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Extent of Phellinus pini decay in loblolly pines and
red-cockaded woodpecker cavity trees in eastern Texas

Ricaarp N. ConnNgr, Danier Saenz, D. Craic RUpDOLPH, AND
RicuarDp R. SCHAEFER

Conner, RN, D. Saenz, D. C. Rudolph, & R R. Schaefer. {Wildlife Habitar and Silvi-
culture Laboratory, Southern Research Station, Nacogdoches, TX 75065-3536, US.AL). Bxtent
of Phellinus pini decay in loblolly pines and red-cockaded woodpecker cavity trees in eastern
Texas. Memoirs of The New York Botanical Garden $9¢ 315-321, 2004.—To determine the
prevalence of Phellinns pini in pines generally and red-cockaded woodpecker cavity trees spe-
cifically, we dissected 24 loblolly pines (Pinws taedd) with visible sporophores located in the
Davy Crockers National Forest, eastern Texas, and determined the vertical dimensions and
diameter of the Phellinus pini decay column within the heartwood. The loblolly pines, which
were dissected ar 1-m intervals, averaged 28.6 m in height, 30.5 cm dbh, and 52 y of age. The
decay columa within these pines extended from an average of 0.2 m to an average of 1 m
above the ground and arrained an average maximum diameter of 13.3 em. Sixteen red-cockaded
woodpecker (Picoides borealis) cavity wrees (Joblolly and shortleaf, Pinus echinara, pines-which
averaged 29.5 m in height, 48.6 cm dbh, and 99.9 y of age) that were blown over during a
windstorm on the Sabine National Forest in castern Texas were also dissected 1o derermine
length and position of the decay column and ins diameter at the woodpecker cavity site.
Wondpecker cavity excavation sites were closcly associated with fungal sporophotes. The decay
column in red-cockaded woodpecker cavity trees, which extended an average of 4.2 m to an
average 16 m above the ground, extended 4.2 m above and 7.6 m below the woodpecker cavity
and averaged 15.5 cm in diamerer ar the cavity. Our results suggest that ar least 15 years are
required post inoculation for sporophore formation to commence and before a sufficient
dizmeter of heartwood has been decayed wo physically house a red-cockaded woodpecker cavity.

key worps: decay column, loblolly pine, longleaf pine, Phellinus pini. Pinus tneda, Pinus
echinata, red-cockaded woodpecker, red heart fungus

Red-cockaded woodpeckers (Picoides borealis Vicil-
for} are a cooperatively breeding species endemic w the
southeastern United States (Conner et al., 2001). The
evolution of a cooperative breeding system in this en-
dangered woodpecker appears to have been primarily
driven by a crivical shortage of cavities in which newly
formed pairs could breed (Conner & Rudolph. 1995;
Walters, 1990; Walters et al., 1988). Red-cockaded
woodpeckers are relatively small woodpeckers and de-
pending on the species of pine, excavation of completed
cavities in the living pines they use for nest and oost
sites averages from 2 to 6 years (Conner & Rudolph,
1995}, Thus, cavities excavated by a breeding pair of red-
eockaded wouodpeckers (Fig. 1) are typically used for
nesting by multiple generations of their offspring (Con-
ner et al, 20010

Many species of North American woodpeckers are
dependent on species of fungi that decay and soften
the heartwood (dead xvlem tissue), particulady in
hardwoods, which permits andfor facilitates wood-
pecker excavation of nest and roost cavities {Conner
et al,; 1976}, The red-cackaded woodpecker primarily
selects living pines {(Pinws spp.) with red heart fungus
(Phellinus pini (Thore ex Fr) A, Ames) decay within
the beartwood for nest and roost cavity excavation
(Conner & Locke, 1982; Hooper et al., 1991 Jackson,
1977: Steitly, 1957}, The extent of the decay column
created by red heart fungus oxidadon of heartwood
xylem dssue in red-cockaded woodpecker cavity trees
is not well known (Conner er al., 2001). Red-
cockaded woodpeckers are known to be able 1o select
a portion of the pine where red heart fungal decay 15
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we. A redecockaded wandpecker [Ploafder borenlis) at i
sese caviy fn-a Jonglesf pine in cattern Fexas (Photo by Terry
R Swecled.

well established [Conmer & Locke, 18y Hooper et
al., 19ue). However, they ate known 1o cxcavate 3 cav-
ity in living pines sowally devoid of Fungal decay (Con-
ner & Locke, 1982 Conner e 4l 2001}, Cavities g1
cavated by these woodpeckers into pings with a red
heart fungal decay coluran whke significandy Jess dme
to excavate than cavitles excavared into pines woeally
lacking decay (Coneer e al,, 1994},

In erder to investigate the exvent of decay thavoccuss
in pines in general and those selecred by red-cockaded
woodpeckers for cavity excavation specifically, we har-
vested and dissected 24 loblolly pines (Plows saede L
with visible Phellinus pini sporophores on their boles.
We also dissceted and examined 16 loblolly and shordeaf
pine {(Pinus echinare Mill) trees thax had been blown
over during 2 wind shear event to deretmine the exeent
of the decay column in pinss scrually containing = red-
eockaded woodpecker caviey.

Stady Areas and Methods

We obrained permission from the Nadossl Foresn
and Grasslands, Texas, Musch 1994, to harvest and dis-
sect 2y Joblolly plues with visible Phellinw pisf spors-
phores on their boles located on the Davy Crocken Ne-
tonal Forest. In Apeil 1098 we obeined their peermission
again, 25 well a5 U5, Pisbrand Wildlife Service permits,
w dissecr and examine 16 red-cockaded woodpecker
lablofly and shortleaf pine cavity trees on the Sablne
National Forest char had been blown over during a s
veer fandscape-level wind shear event thar osturred on
11 February 1998,

Each of the 24 loblofly pises on the Davy Crocken
Natdonal Forese waz Belled during March 95 with 2
chainsaw after messuring diameter or bressr Beight
{dbh; 1.3 av above ground lovel) and recording the com-
st aspece of any visible fungsl sporophores on each
ping’s bole, With the wee an the ground, we measared
toral wree height and bole length with a metsl epeand
counieed growel rings a1 breast height to determing tee
age {number of tings plus 3 years). Suaning at the base
of each pine, an $-cov thick cross section of the bolewas
cut out at o inctements upward undl the fungal decay
column was no longer visible, An S-cm sectdon was alss
removed at exch sire where a sporophote was preseat
aud the height of the sporophere recorded. Using the
removed coess seetdans of wood, the dismerer of the
decay colurnn was messured ot each i Incrementand
at the sites where @ sporophore was present. The mas-
imum height of the decay column was determined by
cutting ctoss-sections of the bole in the direction of the
crown until no decay was derected within the highese
o nerement on cach pine bole, We examined te
plaes carefully at all sperophore locations and elsewhere
on the bole 1o devermine thie lozation where the Ringis
ot likely entered the wee. All locations wheee spors-
phores were present were vertically sectioned chrough
the conk with a chainsaw o examine wood structere
and branching in the ares where the sporophiore vas
formed. Sporophores were sectioned with # razor and
growth shnali counved. We also randomly selected 100
pines from the forese stand where the 24 loblolly pines
were harvested, and used an worement borer o oxusa
a gote of hearnwoad ar breast height to see i fungsd
decay was present. Basal ares of thisstand st 1.3 mabowe
the ground was messured with & rficoor metric basd
areq prisem,

Sikreen red-cockaded woodpecker cavity wees {7
loblofly pines and g shordeaf pines) were sectioned with
& chatnsaw during April 1998, Initially, 5 section of the
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bole conaining the cavity wae removed o
the diameser of the decay colume ar the caviey The
height of the cavity entrance above the ground and the
dizmerer of the bole ar the cavity enanoe were mes-
sured. Portions of the pine’ bole both above and below
the cavity were then progressively remaoved o derermine
how far the decay column extended above and below
the woadpecker cavity, Tree height and dbly were also
mewsired and the presence or absence of gpotophores
noted. IF o sporophiore was present; s height on the
bole was measured. Cavity trees were coss-sectioned ar
r.3 m o derermine their age (number of riogs plus 3h

Results

The 24 loblolly pines on the Diavy Crodkes Nidonal
Foress averaged 28,6 & 2.8 m (mean 2 SDi i heighe,
1.8 & 7 oom dbh, 2 2 g0 yeans of age, and had 2
tw 4 {1y = ofl sporaphores fruideg on thelr boles,
Basal area a1 Ly m heighe for chis forest srand averaged
2ot b Givens thesr selasively youngage, the loblolly
pines contained more extensive columns of decsy than
we had expected {Fig, 2} Decaved xvlom columns in
these pises extended from a mean height of 0.2 & o4

devestimate of what sporophore age would have been
had none beon previowsly harvesed. Buased on the sizes
of the sporphnres collected in 198g, most weee lkely ¢
w7y old

OF the 106 pines randomily sclected from the forest
stand for hearswood examination with an increment
core 3t 1.3 tn, only 3 pines showed evidence of hean
wood decay at that helghe. Most of these pines did not
have spomphores visible on their boles, These pines
were pot harvested for a more deadled examinaion.

The decay colunn in redecockaded woodpecker cav-
iy wees (mean age = 999 £ 228y was sl approx-
immasely 22 1 in lengrh, bue did not come in dlose proe-
imity 1w the ground {(Fig 4}, In covite nees, the Jowen
portion of the decay column sversgsd 42 2 45 m
above the ground. Red-cockaded wondpecher cavites
weraged 128 £ 2.7 m sbove the ground and decay
extended wn gverage of £2 % .y m sbove snd 7.6 £
4.3 m below the cavites. The decsy column & wood-
pecker cavities sveraged 13,9 & 6.8 e in disemetern, Spo-
rophores were visible on 13 of the 16 cavity tees aran
average height of 120 & 3.5 m Woodpedurs opically
excavared cavities st approximasly the same height s
the sporaphores (5.8 m cavity helght versus 12.0 m spo-

m o 1L L8 moabove the ground end ateined an
average masimum diameter of 133 = j0em. Ofen,
decay in the hearowood appeared to extend down below
ground fevel, but we sould not cur seoriong of dhe pine
w determiine how far below the ground feve the decay
column exeended. All 24 of these pines exhibited decay
at breast height (03 md. In wll instances where a-deser-
mingtion could be made, Phellinw pind appesred w
have gained acoess to the hesrnwood of the pine through
a dead branch stub and all sporophores were produced
where branch stubs wversed from the hearowoed
through the sapwood 1w the outer surface of the bole
(Fig. 31, Spotaphores averaged 3.9 & 2.0 m dbove the
ground. Close examinzion of broken branch stubs as-
saciared with sporophores indicsred that spproximaely

sphose heighs). Cavanies were often immediaely be-
azath 3 sporophore and were never excavated loumedi-
ateby above g sporophore.

Discussion

How red-cockaded woodpedkers locare decay within
the boles of piass i poodly undentood, Conrer el
{1e76) suggested that ather wondpecker species that ex-
cavate cavities bn hardwoods might Bnd decayed hear-
wood within e prunks by percusing the baleand Iis-
tening for & partoular resomnce, The sapwood of
hardwoods is much thinner than thar of pines. so dis
methed of dewction may not be avallable for red
cockuded woodpeckers, The dose proximiy of red-

27 wree growth rings {spring and summer wood counted
a5 one ringh were sdded ro the wree'’s diamerer sfter the
branch stub had formed (Fig. 33 Thus, the loblolly
pines appear to have been about 21y old when the fun-
gux firsr infecred die pines.

We were able o count growth anmuli on spore-
photes of 20 of the 2.4 loblolly pines. Fungal sporaphere
ages ranged from 3 to o v old and averaged 5.0 & 335 %
old. However, we had harvested sporophores fromsome
of the pines in dhis stand in 1989 for another study (Ru-
dolph et al.. 19957 suggesting thar the mean sporophare
age we derermined in dhis present study may be an ure

cockaded woodpecker cavities to red heart sporophores
suggests the possibiliny thar the woodpechess may be
asing the Rungal conis as o visual cus Rudelph er sl
{1995} artempred o 2ose this hypothesis by nailing Phel-
Lrnstr pinsi combks to the boles of pines lacking hearrwond
decay in an effort o induce woodpechers to inithue
cavity excavasion, They found that the seached sporo-
phoses were not 2 sufficient stimidus co clioit excavarion
behavior,

Cavity chambers of sed-cockaded wondpeckers av-
erage 1.2 om in diamerer and pines must contain at
least thar diameter of hearrwood fissue o physically
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f6. 2 Schematic disgram of the charsoveristios of Phelfin pind decay within relacively young (52 ¥} loblolly ploes on the Davy
Cracken Mutional Foreer in easeern Texus. The relatively low position of the decay columa within die pine bole sugpests Bt

decay began in dhe pines ar s Bidy young age. Lines extending
range of docay devecned within dhe pias

house @ wondpecker cavity (Conner eral, zoml. Thus,
the diamerer of the decay column in the caviey tees
{15.5 v} was of sufficient dlamersr o provide sasy e
cavation of conr }Jgt' cavity hamnbers. The FVETAZE 13.3
e diamerer of decayed hearowood in the 24 loblolly
piries that averaged 52 v of age indicates that in some
circumstances Phellinmus pivg can entes loblolly pines
carly and csuse decay of sxensive amounss of heart-
wood tissue, However, the height of the wider portions
of the decay columy in these loblolly pines was lower
than the aversge heighe of red-cockadad woodpecker

shoee-and below the decay column means represent the sapdomuss

caviriss, suggesting that the pings may have been o
young to be of much benefic to woodpeckers. Red-
cockaded woodpechers wypically excavare cavides inw
older pines (7o~100 v in loblolly pines) ac 6 w 25 m
shove the ground [Conner ¢t al, 2001}, Thus, the 29
tublolly pines we examined would likely be sejecred 2
poterial savicy sites by the woodpeckers because the
reglon of the bole with extensive decay was too low.
The presence of sufbeient red hearr decay is one of
the factors limiving Red-cockaded Woodpeckes w
phder troes For cavity excavadon (Conner et al, 1994).
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vi6. 1 Vertical section of « loblolly pine showing the assaciation of a Phellinar pini sporaphore with o dead branch sivb, the

decayed hearnvood, and the undecsyed sapwood.

The stand from which the 52 yearold loblofly pines
were harvested, frse came 1o our stention a5 3 stand
with abundant signs of red heart decay at an unusually
young age. Our subseguent exarninations. of selecred
rses with red heart sporophares confirmed sabstandial
amounts of decay in these pines. To s Hkely that pine
species, tee spacing, and growth condidons all influ-
ence the incidence and age of infection by ted heart
fanges. Red heart fungal decay in Texas longleaf pines
(Pinss palurris Mill} wes not common vl pines ex-
crvded 2o years old (Conner er 4., 1994). Combined
with the aboyve observations on the insufficient extens
of decay at average Red-cockaded Woodpecker cavity
height in the young loblolly pines, the necessity of older
trees for cavity excavation is clear, Fifty-two yeurs s ap-
proximarely the age-of the youngest cavity trees reported
in an extensive survey of cavity wee ages in Texas (Ru-
doiph and Conner, 1995}, Average tree ageand incidence
of red heart infection in Red-cockaded Woodpecker
caviry trees in Texas suggest chat adequaee pinesseveral
decades sider than these minimums are required for
Red-cockaded Woodpeckers 1 excavate cavities ata rare
sufficiens w replace losses (Conner et al., 1994 Rudolph
and Conner, 191},

Our resuleemay provide some insight into thelength
of dme from when pines become first infecred with
FPhellings pini w when the fiesr sporophores appear.
Seeds of che pines in the stand likely germinared around
1943 In 1968 broken branch stbs had formed on the
lower boles of the pines and permitied fangal spores
accessto hearswood tssue. I die sporophorss Bree col-
lecred in 198y were § to ¥ years ofd, red hewrt fungus
graw within the hearowood of the pines for o lesse is
vears before sporophore growdh first commuenced. Based
ot the within tree growh rave of Phellins pinithat had
been experimentally inoculered into 28 v old loblolly
pines, Conner and Locke {1983} estimared thae i could
rake as long.as 12 years for Phelfinus pind vo sufficiendy
decay the hearewood of pines o phydeally bowse acom-
pleted red-cockaded woodpecker savity, Thus, the ap-
pearance of a sporophore on the bole of 2 pine may
serve as 4 partial indicator 1 red-coctaded woadpeckers
thist sutheient hearewoed decay has vecurred 1o factlitate
cavity excavation. Since our dissections of pines with
ted heare fungus indicate that the largess diameter of the
decay column is found at the region of the bole closest
o the sporophiore, red-cockaded woodpecker excavation
of cavities immediacely under sporophores would place
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e 16,0 m Top of Decay Column
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120 m Sporophore Height
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Fi6. 4. Schemaic dagrim of the Bhelliner pind decay column present withis loblolly and shordeaf pine red-cockaded wond-

precker cavity jrees averaging 999 ¥ of age on the Sabd
decay codumi means thee s

the cavities in the porton of the bole with the grearest
decsy column diameter.
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