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Abstract: Changes in white-winged dove (Zenaida asiatica) distribution and habitat use have occurred in Texas since the 1940s. Breeding populations 
are now common in urban areas throughout Texas. These changes have resulted in unique challenges for monitoring populations in urban environ-
ments because of factors such as traffic, construction, and residential development. Delineating potential breeding habitat within urban areas may make 
surveys more efficient. Our objectives were to examine nest tree selection and identify habitat attributes associated with urban populations of white-
winged doves. We conducted nest searches at 15 auditory-count survey points in Kingsville, Texas, in 2003 and documented trees used for nesting. We 
tested the relationship of white-winged dove density (n = 49 survey points) with associated fine-resolution (mesquite [Prosopis glandulosa] density, 
favorable tree density, and total tree density) and course-resolution (% mesquite canopy cover, % shade tree canopy cover, % woody plant canopy cover, 
and % open lawn) habitat variables throughout Kingsville in 2005. We documented that white-winged doves selected for live oak (Quercus virginiana) 
and against mesquite for nesting. The strongest relationships we found with fine-resolution and course-resolution habitat variables were between white-
winged density and favorable tree density (R2 = 0.40; P < 0.001) and % shade tree canopy cover (R2 = 0.57; P < 0.001), respectively. Densely-canopied 
trees such as live oak may be the best indicator of suitable nesting habitat in urban areas. These data can be useful in predicting potential white-winged 
dove habitat in urban areas and for refining survey protocol regarding allocation and distribution of survey effort. 
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The primary breeding range of eastern white-winged doves 
(Zenaida asiatica asiatica) in Texas historically occurred in rural 
areas of the Lower Rio Grande Valley (LRGV) which encompasses 
Cameron, Willacy, Hidalgo, and Starr counties (Cottam and Tre-
fethen 1968, George et al. 1994). However, changes in habitat use, 
geographic distribution, and productivity of white-winged doves 
began during the 1940s (Marsh and Saunders 1942, Kiel and Har-
ris 1956, Hayslette et al. 1996, Small and Waggerman 1999). Habi-
tat use of white-winged doves changed from predominant use of 
rural areas to increased use of urban environments in the LRGV 
during 1976–1997 (Small and Waggerman 1999). The breeding 
distribution of white-winged doves also expanded northward into 
urban areas during the 1970s, reaching as far north as Oklaho-
ma (West et al. 1993, Schwertner et al. 2002). By 1993, the larg-
est known nesting colony in the United States was within the city 
limits of San Antonio, Texas, and was estimated at over 1 million 
individuals (George et al. 1994, Waggerman 2001). 

The shift in habitat use pattern and expansion northward of 

white-winged doves has resulted in unique challenges for popu-
lation monitoring. Original surveys conducted in rural areas in-
volved 2-min auditory counts that were systematically conducted 
within or near brush tracts where breeding populations of white-
winged doves existed. The precise delineation of brush tracts and 
remoteness of rural areas resulted in a survey protocol that was rel-
atively straightforward and time efficient. However, implementing 
the original survey protocol in urban environments is challenging 
because factors such as traffic, construction, and residential devel-
opment interfere with auditory counts. In addition, the number of 
survey points, and therefore survey time, has increased because 
of the necessity to obtain representative samples throughout large 
cities. Breeden et al. (2004) estimated that in order to detect a 20% 
change in white-winged dove density with 95% probability in 
Austin and San Antonio, Texas, >200 survey points/city would be 
needed. This large survey effort resulted from high variability in 
white-winged dove density across survey points (i.e., many points 
with no or low numbers of doves [located in non-suitable habitat] 
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and points with many doves [located in suitable habitat]). Given 
limited resources and time constraints, a more efficient method of 
survey implementation is warranted. 

Delineating potential nesting habitat of white-winged doves 
in urban environments can be one method to improve survey ef-
ficiency. If urban environments could be delineated into white-
winged dove habitat and non-habitat, allocation of survey effort 
could be stratified by category type, thereby reducing variability 
and required survey points. This approach requires knowledge of 
habitat attributes associated with urban populations of breeding 
white-winged doves. Unfortunately, this information is lacking, 
and researchers merely have been able to speculate on the im-
portant components of white-winged dove habitat in urban areas 
(Small et al. 1989, George 1991, West 1993, West et al. 1993). Our 
objectives were to: 1) examine nest tree selection of white-winged 
doves in an urban environment of south Texas, and 2) identify 
habitat characteristics associated with white-winged dove breed-
ing density. 

Methods
Nest-site Selection

We conducted nest searches during 15 June–15 August 2003 
within the city limits of Kingsville, Texas. We created a 1 × 1-km 
grid of points and randomly placed the grid over a map of Kings-
ville (n = 20 points; Breeden et al. 2004) to select points for nest 
searches. We categorized points into three density categories (high 
[≥25 pairs/ha], medium [12–24 pairs/ha], and low [≤12 pairs/
ha]) based on dove density estimates obtained in May 2003 using 
2-min auditory counts (Rappole and Waggerman 1986, Breeden 
et al. 2004). We then selected a sub-sample of points from each 
density category to conduct nest searches (n = 15). We used all the 
points available in the high- (n = 6) and medium- (n = 5) density 
categories, and we randomly selected four points from the low-
density category. We stratified points by density class so that nest 
searches occurred over a wide range of white-winged dove densi-
ties. 

We buffered each point to a 400-m radius and overlaid a uni-
form grid of points within this buffered area consisting of 24 nest 
points. We chose a 400-m radius as the maximum distance be-
cause prior research indicated this was the distance over which a 
calling white-winged dove could be heard (Armbruster et al. 1978, 
Armbruster and Basket 1985, Sepulveda 2004). We then conduct-
ed nest searches of the entire area within a 20-m radius of each 
nest point. If a nest point was inaccessible (i.e., on top a house), 
we moved the nest point to the closest accessible location. We 
searched each nest point for active nests twice during the nesting 
season (15 June–14 July and 15 July–15 August 2003). A nest was 

considered active if an adult was on or appeared to flush from the 
nest. We identified the nesting substrate to species for each nest 
found.

We established a separate uniform 0.5-km grid of points within 
the city limits of Kingsville (n = 49 points) to document nesting-
habitat availability. At each point, we determined tree density dur-
ing June 2005 using distance sampling (Buckland et al. 2001) and 
the program DISTANCE 5.1 Beta 3 (Thomas et al. 2005). Although 
nesting habitat availability was documented at a later date than the 
nest searches, this period of time is short relative to the time-scale 
over which changes in woody vegetation occur. Therefore, relat-
ing nest density to habitat attributes was valid. We measured hori-
zontal distance from each point to the center of all detected trees 
>3-m tall using a laser range finder. We only measured trees >3 
m because trees less than this height are rarely used for nesting 
(Small et al. 2005). We calculated tree density by species and esti-
mated availability. We defined availability as a species’ proportion 
of total tree density at each point.

Habitat Attributes Associated with White-winged Dove 
We separated nesting habitat attributes into two categories: 

tree density and land-cover classes. For tree density, we classified 
trees as either those previously documented as favorable for nest-
ing (live oak [Quercus virginiana], Mexican ash [Fraxinus berland-
ieriana], sugarberry [Celtis spp.], and Texas ebony [Pithecellobium 
flexicaule]) or unfavorable for nesting which predominantly con-
sisted of mesquite (Prosopis glandulosa) (Cottam and Trefethen 
1968, West 1993). Thus, we obtained estimates of favorable tree 
density, mesquite density, and total tree density. 

We used the same points that were established to obtain tree 
density (see above; n = 49) to quantify land cover. We delineated 
land-cover classes using ArcGIS 9.0 and 1-m resolution infra-
red imagery within a 65-m radius polygon around each point. 
We chose a 65-m radius because preliminary analysis of distance 
data indicated that we were estimating white-winged dove density 
within 65-m radius of each point (see below). Our intent was to 
relate habitat characteristics to white-winged dove density; thus, it 
was essential that estimates of both variables were obtained from 
a common area. 

We identified habitat characteristics that we hypothesized to 
be biologically important predictors of white-winged dove density 
and could be obtained using the available imagery. These charac-
teristics were % canopy cover of all woody plants, % canopy cover 
of shade trees (i.e., trees characterized by single-stem trunk and 
dense canopy), % mesquite canopy cover, and % lawn cover (char-
acterized as grass that appeared to be actively maintained and wa-
tered by a residence or business). We manually delineated these 



2008 Proc. Annu. Conf. SEAFWA

Nesting Habitat of Urban White-winged Doves Breeden et al  60

land-cover classes within the 65-m radius at each point. We then 
calculated their respective percent coverage within this area. 

We estimated white-winged dove density at each point (n = 49) 
using distance sampling (Buckland et al. 2001). At each point, we 
measured the horizontal distance to all white-winged dove seen 
and heard during a 2-min counting period using a laser rangefind-
er (Breeden 2005). If a bird was heard and not seen, we measured 
distance to foliage near the estimated location. We surveyed each 
point four times during 15 May–10 June 2005 from 0645–0945 
hrs to obtain a more reliable estimate of density. This time period 
coincides with the annual white-winged dove survey conducted 
by Texas Parks and Wildlife Department personnel. 

Distance sampling uses the mean detections per visit to esti-
mate density at each survey point (Buckland et al. 2001). 

Statistical Analyses
We evaluated nest-site selection using Chi square analyses with 

proportion of tree availability and 90% Bonferonni confidence in-
tervals (Neu et al. 1974). If the available proportion of a tree spe-
cies fell within the 90% Bonferonni confidence limit of the pro-
portion of nest occurrence, the tree species was neither selected 
nor avoided. Selection was indicated when the available propor-
tion of a tree species was less than the 90% CI lower limit of the 
proportion of nest occurrence, whereas avoidance was indicated 
when the available proportion of tree species was greater than the 
upper limit. 

We evaluated the relationship between habitat characteris-
tics and white-winged dove density using linear regression (SAS 
2001). We tested for a linear and quadratic relationship of each 
individual habitat variable with dove density. We also conducted 
multiple linear regression on all landcover variables. Model fit was 
assessed using adjusted R-square values and AIC values. Models 
with both higher adjusted R-square value and lower AIC value 
were chosen as the best fit model.

Results
Nest-site Selection

We located white-winged dove nests (n = 98) in five tree spe-
cies (Table 1). The majority of nests were situated in live oak (57%) 
and Mexican ash (19%). Only 9% of the nests were located in mes-
quite. Chi-square analysis (Neu et al. 1974) indicated that live oak 
was the only tree species selected as a nesting substrate, whereas 
mesquite was avoided (Table 1). The remaining three tree species 
in which nests occurred were neither preferentially selected nor 
avoided. 

Habitat Attributes Associated with White-winged Doves
Regarding fine-resolution habitat variables, we documented 

a positive, quadratic relationship between total tree density and 
white-winged dove density (R2 = 0.28; P = 0.002; Figure 1a). This 
relationship appeared to be driven by two data points which skewed 
the data. However, removing these data points still resulted in a 
positive, linear relationship between total tree density and white-
winged dove density (R2 = 0.36; P < 0.001). The strongest relation-
ship existed between favorable tree density and white-winged dove 
density (R2 = 0.40; P < 0.001; Figure 1b; Table 2). We did not find 
any relationship between white-winged dove density and mesquite 
tree density (R2 = 0.02; P < 0.395; Figure 1c; Table 2). 

Regarding land cover habitat variables, we found weak rela-
tionships between dove density and % woody canopy cover (R2 
= 0.14; P = 0.008), % mesquite tree canopy cover (R2 = 0.21; P = 
0.026), and % lawn cover (R2 = 0.24; P = 0.021; Figure 2a, c, d). 

Table 1. Nest-site selection (% tree availability, observed number of white-winged dove nests, 
expected number of nests, and 90% Bonferonni confidence intervals) by white-winged doves 
for tree species classes in Kingsville, Texas, June–August 2003 and 2005.

a. Lower and upper 90% Bonferonni confidence intervals (Neu et al. 1974).

Tree species Tree availability n nests Expected n nests LCLMa UCLMa Selection

Live oak 0.21 56 20.48 0.46 0.69 Selected
Mexican ash 0.25 19 24.21 0.10 0.29 Neither
Texas sugarberry 0.10 7 9.51 0.01 0.13 Neither
Texas ebony 0.01 4 0.59 –0.01 0.09 Neither
Honey mesquite 0.38 9 37.04 0.02 0.16 Avoided
Other 0.06 3 6.17 –0.01 0.07 Neither

Table 2. Relationships between white-winged dove density (n = 49 survey points) and tree 
density habitat variables, Kingsville, Texas, June 2005.

Model P-Value R-Square
Adjusted
R-Square AIC ΔAIC MSE

Favorable tree density <0.001 0.40 0.39 109.31 1.47 8.94
Total tree density 0.001 0.28 0.25 120.56 12.72 11.04
Mesquite tree density 0.395 0.02 –0.01 133.74 22.90 14.72

Table 3. Relationships between white-winged dove density (n = 49 survey points) and land 
cover habitat variables [% total woody canopy cover, % shade tree canopy cover, % mesquite 
tree canopy cover, and % lawn cover], Kingsville, Texas, June 2005.

Model P-Value R-Square
Adjusted
R-Square AIC ΔAIC MSE

% Shade tree cover % Mesquite tree cover   
 % Lawn cover

<0.001 0.62 0.59 92.81 0.00 6.04

% Shade tree cover  <0.001 0.57 0.56 92.93 0.12 6.40
% Shade tree cover % lawn cover <0.001 0.59 0.57 93.34 0.53 6.33
% Lawn cover 0.002 0.24 0.21 122.99 30.18 11.60
% Mesquite tree cover 0.004 0.21 0.18 124.77 31.96 12.03
Total % woody canopy cover 0.008 0.14 0.12 127.12 34.31 12.86
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Figure. 1. Scatter plot showing relationships between (a) total tree density and white-winged 
dove density, (b) favorable tree density and white-winged dove density, and (c) mesquite tree 
density and white-winged dove density in Kingsville, Texas, June 2005.

a.

b.

c.

Figure. 2. Scatter plot showing relationships between (a) Total % woody canopy cover and 
white-winged dove density, (b) % shade tree canopy cover and white-winged dove density, (c) 
% mesquite tree canopy cover and white-winged dove density, and d) % lawn cover and white-
winged dove density in Kingsville, Texas, in June 2005.

a.

b.

c.

d.

Our strongest single variable relationship involved % shade-tree 
cover and white-winged dove density (R2 = 0.57; P < 0.001; Figure 
2b; Table 3). Adding % lawn cover to the model with % shade tree 
cover resulted in an increase in adjusted R-square value of 0.01 
but an increase in AIC by 0.41. Adding % mesquite tree cover with 
% lawn cover and % shade tree cover increased the adjusted R-
square value by 0.05 and decreased the AIC value by 0.12.

Discussion
Our results indicate that live oak was an important component 

of white-winged dove nesting habitat in our urban landscape. 
Similar to our study, Hayslette and Hayslette (1999) documented 
that 94% of white-winged dove nests were situated in live oak 
trees on a university campus encompassed within our study area. 
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However, their methods only included a university campus which 
may not represent habitat throughout the entire urban area. Also, 
they did not include mesquite trees in their analyses. We specu-
late that our finding is applicable to other urban environments in 
Texas where live oak occurs. West (1993) also found that live oak 
was preferred nesting habitat in San Antonio, Texas. We hypoth-
esize that live oak was an important nesting substrate in our study 
because its dense canopy and dark green foliage resembles the fo-
liage of Texas ebony, a preferred tree in native south Texas habitat 
(Cottam and Trefethen 1968:50) and likely provides similar nest 
cover benefits. However, we documented that other tree species 
with similar canopy characteristics as live oak were not selected 
(i.e., Mexican ash and sugarberry). We cannot adequately explain 
why these trees were not selected for by breeding white-winged 
doves in our study. Research suggests that Arizona ash (Fraxinus 
velutina) (similar in appearance to Mexican ash) and sugarberry 
are preferred nesting substrates of white-winged doves in other 
urban areas of Texas (West 1993, Small et al. 2005). Perhaps all 
these species represent suitable nesting substrate for white-winged 
doves, but dove selection occurs on a continuum of canopy cover-
age from most dense to least dense. If this speculation is true, then 
live oak trees would represent a first-choice habitat, with doves 
nesting in the other suitable tree species as live oak availability de-
clined. This tree-canopy hypothesis requires further testing, how-
ever. 

Honey mesquite occurred in the highest density in Kingsville, 
but was selected against by white-winged dove for nesting. In na-
tive habitat, mesquite also was not a preferred nesting tree (Cottam 
and Trefethen 1968:52, George et al. 1994). Our finding is consis-
tent with our tree-canopy hypothesis above because mesquite has a 
relatively open canopy and does not resemble preferred trees in na-
tive habitat. Thus, tree foliage cover may be an important indicator 
of tree suitability and selection for white-winged dove nesting. 

Our results indicated that favorable-tree density was the best 
predictor of white-winged dove density for the tree density vari-
ables. We observed no relationship in either mesquite density or 
total tree density. Similarly for land cover variables, we detected 
weak relationships between both % mesquite cover and % total 
woody cover and white-winged dove density. However, % canopy 
cover of shade trees (i.e., favorable trees) was positively correlat-
ed with density of white-winged doves. Adding % mesquite tree 
cover and % lawn cover to the model resulted in a small improve-
ment. Thus, the pattern emerging from our data collectively is that 
white-winged dove density in urban environments is associated 
with the presence and canopy cover of trees suitable for nesting. 
The inclusion of % mesquite cover and % lawn cover may indi-
cate that white-winged dove prefer habitat with a dense canopy 

but open understory. Therefore, the amount of canopy cover of 
favorable nesting trees within suburban residential areas may be a 
predictor of white-winged dove density in that area.

Management Implications
Because white-winged doves continue to expand northward, 

there is a continual need to survey additional cities. Knowledge of 
habitat characteristics influencing dove nesting and presence pro-
vides valuable information necessary for designing efficient and 
effective surveys. The results from this and prior research indicate 
that shade trees characterized by dense foliage are an important 
component of white-winged dove breeding habitat in urban areas. 
These data can be used to develop crude habitat-suitability mod-
els to predict potential white-winged dove habitat in urban areas 
and thereby used to refine survey protocol regarding allocation 
and distribution of survey points. Therefore, surveys can be made 
more efficient and reliable by concentrating survey effort in areas 
where white-winged doves occur. Researchers also may be able to 
simply examine an aerial photo of an urban area and identify pos-
sible preferred habitat in which to place survey points based on 
presence and canopy cover of favorable nesting trees. 
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