslern Teaas botween
1983 and 1988, | ' ’

November) and tre ' appeared dead {dropped all needles and some bark
pecked off by wuadp:ckﬁrs at mid bole height) by the following spring
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pines only} and percen

of active cavity irees infested and killed by southem pine

beelles on the nonhem pomun of the Angelina National Forest from 1983 to 1996,

{March through June) C-anner & Rudn]ph 1995b). In about 40% of the
cases (25 of 62), the Cavity tree killed had been the nest tree of the
preceding breeding segsnn Typically, bark beetles infest active cavity
trees at a much h:gher ‘dverage annual rate than inactive trees (Conner
& Rudolph 1995b; Rudnlph & Conner 1993},

The intensified furest management that oceurred following the
devetopment of the 1938 court-ordered management plan included com-
plete removal of ha:d“fpud tree species and substantial reduction of pine
basal arez to bring clisters into a 14 o 16 m*/ha basal area range.
Typically, the enfire hasdwood and pine midstory was removed by

mechanical equipment!:
disturbance to wacdpes
Seven cavity trees (ouf:

tree beetle  infestatio

immediately prior to|iin
cockaded Woodpeckers ¢
Forest. Over the nexti

1996), 49 cavity trees
was a much higher mo
year period (% = 9.6

From 1984 through

infestations (spots) and:

as mentioned gbove, and caused substantial site
cker cluster areas (Conner & Rudolph 1991a).
of 346 cavity tree years) were killed by single-
i, during the five-year pericd (1983-1987)
initiation of intensive management for Red-
5 On the northern portion of the Angelina Mational
fine years during intensified management (1988
{out of 729 cavity tree years) were killed. This
tality rate (6.7% vs 2.0%) than the previous five-
P < 0.002).

|1f996, the number of defected sonthern pine beetle

| the number of pines infested within these spots
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varied considerably i the northern portion of the Angelina National
Forest (Fig. 5). The annual number of single cavity trees infested by
southern pine beettes!(1984-1995) was correlated with the number of
southern pine beetle ififestations (# = 0.71, N = 11, P = 0.02), but not
correlated with the tolai number of pines infested within the general area
{r = 0.49, P = 0.13):of the cavity tree clusters. However, because of
the small sample sizes for these correiations, the biological significance

of the resulis remains! inconclusive.
: !

Southern pinie beetle infestation is not iypically a problem in longleaf
pine because of this [species” copious production of pine resin, which
serves as the pine’y, first line of defense against beetle infestation
{Wahlenberg i946; Hadges et al. 1977). Loblolly and shortieaf pines
produce less pine resin and they are generaily more suscepiible to
southern pine beette jnfestation (Hodges et al. 1977). The coincidental
timing of increased  cavity tree losses with initiation of intensive
management in lobioily and shortieaf pine habitat on the Angelina
National Forest is of considerable concern and suggests that efforts to
correct habitat probems may be associated with increases in southern
pine beetle infestation of active cavity trees. Physical disturbance of
soils and root systeﬂ'gs of trees during thinning and midstory removal
operations increases the risk of beetle infestation and the susceptibility
of pines to aitack (Nebeker & Hodges 1985: Hicks et al. 1987; Mitchell
et al. 1991). In'festaii:on of cavity trees occurred primarily within active
woodpecker clusters! Intensive management activities focused primarily
on active cavity tree clusters when they were first initiated, again
suggesting the possibility of a relationship between cluster management
activities and beetle infestation of cavity trees. Midstory removal and
thinning of pines was, restricted to woodpecker cluster areas and did not
include the surruunﬁing general forest. Thus, present management
produces a pocket of relatively open pine forest surrounded by a sea of
pines and dense hardwood midstory. Southern pine beetles have a
search image for vcﬁicﬂlly oriented dark objects (e.g., pine boles} and
hardwoad foliage cdn: interfere with beetie movements (Schowalter &
Turchin 1993). Green leaf volatites from deciduous foliage also inter-
rupt bark beetle aggfegation response to attractant pheromones (Dickens
et al. 1992). Manﬁgement‘s creation of islands of open pine forest
within a sea of fofest with midstory may accumulate southern pine
beeties within Red-dockaded Woodpecker cluster areas.” Additional
research is needed ttjlidetermine if management essential for woodpecker
recovery is increasing the frequency of southern pine beetle infestation
of cavity trees. Forfunately, the severe losses of cavity trees 1o southern
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Figurz 3. Sowthern pine bedtle induced moriatity of Red-cockaded Woodpecksr cavity irees
on the northem porfion of the Angelina Natonal Forast versus the numbes of southern
pine beetle spols and the qumber of pines infested in loblolly-shortleaf pine forest habitat
susrounding Red-cockadbd Woadpecker cavity-tree clusters between 1984 and 1905,

pine beetle infestation can be offset by the new technology of artificial
cavity installation (Cnf.leyun 1990; Allen 1991).

Southern pine beetles are a problem pest in southern pines throughout
the southeastern United States (Thatcher et al. 19800, Verbal reporis
frorn Arkansas, Lou sj.iana, and Mississippi suggest that beetles are
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infesting active cavity trées at higher than expecied rates {Oliveria, pers.
comm.}. Thus, obseryations made here in Texas likely represent &
southwide problemy in |areas where Red-cockaded Woodpeckers use
loblolty and shorileaf pines for cavity trees.

Tue FUTURE QUTLOOK FOR RED-COCKADED WOODPECKERS
M TEXAS

The biological diversity of southern pine ecosystems in Texas is
closely tied to managenﬁent of the Red-cockaded Woodpecker because
of the dependence of rFany birds, mammals, amphibians, reptiles and
arthropods on woodpeaker cavities. Scme problems such as the high
toss rates of cavity trees to southern pine beetle infestation in Toblolly
and shorticaf pine haEitat stifl need solutions. However, intensive
management and subsequent favorable population responses observed on
Texas national forests. indicate that recovery of the Red-cockaded
Woodpecker is possible. The outlook for Red-cockaded Woodpeckers
in Texas and the rest of the South is good; the ecotogical need exists and
scieatific tzchnology is avaitable to recover this endangered woodpecker
and the ecosystem in which it thrives. The final outcome rests on the
management priorities [of federal and state agencies, and private land
(Hanagers. '
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