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ABSTRACT.-we studied the nesting success of Kentucky Warblers (Oporomis formosus) 
and Hooded Warblers (Wilsonia citrina) in 15 bottomland hardwood forests on the Savannah 
River Site, South Carolina, during 1993-1994. The Mayfield success rate for Kentucky 
Warbler nests (N = 26) and Hooded Warblers nests (N = 33) was 34.7% and 28.7%, 
respectively. The daily survival rate for Kentucky Warbler nests (0.952, SE = 0.018) did 
not differ (P = 0.157) from that for Hooded Warbler nests (0.941, SE = 0.014). Successful 
Kentucky Warbler pairs fledged more (P < 0.001) young (3.7, SE = 0.2) than Hooded 
Warbler pairs (2.7, SE = 0.2). Hatch-year birds comprised a greater (P < 0.01) proportion 
of captured individuals for Kentucky Warblers (hatch-year:after-hatch-year = 2.2) than for 
Hooded Warblers (hatch-year:after-hatch-year = 0.4), possibly reflecting the greater number 
of young produced per successful nest for the former, and suggesting differences in post- 
fledging survival or in fledgling behavior between the species. Received I7 May 1996, 
accepted 7 Dec. 1996. 

Bottomland hardwood forests support some of the highest bird densities 
in the southeastern United States (Dickson 1978). Many of the priority 
species of the Partners in Flight priorization scheme, including Kentucky 
Warblers (Oporornis formosus) and Hooded Warblers (Wilsonia citrina), 
rely on these forests as breeding and stopover habitat (Hunter et al. 1993a, 
1993b). Both of these warblers inhabit the understories of moist deciduous 
forests in the region and are considered forest-interior specialists (Sprunt 
and Chamberlain 1949, Whitcomb et al. 198 1). Hooded Warblers gener- 
ally nest in low shrubs (Kilgo et al. 1996a) and forage within 5 m of the 
ground, whereas Kentucky Warblers nest (Kilgo et al. 1996b) and forage 
near ground level (Powell and Rappole 1986). Our objective was to quan- 
tify the nesting success rates of these two warblers in various-sized bot- 
tomland hardwoods on the Savannah River Site (SRS), South Carolina, 
and to identify the factors that limited nesting success. 

STUDY AREA AND METHODS 

Study sites were on the 77,891.ha SRS in the upper coastal plain of South Carolina. 
Bottomland hardwood forests (N = 15) ranged in width from <50 m to >lOOO m and were 
bordered by extensive mature pine forest (Pinus taedu and P. palustris). Bottomland over- 
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stories were dominated by sweetgum (Liquidambar styraciflua), water oak (Quercus nigra), 
and swamp tupelo (Nyssa sylvatica var. bi$ora). Dominant mid-story species included Amer- 
ican holly (Ilex opaca), red bay (Persea borbonia), and ironwood (Carpinus caroliniana), 

and the understory species consisted of switchcane (Arundinaria gigantea), dog-hobble 
(Leucothoe axillaris), and Christmas fern (Polystichum acrostichoides). 

We searched each site for nests every l-2 weeks during May-July 1993 and 1994. Time 
expended searching each site was proportional to the average width of that site (i.e., twice 
as much time was expended searching for nests in a 30@m-wide bottomland as was spent 
searching in a 150-m-wide bottomland). We monitored the status of each nest following the 
procedures of Martin and Geupel(l993). We used the techniques of Best and Stauffer (1980) 
to assess the outcome of each nesting attempt. We calculated the daily survival rates (DSR) 
of nests and Mayfield success rates (Mayfield 1961, 1975). We assumed that the nest survival 
rates for the incubation and nestling intervals were similar within species because sample 
sizes were limited (Klett and Johnson 1982). Differences in nest DSRs between species were 
tested with a two-tailed Z-test. We compared Mayfield nest success rates between species 
using 2 X 2 Chi-square contingency tables. Student’s two-sample t-test was used to compare 
the number of young fledged per successful nest between species. 

We captured birds in mist nets in 11 of these sites during 7 July-29 July 1994. In each 
site, 10 nets (2.5 X 10 m, 30 mm mesh) were deployed along the center of the corridor, 
one every 30 m. We netted each site for two consecutive days, removed the nets for two 
weeks, then repeated the procedure. We banded each bird and aged them by their plumage, 
molt, skull pneumatiaation, or reproductive condition (Pyle et al. 1987). We calculated hatch- 
ing-year (HY) to after-hatching-year (AHY) ratios for Kentucky and Hooded warblers as an 
additional index of reproductive success (Ralph et al. 1993). Recaptures were not included 
in the HYAHY analysis. We compared the proportion of captured HY individuals between 
species using 2 X 2 Chi-square contingency tables. 

RESULTS 

Mean hatch and fledge dates for Kentucky Warbler nests were 4 June 
(N = 22; range = 17 May-10 July) and 14 June (N = 19; range = 26 
May-19 July), respectively. The corresponding dates for Hooded Warbler 
nests were 13 June (N = 26; range = 11 May-20 July) and 24 June (N 
= 17; range = 19 May-29 July), respectively. Nests of both warblers 
generally were found in bottomlands averaging 2300 m in width (Ken- 
tucky Warbler nests = 61.5%; Hooded Warbler nests = 66.7%). However, 
both species successfully fledged young in smaller sites, even bottomlands 
~50 m in width. 

Successful Kentucky Warbler pairs fledged more (t = 3.92, P < 0.001, 
34 df) young (3.7, SE = 0.2) than did successful Hooded Warbler pairs 
(2.7, SE = 0.2) (Table 1). Nest success rates did not differ (x2 = 0.052, 
P > 0.05) between species. Daily survival rates for the nesting cycle were 
0.952 for Kentucky Warblers and 0.941 for Hooded Warblers and were 
not significantly different (Z = 0.482, P = 0.157). 

No Kentucky Warbler nests were parasitized by Brown-headed Cow- 
birds (A4olothru.s ater). Six (18.2%) Hooded Warbler nests were parasit- 
ized, containing an average of 1.2 cowbird eggs (Table 1). Host young 
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TABLE 1 

PRODUCTIVITY ESTIMATES FOR KENTLJCKY WARBLERS AND HOODED WARBLERS IN 

BOTTOMLAND HARDWOOD FORESTS ON THE SAVANNAH RIVER SITE, SOUTH CAROLINA, 1993- 

1994 

Parameter Kentucky Warbler Hooded Warbler 

Active nests 

Mean clutch size 

Young fledged/successful nest 
Mayfield success rate (%) 
Daily survival rate 
Nests parasitized by cowbirds 
Cowbird eggs/parasitized nest 
Host eggs/parasitized nest 

26 33 
4.2 (6; 0.4) 3.0 (14; 0.0) 
3.7 (19; 0.2) 2.7 (17; 0.2) 

34.7 (145)b 28.7 (272) 
0.952 (0.018) 0.941 (0.014) 
0 6 

1.2 (0.2) 
1.7 (0.2) 

“Sample aire and standard error. 
D Number of nest exposure days. 
C Standard error. 

successfully fledged from just one of these parasitized nests. Predation 
accounted for 87% of nest failures, including all Kentucky Warbler nest 
failures, and 81.3% of Hooded Warbler nest failures (Table 2). Mayfield- 
corrected nest depredation rates were 65.3% and 57.9% for Kentucky 
Warblers and Hooded Warblers, respectively. Most depredated nests were 
found empty and undisturbed. 

Excluding recaptures, we netted 47 Hooded Warblers and 29 Kentucky 
Warblers, representing the most- and third-most abundant species captured 
in these sites. Hatch-year birds comprised a greater proportion (x2 = 9.61, 
P < 0.01) of captures for Kentucky Warblers (HY:AHY = 2.2) than for 
Hooded Warblers (HYAHY = 0.4). No cowbirds were netted. 

TABLE 2 

PROBABLE CAUSES (%)a OF NESTING FAILURE FOR KENTUCKY WARBLERS AND HOODED 

WARBLERS IN BOTTOMLAND HARDWOOD FORESTS ON THE SAVANNAH RIVER SITE, SOUTH 

CAROLINA, 1993-1994 

Kentucky Warbler Hooded Warbler 

Success 73 52 
Predation: nest undisturbed 23 27 
Predation: nest disturbed 4 12 
Cowbird parasitismb 0 3 
Abandoned 0 3 
Weather 0 3 

"Apparent nest percentaSes. 
b Only nests for which failure could be attributed solely to parasitism. 
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DISCUSSION 

Robinson (1992) reported a Mayfield success rate of 22% (N = 3 nests) 
for Kentucky Warbler nests in small Illinois woodlots. Martin (1992), in 
a review of nest studies conducted in a variety of habitats, reported a 
mean Mayfield success rate of 42% and a mean apparent success rate of 
44%. Mayfield nest success rates from our study were low by comparison, 
particularly for Hooded Warblers, while apparent success rates were rel- 
atively high. Although our data were below average productivity esti- 
mates for these species elsewhere, the paucity of nest success data from 
the southeastern United States for Kentucky Warblers and Hooded War- 
blers renders our conclusions tenuous. 

The HY:AHY ratios were higher than those of Neotropical migrants 
captured in small (i.e., c6.5 ha) Illinois woodlots (but see Bollinger and 
Linder 1994) and were within the range of ratios (0.4-1.0; total HY:AHY 
= 0.1) reported for much larger forests in southern Illinois (Robinson 
1992). Hatch-year Kentucky Warblers proportionally were more common 
in our bottomland sites than were HY Hooded Warblers, suggesting that 
Kentucky Warblers had greater reproductive success. Because the May- 
field analysis indicated similar reproductive success for these species, dif- 
ferences in the proportion of HY birds may be explained, in part, by the 
greater mean clutch sizes of Kentucky Warbler nests. Differences in the 
proportion of HY birds also may be due to dissimilar post-fledging sur- 
vival or dissimilar fledgling behavior (i.e., Kentucky Warbler fledglings 
may have been more susceptible to capture), or may reflect differences 
in the frequency of double brooding between the species. 

Predation appears to have been the principal cause of nesting failure 
in our study, as frequently reported elsewhere (Martin 1992). Stutchbury 
and Howlett (1995) reported annual nest depredation rates of 38.3% to 
50% for Hooded Warblers in northwestern Pennsylvania. The mean dep- 
redation rate for Hooded Warbler nests (57.9%) in this study was similar 
to these results. The depredation rate for Kentucky Warbler nests (65.3%) 
also was comparable to most studies (Martin 1992, Robinson 1992) but 
was high relative to nest depredation rates for ground-nesting warblers in 
upland hardwoods of Arkansas (Martin 1993). 

Nests of these warblers commonly are parasitized by Brown-headed 
Cowbirds in the midwestern and northeastern United States (Friedmann 
1963, Evans Ogden and Stutchbury 1994). Brood parasitism rates were 
moderate for Hooded Warbler nests in this study, and no parasitism was 
observed for Kentucky Warbler nests. The Brown-headed Cowbird is con- 
sidered an uncommon species in the SRS region in summer (Norris 1963, 
Post and Gauthreaux 1989). The lack of cowbirds captured during netting, 
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and the dearth of observations of this species during a concurrent census 
study (J. C. Kilgo, unpubl. data), suggest that cowbirds are uncommon 
in these bottomland sites. 

Robbins (1979) estimated that 30 ha was the minimum area required 
to sustain viable populations of Hooded and Kentucky Warblers in Mary- 
land woodlots. Although both species successfully reproduced in small 
bottomlands in this study, including sites <50 m in width, all of our sites 
were enclosed by mature pine forest. This mature timber habitat mini- 
mized edge contrast and may have increased the functional size of the 
bottomland forests, thereby improving the suitability of these sites as 
nesting habitat for these warblers (Harris 1984). Further research is need- 
ed regarding the value of the forest matrix for songbirds nesting in ri- 
parian forests. Maintenance of riparian forests in landscapes dominated 
by a pine forest matrix appears to be essential to the conservation of 
Kentucky and Hooded Warblers in the southeastern U.S. 

ACKNOWLEDGMENTS 

We thank J. Blake for logistical support, and the numerous field assistants who helped 
locate and monitor nests. We also thank K. C. Parker, S. H. Schweitzer, R. J. Warren, and 
D. H. White for helpful comments on the manuscript. This study was supported by the 
United States Dept. of Energy, the United States Forest Service, Savannah River Biodiversity 
Program, The Univ. of Georgia Daniel B. Warnell School of Forest Resources, and McIntire- 
Stennis Project No. GEO-0074.MS. 

LITERATURE CITED 

BEST, L. B. AND D. E STAUFFER. 1980. Factors affecting nesting success in riparian bird 
communities. Condor 82:149-158. 

BOLLINGER, E. K. AND E. T. LINDER. 1994. Reproductive success of Neotropical migrants 
in a fragmented Illinois forest. Wilson Bull. 106:46-54. 

DICKSON, J. G. 1978. Forest bird communities of the bottomland hardwoods. Pp. 66-73 in 
Proceedings of the workshop management of southern forests for nongame birds (R. 
M. DeGraaf, tech. coord.). U.S. For. Serv. Gen. Tech. Rep. SE-14. 

EVANS OGDEN, L. J. AND B. J. STUTCHBURY. 1994. Hooded Warbler (Wilsonia citrina). In 
The birds of North America, No. 110 (A. Poole and E Gill, eds.). The Acad. Nat. Sci. 
of Philadelphia, Philadelphia, Pennsylvania; The American Ornithologists’ Union, 
Washington, D.C. 

FRIEDMANN, H. 1963. Host relations of the parasitic cowbirds. Smithsonian Institution Press, 
No. 233, Washington, D.C. 

HARRIS, L. D. 1984. The fragmented forest. Univ. of Chicago Press, Chicago, Illinois. 
HUNTER, W. C., M. E CARTER, D. N. PASHLEY, AND K. BARKER. 1993a. The Partners in 

Flight prioritization scheme. Pp. 109-119 in Status and management of Neotropical 
migratory birds (D. M. Finch and I? W. Stangel, eds.). U.S. For. Serv. Gen. Tech. Rep. 
RM 229. 

-, D. N. PASHLEY, AND R. E. E ESCANO. 1993b. Neotropical migratory landbird 
species and their habitats of special concern within the southeast region. Pp. 159-171 



238 THE WILSON BULLETIN l Vol. 109, No. 2, June 1997 

in Status and management of Neotropical migratory birds (D. M. Finch and P W. 
Stangel, eds.). U.S. For. Serv. Gen. Tech. Rep. RM 229. 

KILGO, J. C., R. A. SARGENT, B. R. CHAPMAN, AND K. V. MILLER. 1996b. Nest-site selection 
by Hooded Warblers in bottomland hardwoods of South Carolina. Wilson Bull. 108: 
53-60. 

-, -, K. V. MILLER, AND B. R. CHAPMAN. 1996a. Nest sites of Kentucky War- 
blers in bottomland hardwoods of South Carolina. J. Field Ornithol. 67:300-306. 

KLETT, A. T. AND D. H. JOHNSON. 1982. Variability in nest survival rates and implications 
to nesting studies. Auk 99:77-87. 

MARTIN, T. E. 1992. Breeding productivity considerations: what are the appropriate habitat 
features for management? Pp. 455-473 in Ecology and conservation of Neotropical 
migrant landbirds (J. M. Hagan, III and D. W. Johnston, eds.). Smithsonian Institution 
Press, Washington, D.C. 

- 1993. Nest predation among vegetation layers and habitat types: revising the dog- 
mas. Am. Nat. 141:897-913. 

-AND G. R. GEUPEL. 1993. Nest monitoring plots: methods for locating nests and 
monitoring success. J. Field Ornithol. 64507-5 19. 

MAYFIELD, H. F. 1961. Nesting success calculated from exposure. Wilson Bull. 73:255- 
261. 

- 1975. Suggestions for calculating nest success. Wilson Bull. 87:456-466. 
NORRIS, R. A. 1963. Birds of the AEC Savannah River Plant area. Contrib. from the 

Charleston Mus., XIV, Charleston, South Carolina. 
POST, W. AND S. A. GAUTHREAUX, JR. 1989. Status and distribution of South Carolina birds. 

Contrib. from the Charleston Mus., Charleston, South Carolina. 
POWELL, G. V. N. AND J. H. RAPPOLE. 1986. The Hooded Warbler. Pp. 827-853 in Audubon 

Wildlife Report (R. L. Di Silvestro, ed.). National Audubon Society, New York, New 
York. 

PYLE, I?, S. N. G. HOWELL, R. P YUNICK, AND D. E DESANTE. 1987. Identification guide to 
North American passerines. Slate Creek Press, Bolinas, California. 

RALPH, C. J., G. R. GEUPEL, P PYLE, T E. MARTIN, AND D. E DESANTE. 1993. Handbook 
of field methods for monitoring landbirds. U.S. For. Serv. Gen. Tech. Rep. PSW-144. 

ROBBINS, C. S. 1979. Effect of forest fragmentation on bird populations. Pp. 198-212 in 

Management of north-central and northeastern forests for nongame birds (R. M. De- 
Graaf and K. E. Evans, eds.). U.S. For. Serv. Gen. Tech. Rep. NC-51. 

ROBINSON, S. K. 1992. Population dynamics of breeding Neotropical migrants in a frag- 
mented Illinois landscape. Pp. 408-418 in Ecology and conservation of Neotropical 
migrant landbirds (J. M. Hagan, III and D. W. Johnston, eds.). Smithsonian Institution 
Press, Washington, D.C. 

SPRUNT, A., JR. AND E. B. CHAMBERLAIN. 1949. South Carolina bird life. University of 
South Carolina Press, Columbia, South Carolina. 

STLJTCHBURY, B. J. AND J. S. HOWLER. 1995. Does male-like coloration of female Hooded 
Warblers increase nest predation? Condor 97:559-564. 

WHITCOMB, R. E, C. S. ROBBINS, J. E LYNCH, B. L. WHITCOMB, M. K. KLIMKIEWICZ, AND D. 
BYSTRAK. 1981. Effects of forest fragmentation on avifauna of the eastern deciduous 
forest. Pp. 125-205 in Forest island dynamics in man-dominated landscapes (R. L. 
Burgess and D. M. Sharpe, eds.). Springer-Verlag, New York, New York. 


