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Red-headed Woodpeckers (Melanerpes erythrocephalus) are endangered because they have 
experienced population declines of up to 80% in the past 40 years. The purpose of this study was 
to identify key habitat and nest-tree characteristics that contribute to successful breeding at Cedar 
Creek Ecosystem Science Reserve in East Bethel, Minnesota, with the goal of making 
recommendations to recovery programs that are working to reverse decline of these birds. During 
the 2012 nesting and fledging season, 60 nesting pairs of Red-headed Woodpeckers were banded 
and nests were located and plotted using Garmin eTrex Legend HCx to find Universal Transverse 
Mercator coordinates of nests. Features of successful nests were recorded, snag and tree density 
were calculated, and nest success relative to land features in areas surrounding nests was assessed 
using Google Earth. Of these nests, 48 were successful, where at least one nestling fledged. 
Results showed that nest success was significantly impacted by oak savannah habitat with snags 
tall enough to provide nests over 8.0 m (p = 0.002) where tree densities ranged from between 49 
trees/hectare and 51 trees/hectare with snag densities 12 snags/hectare and 24 snags/hectare. 
Additionally, access to mature woods was found to significantly impact nest success (p = 0.005). 
Furthermore, observations suggest that the birds need access to open fields and marshes for 
foraging purposes even though these landforms did not significantly correlate with nest success. 
Results were shared with the Red-headed Woodpecker Recovery committee of Audubon 
Minnesota. Dempsey PC. Characteristics that contribute to nest success of endangered Red-
headed Woodpeckers (Melanerpes erythrocephalus).  
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INTRODUCTION 
Red-headed Woodpeckers (Melanerpes 
erythrocephalus) (Fig. 1) have experienced 
population declines of up to 80% in the past 40 
years1. In fact, the species is listed as a vulnerable 
species in Canada and as threatened in the United 
States2. However, there are areas where clusters of 

Red-headed Woodpeckers are successfully breeding, 
such as at the Cedar Creek Ecosystem Science 
Reserve in Anoka County, Minnesota, which this 
study showed is home to at least 60 breeding pairs 
(Fig. 2). Clearly, there are environmental factors at 
Cedar Creek that attract Red-headed Woodpeckers 
and enable them to thrive, but those environmental 
factors have not been determined. The purpose of this 
study was to identify land features and nest-tree 
characteristics that contribute to successful breeding 
at Cedar Creek with the goal of making 
recommendations to programs that are working to 
reverse the decline and encourage recovery of Red-
headed Woodpecker populations. 
 
Studies on Red-headed Woodpeckers have focused 
primarily on their winter behavior and habitat. These 
studies have found that some individual birds are 
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Figure 1. Male and female Red-headed Woodpeckers 
look exactly alike. They have bright crimson heads 
and necks, snowy white breasts, long beaks, and 
white patches on the secondaries of wings and on the 
rump. Their backs and upper wings are solid black. 
They are often confused with Red-bellied 
Woodpeckers. 
 
semi-migratory, occasionally wintering in the same 
location that they spent the summer. In general, their 
distribution patterns are based on food sources3. 
Doherty et al. (1996) reported that Red-headed 
Woodpeckers cache acorns over the winter and 
establish and defend their winter territories4. The 
Doherty study also found that, because Red-headed 
Woodpeckers rely heavily on winter stores of acorns 
and beechnuts, they are highly territorial. Other 
studies, including Doherty, calculated average 
territory size for the woodpecker, showing that 
territory sizes range between 0.04 ha and 0.97 ha4,5. 
 
Comparatively fewer studies have focused on 
summer territories. It is known that Red-headed 
Woodpeckers eat mostly insects and plant materials 
in the summer. The birds will forage on the ground, 
capture insects in flight like a flycatcher, glean food 

 
Figure 2. Cedar Creek Ecosystem Science Reserve is 
located in East Bethel, MN. Lat: 45.3 Long: -93.1. 
Cedar Creek covers 2,200 hectares, with Red-headed 
Woodpeckers occupying 2,000 acres in the southeast 
corner of the reserve. 
 
from vegetation, or bore into trees for wood-boring 
insects and sap6. 
 
Breeding ranges of Red-headed Woodpeckers extend 
from most of the eastern half of the United States 
west to the Rocky Mountains and north to southern 
Saskatchewan, Manitoba, Ontario, and Quebec. 
Competition for nesting sites with European Starlings 
was thought to be a cause for population decline of 
Red-headed Woodpeckers7; however, other studies 
suggest that this may not be the case since Red-
headed Woodpeckers start nesting later than starlings, 
lessening the chance of competition7,8. 
 
Recently, work by King et al. found that severely 
burned areas are likely to attract Red-headed 
Woodpeckers because the woodpeckers nest in snags 
and trees with “greater dead-limb length”9. 
Additionally, a study by Vierling and Lentile took 
into account nest-site selection, noting severity of 
recent fires in the area of study10. These studies 
motivated me to look at landforms in areas 
surrounding nest sites and take into account numbers 
of living trees and snags that result from burned 
sections in the study area. This is relevant because 
Cedar Creek regularly does controlled burns of the 
area studied. 
 



MINNESOTA ACADEMY OF SCIENCE JOURNAL OF STUDENT RESEARCH 
VOL. 1 (2014) 

 
	  

3 
	  

Previous work has been done at Cedar Creek in a 
study by Waldstien that determined tree height and 
nest-cavity diameter of Red-headed Woodpecker nest 
sites11; however, no other studies compared land 
features in areas surrounding nest sites to breeding 
success. Therefore, the specific goals were to: 1) 
Band birds to identify individuals; 2) Locate and plot 
locations of nests for each nesting pair; 3) Monitor 
nests sites throughout the 2012 mating and fledging 
season; and 4) Track nest success relative to land 
features in areas surrounding nests in territories of 
each nesting pair (Table 1). 
 

Table 1. Land features studied with definitions of 
each feature 

Land Feature Definition 
Oak savannah Open canopy woods with little to 

no ground cover 
Marsh Low wetlands 
Open field Treeless area, marked by the 

presence of grasses and 
occasional shrubs 

Mature woods Close-canopy woods with little 
to no ground cover 

Open woods Open canopy woods with dense 
ground cover 

 
MATERIALS AND METHODS 
Banding birds: Nests were located by locating and 
then plotting cavities into which Red-headed 
Woodpeckers entered. Nesting pairs were then caught 
for banding purposes, using a mist net or Potter trap 
set near to a nesting or roosting site. The mist net was 
constantly monitored so that a bird was removed as 
soon as it was captured. Additionally, Potter traps 
were baited with peanuts and black-oil sunflower 
seeds, and then, traps were checked frequently so that 
birds were removed as soon as they were captured. 
Birds were banded under direct supervision of a 
license holder using standard banding protocols. The 
capture and banding process took no more than ten 
minutes and carried minimal risk of incidental injury 
or trauma to birds. (No banded birds were injured or 
died during this study.) 
 
Locating Nests: In order to obtain accurate 
measurements of nest locations, Garmin eTrex 
Legend HCx was used to find universal transverse 
Mercator (UTM) coordinates of nests instead of using 

measuring tapes traditionally used in ornithology 
studies. UTM coordinates were converted into 
longitude and latitude coordinates using the Montana 
State University and Yellowstone National Park 
online converters at http://www.rcn.montana.edu/ 
resources/tools/coordinates.aspx. Once located, nests 
were marked with gold tape and with a metal marker 
to indicate the number of the nest and the year that 
the nest was used (Fig. 3). 
 

 
 
Figure 3. Nests were marked with gold tape, and 
metal markers were used to indicate the number of 
the nest and year nest was used. 
 
Monitoring Nests: Nests were monitored every two 
days from 8:00 am to 4:00 pm for three and one-half 
months, beginning May 18 and ending August 24, 
2012. A nest camera attached to a telescoping pole 
was used to monitor number of eggs laid and 
hatched, numbers of nestlings, foraging and feeding 
rates, and numbers of young fledged. A trail camera 
was also set up for continuous observation of one 
nest. A nest was considered successful if at least one 
bird fledged (Fig. 4). 
 
Determining Nest Success Relative to Land 
Features: Terrain characteristics were recorded for 
each territory, including nest height, nest density, tree 
density, snag density, and distance from nests to land 
features. Nest heights were measured using a 
telescoping pole (Fig. 5). The area of each burn 
section was calculated using Google Earth measuring 
software and Cedar Creek satellite images. Tree  
density was found by dividing numbers of trees in a  



MINNESOTA ACADEMY OF SCIENCE JOURNAL OF STUDENT RESEARCH 
VOL. 1 (2014) 

 

4 
	  

burn section by the area of the section. Because Red-
headed Woodpeckers were observed to nest in snags, 
snag density was also calculated by dividing numbers 
of snags in a burn section by the area of the section. 
Snags were defined as dead trees that provided 
adequate height and diameter needed for nest sites. 
Google Earth measuring software and satellite 
images of Cedar Creek were used to calculate 
distances between nests and the four main land 
features (Fig. 6). 
 
RESULTS 
Nest Location Results: During the 2012 breeding 
season, 60 breeding Red-headed Woodpecker pairs 
were banded at Cedar Creek. Fifty Red-headed 
Woodpecker nests were located and plotted (Fig. 7). 
The nests of ten breeding pairs were not located. 
 
Table 2 shows that out of the 50 located nests, 82% 
were located in oak savannah, 12% were located in 
low-density woods, while 4% were located in areas 
of open woods, and 2% were located at edges of 
roads. No nests were found in open fields, marsh 
areas, or in mature woods. Birds nested in snags or 
dead limbs of living trees. Figure 8 shows all nests 
relative to the four main land features. 
 

Figure 4. A nest was considered successful if at least 
one bird fledged. 
 

 
 
Figure 5. Nest heights were measured using a 
telescoping pole. 
 

Table 2. Percent nests in different land features 
Land feature Percent of Nests 
Oak Savannah 82% 
Low density woods 12% 
Open woods  4% 
Edge of field or road  2% 
Open fields  0% 
Marshes  0% 
Mature Woods  0% 

 
Monitoring Results: Predation by a raccoon 
(Procyon lotor) was documented by a trail camera. 
Three nests were judged to have been destroyed by a 
black bear (Ursus americanus) due to the extensive 
damage to the nesting snag. Birds were noted 
utilizing oak savannahs, marshes, mature woods, and 
open fields for foraging purposes. 
 
Nest Success Relative to Land Features Results: 
Figure 9 shows that successful nests had an average 
height of 8.0 m while failed nests had an average 
height of 5.9 m. Height significantly affected nest 
success (p = 0.002). 
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Figure 6. Distances between nests and land features were calculated using Google Earth. Nests were located using 
UTM coordinates, which were then converted into longitude and latitude coordinates. Lines represent distances 
between nests and land features. White lines indicate accessed land features. Red lines indicate land features that 
were not accessed by nesting woodpeckers. (Image from Google Earth) 
 

 
 
Figure 7. Map of Cedar Creek where solid black lines show firebreaks that border burn sections. The large black 
numbers identify burn sections, and small numbers in white background show 2012 locations of Red-headed 
Woodpeckers nests. 
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Figure 8. All nests relative to the four main land features. 
 
 

 
 
Figure 9. Average nest height was 7.4 m, where 
successful nests averaged 8.0 m and failed nests 
averaged 5.9 m. A two-sample t-test gave t = 3.08 
with p = 0.002. (n = 50). 
 
 

Figure 10 shows numbers of nests in each burn 
section compared to tree density in the section. Burn 
sections with the largest number of successful nests 
had tree densities between 49 trees/hectare and 51 
trees/hectare. 
 
Figure 11 shows numbers of nests in each burn 
section compared to snag density in the section. Burn 
sections with the largest number of successful nests 
had snag densities at 12 snags/hectare and 24 
snags/hectare. 
 
Figure 12 shows a direct relationship between nest 
density and density of trees in areas characterized as 
oak savannah. A line of best fit shows a linear 
relationship between nest density and tree density (r2 
= 0.842). Figure 13 shows a direct relationship 
between nest density and snag density in areas 
characterized as oak savannah. A line of best fit, 
excluding one outlier, showed a strong correlation 
between nest density and snag density (r2 = 0. 908). 
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Figure 10. Numbers of nest in each burn section compared to tree density. 
 
 

 
 
Figure 11. Numbers of nests in each burn section compared to snag density. 
 
Figure 14 shows nest success compared to land 
features that birds did or did not access. There was no 
significant difference between access to a marsh and 
nest success (p = 0.796). Of the 14 nests without 
access to a marsh, 71% succeeded, and of the 36 
nests with access to a marsh, 75% were successful. 

There was also no significant difference between 
access to an open field and nest success (p = 0.193). 
Of the 11 nesting pairs without access to an open 
field, 73% of nests succeeded, and of the 39 nests 
with access to an open field, 82% succeeded. 
However, there was a significant difference between 
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access to mature woods and nest success (p = 0.005). 
Of the 16 nests with no access to mature woods, only 
44% of nests succeeded, whereas 82% of the 34 nests 
with access to mature woods succeeded (p = 0.005). 
 

 
 
Figure 12. The line of best fit for nest density vs. tree 
density described by y = -1.23 + 32.00x, with r2 = 
0.842. 
 

 
 
Figure 13. The line of best fit for nest density vs. 
snag density, excluding outlier, y = 1.30 + 0.045x, 
with r2 = 0.908. 
 
CONCLUSIONS 
The purpose of this study was to identify key habitat 
and nest-site characteristics that contribute to Red-
headed Woodpecker success with the goal of 
providing recommendations on land management 
practices that will reverse the decline and encourage 
recovery of Red-headed Woodpecker populations. 

Based on this study, Red-headed Woodpecker 
recovery efforts should include land-management 
practices that establish oak savannah habitats with 
snags tall enough to provide nests over 8.0 m where 
tree density ranges from 49 tree/hectare and 51 
trees/hectare with snag densities at 12 and 24 
snags/hectare (Fig. 15).  
 
Birds will also need access to mature woods in order 
to successfully nest, as well as access to open fields 
and marshes for foraging purposes. Based on the 
study by Vierling and Lentile10, land management 
practices should also include controlled burning of 
nesting area, which is a regular practice at Cedar 
Creek. Additionally, managers of recovery programs 
should consider placing metal baffles on trunks of 
nest trees to deter predators from reaching nests, 
because of possible predation. Findings were shared 
with the Red-headed Recovery Committee of 
Audubon Minnesota. 
 
The study had two limitations. First, the nest camera 
malfunctioned midway through the study so numbers 
of eggs hatched and development of nestlings could 
not be monitored. Although a trail camera was set up 
for continuous observation of one nest, one camera 
was not sufficient to monitor number of eggs laid and 
hatched, numbers of nestlings, foraging and feeding 
rates, and numbers of young fledged. Future work 
should be done to monitor these variables in Red-
headed Woodpecker success. Second, because no 
fledglings were banded, data were not recorded on 
fledglings. Future work should include banding 
fledglings order to increase data available on survival 
and migration.  
 
Red-headed Woodpeckers are unique birds that are 
strikingly colored. Their foraging behavior is 
particularly interesting as they are one of only four 
woodpecker species that caches nuts over the winter. 
Land development should be to be done with care so 
that ecosystems survive to provide habitat features 
that enable these iconic birds to survive.  
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Figure 14. Nest success and access to land features. A two-proportion z-test gave p = 0.796 for access to marshes, p 
= 0.193 for access to open fields, and p = 0.005 for access to mature woods, with significance set at p = 0.05. 
 

 
 
Figure 15. Birds prefer nesting in areas with about 
50 living trees per hectare and 16 snags per hectare. 
(A hectare is the size of a two football fields.) 
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