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Abstract: The tree-species composition of forests can be an important component of habitat selection by 
breeding birds. We examined tree-species use by observing the foraging behavior of 13 species of foliage- 
gleaning birds in floristically diverse floodplain forests in southern Illinois in 1997 and 1998. Twelve of 13 
bird species foraged selectively with respect to tree species. The Yellow-throated Warbler (Dendroica dominicaj 
and Cerulean Warbler (D. ceruleaj were the most selective species, whereas the Yellow-throated Vireo, Red- 
eyed Vireo, and Eastern Tufted Titmouse (Vireo flavifrons, V. olivaceus, and Baeolophus bicolor, respectively) 
were the least selective. Three tree species were strongly preferred by most of the bird community: kingnut 
hickory, bittemut hickory, and silver maple (Carya laciniosa, C. cordiformis, and Acer saccharinum, respectively). 
Less common bird species tended to be more selective foragers than the more abundant bird species. The four 
most preferred trees were relatively uncommon where we sampled. Heavy-seeded hickories are slow to recolo- 
nize forests traditionally restored with common oak species (Quercus spp.). Therefore, restoring floristically 
diverse floodplain forests by planting preferred heavy-seeded and uncommon trees will enhance habitat qual- 
ity for birds in these forests. 

Preferencia de Aves Forrajeras Insectivoras por Especies de Arboles: Implicaciones en la Restauracion de Bosques 
de Llanuras Inundables 

Resumen: La composicion de especies de arboles de un bosque puede ser un componente importante de la 
seleccion de habitat por aves que estdn reproduciendose. Examinamos el uso de las especies de arboles medi- 
ante la observacion de la conducta de forrajeo de 13 especies de aves recolectoras defollaje en bosques de lla- 
nuras de inundacion floristicamente diversos del Sur de Illinois en 1997 y 1998. Doce de las 13 especies de 
aves forrajearon selectivamente con respecto a la especie de drbol. El Chipe Pecho Amarillo (Dendroica 
dominicaj y el Chipe Cureleano (T>. cureleaj fueron las especies mas selectivas, mientras que el Vireo Pecho 
Amarillo, el Vireo Ojirojo y el Paro Copetudo del Este (Vireo flavifrons, V. Olivaceus y Baeolophus bicolor, 
respectivamente) fueron los menos selectivos. Tres especies de arboles fueron altamente preferidas por la 
mayoria de la comunidad de aves: El nogal nuez-rey, el nogal de nuez amargay el arceplateado (Garya lacin- 
iosa, G Cordiformis y Acer saccharinum, respectivamente). Las especies de aves menos comunes tendieron a 
ser forrajeros mds selectivos que las especies de aves mds abundantes. Los cuatro arboles mas preferidos fu- 
eron relativamente poco comunes en los sitios muestreados. Los nogales altamente cargados de semillas son 
lentos para recolonizar bosques tradicionalmente restaurados mediante la siembra de especies comunes de 
robles (Quercus spp). Por lo tanto, la restauracion de bosques de llanuras de inundacion floristicamente di- 
versos mediante la siembra de arboles con muchas semillas y poco comunes enriquecerd la calidad del habi- 
tat para las aves de estos bosques. 
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Introduction 

Conservation efforts for breeding forest birds in North 
America have focused on habitat loss and the adverse 
effects of habitat fragmentation on reproductive success 
(e.g., Robbins et al. 1989; Robinson 1992; Robinson et al. 
1995). To alleviate the deleterious effects of habitat loss 
and degradation, restoration has become increasingly 
necessary (e.g., Koebel 1995; Kus 1998; Holl 1999). For 
forest ecosystems, little attention has been given to the ef- 
fects of internal components such as floristic composition 
and vegetative structure—which are directly affected by 
restoration processes (Palmer et al. 1997)—on bird con- 
servation. 

The perceived importance of vegetation structure on 
the distribution and abundance of birds (Holmes & Robin- 
son 1981) has long overshadowed the effects of floristic 
composition on avian community structure. Many studies 
have correlated avian abundance and diversity with spe- 
cific structural characteristics such as foliage height diver- 
sity and stem density (e.g., MacArthur & MacArthur 1961). 
Indeed, changes in forest structure from natural succes- 
sion (Odum 1950; Holmes et al. 1986; Hunt 1998), log- 
ging (Titterington et al. 1979; Thompson & Capen 1988; 
Greenberg et al. 1995), and browsing by herbivores 
(Mountainspring et al. 1990; DeGraaf et al. 1991; Decalesta 
1994) can lead to changes in populations of species. The 
long-term decline of the Least Flycatcher (Empidonax 
minimus) and Philadelphia Vireo (Vireophiladelphicus) 
at the Hubbard Brook forest in New Hampshire and de- 
clines in American Redstart (Setophaga ruticilla) popula- 
tions in Vermont and New Hampshire were attributed to 
successional changes in habitat structure (Holmes et al. 
1986; Hunt 1998). 

Tree-species composition can affect avian community 
structure, however (Franzreb 1978; Holmes & Robinson 
1981; Rice et al. 1984; Robinson & Holmes 1984; Peck 
1989) Morphological and behavioral adaptations for pro- 
curing food and differences in prey abundance among 
tree species may lead to foraging preferences for certain 
tree species, which can, in turn, dictate the distribu- 
tion and abundance of birds (Holmes & Robinson 1981; 
Whelan 1989; Parrish 1995a, 19956). Holmes and Rob- 
inson (1981) found that rare, patchily distributed birds 
are more selective foragers than common birds, and that 
some relatively rare tree species are strongly preferred 
by birds. Identifying tree-species preferences of foraging 
birds is therefore potentially important for land manag- 
ers involved in conservation, particularly habitat restora- 
tion, to provide high-quality habitat for the avian com- 
munity. 

We studied tree-species use by foraging birds to help 
guide floodplain forest restoration within the Lower Mis- 
sissippi River Alluvial Valley (LMRAV). The LMRAV histor- 
ically contained approximately 9 8 million ha of floodplain 
forest. By 1978, conversion to agricultural land, flood-con- 

trol projects, and urbanization had reduced this rich and 
diverse ecosystem to approximately 2.2 million ha of frag- 
mented forests (MacDonald et al. 1979) Although much 
effort has been directed toward restoring native terres- 
trial plant communities and ecosystems such as grass- 
lands (e.g., Howe 1994; Wilson & Gerry 1995; Knapp & 
Rice 1996) and forests (e.g., Guariguata et al. 1995; Lamb 
1998), less has been done to examine habitat restoration 
for avian communities (but see Bradley & Bradley 1993; 
Weller 1995; Kus 1998). Specifically, we addressed the 
following questions: (1) Do foraging birds that breed on 
our study sites in the LMRAV have foraging preferences 
for tree species? (2) If so, do certain tree species play a 
disproportionate role in the overall foraging ecology of 
the avian community? (3) What is the association be- 
tween tree-species selectivity and local abundance of 
birds? (4) How can data on tree-species preference be in- 
tegrated into floodplain restoration and management? 

Methods 

Study Areas 

Located in southern Illinois within the floodplain of the 
Mississippi and Ohio Rivers, the Cache River Wetlands 
project is a large-scale effort to preserve and restore 24,000 
ha (8000 ha of which are already forested) to bottomland 
hardwood forest. Over 70% of the Cache watershed (1909 
km2) has been converted to agriculture, with forested 
wetlands remaining as fragments throughout the floodplain 
(Cache River Area Assessment 1997). Currently, the agri- 
cultural landscape is being reforested by replanting and al- 
lowing fields to return to forest through natural succession. 

Forest composition within the Cache River floodplain is 
strongly influenced by hydrology and topography. Differ- 
ent forest types are dispersed throughout the study sites, 
as described in the Cache River Area Assessment (1997). 
Permanently inundated swamps are dominated by bald 
cypress (Taxodium distichum) and tupelo (Nyssa 
aquatica). Seasonally wet/dry swamps are dominated by 
bald cypress, tupelo, red maple (Acer rubrum var. 
drummondii), pumpkin ash (Fraxinusprofunda), 
green ash (F. pennsylvanica), and sweetgum (Liquidam- 
bar styraciflua), with occasional kingnut hickory (Carya 
laciniosa), pin oak (Quercuspalustris), Shumard's Oak (Q. 
shumardif), and overcup oak (Q. lyrata). Wet floodplain 
forests are dominated by red maple, sugarberry (Celtis 
laevigata), overcup oak, and swamp chestnut oak (Q. 
micbauxii), with occasional pin oak, sweet gum, cheny- 
bark oak (Q. pagodaefolia), American elm (Ulmus 
americana), bitternut hickory (C. cordiformis), kingnut 
hickory, and box elder (Acer negundo). 

To obtain a representative sample of floodplain forests 
within the Cache watershed, we established seven study 
sites in seven forest fragments in the Cache River flood- 
plain. The largest study plot was 2500 ha; the others 
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ranged from 22 to 700 ha. The largest site was com- 
posed of primary forest with a limited history of selec- 
tive logging of bald cypress. The other six sites were 
composed of mostly mature (>70 years old) second- 
growth forest. The three forest types—permanently inun- 
dated swamps, seasonally wet/dry swamps, and wet flood- 
plain forests — were represented in each study site. 

Surveys 

Two researchers observed the foraging behavior of foli- 
age insectivores from the last week in April to the last 
week in July 1997. One researcher repeated this effort 
over the same time period in 1998. Each of the six 
smaller plots was visited an average of once every 10 
days. The larger plot was divided into thirds, and each 
third was visited on average 1 out of every 10 days. Re- 
searchers systematically searched each plot for foraging 
birds. Search effort was evenly distributed throughout 
each plot to minimize sampling bias. Consequently, the 
tree species and forest types specified above were sam- 
pled in proportion to availability within study sites. Most 
birds were initially located by sound and then quickly 
located visually. Individual trees were thoroughly 
searched to minimize potential bias. Although biases in 
the detectability of birds on different tree species may 
exist, we were unable to identify any. 

Once a foraging bird was located, it was observed for 
up to 5 minutes. We described and categorized foraging 
behavior using standard terminology from Remsen and 
Robinson (1990). For each foraging bout, we recorded 
the bird species and the tree species on which the bird 
was foraging. Observations were recorded on a micro- 
cassette for later transcription. To ensure statistical inde- 
pendence of foraging observations, unless more than 
one individual was clearly identified, we recorded only 
one foraging observation of a given species and sex 
within 100 m of another of the same species and sex per 
day. Only the first tree species used by a bird in a forag- 
ing observation was used in the analyses of tree-species 
selectivity, because observations of additional trees used 
by bird species in the same foraging bout may not be in- 
dependent from the initial tree used by bird species in 
the observation (Bell et al. 1990). 

We used the point-quarter technique (Cottam & Curtis 
1956) at 480 randomly assigned points to estimate tree- 
species composition of study sites. Researchers mea- 
sured diameter at breast height (dbh), density, and fre- 
quency for all trees of >2.5 cm dbh. Importance values 
(IV) for each tree species were calculated: IV = relative 
frequency + relative density + relative coverage. Cover- 
age was calculated from dbh because dbh is a good indi- 
cator of coverage (Whittaker et al. 1974). Importance 
values for each tree species were converted into percent- 
ages of total leaf cover (importance percentage) to char- 

acterize the proportion of leaf coverage for each tree 
species available for foraging birds (Holmes & Robinson 
1981). 

To determine whether birds foraged on each tree spe- 
cies in proportion to availability, we comparred observed 
frequencies with expected frequencies (Holmes & Robin- 
son 1981) for each tree species. We calculated expected 
frequencies by multiplying IVs by the total number of ob- 
servations for each bird species. We used a chi-square 
goodness-of-fit exact test to identify statistical differences 
between observed and expected frequencies. Monte Carlo 
estimates of exact/? values were used to generate proba- 
bility values using StatXact (Mehta & Patel 1995). Exact 
tests were derived because all bird species had an ex- 
pected value of <5 for one or more tree species (Sokal & 
Rohlf 1995). 

Tree species used in frequency analyses were limited to 
the 19 trees with an importance percentage of > 1.3%, be- 
cause all trees with an importance percentage of <1.3% 
were too rare to register more than one or two foraging 
observations for only a few species of birds (Fig. 1). All 
trees with an importance percentage of > 1.3% were suffi- 
ciently abundant to be used as a foraging substrate by 
enough individuals for meaningful analysis. 

To quantify tree-species foraging selectivity for each 
bird species, we used a preference index similar to that 
used by Holmes and Robinson (1981). A preference in- 
dex (PI) value for a species of bird is the sum of the ab- 
solute values of the percent deviations of observed val- 
ues from IVs for all tree species. This value represents 
the bird's foraging selectivity. The greater the PI value, 
the more selective the species of bird. Preference for a 
given species of tree by a bird is referred to as either the 
preference value or aversion value, the difference be- 
tween a percent observed value from a percent IV. 

To estimate the abundance of birds, each study site 
was surveyed once each breeding season from the last 
week in April to the third week in June in 1997 and 
1998. We surveyed birds using 6-minute, 70-m, fixed- 
radius point counts (Robinson 1992) on all study sites. 
For a thorough and systematic coverage of each study 
site, 163 points were distributed along transects 
throughout the study sites. Points were separated by 
150 m in the four cardinal directions. We pooled survey 
data from all sites for both years to derive indices of 
abundance. Abundance indices were the mean number 
of males per point estimated from numbers of singing 
males. Spearman rank correlations were derived to esti- 
mate the strength of association between bird abun- 
dance and preference index. 

Results 

We included in this study 13 arboreal foliage insecti- 
vores that bred on the study sites (Table 1). With one 
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Figure 1. Use of tree species by all foraging birds combined in the Cache River study sites for 1997 and 1998. 

exception, these species were observed in every study 
site. The Cerulean Warbler (Dendroica cerulea) was re- 
stricted to the largest study area. Consequently, Cerulean 
Warbler foraging data were compared with tree-species 
data from only the largest study site. 

For all bird species combined, with few exceptions, 
birds used tree species in similar proportions in 1997 
and 1998 (Fig. 1). Use of bitternut and kingnut hickory 
increased from 1997 to 1998: 2% to 7.6% for bitternut 
hickory and 7% to 11% for kingnut hickory. Conversely, 

Table 1.    Chi-square goodness-of-flt exact tests comparing observed and expected frequencies of use of tree species by birds (preference 
index [PI]) and abundance estimates for 13 species of birds in the Cache River floodplain. 

Species (code) df f P" PI" Abundance0 

Acadian Flycatcher (ACFL) 
Blue-gray Gnatcatcher (BGGN) 
Carolina Chickadee (CACH) 
Cerulean Warbler (CERW) 
Northern Parula (NOPA) 
Prothonotary Warbler (PROW) 
Red-eyed Vireo (REVI) 
Scarlet Tanager (SCTA) 
Summer Tanager (SUTA) 
Eastern Tufted Titmouse (ETTI) 
Yellow-billed Cuckoo (YBCU) 
Yellow-throated Vireo (YTVT) 
Yellow-throated Warbler (YTWA) 

153      1 18 120.4 < 0.0001 628 1.79 
281       ] 18 128.2 < 0.0001 58.2 1.59 
209       1 18 1)6.6 < 0.0001 59.7 1.27 

77       1 18 317.4 < 0.0001 107.6 0.06 

187       1 8 286.5 < 0.0001 78.1 0.69 
38      ] 18 930 < 0.0001 68.7 1.07 

127       1 8 696 < 0.0001 50.5 0.64 
28       1 8 72.3 0.0002 879 003 
28       1 8 439 0.0031 83 5 0.08 

187 18 75.1 < 0.0001 51.2 1.14 

46 18 95.5 < 0.0001 61.0 0.49 
59 18 25.2 0.1236 42.9 0.26 

71 18 441.9 < 0.0001 130.9 0.10 

"Monte Carlo estimate. 
hPreference index represents foraging selectivity; higher Pis indicate greater selectivity. 
cMean densities (numbers of males/point) from summers of 1997 and 1998 
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use of green ash and tupelo decreased from 1997 to 1998:4% to 
1% for green ash and 7% to 3% for tupelo. These differences 
may be attributed to a varying abundance of arthropods and 
other prey on specific tree species. Bird use of all other tree spe- 
cies deviated by less than ±1.5% between years. Therefore, for- 
aging observations for both years were pooled by bird species 
to increase sample sizes. For four bird species with a large 
enough sample size for comparison—Carolina Chickadee 
(Parus carolinensis), Blue-gray Gnatcatcher (Polioptila 
caerulea), Northern Parula (Parula americana), and 
Eastern Tufted Titmouse (Baeolophus bicolor)—yearly 
variation in use of tree species generally mirrored the 
pooled data for all bird species. 

Preference indices ranged from 42.9 for the Yellow- 
throated Vireo (Vireo flavifrons) to 130.9 for the Yel- 
low-throated Warbler (Dendroica dominica). With the 
exception of the Yellow-throated Vireo (\2 = 25.2, p = 
0.1236) all species were selective in their choice of for- 
aging substrate (p < 0.001). The two most selective for- 
agers were the Yellow-throated Warbler and Cerulean War- 
bler, whereas the Yellow-throated Vireo, Red-eyed Vireo 
(Vireo olivacea), and Eastern Tufted Titmouse were com- 
paratively generalized foragers (Table 1). 

Preference for tree species varied greatly among bird 
species (Table 2). Selective foragers were characterized 
by strong preference for one tree species (Figs. 2 & 3). 
Yellow-throated Warblers exhibited a strong preference 
for bald cypress, followed by tupelo, and they generally 
avoided other tree species, especially red maple. Cer- 
ulean Warblers exhibited a strong preference for king- 
nut hickory and avoided red maple. Other birds also 

showed preferences: Northern Parulas preferred king- 
nut hickory, Scarlet Tanagers (Piranga olivacea) pre- 
ferred cherrybark oak and kingnut hickory, Yellow- 
billed Cuckoos (Coccyzus americanus) preferred silver 
maple (Acer saccbarinum), Red-eyed Vireos and Caro- 
lina Chickadees preferred sugarberry, and Acadian 
Flycatchers (Empidonax virescens) and Prothonotary 
Warblers (Protonotaria citrea) preferred red maple. 

Of the 19 tree species we considered, three were 
strongly preferred by foraging birds (subjectively defined 
as having five bird species with preference values of >5, 
none with aversion values below —5): kingnut hickory, 
bitternut hickory, and silver maple. Three tree species 
were strongly avoided by foraging birds (five birds with 
aversion values below —5, none with preference values of 
>5): blue beech (Carpinus caroliniana), pumpkin ash, 
and sweet gum. 

Relatively rare tree species emerged as important forag- 
ing substrates. Of the 19 trees ranked by importance per- 
centage (Fig. 1), three strongly preferred trees—kingnut 
hickory, silver maple, and bitternut hickory—ranked elev- 
enth, eighteenth, and nineteenth, respectively. Con- 
versely, four generally avoided trees—pumpkin ash, 
sweet gum, overcup oak, and blue beech—were com- 
mon, ranking second, third, fourth, and seventh in impor- 
tance percentage, respectively. 

Estimated bird abundances (Table 1) in the study were 
negatively correlated with PI, although this was margin- 
ally significant (r = — 0.533,p = 0.061; Fig. 4). Less 
abundant birds tended to be more selective foragers. 
One exception was Yellow-throated Vireos, an uncom- 

Table 2.    Tree-species preferences of foraging birds." 

Bira '• species11 

Tree species ACFL BGGN CACH CERW NOPA PROW REVI SCTA SUTA ETTI YBCU YTVI YTWA 

American Elm 6.73 -2.07 -0.60 -0.08 -313 0.18 -0.04 434 0.80 382 -4.17 2.14 -6.34 
Bald Cypress -3-27 7.88 4.99 -2.50 4.04 -2.41 -1.43 -4.58 2.56 -1.91 -2.41 390 48.94 
Bitternut Hickory -0.14 1.04 1.90 7.65 4.97 -0.72 -0.66 569 9.27 069 5.07 1.94 -0.04 
Blue Beech 1.46 -5.37 -4.77 -8.82 -4.12 2.24 4.94 -2.16 -5.73 -3.59 -3.55 -2.34 -5.73 
Box Elder 396 -1.45 -2.28 -5.54 -1.10 4.01 1.49 -323 034 -1.63 111 0.16 -3.23 
Cherrybark Oak -0.60 099 -2.09 -1.47 5.99 -2.57 -099 18.86 1.01 1.71 396 2.52 0.25 
Green Ash -2.54 -2.01 -2.11 3.64 0.31 -1.60 0.23 -0.93 493 -1.82 2.02 -111 -3.09 
Kingnut Hickory 0.70 111 426 32.81 10.03 -3.15 0.85 10.41 6.84 5.22 0.48 -0.48 -1.06 
Overcup Oak -5.32 3.75 -2.98 3 13 -6.21 -366 -5.71 -7.28 -371 433 -2.94 -389 4.47 
Pin Oak -2.55 1.42 -1.77 -0.45 3-21 -2.48 467 0.37 -3-20 -0.53 -1.03 6.96 -1.80 
Pumpkin Ash -7.00 -6.82 -2.26 -5.28 4.68 -6.78 -5.81 -5 39 -8.96 -6.82 1.91 -3.87 -332 
Red Maple 987 -6.49 0.90 -17.61 -326 11.47 -0.91 438 -395 3.15 -3-02 -2.98 -15.42 
Shumards Oak -1.62 -1.50 -1/49 -4.95 -1.32 -2.92 023 0.65 -2.92 -1.32 -2.92 0.47 -2.92 
Silver Maple 7.63 133 423 4.05 6.51 5.01 0.85 5 63 563 1.69 15.88 -1.52 -0.11 
Sugarberry -0.75 -2.66 994 -1.28 -5.68 938 14.76 -7.28 -371 929 -2.94 -0.50 -5.87 
Swamp Chestnut Oak 0.70 -0.73 -1.78 -5.81 -2.15 1.13 -1.64 0.35 7.49 -0.55 -3-22 0.17 -3-22 
Sweet Gum 465 4.20 -7.18 1.48 -2.19 -7.16 -3.10 -1.47 -8.61 -2.19 0.08 -5.22 -8.61 
Sycamore 036 1.60 3.66 0.48 8.02 -0.88 0.76 1.97 1.97 -1.07 -1.60 348 -0.19 
Tupelo -0.98 5.78 -0.59 0.55 -1.15 0.90 1.40 -4.90 5.82 -383 -2.72 0.19 16.23 

"Values are preference and aversion values. 
bSee Table 1 for species codes. 
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Figure 2. Tree-species preference 
and avoidance for the Yellow- 
throated Warbler. Positive values 
indicate usage greater than ex- 
pected; negative values indicate 
usage less than expected. 

mon bird with the lowest PI among the 13 birds in this 
study. The four rarest birds, the Scarlet Tanager, Cer- 
ulean Warbler, Summer Tanager (Piranga rubra), and 
Yellow-throated Warbler, had the four highest PI values. 
The Yellow-throated Warbler was also the most patchily 
distributed bird, being limited to patches of floodplain 
with bald cypress. 

Discussion 

In the Cache River floodplain, birds had strong prefer- 
ences for a diverse set of tree species. Except for Yel- 
low-throated Vireos, all foraging bird species were selec- 
tive of tree species. Certain tree species were clearly 
preferred by the arboreal foliage insectivorous guild, 
whereas others were generally avoided or used in pro- 
portion to availability. Tree species composition may 
therefore be an important component in forest restora- 
tion projects that seek to restore both plant and wildlife 
communities. 

Two of the tree species preferred by the avian com- 
munity are heavy-seeded. Kingnut and bitternut hicko- 
ries produce large seeds with relatively short-distance 
dispersal qualities. In a comparative study of tree regen- 
eration in 4- to 8-year-old replanted bottomland forests 
in Mississippi, Allen ( 1997) found that invading, heavy- 
seeded Carya and Quercus species are notably low in 

abundance in stands planted with common Quercus 
species. Shear et al. ( 1996) also found that in bottom- 
land stands 50 years after planting, heavy-seeded species 
in the genera Carya and Quercus are poorly repre- 
sented. Natural regeneration alone may not be a reliable 
means for replacement of heavy-seeded species ( Shear 
et al. 1996) or even for some wind-dispersed species 50 
years after planting (Allen 1997). 

Rather than relying on natural processes such as suc- 
cession to restore a diverse forest represented by tree 
species important to the bird community, the restora- 
tion process should include active planting of heavy- 
seeded species and other species important to birds 
such as silver maple. Until tree species important as for- 
aging substrates for selective birds become established 
in the forest canopy, forests restored by planting of only 
common oak species may not be adequate for restora- 
tion of a diverse avian community. It is unknown how 
long natural processes will take to restore a diverse 
floodplain forest, particularly in a fragmented landscape 
where seed dispersal may be limited, but evidence indi- 
cates that it may take much longer than 50 years ( Shear 
et al. 1996; Allen 1997). 

It remains to be tested whether forests of similar struc- 
ture, but lacking preferred tree species, support similar 
avian communities. Our results indicate, however, that 
restored forests lacking preferred trees may be subopti- 
mal for selective foragers and may limit constituent bird 
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Figure 3- Tree-species preference 
and avoidance for the Cerulean 
Warbler. Positive values indicate 
usage greater than expected; nega- 
tive values indicate usage less than 
expected. 

populations to only common, nonselectively foraging 
birds. This result is similar to that of Holmes and Robin- 
son (1981), who found a significant negative correlation 
between an index of tree species preference and mean 
bird densities (r = -0.789, p < 0.01). 
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Figure 4. Relationship between avian abundance 
(number of males per point) and preference index 
(v = -0.544, p = 0.055). See Table 1 for species codes. 

Yellow-throated Warblers, for example, which are vir- 
tual specialists on bald cypress in the Cache River flood- 
plain, would likely decline drastically if bald cypress 
were removed. Presently, this warbler is relatively 
uncommon in the Cache, probably because of past se- 
lective logging of bald cypress and the rarity of 
sycamore (Platanus occidentalism, a preferred tree in 
other parts of its range and within Illinois ( Dunn & Gar- 
rett 1997; A.P.G., personal observation). Furthermore, 
the disproportionate use of uncommon tree species 
such as silver maple and bitternut hickory, the high di- 
versity of preferred trees, and specific preferences for 
rare tree species by certain species of birds—such as the 
Northern Parula for sycamore—suggest that high tree- 
species diversity may help maintain bird species diver- 
sity. A more rigorous evaluation of the relationship 
between forest tree-species composition and avian abun- 
dance is needed to determine the effects of tree-species 
composition on avian community structure. 

Many other habitat characteristics undoubtedly play a 
role in determining local avian abundance. Forest struc- 
ture and successional stage, for example, may limit the 
abundance of Yellow-billed Cuckoos. Relatively uncom- 
mon, Yellow-billed Cuckoos are associated with dense, 
early-successional forests and natural edges created by 
streams and rivers (Hughes 1999). Early successional for- 
ests were absent from our study sites, and natural edges 
made up a very small proportion of them. 

Preference for certain features of habitat structure can 
confound tree-species preference. The habitat associations 
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of the Yellow-billed Cuckoo may explain its preference for 
silver maple, often located along disturbed edges such as ri- 
verbanks. Preference for red maple by the Acadian Fly- 
catcher and Prothonotary Warbler is likely a consequence 
of preference for the flooded habitat of seasonal wet/dry 
swamps, in which red maple dominates the lower strata. 
This relatively open microhabitat is suitable for the Aca- 
dian's aerial foraging maneuvers of plucking prey off leaves. 
Prothonotary Warblers, in contrast, prefer to nest in cavi- 
ties over standing water (Petit 1999) in these seasonal wet/ 
dry swamps 

Our results also have implications for areas of the 
LMRAV outside of active restoration sites. In addition to 
selective logging, changes in floodplain hydrology in the 
LMRAV may lead to changes in floodplain tree-species 
composition (Pezeshki & Anderson 1997) and avian 
habitat quality. Channelization, dredging, and damming 
has changed floodplain hydrology, altering the natural 
flood regime and water table ( Cache River Area Assess- 
ment 1997). Channelization in the Cache has effectively 
deepened channels and lowered water tables, leading to 
increased drainage of floodplain forests and bald cypress- 
tupelo swamps (Shear et al. 1996; Cache River Area Assess- 
ment 1997). The subtle desiccation of floodplains could 
lead to a gradual replacement of hydrophilic tree species 
such as bald cypress and tupelo by mesic and upland spe- 
cies. Furthermore, changes in floodplain hydrology such as 
excessive sedimentation can alter flood frequency and in- 
tensity (Cache River Area Assessment 1997), resulting in a 
more severe disturbance regime. Consequently, early suc- 
cessional tree species could gain importance in the flood- 
plain to the detriment of late-successional tree species. The 
specific effects of hydrological alterations on floodplain for- 
est tree species are unclear. Declines of tree species impor- 
tant to birds could lead to population changes in the avian 
community, however, through changes in either tree-spe- 
cies composition and/or habitat structure. 

As a vital component of ecosystems, birds are impor- 
tant seed dispersers (Willson 1986), pollinators (Brown 
& Hopkins 1996), and predators of insects (Holmes 1990; 
Marquis & Whelan 1994); they should not be over- 
looked in habitat restoration projects. Active planting of 
preferred heavy-seeded and rare tree species might be 
the most effective means to restore tree species impor- 
tant to forest bird communities. We believe that it is crit- 
ical to identify the tree-species preferences of foraging 
birds to help guide the restoration process. Further re- 
search needs to be done to elucidate the complex inter- 
actions of alterations in floodplain hydrology and 
changes in forest tree-species composition, and the ef- 
fects of these interactions on the avian community. Our 
conclusions may be applicable to other systems. Plant- 
animal relationships should be taken into consideration 
when other ecosystems are restored, particularly tropi- 
cal rainforests, where biological diversity is high and 
plant-animal interactions are potentially more complex. 
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