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cockadcd woodpecker habitat management u e a  (HMA) 
and an additioml 19,493 ha (45.167 ac) as a supple- 
mental red-cockaded woodpecker HMA. These arcas 
incIuded a combined 38,924 Ira (96.180 nc) dominated 
by Ioblolly (Pi)als toe&) and longleaf pine, averaging < 
50 years in age. This area of potential red-cockaded 
wodpecker habitat has a long-term goal of 418 active 
dusters. 

METHODS 

Each individual red-cockadecl woodpecker was banded 
wit11 a unique combination of color bands and a single 
U.S. Geological Survey (formerIy, U.S. Fish and  
Wildlife Service) band that a1Iowed for field identificn- 
tion. Nest checks were made twice a week until eggs 
were found. Subsequent nest visits were made to 
determine total cIutch size and hatching success, band 
the nestliar$, determine sex. and confirm fledging. The 
age of the young was estimated as the median between 
the period when the young were oherved alive and then 
observed dead or missing for nests that had mortality. 

Two nesting attempts in which the yoling were never 
banded were also included. and in this case the age of 
thc 2 unbanded young was apprnxim;ited and the data 
were treated ;is all othcr nesting attempts. These dala 
de~cribed 11 7 nesting attempts from 1999 to 2002. 

Observariuns were conductsd during the 
nesting season to identify Ihc brccdi ng pair and presence 
ar absence of helpers. An individual was countud as a 
helper if observed feeding offspring in the nest or alter 
fledging. The breeding pair was identified biised on nest 
attentiveness. In cases where there were more than 2 
adults, breedcr status was carried over from the previous 
year, or determined by observation of social interactions 
(c.g., disp1:lys of dornin;tnce). 

The habitat within the cluster was quantified 
and assigned a numeric value based on the density and 
age of pines, presence of midstory, and abundance of 
ground cover. Habitat values range from 1 to 5, with 1 
L 

representing low, and 5 representing high-quality 
habitat. Annual changes in habitat value for some areas 
as a result of fire. medianical treatment, or utl~er habilat 
tseatmen ts  were taken in to consideration. 

Figure 2. Red-cockaded woodpecker reproduction and nestling survival on the 
Savannah River Site, SC 
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The number of neighboring groups within 500 
rn, 800 m. and I000 m was determined for each group 
using geographical information systems (GIs). The 
distances between respective nesting trees werc 
measured to determine the distance between groups. 
The approximate center of the tree cluster was used as a 
reference point for groups with no breeding activity in a 
giwn year. 

Two dependent parameters (number of 
nestlings lost and proportion of nestlings lost to total 
number of nestlings) were compared to the independent 
variabIes (listed above). We used a general linear model 
fGLM) analysis (SAS Institute 19961, because no 
obvious relationship between the dependent and inde- 
pendent variables merited other approaches (e.g., 
quadratic, non-linear, etc}, Initially, our analysis 
included year as a class variable, but it was discarded 
along with several other variables, leg., banding date, 
habitat quality [hab qurtl], age of young lost. number of 
years paired [yrs paired]) because they did not 
contribute significantly to the model solution. A GLM 
was used to relate actual number of nestlings lost and 

proportion of nestlings lost to age of breeding male and 
female (age BM, age BF), number of helpers (# 
helpers), number of nestlings (# nestlings), and the 
number of neighboring groups within 500, 800, and 
1000rn (grps500, grps800 and grps1000) of other 
groups. The effect of neighboring groups on nestIing 
loss was independe~~tly evaluated using a series of 
student t-tests. 

RESULTS 

We found survival rates of nestlings between banding 
and fledging of 77.5% and 78.9%, fol 2000 and 2002. 
respectively (Figure 2). This conhasted with survival 
rates thal averaged 87.3% over the last 10 years on SRS 
(1 993-2002) and 86.8% over 9 years on Marine Corps 
Base Camp LeJeune, North Carolina (1993-2001) (J. 
Walters, Virginia Polytechnic Institute and State 
University, personal communication). Comparing 
averages between nesting attempts with no loss, partial 
loss, or full loss of the nest. 4 of the 9 variables (years 
paired, age of breeding female. number of neighboring 

Figure 3. Variable averages for red-cockaded woodpecker nesting attempts at 
the Savannah River Site, SC 
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groups within 500m. number of neighboring groups 
within S00rn) demonstrated noticeable trends (Figure 
3) .  'The average age of hreeding females experioncing 
no loss was 4.0 years. partial loss was 3.h years, and 
total loss was 2.9 years. Similarly. the merage numbcr 
of years paired was 2.0 for no Ioss. 1.7 for partial. and 
1.0 for full nest Ioss. Finally, partial and full nest loss 
increased wilh more neighboring groups present at all 
distances. with the exception of full nest loss for a radius 
of 1000 rn. 

The numbcr of neighboring groups was signifi- 
cantly related to nestling mortality hetween banding and 
fledging (P < 0.05) (Table I ) .  The age of hreeding 
females also tended to bc related to nesting success (P < 
0.1) when comparing the number of neighboring groups 
within 800 rn and 1000 m. Additionally, the number of 
helpers was marginally significant (P < 0.1) when 
comparing nestlings lost and groups within 800 m.  
Nestling survival rates were significantly related to total 
number of nestlings (P < 0.1). The date of nest initiation. 
number of years paired, and habitat index were not 
significant in any combination of variables or year. 
Although thz number of years paired was consistently 
less for groups that experienced Ioss, it was insignificant 
in the statistical analysis. 

DISCUSSION 

Our rcsults suggest that nestling loss after handing may 
be relaled to intraspecific competition of red-cockaded 
woodpeckers, both within the nest and outside. The 
significance of the number of nestlings to overall 
nestling rnortaIity indicated competition within the nest. 
The food provided by adults is rationed among 
nestlings. competition increases with the number of 
nestlings, as the amount of available h o d  per young 
decreases. 

Outside of the nesr. competition between adults 
resulted in nestling rnortaliiy as the number of' noigh- 
boring groups increases. We believc that areas with high 
numbers of groups in close proximity result in aggres- 
sive behavior between neighboring pairs. Effort is spent 
defending the territory instead of provisioning nestlings. 
The impact of ncighboring groups on reproduction was 
significant within 500 rn and 800 m of thc nest tree, but 
insignificant at 1000 m. Competition may have been 
compounded hy relatively low rainfall over the past few- 
years. as the lack of rain may have had a negative effecr 
on arthropod populations. 

Age o f  the breeding female was correlated with 
nesting success. whereas the age uf the breeding male 

Table 1. Results from general linear model of selected variables for nestling loss of red-cockaded 
woodpeckers, Savannah River Site, South Carolina, 1999-2002 (n  = 1 ? 7). Numbers represent 
coefficients and their signifjcance. F-values and probability of significance reflect statistical 
performance of each conditional model. Values in bold are significant at P = 0.05, Values 
underlined are significant at P = 0.1 

Nestlings Lost Percent Survrval 

Variable Grps1500m Grps1800m GrpsltOOOm Grps1500rn Grpsi800m GrpsllOOOm 

Age BM 

Age BF 

# Helpers 

# Nestlings 

# Groups 

Intercept 

F-value 

Probability 

0.0193 -0.007 0 -0.0049 -0.0075 

-0.0624 0.0237 0.0279 0.0279 

-0.1531 0.01 00 0.0287 0.0213 

0.1 848 NIA NIA NIA 

0.0803 -0.1 796 -0.0644 -0.0342 

0.0732 0.7772 0.7895 0.7920 

7.47 2.80 2.23 1.48 

0.2049 0.0295 0.0699 0.2128 



was not significantly correlated. The importance of the 
breeding female's age is not clear, tiuwover. I~ecause 
helpers tend to be male thero would normally be ;in 
excess of females, assuming Ihe gender ratio is equal 
(on the SKS in 3003. we had St> adult KcrnaIes to 54 adult 
males). Wc had 2, documented htlpcr fcrnales. leaving 
57 adult fenlales to compete for ;I hrecding position in 
32 groups. In contrast. there were 13 malt: helpers. and 
43 males competing for breeding positions in 42 groups. 
Therefore, we suggcst that Ihe competition ibr brecding 
posirions among females is greater than among m;lles. 

Our results suggest that younger. less experi- 
enced breeding females tend to have reduced 
reproductive success. This may be due to aggressive 
interactions between breeding females and neighboring 
or alien fcmales that result in rcduccd nest attcnlivcncss. 
resulting i n  nestling mortality. Likewise. younger 
breeding females may be displaced by older birds when 
foraging. In addition. an intruding femaic may attempt 
to facilitate an opportunity to brced by destroying a nest, 
hoping ti) pair with the milk in a subsequent nesting 
atrempt. This was supported by data showing that 12 of 
20 failed breeding attempts from 1998-2001 were asso- 
ciated with a change in the breeding female the 
folIowing year. 

Competition with southern flying squirrels 
(Giaucon~ys voluns) did not appear to be a factor influ- 
encing reproductive success. Prior to 2002, we had an 
intensive regimc of monitoring cavities. removing 
squirrels throughout the year. We discontinued tlying 
squirrel control in half of the groups in 2002 in an effort 
to understand their impact on reproduction and found no 
correlation with nest Ioss. Although we had 1 confirmed 
case of nest Ioss due to squirrels. overall competition 
with flying squirrels did not appear to have n significant 
impact un the reproductive success o f  the birds in 2002. 
We plan to continue this experiment and evaluate the 
need for squirrel control in the future. 

CONCLUSION 

Our data suggest that there are various factors that can 
influence nestling mortality after handing. These factors 
appear 10 be interrelated and vary by year. group. and 
location. However. at SRS the number o f  neighboring 
groups within YO0 m was the only variable that signifi- 
cantly influenced nestling mortality. Frnm 3 

management perspective. the distance between groups 
i s  important at SRS. and should be closelv ex;~minzd 
when managing for popuulatjons with similar habitat 

limitations. Group .;pacing is highly dependent on 
hahitat quality, which prevents the establish men^ of u 
quantitative st:ind;ird. High qualily habitat provides 
good forage. but may stimularc competition when 
quantity of habitat is lirnitc~l. 

Further resei~rch on this popul;~tion is ncedcd to 
murc compIctely understand the relationship between 
reduced reproduction and i ntraspecific competition. 
Visual confirmation of this hypothesis would help to 
substantiate the potential of conspccific ncst dcstruc- 
tion. Continued monitoring with this question in mind 
could also clarify the larger issue of intraspecific 
competition in red-cockaded woodpecker populations. 
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