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ABsTRACT.--Minimum-area-requirement estimates for area-sensitive birds may underesti- 
mate the actual area needed to provide long-term breeding habitat because they do not 
consider the pairing and mating success of territorial males. Patterns of pairing success were 
studied in Ovenbirds (Seiurus aurocapillus) in north-central Missouri in forest tracts below, 
approaching, and exceeding minimum-area-requirement estimates for this species. The pos- 
sible roles of habitat area, isolation, and edge effect in causing reduced pairing success were 
examined. Male Ovenbird territories were spot mapped within seven forest tracts. Each male 
was observed to determine if he had acquired a mate. The percentage of paired male Ovenbirds 
was directly related to forest-tract area and total estimated male Ovenbird population. A 
higher percentage of males with territories more than 300 m from the forest edge were paired 
than males with territories less than or equal to 300 m from the forest edge. The combined 
effect of total forest area, edge-to-interior ratio, and percent forest cover within a 5-kin radius 
of the tracts was highly correlated with pairing success. Edge effects are an important con- 
sideration that should be a contributing factor when developing minimum-area-requirement 
estimates. Received 9 lune 1993, accepted 24 October 1993. 

STUDIES OF THE RESPONSES of area-sensitive 

birds to forest fragmentation often focus on the 
question of quantifying minimum-habitat-area 
requirements for these species (Galli et al. 1976, 
Blake 1983, Hayden et al. 1985, Robbins et al. 
1989). Minimum-area requirements are estimat- 
ed by: (1) the minimum area of occurrence (Galli 
et al. 1976, Blake 1983, Hayden et al. 1985); (2) 
the inflection point of species-specific incidence 
functions (Diamond 1978, Robbins 1979); and 
(3) logistic regression examining the relation- 
ship between forest area and the probability of 
detecting a species (Robbins et al. 1989). 

Designs of nature reserves based on these es- 
timates are discouraged for a variety of reasons 
(Robbins 1979, Whitcomb et al. 1981). For ex- 
ample, male Kirtland's Warblers (Dendroica kirt- 
landii) occupying marginal habitat experience 
lower pairing success than males in optimal 
habitat (Probst and Hayes 1987). Breeding birds 
within suggested minimum-area tracts also may 
suffer greater rates of nest predation (Wilcove 
1985, Burger 1988), brood parasitism (Britting- 
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ham and Temple 1983, Robinson 1992) and, 
hence, lower nesting success when compared 
with cohorts within forest tracts larger than the 
minimum-area requirement. 

A valid estimate of the minimum-area re- 

quirement for a site would require detailed de- 
mographic data for the species involved at the 
site plus information on the exchange of indi- 
viduals between sites within the metapopula- 
tion (Schaffer 1981). Such data would determine 
which locations support "source" populations 
and which are "sinks" (PullJam 1988), regularly 
being "rescued" by colonization from sources 
(Brown and Kodric-Brown 1977). Information 
on this critical management issue currently is 
not available. 

Our studies have focused on population char- 
acteristics of area-sensitive forest wood-war- 

biers in tracts below, approaching, and exceed- 
ing the 340-ha estimated minimum-area re- 
quirement for a given species in central Mis- 
souri (Hayden et al. 1985). Despite comparable 
habitat availability in two 300-ha forest frag- 
ments and a 900-ha control site (Wenny et al. 
1993), we found populations of the Kentucky 
Warbler (Oporornis formosus) and Ovenbird 
(Seiurus aurocapillus) were about one-half as dense 
in the fragments (Wenny 1989). Additionally, 
pairing success of the Ovenbird was greatly re- 
duced on the fragments when compared to sites 
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Fig. 1. Locations of study sites in Missouri. 

exceeding the minimum-area requirement 
(Gibbs and Faaborg 1990). Overall, these 300- 
ha forest fragments contained about 20 singing 
male Ovenbirds, but actually supported as few 
as seven breeding pairs each. 

In this paper, we examine further the patterns 
of pairing success in isolated populations of the 
Ovenbird within forests in central Missouri. The 

possible roles of habitat area, isolation, and edge 
effect in causing reduced pairing success were 
evaluated. First, we examined pairing success 
rates among a number of forest fragments sup- 
porting Ovenbird populations of varying size, 
and then we evaluated pairing success in re- 
lation to territory location within two large for- 
ests (900 ha). 

METHODS 

Study areas.--Each study site was once part of a 
single extensive forest, interdigitated with fingers of 
prairie located along the Missouri and Chariton riv- 
ers. This presettlement forest once covered 77% of the 
five counties containing the study sites. Following 
settlement, this once extensive forest was extremely 
reduced in area and fragmented. Today, forest cover 
within the five-county area exists as 3,960 fragments 
covering 23% of the land area (Giessman et al. 1986). 

County road maps with satellite overlays of forest 
cover (compiled by the Missouri Department of Con- 
servation) and a listing of forest tracts by county and 
size (Giessman et al. 1986) were evaluated for tracts 
150-ha or larger in counties north of the Missouri 
River. During the 1988-1989 pilot season, 39 forest 
tracts within the Chariton River valley and adjacent 
areas were censused for Ovenbirds. Of these, seven 

sites were selected as suitable study sites because of 
accessibility, and contrasting differences in forest area, 
total number of male Ovenbirds, edge-to-area ratios, 
and relative isolation from other forest tracts (mea- 

TABLE 1. Characteristics of study sites. 

Site name (acronym) 

Per- 

cent 

forest- 
ed 

Total land Edge- 
area within to-area 

(ha) 5 km ratio 

Atlanta Wildlife Area 

(ATLA) 350 23 1.30 
Thomas Baskett Wildlife 

Center (TBWC) 900 80 0.10 
Rudolph Bennitt Wildlife 

Area (RBWA) 900 52 0.32 
Fulton (FULT) 300 18 0.40 
Hungry Mother (HUMO) 150 46 0.53 
Millersburg (MILL) 300 20 0.79 
Whetstone Creek (WHST) 350 31 1.60 

sured as amount of forest cover within 5-km radius 

of each forested area; Fig. 1, Table 1). The edge-to- 
interior ratio was calculated for each tract by laying 
a grid, calibrated in 0.25-ha blocks, over topographic 
maps of each study area. The number of 0.25-ha blocks 
containing edge was divided by the total number of 
forested blocks to calculate the edge-to-interior ratio 
(Table 1). 

We collected data from two large forests and five 
forest fragments. The two large forests include: Tho- 
mas S. Baskett Wildlife Research and Education Cen- 

ter (TBWC) located in Boone County, Missouri; and 
Rudolph Bennitt Wildlife Area (RBWA) located in 
Boone, Randolph, and Howard counties, Missouri (Fig. 
1). The TBWC encompasses about 900 ha and is con- 
tiguous with forest tracts to the south and east. The 
RBWA contains about 900 ha of forest cover and is 

surrounded by agricultural land. The vegetation on 
both sites was composed of mature, upland, secondary 
forest dominated by oak (Quercus sp.) and hickory 
(Carya sp.). The understory plant community con- 
sisted of flowering dogwood (Cornus florida), vibur- 
num (Viburnum sp.), hophornbeam (Ostrya virginiana ), 
serviceberry (Amelanchier arborea) and sugar maple 
(Acer saccharinurn). Ground cover included aromatic 
sumac (Rhus aromatica ), Virginia creeper (Parthenicis- 
sus sp.), buck brush (Symphoricarpos orbiculatus), and 
poison ivy (Toxicodendron radicans). 

The five smaller fragments were similar in vege- 
tative composition to that of the TBWC and RBWA 
sites (Gentry 1989, Seng 1990). The Millersburg (MILL) 
and Fulton (FULT) tracts (both 300 ha), as well as the 
Whetstone Creek Wildlife Area (WHST; 350 ha), are 
located in Callaway County, Missouri (Fig. 1). The 
Hungry Mother Wildlife Area (HUMO; 150 ha) is in 
Howard County, and the Atlanta Wildlife Area (ATLA; 
350 ha) is located in Macon County (Fig. 1). 

Evaluating pairing success within forest fragments of 
varying size.--Territory locations of singing male Ov- 
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enbirds were delineated using the spot-mapping 
technique from April through June 1989 (Interna- 
tional Bird Census Committee 1970). Spot mapping 
was conducted from sunrise to 4 h after sunrise to 

delineate territory locations. Plots of approximately 
150 ha within ATLA, TBWC, RBWA, and WHST were 

censused by walking systematically through each plot 
(Table 1). The plot size of 150 ha was chosen because 
it is large enough to contain several Ovenbird terri- 
tories. In the smaller tracts (MILL, FULT and HUMO), 
plots were not used because it was feasible to census 
the entire tract. Plots were rectangular and placed 
where Ovenbirds were known to occur. All plots in- 
cluded interior forest and external edge portions. In- 
terior edges created by forest-management practices 
were avoided. 

We visited each site four to five times in sequential 
order so that visits were spaced evenly throughout 
the field season. Territories of male Ovenbirds were 

defined as clusters of two or more registrations from 
different visits. Two registrations can be used to de- 
lineate a territory if a minimum of five site visits are 
made (International Bird Census Committee 1970). 
We did not have time to visit each tract five times 

because of the number of fragments involved and the 
short duration breeding season; however, all frag- 
ments were visited at least four times. Countersinging 
events were used to help delineate territory bound- 
aries. 

To assess paired status, we recorded the number of 
songs given by each territorial male during a 5-rain 
period. We considered birds paired if they sang six 
or fewer times during the 5-rain sample. Gibbs (1988) 
derived these criteria from extensive field studies that 

were later replicated by Gentry (1989) and confirmed 
by Van Horn (1990). Males were evaluated for paired 
status at each visit unless call-back tapes were used. 

The singing rate, especially for mated birds, changes 
at different stages of the breeding cycle (Kroodsma 
et al. 1989). Because paired birds sing so infrequently, 
we occasionally used playback tapes to enhance de- 
tection of paired birds. We did not conduct song-rate 
counts on birds that responded to the tape. Addition- 
ally, we only considered a male paired when it had 
a low singing rate and was observed with a mate or 
carrying food. Conversely, we considered birds un- 
paired if they had a high singing rate and the be- 
haviors listed above were not observed. 

Because unpaired males sing more often than paired 
males, we may have detected more unpaired males, 
but this potential bias is consistent throughout all 
study sites. It is generally assumed that most migra- 
tory passetines are unpaired upon arrival at the 
breeding grounds, and detectabilities at this time are 
similar (Pettingill 1985). Furthermore, as the season 
progressed, use of tape-recorded calls ensured de- 
tectability of paired males that did not sing as often. 

We did not distinguish between territories of males 
that remained on the territory for the entire breeding 

season and males that may have abandoned the ter- 
ritory in search of another mate or territory location. 
It is possible that such movements could create an 
inflated sample of unpaired males; however, this sam- 
pling artifact is unlikely in this study because males 
(paired or unpaired) were included in the analysis 
only if enough registrations were recorded to delin- 
eate the territory. 

Ovenbird density data collected within 150-ha cen- 
sus plots were multiplied by the area of each tract to 
estimate population size for each tract. The calcula- 
tion of total population size assumes that density re- 
mained constant throughout each study area. Because 
Ovenbird territory density may not be constant 
throughout a forest tract (Gentry 1989) and because 
forest habitat quality within a tract is not uniform 
(Van Horn 1990), the total male Ovenbird population 
estimates may be exaggerated. Pearson product-mo- 
ment correlations were used to determine if the total 

male Ovenbird population size within a forest tract 
was related to the percent paired male Ovenbirds 
and/or density of territorial males. 

Simple regressions were used to determine if total 
forest area could predict percent paired male Oven- 
birds. A multiple-regression analysis was computed 
to determine the relative importance of area, edge 
and local isolation of forest tracts on pairing success 
of Ovenbird populations (Sokal and Rohlf 1981, SAS 
Institute 1985a, b). 

Pairing success in relation to edge in large forests.- 
Ovenbirds were spot mapped using the same method 
described above from 7 May through 30 June 1989 
on TBWC, and from 23 April through 15 June 1990 
on TBWC and RBWA. Three management units to- 
tailing about 110 ha on TBWC and 133 ha on RBWA 
were spot mapped. Each area censused included forest 
interior and external forest edge. A territory was de- 
lineated if a singing male was detected at least eight 
times in the same area during 10 to 12 site visits. 
Countersinging males were used in delineating ter- 
ritories. The paired status of each male was deter- 
mined using the singing-rate-index technique and 
visual confirmations of breeding activity described 
earlier. Because more site visits were made in this 

portion of the study, we were able, for some males, 
to document shifts in paired status from unpaired to 
paired. These males were considered paired for anal- 
ysis purposes. 

We defined edge habitat as the boundary between 
grassland (or pasture) and forest. Each territory was 
placed in one of six 100-m distance classes according 
to the distance of the center of the territory from the 
forest edge. We selected 100-m distance classes be- 
cause these intervals were wide enough to encompass 
Ovenbird territories in north central Missouri (Wen- 
ny 1989). The last distance class (501-600+ m) in- 
cluded a few territories greater than 600 m from the 
forest edge. We were unable to form a 601- to 700-m 
distance class because there were few locations within 
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each forest greater than 600 m from an exterior forest 
edge or interior clearcuts. 

To determine if the pairing success of male Ov- 
enbirds was related to the distance of the territory 
from the forest edge we used Williams' corrected 
G-tests of independence to compare the ratio of paired 
to unpaired birds in each distance class. We tested 
the association between pairing success and distance 
of the territory from the forest edge using Spearman 
rank correlations. Distance classes were pooled into 
the two most meaningful groups for comparison. 
G-tests of heterogeneity were used to determine how 
to pool the distance classes into the two most mean- 
ingful groups for comparison (Sokal and Rohlf 1981, 
SAS Institute 1985a, b). The proportion of paired to 
unpaired birds between these pooled distance classes 
was tested. 

Habitat measurements.--To assess influences of hab- 

itat quality on pairing success, we measured eight 
habitat variables considered important in describing 
Ovenbird habitat in Missouri (Sweeny and Dijak 1985, 
Wenny 1989) and Minnesota (Collins et al. 1982): bas- 
al area, slope, canopy height, litter depth, percent 
canopy closure, percent ground cover, shrub density, 
and shrub height. All vegetation measurements were 
completed during early to mid-July 1990. Six of the 
eight variables measured do not change significantly 
between April (when the birds are establishing ter- 
ritories) and July (when variables were measured). 
Values for percent canopy closure and percent ground 
cover measured in July would differ from conditions 
present in April. However, these parameters are im- 
portant in characterizing forest structure and reflect 
habitat conditions that Ovenbirds are likely to assess 
in the spring. 

Measurements for slope, percent canopy closure, 
percent ground cover, and shrub density were col- 
lected using techniques described by James and Shu- 
gart (1970). Techniques used for the remaining pa- 
rameters are modifications of this standard method 

and are discussed below. Vegetation measurements 
were collected from four, 0.4-ha circular plots located 
within each territory. Locations of circular plots were 
randomly selected within each territory and estab- 
lished using the centroid of the territory as a reference 
point. At the center of each plot, a meter stick was 
used to measure shrub height and litter depth. A cli- 
nometer was used to estimate tree height and slope. 
We used a 10-factor prism to estimate the basal area 
for each plot (Hovind and Rieck 1970). Use of a prism 
permitted timely collection of basal-area data but, be- 
cause it is a plotless method, additional trees outside 
of the plot may have been included in the basal-area 
calculation. We think this method provides a reason- 
able estimate of the basal area within each territory, 
and any error in the measurement is consistent across 
all territories. 

A two-level nested ANOVA was conducted on each 

vegetation parameter to test for differences between 

territories of paired and unpaired birds at each study 
site (Sokal and Rohlf 1981, SAS Institute 1985a, b). To 
meet the assumptions of such an analysis, data values 
for total stems per hectare were transformed to a log- 
normal distribution. Stepwise discriminant analysis 
and discriminant-function analysis (SAS Institute 
1985a, b) were used to evaluate the importance of each 
parameter simultaneously. Correlations of parame- 
ters included in these analyses were evaluated. 

The stepwise discriminant analysis was conducted 
using distance as a variable in addition to the vege- 
tation parameters to determine what variables were 
most important in distinguishing between the terri- 
tories of paired and unpaired birds. In the discrimi- 
nant-function analysis, we included variables in the 
function that were significant in the ANOVA and 
those shown to be most important in the stepwise 
discriminant analysis. We then eliminated parameters 
one at a time to determine how much they contrib- 
uted to classifying birds as paired or unpaired. If the 
parameter made no contribution, we eliminated it 
from the function. We also conducted separate dis- 
criminant-function analyses using each habitat vari- 
able individually to see how accurately each param- 
eter could classify birds as paired or unpaired. 

•ESULTS 

Pairing success within forests of varying size.- 
Ovenbird densities within TBWC (900 ha), Ful- 
ton (300 ha) and Millersburg (300 ha) sites were 
similar to density estimates derived from pre- 
vious studies of these areas (Gibbs 1988, Wenny 
1989). Estimated total number of male Oven- 
birds for the study sites ranged from about 9 
on a 350-ha tract to 125 on the 900-ha tracts 

(Table 2). The percent paired male Ovenbirds 
on study plots ranged from 0 on the smaller 
fragments (350 ha) to about 65 in the larger 
contiguous forests (900 ha). 

Pearson product-moment correlations were 
computed for percent paired males within plots, 
density of territorial males, and total male Ov- 
enbird population estimates for the forest tracts. 
As total male Ovenbird population estimates 
increased so did percent paired males within 
plots (R 2 = 0.923, P < 0.01). However, male 
densities from plots were not correlated with 
percent paired male Ovenbirds within plots, or 
total male Ovenbird population estimates with- 
in forest tracts. 

Percent paired males within plots also was 
correlated with forest area and estimated total 

MOB population (R 2 = 0.795, P < 0.05 and R • 
= 0.923, P < 0.05, respectively; Figs. 2 and 3). 
A multiple regression of these factors revealed 
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TABLE 2. Densities of territorial male Ovenbirds and numbers of breeding pairs within survey plots, and 
estimates of total male population on seven forested tracts in north-central Missouri in 1989. 

Area Density Males within plots Estimated 
censused within Percent total no. males 

Site a (ha) plots b Paired Unpaired paired per ha 
ATLA 211 0.83 3 12 20.0 0.08 
FULT 157 0.59 1 7 12.5 0.06 
HUMO 100 1.96 5 13 27.7 0.20 
MILL 160 0.45 1 5 16.6 0.05 
RBWA 180 1.38 9 11 45.0 0.14 
TBWC 167 1.41 13 7 65.0 0.14 
WHST 224 0.26 0 5 0.0 0.03 

See Table I for site names. 

Number of males/10 ha. 

that the combined effect of total male Ovenbird 

population within a forest tract and forest area 
were significantly correlated with percent paired 
males (R 2 = 0.920, P < 0.05). 

A multiple regression of total forest area, edge- 
to-interior ratio, percent forest cover within a 
5-km radius of each tract, and pairing succeas 
did not reveal which of the three habitat factors 

contributed most to pairing success. However, 
the combined effect of these factors was highly 
correlated with pairing success (R 2 = 0.884, P 
< 0.01). 

Patterns of pairing success within large forests.- 
Comparisons of the proportion of territories 
with paired and unpaired birds among distance 
intervals from the forest edge were made for 
each year within the two large sites (Table 3). 
Pairing success was related to the distance of 
the territory from the forest edge (P = 0.005 in 
1990 at TBWC and RBWA). A similar but non- 
significant trend (P > 0.05) was apparent at 
TBWC in 1989. 

The percentage of paired male Ovenbirds was 

60 

• 30 

r=0795 

P< o.o5 HUMO 

200 400 600 80• 1,000 

Fig. 2. Relationship between percent paired male 
Ovenbirds and forest area in north-central Missouri, 
1989. 

positively correlated with increasing distance 
of the territory from the forest edge in 1990 at 
RBWA (R 2 = 0.800, P = 0.05) and TBWC (R 2 = 
0.830, P = 0.04). The correlation for TBWC in 
1989 was not significant, but the results imply 
a similar direct positive relationship between 
percent paired male Ovenbirds and distance of 
the territory from the forest edge (R • = 0.540, 
P = 0.54). For TBWC and RBWA in 1990, but 
not TBWC in 1989, there were more paired males 
with territories more than 300 m from the forest 

edge than males occupying territories 300 m or 
closer to the forest edge (Table 3). 

Four vegetation parameters differed between 
territories with paired and unpaired male Ov- 
enbirds, but these differences were not consis- 
tent between RBWA and TBWC (Table 4). Mean 
tree height, litter depth, and canopy cover were 
greater in territories with paired birds than for 
those with unpaired birds (P = 0.01, 0.02 and 
0.002, respectively) at RBWA. At TBWC mean 
tree height and litter depth were higher in ter- 
ritories of paired birds (P < 0.001 and 0.01, re- 

TBWC ß 

r=0923 

P <005 

RBWA ß 

Estimated total male Ovenbird population 

Fig. 3. Relationship between percent paired male 
Ovenbirds and total male Ovenbird population by 
forest tract in north-central Missouri, 1989. 
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TAI•I,E 3. Williams' corrected G-tests of independence comparing proportion of paired and unpaired male 
Ovenbirds with territories in each distance class, and G-test of heterogeneity comparing proportion of 
paired to unpaired male Ovenbirds among pooled distance classes for Thomas S. Baskett Wildlife and 
Research Center (TBWC) for 1989 and 1990, and Rudolph Bennitt Wildlife Area (RBWA) for 1990. 

TBWC 1989 TBWC 1990 RBWA 1990 
Distance 

class Paired Unpaired Paired Unpaired Paired Unpaired 
0-100 1 6 0 3 0 7 

101-200 2 7 2 5 2 9 
201-300 4 2 0 1 2 7 
301-400 0 3 6 0 2 0 
401-500 2 3 3 0 4 0 
501-600 3 1 5 0 3 2 

Gaai 8.85 20.86 19.23 
P >0.1 <0.005 <0.005 

Pooled classes 

0-300 7 15 2 9 4 23 
301-600 5 7 14 0 9 2 
G 0.34 22.24 15.74 
P > 0.1 <0.005 <0.005 

spectively), whereas percent ground cover was 
less (P = 0.006). No significant correlations were 
found between pairs of these habitat variables. 

A stepwise discriminant analysis was used to 
determine which habitat structure parameters 
could best describe the variation between paired 
and unpaired males. The distance of territories 
from the forest edge explained 58% of the vari- 
ation (P < 0.001), while ground cover accounted 
for 21% (P = 0.03) between territories of paired 
and unpaired'males at TBWC. On RBWA, the 
distance of territories from the forest edge ac- 
counted for 38% (P < 0.001) and slope for 13% 
(P = 0.03) of the variation between paired and 
unpaired male territories. 

To determine how accurately distance of the 
territory from the forest edge and other habitat 

variables could predict paired or unpaired Ov- 
enbird status, we conducted discriminant anal- 

yses. For RBWA a single variable, distance of 
the territory from the forest edge, was 69% ac- 
curate in classifying males as paired and 87% 
accurate in classifying males as unpaired. The 
classification accuracy could not be improved 
by adding any vegetation parameter to the dis- 
criminant function or by using any single veg- 
etation parameter. A similar trend was dem- 
onstrated at TBWC, with distance of the terri- 

tory from the forest edge achieving 87% accu- 
racy in classifying males as paired and 100% 
accuracy in classifying males as unpaired. How- 
ever, the accuracy of this classification was 100% 
for paired and unpaired males when percent 
ground cover was added to the function. None 

TAI•I,E 4. Comparisons of vegetation values (œ + SD) for territories of paired and unpaired Ovenbirds for 
Thomas S. Baskett Wildlife and Research Center (TBWC) and Rudolph Bennitt Wildlife Area (RBWA) for 
1990 using two-level nested ANOVA. 

TBWC RBWA 

Paired Unpaired Paired Unpaired 
(n = 18) (n = 9) P (n = 13) (n = 24) P 

Slope 12.4 + 3.2 11.4 + 3.5 0.3 15.6 + 6.5 13.3 + 6.3 0.1 
Tree height (m) 22.9 + 3.8 18.2 + 4.6 <0.001 21.6 + 5.3 18.4 + 4.9 0.01 
Litter depth (cm) 3.0 + 1.3 2.2 + 1.1 0.01 3.6 + 1.9 2.9 + 1.3 0.02 
Percent canopy closure 87.7 + 8.1 88.5 + 8.2 0.7 81.8 + 9.8 72.6 + 15.2 0.002 
Percent ground cover 20.5 + 15.7 42.1 + 24.0 0.006 55.7 + 17.2 53.0 + 21.7 0.6 
Shrub height (cm) 33.4 + 14.3 40.7 + 17.9 0.1 60.9 + 20.4 58.1 + 26.8 0.7 
Stem density/ha a 3.4 + 0.3 3.4 + 0.3 0.9 3.7 + 0.2 3.7 + 0.5 0.7 
Basal area 110.1 + 27.2 104.2 + 26.8 0.4 85.2 + 28.5 86.3 + 25.8 0.8 

ß Log-transformed values. 
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of the other variables could individually clas- 
sify birds as paired or unpaired as accurately as 
distance of the territory from the forest edge. 

DISCUSSION 

These data demonstrate that the percentage 
of paired male Ovenbirds from forests in north- 
central Missouri is directly related to both con- 
tiguous forest area and total male Ovenbird 
population size, and positively influenced by 
territory placement more than 300 m from the 
forest edge. 

Pairing success of male Ovenbirds within 
large forest tracts for the TBWC 1990, and RBWA 
datasets increased beyond 300 m of the forest 
edge. The TBWC 1989 data, while showing a 
similar trend, were not significant. The pattern 
exhibited by the TBWC 1989 data is likely a 
result of our initiation of censusing after most 
pair bonds had formed. In spite of induced 
countersinging through use of the playback 
tapes, it is likely that we were unable to locate 
territories of paired males because the singing 
rate drops significantly after pair bonds are 
formed. 

Previous work in north-central Missouri sug- 
gested that Ovenbird populations in fragment- 
ed forests contained a greater proportion of un- 
paired males than found in larger forests (Gibbs 
and Faaborg 1990). The patterns observed in our 
study are complementary to these previous 
findings. We do not know if this accurately re- 
flects populationwide sex ratios or may be a 
result of sexual differences in dispersal. How- 
ever, we hypothesize that the apparent excess 
of unpaired males may be the result of territory 
establishment in edge habitat. Females may 
choose to avoid males defending edge territo- 
ries. Alternatively, females may pair with these 
males, but subsequently be depredated or forced 
to abandon the territory as a result of negative 
influences of edge. It is unknown if males with 
territories in edges pair later than those in the 
interior. Future research on sex ratios, dispersal, 
and male/female interactions near forest edge 
is needed throughout the Ovenbird breeding 
range to characterize this pattern in greater de- 
tail. 

Although other studies have shown reduced 
nesting success by Ovenbirds on forest frag- 
ments (Wander 1985, Porneluzi et al. 1993, M. 
A. Viilard unpub. data), they did not show the 
aversion to edge shown here. We suggest that 

this may reflect the history of north-central Mis- 
souri, as this region was once a very hetero- 
geneous blend of forest and prairie. Ovenbirds 
living in this region in presettlement times may 
have dealt with higher nest predation (Wilcove 
1985, Burger 1988) or cowbird parasitism rates 
(Brittingham and Temple 1983, Robinson 1992) 
associated with forest edge. As a result, behav- 
iors that result in avoidance of edge may have 
evolved. In the more uniformly forested regions 
to the east, such behavior would have been mal- 

adaptive, as it would have excluded extensive 
tracts of suitable nesting habitat from consid- 
eration. 

Correlations from our study indicate that to- 
tal male Ovenbird population is more closely 
related to pairing success than male Ovenbird 
density. We hypothesize that total male Ov- 
enbird population is a function of forest area, 
whereas male Ovenbird density is a function of 
habitat quality. If so, small high-quality frag- 
ments would have high density and low pairing 
success in comparison to large contiguous tracts. 
These fragments also should have higher pair- 
ing success than fragments of comparable size 
with lower habitat quality. The Hungry Mother 
study area (at 150 ha) was the smallest tract 
studied, but it had the highest male Ovenbird 
density of all sites. However, this site ranked 
third (below the two large forests; 900 ha) in 
percent of paired male Ovenbirds. The high 
density at this site could be explained by the 
tract's low edge-to-interior ratio, and lowest iso- 
lation value compared to the other fragments. 
Conversely, our large study sites (900 ha) ranked 
highest in percent paired male Ovenbirds and 
contained at least four times the total male Ov- 

enbird population than the fragments. An in- 
teresting follow-up study might consider how 
many, if any, males from neighboring frag- 
ments eventually claim territories on large con- 
tiguous forest tracts nearby. 

Data from our study indicate that calculations 
of the minimum-area requirement for this spe- 
cies should focus on core areas rather than the 

area of the entire forest tract. For example, in a 
square forest tract totalling 800 ha, 39% of the 
area is within 300 m of the forest edge. This 
leaves 480 ha of suitable "core" habitat for 

breeding, which is below recent estimations of 
the minimum-area requirement for this species 
in Maryland and adjacent states (Robbins et al. 
1989). If the forests are irregular in shape or 
have many large openings, even less core area 
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remains. Only 20 to 30 of nearly 4,000 forest 
fragments in north-central Missouri offer hab- 
itat beyond 300 m from the forest edge (Faaborg 
unpub. data). 

Preservation of large contiguous forest tracts 
for breeding is one of the most important factors 
contributing to the long-term population via- 
bility of Ovenbirds in north-central Missouri. 
However, where such habitat protection is not 
possible, smaller tracts with low edge-to-inte- 
rior ratios and in close proximity to large forests 
(at or exceeding the minimum-area require- 
ment for Ovenbirds in the region) will provide 
suitable breeding habitat for Ovenbirds. Such 
tracts cannot replace large contiguous forests 
necessary to sustain populations, but may pro- 
vide additional productive breeding habitat to 
supplement local and regional population lev- 
els. Similar studies are needed throughout the 
breeding range of this species to further char- 
acterize patterns in pairing success and eluci- 
date regional variations. 
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