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ABSTRACT 

Se lec t i on  o f  f o r e s t  stands by 18 c lans  o f  fo rag lng  
red-cockaded woodpedtsrs (Plcoldes borea l  i s )  was stud- 
fed i n  t h e i r  year-round home ranges on t he  Francfs 
Marfon Nat iona l  Fores t  i n  South Carol ina. The forag- 
fng use o f  276 stands r e l a t i v e  t o  t h e l r  a v a l l a b l l l t y  
w f t h l n  t h e  home ranges was compared t o  several stand 

cha rac te r i s t i c s .  Se lec t ion  among stands w f th  s lml  l a r  
c h a r a c t e r i s t i c s  was h i g h l y  va r i ab le  and red-cockaded 

woodpeckers foraged I n  stands w f th  a greaC va r l e t y  o f  
condft ions, suggesting t h e  b i r d s  were no t  very selec- 
t i ve .  Although stand se lec t i on  Increased s f g n i f l c a n t -  
l y  as t h e  dens i ty  o f  p ines  224 cm d.b.h. increased 

and as t h e  basal area o f  hardwoods 212 cm d.b.h. d w  
creased, these re la t i onsh fps  were weak. Beyond 30 
years, s tand age was n o t  found t o  be a s l g n l f f c a n t  

f a c t o r  i n  stand select lon.  

Keywords: Endangered specles, f o rag ing  hab l ta t ,  habi- 

t a t  select ion,  l o b l o l l y  pine, longfeaf pfne, Picoides 
borea l is. 

F o r a g i n g  red-cockaded woodpeckers 

t h e s e  v a r i o u s  ways (Hooper and o t h e r s  
1982).  W i t h i n  t h e  l i m i t s  s e t  by s o i l  
and o t h e r  n a t u r a l  s i t e  f a c t o r s ,  con- 
d i t i o n s  o f  f o r e s t  stands used by red -  
cockaded woodpeckers a r e  determined t o  a 
g r e a t  e x t e n t  by f o r e s t  management. A 
k now1 edge o f  s tand  c o n d i t i o n s  se l  e c t e d  
b y  t h e  b i r d  f o r  f o r a g i n g  enhances as- 
sessment o f  management o p t i o n s  f o r  
t h i s  endangered species.  Th is  s t u d y  
compared s e l e c t i o n  o f  f o r e s t  s tands by 
f o r a g i n g  red-cockaded woodpeckers t o  
s t a n d  age, d e n s i t y  and s i z e  o f  p i n e  
stems, and basal  area o f  hardwoods. 

Met hods 

The s tudy  was conducted on t h e  
F r a n c i s  Mar ion Na t iona l  Fo res t  i n  South 
C a r o l i n a ,  Wi th  more than  400 c l a n s ,  t h e  
a r e a  has one o f  t h e  l a r g e s t  popul a t i o n s  
o f  red-cockaded woodpeckers ( L e n n a r t z  
and o t h e r s  1983). The s i z e  and apparent  
s t a b i l  i t y  o f  t h e  p o p u l a t i o n  suggest 
r e l a t i v e l y  good h a b i t a t  c o n d i t i o n s  f o r  
t h e  spec ies  on t h e  s tudy area. 

c l e a r l y  p r e f e r  p ines  over  o t h e r  t r e e s  Stands o f  l o b l o l l y  (P inus t a e d a )  
and tend  t o  s e l e c t  t r e e s  t h a t  a r e  l a r g -  and l o n g l e a f  (P. p a l  u s t r i S ) p i n e s c u r  
e r  than  t h e  average a v a i l a b l e  ones o n  t h e  h i g h e r  X d  b e t t e r  d r a i n e d  s i t e s ,  
( D e t o t e l l e  and o t h e r s  1983; Hooper and i n t e r s p e r s e d  w i t h  hardwood and cypress 
Lennar tz  1981; P o r t e r  and Lab isky  1986; (Taxodium spp.) stands i n  dra inages and 
Skorupa 1979). Pines grow i n  a v a r i e t y  l ow areas. The most common h a r d ~ g o d s  
o f  c o n d i t i o n s  f rom stands o f  n e a r l y  pu re  a r e  t u p e l o  (Nyssa spp.), oaks (Quercus 
p i n e s  t o  those w i t h  a few p i n e s  s c a t -  
t e r e d  among hardwoods. Even stands t h a t  spp.) , red  m F ( A c e r  rubrum),  sweetgum 

a r e  dominated by p i n e s  d i f f e r  i n  t h e  
( L i  quidambar styracif lu-dbay 
(Persea b o r b o n i a )  , magnol i a s  (Magnol i a  

amount o f  hardwood u n d e r s t o r y  and mid- s ' m a n d  h o l l  i e s  ( I l e x  spp.). Stands 
s t o r y ,  and they  va ry  i n  t h e  d e n s i t y ,  a r e  second growth and e s s e n t i a l l y  even- 
s i z e ,  and age o f  t h e  p ines.  Year-round aged; however, some have s c a t t e r e d  o l d e r  
home ranqes o f  red-cockaded woodpeckers 
a r e  l a r g e  and a r e  t y p i c a l  l y  composed o f  
a mosaic o f  f o r e s t  s tands t h a t  d i f f e r  i n  I N O W  r e t i r e d .  



t r e e s  i n  t h e  ove rs to r y  o r  an understory  
o f  younger t rees .  Since 1944, p i ne  
stands have been p rescr ibed  burned on 
1- t o  4-year i n t e r v a l s .  Even-age t imber  
management has been p r a c t i c e d  on t h e  
Nat iona l  Forest s ince  1950, 

E ighteen d i f f e r e n t  c lans  ( s i x / y e a r )  
o f  c o l  or-banded red-cockaded woodpeckers 
were s tud ied  between May 1976 and A p r i l  
1979, Clans were f a m i l y  groups o f  two 
t o  n i ne  b i r d s  c o n s i s t i n g  o f  t h e  breeding 
p a i r ,  j u v e n i l e s ,  and a d u l t  male he lpers .  
Clans were fo l lowed 2  t o  14 hours/day on 
454 days f o r  a  t o t a l  o f  2,350 hours. 
B i r d s  were out  o f  t h e i r  c a v i t i e s  from 9 
t o  14 hours, depending on t ime o f  year,  
and t h e  average t ime spent f o l l o w i n g  a  
c l a n  was 5.2 hours/day. Thus, sampl i n g  
was skewed toward t he  morning hours, and 
a bout 80 percent  o f  t h e  observat ions 
were c o l l e c t e d  i n  t he  f i r s t  5 hours 
a f t e r  t h e  b i r d s  l e f t  t h e i r  roosts ,  

A t  5-minute i n t e r v a l s ,  t h e  coor- 
d i na tes  o f  each c l a n  were determined 
from 1  :24,000 sca le  a e r i a l  photographs 
g r idded  t o  a  sca le  o f  15,2 m w i t h  each 
1 0 t h  1  i n e  shown on t h e  photographs. 
Major g r i d  p o i n t s  (152 x 152 m) were 
marked i n  t h e  f o r e s t  when s u f f i c i e n t  
n a t u r a l  fea tu res  f o r  determin ing loca-  
t i o n  o f  t h e  c lans  were lack ing .  A f t e r  
d e l  i n e a t i o n  o f  t h e  home ranges (Hooper 
and o thers  1982), maps showing f o r e s t  
stands were prepared f o r  each home 
range. Stands were de f ined  as areas 
w i t h  aggregat ions o f  t r e e s  and o ther  
vege ta t i on  o f  s u f f i c i e n t  u n i f o r m i t y  i n  
composit ion, age, and dens i t y  t o  be 
d i s t i n g u i s h e d  from the  v e g d a t i o n  and 
c o n d i t i o n s  o f  a d j o i n i n g  stands, Coordi-  
nates f o r  t h e  f o ray ing  l o c a t i o n s  o f  
c l ans  were matched w i t h  stand coor- 
d i na tes  t o  determine t h e  use o f  each 
s  land, 

Al though red-cockaded woodpeckers 
a re  t e r r i t o r i a l ,  we were unable t o  de- 
1  i nea te  e n t i  r e  t e r r i t o r i a l  boundaries 
(Hooper and o thers  1982); however, most 
c lans  d i d  share some mutual boundary 
w i t h  ad jacent  c lans.  I f  an ad jacent  
c l a n  was no t  apparen t l y  aware o f  i t ,  a  
c l a n  would sometimes v i o l a t e  t h e  bound- 
ary and t r a v e l  i n t o  t he  ad jacent  t e r r i -  
t o r y .  Although f o rag ing  occurred on 

these e x t r a t e r r i t o r i a l  t r i p s ,  areas 
across t e r r i t o r i a l  boundaries were no t  
considered a v a i l  ab le  f o rag ing  hab i t a t ,  

Stands ranged i n  s i r e  from 0.5 t o  
35,9 ha, By chance alone, l a r g e r  stands 
would be expected t o  r ece i ve  more f o r -  
ag ing use than smal ler  stands, Thus, t o  
Gompare f o rag ing  use among stands, stand 
s i z e  was taken i n t o  account by ca l cu la -  
t i o n  o f  a  use lava i  l a b i l  i t y  r a t i o  ( U A R )  
f o r  each stand: 

where: 

UARai = t he  UAR f o r  stand i i n  home 
range a  

Ra  i = t he  number o f  Foraging obser- 
va t ions  i n  stand i of home range a 

A,! = t he  area o f  stand i i n  home range 
a 

Because on most days we d i d  not 
f o l  low c lans  a1 1  day, r e s u l t s  could be 
biased i n  favor  o f  f o r e s t  stands c lose  
t o  t he  roos t  t r ees  and against  stands 
near the  home range boundary. To t e s t  
f o r  b ias,  we compared t he  l eng th  o f  
da i  l y  observat ion pe r i od  t o  t he  propor- 
t i o n  o f  observat ions recorded i n  stands 
var ious  d is tances from the  colony, I n  
10 home ranges we fo l lowed c lans  a1 l day 
Or) 48 days, These observat ions were 
f r e e  o f  b ias  t h a t  could have r e s u l t e d  
f rom f o l  lowing b i r d s  f o r  on ly  p a r t  o f  a 
day, Thus, t h e  p r o p o r t i o n  o f  obser- 
va t ions  i n  a stand, based on t h e  sum o f  
o b s e r v a t i o n s  f o r  whole-day m o n i t o r i n g  
w i t h i n  a home range, was considered an 
unbiased est imate f a r  t h e  comparison, 
Whole days were d i v i d e d  i n t o  I -hour  
per iods ,  and the  number o f  observat ions 
f o r  each o f  t he  stands was summed wl'thii? 
hou r l y  per iods, Beginning each t ime 
w i t h  t h e  f i r s t  hou r l y  per iod ,  these sums 
were aecumul a ted across hour1 y per iods 
t o  c rea te  p a r t i a l  -day observa t ion  per-  
iods  o f  1  hour, 2 h o ~ ~ s ,  3 hours, and so 



on, Next, t he  p r o p o r t i o n  o f  nbserva- 
L ions  i n  each stand f o r  t h e  observa t ion  
per iods  was determined. The d e v i a t i o n  
o f  the e s t i m a t e  fo r  the p a r t i a l - d a y  
observat ion From the who1 @-day e s t i m a t e  
f o r  each s t a n d  was determined by sub- 
t r a c t i n g  the whole-day value from each 
p a r t i a l - d a y  es t ima te ,  Thus, f o r  @ach of 
140 stands in these 10 home ranges, a 
d e v i a t i o n  from t h e  unbiased  who1 e-day 
e s t i m a t e  was o b t a i n e d  f o r  each length of 
observat ion,  The  mean o f  t h e  d is tances  
from the breed ing  male's r o o s t  t r e e  t o  
t h e  proximal and d i s h 1  boundary o f  each 
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s tand was determined. The dev ia t i ons  
f o r  i n d i v i d u a l  stands were p l o t t e d  by 
mean s t a n d  d is tance  f o r  each o f  t h e  
c rea ted  p a r t i a l  -day observa t ion  per iods,  
Figure 1 shows r e s u l t s  f o r  per iods 
ending i n  odd-numbered hours, 

Consistent ly h ighe r  o r  1  ower e s t i  - 
ma tes  by p a r t i a l  -day observat ion pe r i ods  
when compared w i t h  who1 e-day est imates 
woul d suggest t h a t  p a r t i  a1 -day es t imates  
a r e  biased, Such appeared t o  be the 
case i f  b i r d s  were fo l  lowed f o r  o n l y  1 
hour ( f i g ,  1).  Stands w i t h i n  200 m of 
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Figure I*--8evlatlon of partial-day frm whole-day estfma$es of Phe proportion sf foraging time s p e n t  
b y  red-cockaded weo+ecksrs I n  140 forest  stands a9 varlsus distances frm the breedfng males' roost 
cav:tles. 4 p a s i t f v e  devlatian indicates an inflated partial-day estimate, and a negative dsvlaPIon 
indicates an underestimate. Data were calculated from 48 whole days of observation i n  18 h 

an Phe Francis Marion Naf-fonal Forest I n  South Ca ro l i na *  



t h e  breeding ma1 e '  s  r oos t  t r e e  appeared 
t o  have i n f l a t e d  est imates o f  f o rag ing  
t ime,  whereas stands a t  more than a  
600-m d is tance  appeared t o  have under- 
est imated values. I f  b i r d s  were f o l -  
lowed 5 hours, t h i s  t r e n d  was no longer  
apparent. Fol low ing  b i r d s  longer  than 5 
hours reduced t h e  v a r i a t i o n  i n  observed 
values, but  we used 5-hour days as t h e  
minimum t o  i nc l ude  i n  t h e  ana lys is .  By 
us ing  5-hour and longer  days, t h e  sam- 
p l i n g  i n t e n s i t y  was t w i c e  t h a t  o f  7-hour 
and 1  onger days : 283 days and 1,910 
hours vs. 109 days and 971 hours, re-  
spec t i ve l y .  Data c o l l e c t e d  on f  71 days 
(442 hours) were no t  used i n  t h e  analy-  
s i s  because they were c o l  l e c t e d  on days 
when we fo l lowed c lans  l e s s  than 5 
hours. 

C h a r a c t e r i s t i c s  o f  t h e  vege ta t ion  
were measured i n  t h e  276 stands con- 
t a i n e d  w i t h i n  t h e  home ranges o f  t h e  18 
clans. Depending on stand s ize ,  3  t o  20 
sampl i n g  p o i n t s  were loca ted  systemat i -  
c a l  l y  from a  random s t a r L i n g  po in t ,  
Each sample p o i n t  served as t h e  cen te r  
o f  a  I-m2/ha f a c t o r  wedge pr ism p l o t  and 
a  f i x e d  rad ius  p l o t  o f  0.02 ha. The 
p r i sm p l o t  sampled t r e e s  >12.0 cm d.b.h. 
and the  0.02-ha rad ius  p l o t  sampled 
stems 3.0 t o  71.9 cm d.b.h. A l l  stems 
were recorded by species and d.b.h. t o  
a l l o w  c a l c u l a t i o n  o f  basal area and den- 
s i t y  o f  stems f o r  hardwood, pines, and 
cypress. Stand age was determined by 
increment bo r i ng  a  dominant t r e e  on each 
p l o t  and averaging p l o t  values f o r  each 
stand. 

For ana lys is ,  f o res t  stands were 
t h e  observa t iona l  u n i t  and UAR was t h e  
dependent v a r i  ab l  e. Regressi ons were 
run by us ing var ious  measures o f  stand 
cond i t i ons  ( t a b l e  1)  as independent 
va r iab les .  

Resul ts  

The dens i ty ,  s i ze ,  and age o f  
p ines and t he  basal area o f  hardwoods 
v a r i e d  g r e a t l y  among f o r e s t  stands, pro- 
v i d i  ng red-cockaded woodpeckers a  wide 
cho ice  o f  cond i t i ons  from which t o  se- 
l e c t  fo rag ing  areas ( t a b l e  1) .  Given 

T a b l e  7.--Summary o f  c h a r a c t e r i s t i c s  o f  276 f o r e s t  
stands used by 18 c lans  of red-cockade4 woodpeckers 
a s  year-round home ranges on F ranc i s  Marion Nat iona l  
Fores t ,  South Carol i na 

- --- 

V a r i a b l e  &an Range SD 

Stand age (years )  

Qumber p ine  t r e e s i h a  
(by d ,b .h ,  i n  cm) 

Basal area p ines  
(m2fhaf 

Ba sa 1 area hardwoods 
Im2/ha) 

>12,0 crn d,b.h, 

t h e  range o f  cond i t i ons  a v a i l a b l e  t o  t he  
b i r d s ,  perhaps t h e  most no tab le  r e s u l t  
o f  t h e  study was t h e  v a r i a b i l i t y  i n  t h e  
s e l e c t i o n  o f  stands w i t h  s i m i l a r  con- 
d i t i o n s  ( f i g s .  2,3,4,). These r e s u l t s  
suggest t h a t  t h e  red-cockaded wood- 
peckers were no t  very  s e l e c t i v e  o f  f o r -  
e s t  stands i n  which they  foraged. ne- 
s p i t e  t h e  v a r i a t i o n  i n  stand se lec t i on ,  
s t a t i s t i c a l  l y  s i g n i f i c a n t  re1 a t i onsh ips  
were found between stand s e l e c t i o n  and 
t h e  major stand c h a r a c t e r i s t i c s  t h a t  we 
weasured. 

Several weak but  s t a t i s t i c a l l y  
s i g n i  f i c a n t  t rends  were found between 
s tand s e l e c t i o n  and t he  d e n s i t y  and s i z e  
o f  pines, Regressions t h a t  used t h e  
d e n s i t y  o f  p ines 224 cm, 236 cm, and >48 
cm d.b.h. were s i g n i f i c a n t ,  bu t  t he  per-  
centage o f  t h e  v a r i a t i o n  i n  stand selec- 
t i o n  t h a t  was accounted f o r  was very 
smal l  ( f i g .  2). Regressions t h a t  i n -  
c luded p ines (24 cm d.6.h. were no t  
s i g n i f i c a n t  (P<0.05). - 

Although smal l ,  t h e  amount o f  var-  
i a t i o n  i n  stand s e l e c t i o n  t h a t  was ac- 
counted f o r  by t h e  regress ion  models 





increased as t h e  minimum d o b e h e  o f  p ines 
used i n  t h e  independant v a r i a b l e  became 
l a r g e r  ( f i g .  2). S p e c i f i c a l l y ,  t h e  
d e n s i t y  o f  p ines >36 crn deheh, had a 
s t ronger  r e?  a t i o n s h i  p  t o  stand s e l e c t i o n  
than  p ines 224 cm d.b,h,, and p ines 248 
cm d,b,h, had a s t ronger  r e l a t i o n s h i p  t o  
s tand s e l e c t i o n  than p ines 236 cm d,h.h, 
These r e s u l t s  appear t o  suggest t h a t  
stands w i t h  p ines >48 crn d,h,h, were 
p r e f e r r e d  over those w i t h  sma l le r  t rees ,  
Other r e s u l t s ,  however, do no t  support  
such a conclusion, Me found no s i g n i f i -  
can t  d i f f e r e n c e  i n  s e l e c t i o n  o f  stands 
w i t h  and w i thou t  p ines 248 cm d,b.h, 
(mean UAR=1,3 and 1.2, n=141 and 93, 
r e s p e c t i v e l y ,  P>OeS1 based on t - t e s t  ; 
a1 1 stands use'd" i n  t h i s  comparTson had 
210 p ines/ha t h a t  were 224 cm debah.) .  
I n  add i t i on ,  when t h e  area and assoc i -  
a ted  f o rag ing  observa t ion  w i t h i n  60 m 
o f  c a v i t y  t r e e s  were removed from t h e  
ana l ys i s ,  t h e  r e l a t i o n s h i p  o f  stand 
s e l e c t i o n  t o  d e n s i t y  o f  p ines >48 cm 
d.b.h. was not  s i g n i f i c a n t  ( f i g .  2,D). 
I n  con t ras t ,  w i thou t  t h e  e f f e c t  o f  cav- 
i t y  t r ees  the  re la%ionsk ip  between stand 

s e l e c t i o n  and t h e  dens i t y  o f  p ines 224 
cm d.b,h, was sonewhat s t ronger  than 
when a1 l observat ions were used 
(R2=0.07, P<0.000?, n=271 and R2=0.03, 
P<0.002, ny276, r espec t i ve l y ) .  The - 
re1 a t i o n s h i  p between stand s e l e c t i o n  and 
t h e  dens i t y  o f  p ines 237 cn d,b.h, was 
t h e  same whether o r  no t  t h e  area around 
c a v i t y  t r e e s  was included, Removing t h e  
60-m area and observa%ions around c a v i t y  
t r e e s  From the  ana l ys i s  made l i t t l e  
change i n  t h e  a v a i l a b i t i t y  o f  stands 
w i t k  pines 248 cm d,b.h, Only 5 o f  t h e  
28 s tands w i t h  c a v i t y  t r e e s  were dropped 
Prom t h e  ana lys is ,  l eav ing  145 stands 
w i t k  p ines 348 crn d,b,h, I n  t o t a l ,  t h ~  
775 ha of stands w i t h  p ines a48 em 
d.k,h, was reduced by on l y  7 percent.  
Thus, any apparent preference For stands 
w i t h  p ines 248 cm d , h , h ,  seems t o  be due 
p r i m a r i l y  t o  t he  a t t r a c t i o n  o f  cav iLy 
t rees .  

Preference f o r  Foraging i n  stands 
tended t o  decrease as t h e  b a s a l  a rea  o f  
hardwoods 212 cm d,h,h, i nc reased  ( f i g ,  
3 ) .  Although s t a t i s t i c a l l y  s i g n i f i c a n t ,  

RSQUARE = 0.02 
P < 0.02 
N = 276 

(SQUARE METERS PER HECTARE) 
BASAL AREA OF HARaWOBD TREES >=  12 CM DBH 

Figure 3.--Use!avallabi lity r a t l o  cwnpared -to Phe basat area  of hardwood t rees 212 cm d . b l h *  

l n  forest stands selected by 18 clans of fsragfng red-cockaded woodpe&ers, DaPa are from 
year-round horn ranges on t h e  Francis Marian National Forest i n  SouPh Carolina. 



t h e  regress ion  accounted f o r  v i r t u a l l y  
none o f  t h e  v a r i a t i o n  i n  s tand se lec -  
t i o n ,  suggest ing t h a t  t h e  dens i t y  o f  
hardwoods was not an impor tan t  f a c t o r  i n  
s tand se lec t i on ,  E x d u d i n g  t h e  area and 
f oragi  ng observa t i  sns around c a v i t y  
t r e e s  d i d  no t  change t h e  regress ion  o f  
s tand s e l e c t i o n  and hardwood basal area 
(R2=0.02, - P<O.O2, n=27l) .  

Stand s e l e c t i o n  was s i g n i  f i c a n t l y  
r e l a t e d  t o  stand age, bu t  tke amount o f  
v a r i a t i o n  accounted f o r  by t h e  regres-  
s i o n  was very smal l  ( f i g .  4.A). Two 
f a c t o r s  appeared t o  he respons ib le  f o r  
t h e  r e l a t i o n s h i p  beLween stand s e l e c t i o n  
and stand age, The f i r s t  f a c t o r  was 
t h a t  t h e  s e l e a i o n  f o r  stands (30 years 
oad was r a d i c a l  fy d i  f f e ren t  from se lec -  
t i o n  f o r  o l de r  stands i n  t h a t  a l l  t he  
UAR values were low ( f i g .  4,A).  The 
second facLor  was t h a t  most c a v i t y  t r ees  
occurred i n  o l de r  stands and t he  a t t r a c -  
t i o n  o f  c a v i t y  t r e e s  tended t o  i n f l a t e  
t h e  UAR values, When stands (30 years 
o l d  and t h e  area and f o rag ing  obser- 
v a t i o n  w i t h i n  60 m o f  c a v i t i e s  t r ees  
were removed from t h e  ana lys is ,  t he  re -  
g ress ion  was no longer  s i g n i f i c a n t  
( f i g .  4,B). Using 30 years as t h e  p o i n t  
t o  d e l e t e  young stands was a r b i t r a r y ,  
b u t  the same r e s u l t  occurred when stands 
(25 years o l d  o r  (20 years  o l d  were used 
(R2=0.003, P>0.35, n=256 ; and R2=0.005, 
PXl.25, n=259, r espec t i  v e l y )  . Discount-  - 
i n g  t h e  area around c a v i t y  t r ees  had 
l i t t l e  e f f e c t  on t h e  a v a i l a b i l i t y  o f  
stands ~ 8 0 y e a r s  o ld .  O f  t h e  133 ha i n  
stands 280 years o ld ,  on ly  23 ha were 
exc 1  uded , 

Red-cockaded woodpeckers on t h e  
Franc is  Marion Nat iona l  Forest had a 
wide rawge sf t r e e  d e n s i t i e s ,  t r e e  
s i z e s ,  hardwood basal area, and stand 
ages from which t a  select stands f o r  
forag ing.  The resul t s  suggested t h a t  
a l l  these measures o f  s t a n d  cond i t i ons  
had some bear ing on s tand  seleetisn, 
However, t he  b i r d s  were h i g h l y  va r i ab l e  
i n  t h e i r  se lec t i on ,  and t h e  observed re-  
l a t i o n s h i p s  between s t a n d  cond i t i ons  and 
s t a n d  sel  e e t i  on were consequently weak, 
Several reasons f o r  t h e  v a r i a t i o n  i n  

s tand s e l e c t i o n  can be suggested. It 
was poss ib l e  t h a t  c lans  i n  some, bu t  no t  
a l l ,  home ranges had more f o rag ing  
resources than they needed (Hooper and 
o the rs  1982; Wood and o thers  1985). I f  
t r u e ,  t h i s  might exp la i n  why some stands 
o f  agparen t l y  p r e f e r r e d  f o rag ing  condi -  
t i o n s  rece ived  l i t t l e  o r  no use du r i ng  
t h e  study. On t h e  o ther  hand, some home 
ranges may have been d e f i c i e n t  i n  pre-  
f e r r e d  f o rag ing  stands. I f  so, b i r d s  
cou ld  have q u i c k l y  exhausted stands w i t h  
p r e f e r r e d  cond i t i ons  and have been 
f o r ced  t o  use l e s s  d e s i r a b l e  stands a t  a  
h i ghe r  r a t e  than t h e  more d e s i r a b l e  
ones, Another poss ib l e  source o f  v a r i -  
a t i o n  was r e l a t e d  t o  stand s ize,  For 
smal l  stands, a few fo rag ing  ohserva- 
t i o n s  cou ld  r e s u l t  i n  a  stand having a  
h i gh  u s e l a v a i l a b i l  i t y  r a t i o  (UAR),  A1 so 
l a r g e  stands cou ld  rece ive  a cons ider-  
ab le  amount o f  use and s t i l l  have a  
r e l a t i v e l y  low UAR. The UAR accounted 
f o r  t h e  inequiGies o f  stand s i z e  t o  a 
l arge exdent, as evidenced by t h e  co r re -  
l a t i o n  between stand s i z e  and use 
(r=O,62) and between stand s i z e  and 
u s e l a v a i l a b i l i t y  (r=0.07). Nonetheless, 
s tand s i z e  poss ib l y  c o n t r i b u t e d  t o  t he  
l a r g e  v a r i a t i o n  i n  UAR's f o r  stands o f  
s i m i l a r  cond i t ions ,  

The importance o f  t h e  dens i t y  o f  
p ines as a  f a c t o r  i n  stand s e l e c t i o n  
was corroborated t o  some ex ten t  by o the r  
s tud ies ,  bu t  d i r e c t  comparison o f  re-  
su l  t s  a re  confounded. I n  one home 
range, Wood (1983) found t h e  most i n t e n -  
s i v e l y  foraged area had t h e  h ighes t  t r e e  
dens i t y ,  t h e  moderately foraged area had 
an in te rmed ia te  dens i ty ,  and t he  area o f  
1  i m i t e d  use had t he  l e a s t  dens i t y  o f  
t rees .  I n  cen t ra l  F l o r i d a ,  DeLoteSle 
(pers.  commun.) found a  p o s i t i v e  r e l a -  
t i o n s h i p  between dens i t y  o f  p ines >6 em 
d,b,h, and stand se lec t i on .  That  rela- 
t i o n s h i p  o f  sma l le r  p ines t o  stand se lec-  
t i o n  might be expla ined by the  l a c k  s f  
p i n e s  230 cm d.b.h. (DeLo te l l e  and 
o thers  1983). Foraging areas i n  one 
home range i n  North Carol i na  had fewer 
p i n e  t rees/ha than t h e  home range as a 
whole, whereas t h e  forag ing areas  i n  one 
o the r  home range had a  h igher  dens i t y  
than  t h a t  home range as a  whole (Repasky 
1984). Repasky inc luded  p ines 22.5 cm 
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F i g u r e  4.--A, U s e l a v a i l a b l l f t y  r a t i o  compared t o  t h e  age o f  f o r e s t  stands se lec ted  by 18 c lans  
o f  fo rag ing  red-cockaded woodpeckers; B, t h e  same cornpartson excepP t h e  area and associated 

f o rag ing  observat ions w i t h i n  60 m o f  c a v i t y  t r e e s  i n  stands (30 years o l d  have been m f t t e d .  
Data a re  from year-round home ranges on t h e  F ranc i s  Marion Nat iona l  Fo res t  I n  South Carol ina. 



d.b.h.; thus h i s  f i n d i n g s  were con- 
s i s t e n t  w i t h  t h e  l ack  o f  r e l a t i o n s h i p  we 
found between dens i t y  o f  p ines 23 cm 
d,b.h, and stand se lec t ion ,  But, i n  
f o u r  home ranges i n  n o r t h  F l o r i d a ,  
Po r te r  and Labisky (1986) found an i n -  
verse r e l a t i o n s h i p  between t h r e e  l e v e l s  
o f  s e l e c t i o n  and t h e  dens i t y  o f  t rees .  
Because they apparent ly  i n c l  uded smal 1  
p ines,  t h e i r  r e s u l t s  may no t  be incon- 
s i s t e n t  w i t h  ours, g iven t h a t  we found a  
1  ack o f  re1 a t i o n s h i  p  between stand 
s e l e c t i o n  and p ines 23 cm d,b.h. 

Over and above t h e  dens i t y  o f  p ines 
224 em d,b.h,, t h e r e  was no evidence 
t h a t  t h e  dens i t y  o r  occurrence o f  even 
1  a rger  p ines enhanced stand se lec t ion .  
Thus, p ines 24.0 t o  35.6 cm d.b.h. ap- 
peared t o  be equ iva len t  t o  those 236.0 
cm d.beh. It has been suggested t h a t  
l a r g e r  t r e e s  could be foraged more e f f i -  
c i e n t l y  than smal ler  t r ees  because o f  
presumably more t o t a l  ar thropod biomass 
and perhaps more biomass per u n i t  area 
(Hooper and Lennartz 1981; Jackson 1979; 
fkorupa 19799, Indeed, severa l  s tud ies  
found t h a t  red-cockaded woodpeckers se- 
1  ected i n d i v i d u a l  t r ees  f o r  f o rag ing  
t h a t  were on t h e  average l a r g e r  i n  d i m -  
e t e r  than t h e  mean d.b.h. o f  a v a i l a b l e  
t r e e s  (DeLotel l e  and o thers  1983; Hooper 
and Lennartz 1981; Po r te r  and Labisky 
1986; Skorupa 1979). However, t h e  re-  
s u l t s  o f  these s tud ies  d i d  not  i n d i c a t e  
t h a t  t h e  r a t e  o f  s e l e c t i o n  o f  i n d i v i d u a l  
t r e e s  cont inued t o  increase w i t h  t h e  
cont inued increase i n  diameter. Spec i f -  
i c a l l y ,  Hooper and Lennartz (1981) found 
s t rong  s e l e c t i o n  f o r  pines 224 cm d.b.h., 
bu t  t h e r e  was l i t t l e  d i f f e r e n c e  i n  se- 
l e c t i o n  f o r  p ines 24.8 t o  35.9, 36.0 t o  
47.9, and 248.0 cm d.b.h. They a l so  
found t h a t  wh i l e  t h e  use o f  p ines 12.0 
t o  23.9 cm d,b.h. on ly  equaled t h e i r  
a v a i l a b i l  i t y ,  p ines o f  t h a t  s i ze  were 
foraged upon as o f t e n  as p ines a36 cm 
d.b.h. (27.6 and 26.8 percent,  respec- 
t i v e l y ) .  Po r te r  and Labisky (1986) pre- 
sented conv inc ing  evidence o f  s e l e c t i o n  
f o r  p ines l a r g e r  than those a v a i l a b l e  
on average, but  t he  mean diameter o f  
se lec ted  t r e e s  converged r a p i d l y  w i t h  
t h e  mean diameter o f  a v a i l a b l e  t r e e s  as 
t h e  l a t t e r  increased. DeLotel l e  and 

o thers  (1983) found a  preference f o r  
t r e e s  227 cm d.b.h. f o r  forag ing,  bu t  
smal l e r  t r e e s  accounted f o r  83 percent  
o f  t r e e s  selected. Skorupa (1979) 
repor ted  s e l e c t i o n  f o r  l a r g e r  than 
average pines bu t  d i d  no t  present data 
t h a t  a l lowed comparison o f  t r e e  setec- 
t i o n  by diameter. 

Most o f  t h e  s t a t i s t i c a l  r e l a t i o n -  
sh ip  between stand age and stand sef ec- 
t i o n  resu l t ed  from stands t30 years o f  
age r e c e i v i n g  l i t t l e  use as f o rag ing  
areas and from t h e  a t t r a c t i o n  o f  c a v i t y  
t r e e s  i n  t h e  o l des t  stands. Whether o r  
no t  t o  d iscount  t h e  60-m area around 
c a v i t y  t r e e s  i s  p rob lemat ica l  , There 
i s  no doubt woodpeckers met some o f  
t he i  r n u t r i t i o n a l  requ i  rements when 
f o rag ing  i n  the  immediate v i c i n i t y  o f  
c a v i t y  t rees .  On t h e  o the r  hand, i t  i s  
ques t ionab le  i f  t h e  f o rag ing  t ime around 
c a v i t y  t r ees  was determined p r i m a r i l y  by 
s tand cond i t ions .  S p e c i f i c a l l y ,  t h e  
b i r d s  began and ended each day a t  t h e i r  
c a v i t i e s .  They spent a d d i t i o n a l  t ime i n  
t h e  v i c i n i t y  o f  c a v i t y  t r e e s  engaged i n  
c a v i t y  excavat ion, maintenance, and de- 
fense. Although du r i ng  these t imes some 
c l  an members t y p i c a l  l y  foraged cont i nu- 
a l l y  and most c l an  members foraged a t  
l e a s t  i n t e r m i t t e n t l y ,  t h e  pr imary a t t r a c -  
t i o n  appeared t o  be t h e  p r o x i m i t y  o f  t h e  
c a v i t y  t rees .  Other areas o f  t h e  home 
range d i d  not have t h i s  same a t t r a c t i o n  
t o  the  b i r ds .  Most impor tant ,  d iscoun t -  
i n g  t he  area around c a v i t y  t r e e s  had 
1  i t t l e  e f f e c t  on t h e  a v a i l a b i l i t y  of 
stands a80 years old.  O f  t h e  133 ha i n  
stands 280 years o ld ,  on l y  23 ha were 
excluded. Thus, t h e  b i r d s  had cons ider-  
ab le  oppo r tun i t y  remaining t o  s e l e c t  t h e  
o l d e s t  stands p r e f e r e n t i a l l y  but  d i d  
no t  do so. 

The negat i ve  e f f e c t s  o f  hardwoods 
on stand s e l e c t i o n  were cons i s ten t  w i t h  
t h e  1  i t e r a t u r e .  Repasky (1984) found 
t h e o r e t i c a l  bas is  f o r  hardwoods substan- 
t i a l l y  i nc reas ing  t h e  cos t  i n  energy o f  
forag ing.  A1 so, Hooper and tennar tz  
(1981) and Repasky (1984) found t h a t  t h e  
p r o p o r t i o n  o f  hardwoods se l  ected as 
f o rag ing  subs t ra te  was much l ess  than 
t h a t  ava i l ab le .  
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Selection o f  forest  stands by 18 clans of  foregfng red-cockaded wood- 
peckers was studfsd I n  t h e l r  ysar-rwnd h ranges. The foraging use o f  
276 stands re l a t i ve  t o  t h e i r  avallabt 11ty wi th in  the home ranges was com- 
pared t o  several stand charactwlst fcs. Se lec t lm among stands with simf- 
tar character lst lcs was RfghOy variable and red-cockadeds foraged I n  
stands wlth a great varlesty o f  condltlons. Stand select ion increased sfg- 
n l f f can t l y  as h n s l t y  o f  plnes 3 24 crn Qeb.h. Increased and as basal area 
of hardwoods 2 12 ern d e b e h e  decreased, but  theses relationships were weak. 
Bsyond 30 years, s-tand age was no* s s lgn l f f can t  factor  I n  selection. 

S: Endangered spwlss, fwag lng  habitat, habi ta t  selection, lob- 
l o l l y  pine, longleaf plns, Plcoldes b w s a l l s *  
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Forest stands selected by foraging re&-c-aded w txkers. Res. Pap. 
SE-259. Ashevllle, NC: Urnso Depar-nt o f  Agriculture, Forest Service, 
Southeastern Forest Experiment Statlon; 1986. 1Qpp. 

Selection o f  forest  stands by 18 clans of  foraging red-cdaded 
p e e r s  was studled l n  t h e l r  year-round ham ranges* The foraglng use of 

276 stands re l a t i ve  t o  t h e i r  ava l l ab l l f t y  w i th in  the h m  ranges was cam- 
pared t o  several stand characterfstfcs. Setecflan amng stands with slmi- 
l a r  characterfst fcs was highly var iable and red-cockadeds f o r a p d  l n  
stands wlth a great var iety o f  conditions. Stand selectton increased sig- 
n i f i can t l y  as density o f  plnes 2 24 em d.b.h. Inweased and as basal area 
of har&occ;ds 2 12 crn drbrh. decreassd, but these relat lonshtps were weak. 
Beyond 30 years, stand age was not a s fgn l f fcant  factor I n  si~lect lon. 

KEYWRDS: Endangsred specfes, foraging habitat, habi ta t  selection, lab- 
l o f l y  pine, longleaf pine, Plcoides borealfs. 




