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Abstract: We examined nesting success and fevels of nest predation and cowbivd parasitism anong five dif
Jerent sifvicaltural freaterents: regenerating (3-6 vears ofd ), wid-votation (12-15 pears old ), end thinned
(8723 years old) five plartalions, single-tree selection, and late-rodation pine-barvdiocd stands in e One-
chita Menntains of Arkansas froom 1993 to 1995 We manitored 1074 nests Differences dn dafly nioctality
cneed deaify predation vate aniong hwo ar wwore realments were fornd for 4 and 3 af 12 species, respectivel)
These differences were tost folfowing Bonfereond adfnsinrents, but thinned stands bad bigher tevels of preda-
tion than single-tree selection stands when prodation fevefs weve averaged aoross species, Daily predation
redles were positively correlated wieh the relative abundance of bivds, suggesting that nest predators vespongd
to prey avaflaldlity (Le, wesis) in g density-dependent manner. The velative abundance of corelivds differed
AINGE freannets, with the bighest densitics o regeneratfng, thisned, and single-tree selection stands, Field
Sparrones (Spizells pusilla) aored Yeltow-freasted Chals ¢ Teteria virens ) exfrerienced bipher levels of pareasiifsn
i thrired Wran regenerating fantations, wheveas White-eyed Vireos (Vireo griseus) experfenced higher o
asitisn in regenerating plantations than in mid-rotation or iened plantations, Several shral-nesting aed |
grosted-nesting species bael lower nesting swccess in thinged and regenerating plantations than bas been re-
ported in frevionsty pullished studies. Thus, some seral stages of eoen-aged managenient wmey provide fon-
queality nesting balitat for several eariy-successiontal bivd species. In contrast, pay species iesting in i
falfon and single-tree selection stands bad nesting success similar to or greater ean that found in previons
stteelfes, sugpesting that somre siteicaltiral treatments, when embedded in a lavgely forested landscape, may
freondede suitatie babitat for forest land Divds without affecting their repreodnctive sucoess,

Exito de Nidacidn de Aves en Diferentes Tratamientos Silviculturales en Bosques de Pinos del Sureste de los
Estidos Unidos

Resumen: Exawiinamos ef éxiio de afdaciven, fos miveies de depredacion de nidos y of furasitisnne por tordos en
cfnen fratamifentos sifofcnlinrides diferentes: o FeEENCTCiin (3= aorfoog de velered ), Prtetcivin medlia £ 12-15 aios
de eeleel )y planiaciones ralvodas de pinoes (1 7-27 afos de edad ). selecoiin fndividual de drbvoles y vofacion far
ilfer e vowbales de pino-maderas duras de Tas atontaias Ouaohita de Argansas do TO93 g FO05 8o nrosrifored wn
fatal de 1674 nidos. Encoteamos diferencias en mortalidad diaria v on tasa de depredacioon diciria emtve dos o
aeds redearfentos fere cialro ) bres esfecies vesprectivamente de las doce especies elservadas, Estas diferencias
st embergo, se perdicron despucs del afuste de Bowferrond. Los rodales redvados tnvieron niveles de depire-
dlarcion nids altos giie fos rodales con selecctan de darboles individaatos ciando los niveles de defredacton se firo-
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mediaron entre especies, Las tasas de depredacton diarias estuvderan fositivamente correlacionadas con fa
aitiidancio relaliva de aves, sugivfendo g fos defiredadores de nidos respoardian o o disponfbilidad de frre-
sas (nidos) de wng manera densodependiente. La abundancia relativa de tordos rarfo entre tratamicntos con
lees dlensfelacles wis cltas en rodales en regeneracion, raleados, 1 con selecclin indivddial de debioles, Los gore-
cores Spizella pusilla) v fos chipes pechoarmarilios (Toteria virens) experfientaron fos wiveles imds allos de farvea-
sifisino en planfaciones valeadas gue en las plantaciones en regeneracton, mdenires gue los eiveos offlanco
{Wireo griseus) experfmentbaron en favasitisnme wids allo en lantaoiones on regencraciont g en plartaciones
el rotacian medig o en plantaciones adelgazadas, INversas espocies con ildacion v arlisios 1 i esfrecie con
nideretom e of sieelo tieferon wn mrenor fxite de nidada en las plantaciones raleadas y en regeneracion, al ser
comtfaradas oo vesultados de éxito de nfdada de estudios feerios Dubficados, Por oo faonio, afgnios estaddos se-
retles de manejn de edad uniforme preden proveer balitat con baja calfdad para fa widacion de espectes de
aves die sycesion femprana, En contraste, muchas especies con widacion en rodales con rotacton anedia 1 con se-
fecolon fngdividial de drboles tederont wn exifo simtlor o mayor gue los refortados en estndios frevios, stgir
fetedo e alputnog rafennienios stiteicnfivrales inornstados en nn paisafe con gran cubierta forestal preden

Selvicultural Efvcts o irdy

frropeer won Jeibital favoralbie pare especies de aves del suelo del bosgue, sin afectar siéxito refrodictivo,

Introduction

Over 82 million ha of “timberland”—land capable of
producing =35 m'/ha/vear of timber—are managed in
the United States  Powell et al. 1993, Managed forests
arc commaonly harvested through single-tree selection,
shelterwood, seed tree, or clearcurting methods (Thomp-
son et al. 1995) These technigues often produce a patch-
work of seral stages and differing forest structural gypes
that may affect birds { Thompson et al. 1992, 1995). In-
deed, silvicullural practices may affect the abundance
and habirar use of a variewy of bird species, including
some forest specics that are showing long-term popula-
toan changes (Thompson et al. 1992 1995), Yer srudies
of the effects of silvicultural practices on breeding birds
have been based largely on count dat, which may be o
muislesding indicator of reproductive success (Van Horme
1983, Vickery eral. 1992), Nesting success can provide
importnt information abowt the quality of managed
habitar for the health of bird populations ¢ Martin 19923,
bat little is known about whether the nesting success of
bird species is affected by seral stapes of different silvi-
culturzl systems.

Artificial nests have been wsed previously 1o test for
the effects of clearcutting on predation rates. Predation
rates for artilicial nests placed on the ground and in
shrubs were lower in young clearcuts than in unmanipu-
lated stands (Yahner & Wright 19585; Rudnicky & Hunter
19953, These studies tested only young clearcuts and
mutture forest stands, however, so it is unknown how
older clearcuts or other silvicultural treatments affect
nest predation rmies. Moreover, studies using artificial
nests may not be indicative of narral predarion rates on
real nests (Reitsma 1992, Haskell 1995; Martin et al.
1996), and patterns may depend on the predator regime
CYahner & Cypher 1987, Nour et al. 19933, Artificial
nests are probably not an appropriate method Ffor esti-
mating levels of brood parasitism. Thus, the most accu-

rate way o deétermine whether forestry practices affect
nesting hirds is to monitor nesting success, predation,
and pardsitism using real nests ( Martin & Geupel 1993,

levels of nest predation and cowbird parasitism in birds
differed among silvicultural practices and seral stages.
We also compared nesting success in our study to that
found in previous studies to determine il populations of
specics nesting in our managed stands had lower or
higher nesting success than populations in other habiats:

Study Area

Our study was conducted on lands of the Ouachita Na-
tiomtl Forest and Weyerhacuser Company and Deltic
Farm and Timber Company, Inc., in the Ouachita Moun-
tains of westcentral Arkansas. This landscape ol over 2
million ha consists of hardwood, second-growth pine.
and pine-hardwoaod [orests in various seral stages, inter
spersed with occasional private residences and farms.
Landscape cover in the Ouachita Mountains, hascd on
Hkha aggregations using o Landsat Thematic Mapper
image from 1990, was G0O% forest, 24% pasture, 9% agri-
culture, and 1% urban (Smith ce al. 1998). Measurement
of forest cover in the Cuachita Mountains wias conservi-
tive because areas of forest regeneration may have been
misclassified a5 pasture (Smith et al. 1998), Morcover,
mist of the pasture, agriculture, and urban areas oc-
curred within lower valley sites, leaving the forests
largely unfragmented.

We studicd five treatments involving 30 stands: three
seral stages of pine plantation following clearcutting—
(1) regenerating, (23 mid-rotation, and (3) thinned plan-
tations—plus (4) single-tree selection stands and (5) late-
rotation  pine-huardwood stands. Generally, each treat-
ment contained six replicates, but two mid-rotaton
plantations were used in 1993 and four were added in
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1994, One thinned plantation was dropped after 1993
because of an unplanned herbicide treatment, and an-
other thinned plantation was added in 1994, Silvicultural
treatments are applied at the stand level, so stands were
our experimental units, A stand is a contiguous group of
trees sulficiently uniform in species composition and
STFUCTUre [0 Serve das a4 management unit (Thompson et
al. 1995). Replicate stands within treatments were cho-
sen based on availability and to minimize variation in age
tfor plantations) and aspect (for single-tree selection
stands). Stands ranged in size from 494 to 2749 ha (& =
Y98 had, One study plot was placed in each stand at
least 50 m from the edpe of the stand, Plots were ar
ranged in stands o maximize the number of census
Proints (up e 12 points) in cach stand (see below), Plots
were gridded at 25-m intervals with stakes and Magging
o facilitate relocation of nests. Study plots ranged in size
from 438 to 51.2 ha (¥ = 48.0 ha). Landscape cover
was calculated for each treatment based on a S-kmerudius
circle centered on each plor (Table 1), We divided the
landscape into forest, dry crop, pasture, and urban cov-
crages. Urban cover included both residential and com-
mercial coverages,

Regenerating plantations (X = 38.4 ha) were 3- o
G-vear-old stands that had been replanted following clear-
cutting, These stands were charcterized by an open can-
opy (11.0% canopy cover), with many small (1-2 m tall)
loblolly pines (Pinus toaeda, ¥ = 1319 pines/a) and a
dense shrub layer of oak (Oneercus spp., hickory (Carya
spp., black gum (Vyssa sydeatica), black cherry (Pranus
sevafina), winged elm (Cmus alara), ved maple (Acer
rabrra), and blackberry (Rubus spp). Ground cover
dlso was dense and was composed predominantly of
torbs, grasses, and shrubs. Not all trees were removed
during harvesting; mature hardwoods (=8 cm diameter
at breast height [dbh)) and snags (15 cm dbh) were re-
tined at densities of ¥ = 57.4/ha and ¥ = 13.7/ha, re-
spectively. The majority of hardwoods were 8-235 em dbh,

Mid-rotation plantations (% = 87.1 ha) were 12- to 15-
vear-old stands characterized by a dense canopy (G9.5%
canopy coverd of loblolly pine, small hardwoods (¥ =
SLG/hay, and snags (F = 1.5/ha). Mid-rotation planta-
tions were dominated by loblolly pine (¥ = 83248 pines/ha,
pine basal area ¥ = 12.2 m™/ha), with an understory
ivegelation height 0.5-5.40 m) composed of shrubs and
saplings of oak, hickory, dogwood (Carnes spp.y, elm,

Harber el al.

blucherry ( Vacodndmn spp). and dense tangles of green-
briar (Swedlax sppo) and blackberry. Ground cover wus
composed primarily of leaf litter and forbs,

Thinned plantations (¥ = 100.8 ha) were 17- to 23
year-old plantations that had been commercially thinned
3-5 vears prior (o our study (62.2% canopy cover), Dur-
ing commercial thinning, every other row and selected
trees within remaining rows were removed, and lower
hranches on the remaining trecs were pruned. Thinning
facilitates tree growtl, credales 4 more open canopy, and
promotes growth of a dense shrub layer. Thinned stands
were composed predominantly of loblolly pines (¥ =
241 pines/ha, pine basal area ¥ = 85 m~/ha), small
hardwoods (F = 46.4/ha) and snags (¥ = 5.5/ha). The
shrub layer and remaining understory were composed
of shrubs and saplings of oak, hickary, dogwood, elm,
blackgum, winged sumac (Rbus copalling), and tangles
of greenbrier, honeysuckle (Londcera faponice), hlack-
berev, and poison ivy {Toxicodendron radicans), Ground
cover was composed primarily of leaf licter, forbs, grasses,
andl shrubs,

single-tree selection is @ form of uneven-aged manage-
ment in which single trees of 4 certain age, diameter, or
species are harvested periodically. Singleree selection
stands (& = 108.8 ha) were characterized by a dense
canopy (07.1% canopy cover) composed of 2 mixture of
shortleal’ pine (Mg echinata, © = 450 pines/ha, pine
basal area ® = 12.3 m¥/ha) and oaks (¥ = 222 hard-
woods/ha). Single-tree selection stands sveraged 2019,
174, and 1.2 hardwoods/ha and 363.0, 81.5, and 6.2
pines/ha in 8.0-22.9, 23.0-37.9 and =38 cm dbh size
classes. respectively, The understory was composcd of
oak, clm, and hickory shrubs and saplings, pine seed-
lings. peison ivy, and bluebherry, Ground cover consisted
primarily of leaf livter and grass.

Late-rotation stinds were mixed pine-hardwood For
ests that had not been harvested or had been only lightly
harvested during the past 50 years. Late-rotation stands
€% = 155.1 ha) were characterized by a dense overstory
{78.1% canopy cover) of shortleaf pine (¥ = 314 pines/
ha, pine basal area ¥ = 14,0 m*/ha) and a mid-story of
oak, blackgum, red maple, and hickory (¥ = 327 hard-
woods/ha, hardwood basal area ¥ = 6.8 m*/hay, The un-
derstory consisted of cak, dogwood, and hickory sap-
lings, and a mix of shrubs, blucherry, and poison vy,
Ground cover was composed primurily of leaf licer,

Table 1. Percent kandseape cover (standard error) within 5 km of plots among five silvicultural treatments in the Ouachita Mountains of

westeentral Arkansas.

Treatmdent
Landscape cover regeneraiing mfid-rofation fainned sinple-free selection lerte-raration
Forest 81.37 (1.7h T (3200 94 (2.8%) 0624 (1.42) BL3G6(1.58)
Dy crops 16T (0,467 754 (0LRG) FBO(0.83) E.86(1.37) 2600101y
Pasture 15.7% (0.7 17.52 (2.98) 14.93 (1.20) 2339 (0L75) Lt (1800
Urban 0.64 (0.59) (.24 (0,123 360 {2.77) (024 (1L11) R ER(IRIES]
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Methods

Bird Censusing

Census points were chiosen so that they were located at
least 200 m from other census points and 100 m from
the edge of the plot We estimated the relative abun-
dance of all breeding bird species using 8-12 (¥ = 100,6)
fixed-radius (50 m) point counts per plog,

Prior to beginning censusing, experienced bird watch-
ers spent 1-2 weeks practicing bird identification and
distince estimation so that their skills would be similar,
All plots were censused three times between 1 May and
30 June cach yvear from 1993 to 1995 We counted only
species that were known o breed in wesicentral Arkan-
sis ¢ James & Neal 1980). A few migrants mayv have been
counted during the first replicate; estimates of abun-
dance were averaged over three replicates, however, so
the influence of migrants on estimates of abundance was
minimal. Censuses were not conducted  during high
winds (wind specd =54 my/second [19 km/hour] . main,
or fog. At cach point, the species and sex (if known) of
eiach bird seen or heard within 50 m were recorded for
1 minutes, Time of day, wind speed. temperature, and
sky condition were also recorded at each census point.
The order of points censused was changed with each
census, and most replicates per plot were censused by
different observers,

Nest Searching and Monitoring

Plots were searched for nests every 2 days from 1 April
to 15 July cach vear. Nests were found by following
adults carrving nesting material or by following adults
back to the nest during incubation or feeding of young
(Murtin & Geupel 1993), Nests were monitored every
2-4 days 1o determine outcome and to check for Brown-
headed Cowbird (Molothes ater) parasitism, When pos-
sible, nests were checked with binoculars from a dis-
tance and high nests were checked with a pole and
mirror, Nests that were oo high to check dircctly were
considered successful if adulis were seen leeding fledglings
or if the nests were observed long enough 1o include the
incubation and nestling periods for the species,

We calculated nesting success and levels of predation
by the MayvAeld method (Mavhceld 1961, 1975 Hensler
& WNichols 1981), using daily mortality rates and daily
predation rates, respectively. A nest was considered suc-
cessful iF it fledged ae least one young, excluding cow-
birds. Thus, daily morality rares were influenced by
hath predation and parasitism, whereas daily predation
riates reflect mortality due to predation alone, Observa-
tion of Hedglings near the nest was considered evidence
of fledging. A nest was assumed soccessful if nestlings
were observed in the nest 2 days prior to the expected
fledging date. A nest was considered o have suffercd
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predation when cggs or nestlings that were too voung to
fledge disappeared between nest visits, A nest was con-
sidered parasitized if a cowbird egg or cowbird nestling
was found in the nest. Only nests found during nest
building, egg laving, or incubation were used to caleu-
late parasitism rates. Hecause several species nesting on
our plots are considered cowhird rejectors (Rothstein
1975}, levels of cowbird parasitism may have been un-
derestimated for some species.

Statistical Analvses

We tested for differences among treatments in daily nest
martality and nest predation rates for cach species using
the computer program CONTRAST (Hines & Sauer
1989} and procedures described by Saver and Williams
(1989, which use a modified chisquare distribution.
We calculated levels of cowbird parasitism using per-
centages and tested for differences among treatments
using log-likelihood ¢ tests, All post-hoc tests were
corrected for multiple comparisons with Bonferroni ad-
justments (Le., by multiplying the number of compari-
sons by the o value caleulated for cach comparison). If
the product was <2010, the test was considered signifi-
cint. We used a Type [ error rate of 0010 to reduce the
probability of committing a Type 11 error (Le., conclud-
ing that cffects are not different when they actually are).

The relative abundance of birds was calculated for
cach plot as the total number of individuals detecled at a
census poing, averaged across census replicates and
years. Species abundance was affected by census date
and wind speed. We used analysis of covariance, with
census date and wind speed as covarates, o compare
densities of Blue Jays (Cyanocitta cristata), American
Crows (Corews Drachyrfynchos), and Brown-headed
Cowbirds among trearments. Because nest predators
and cowbirds may show a functional response to bird
abundance (Lowther & Johnston 1977; Gares & Gvsel
1978; Martin 1985, 1996, Barber & Martin 1997), we
uscd Pearson productmoment correlation analyses o
test for relationships berween (1) dailv predation rates
and the relative abundance of all birds and (2) levels of
cowbird parasitism and host abundance for each plot,
Haost abundance was calculated for each plot as the total
number of potential cowhbird hosts detected at a census
point, averaged across census replicates and years, We
considered a specics a potential cowbird host if that spe-
cies had been documented previously as such (Fried-
muinn & Kiff 1985),

Results
During 1993-19495, we found 1674 nests of 55 species

(26 resident species, 3 shoredistance migrants, 26 long-

Coservation Riodogy
Valume 15, Mo: 1. Febouary 2001
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distance [Neotropica] migrants). Numbers of nests var
ied among reatments: 631 in regenerating, 213 in mid-
rotation, 401 in thinned, 441 in single-tree selection, and
BE in late-rotation stands.

Nesting Success

For 12 species, we had sufficient sample sizes (=7
nests/treatment) to compare daily mortality rates among
treatments (Table 20 We pooled nest mortality data
across yvears for each of the 12 species. Differences in
thaily mortality rate among treatments were found for
White-eyved Vireo (Vireo grisens), Pine Warbler (Bend-
rofca sy, Yellow-breasted Chat (feterfa oirens), and
Morthern Cardinal {Cardinalis cardinalis). These diffeg-
ences, however, were lost Tor all species following Hon-
ferroni adjustments (Table 23 Daily mortality rates did
not ditfer among two or more treatments following Bon-
ferrom adjustments for Carnling Chickadee  Pogcife care
olfnensis), Carolina Wren (Fheyotborus lwdoricioanns),
Blue-gray Gnateatcher (Polioptila caernfea), White-eyed
Yireo, Black-and-white Warbler (Mniotifia vavic), Prai-
ric Warbler (Dendrofea discolory, Pine Warhler, Com-
mon Y ellowthroat (Geothlypis trichas), Yellow-breasted
Chat, Northern Cardinal, Indigo Bunting (Passering cya-
ned ), and Ficld Sparrow (Sdzefla pusilia) (Table 2,

Nest Predation

Predation accounted for tailure in 80% of failed neses,
Both Pine Warblers and Yellow-breasted Chats had
greater daily nest predation rates in thinned stands ip;" -
3.22, df = 1, p = 0.07, and ¥~ = 2.66,df = 1, p = 0,10,
respectivelyy, Cardinals also differed in their daily nest
predation rates among ireatnients (f =786.dl = A=
0,053, but these differcnces were lost for all specics fol-
lowing Bonfervont adjustmnents.

W calculated Mavfield estimates of predaton across
species based on species means (to weight species
equallyy and found that predation rates differed among
treatments (analysis of variance, F,,, = 326, fr =
00217, Thinned plintations had higher predation levels
than single-tree selection stands (Table 3). In addition.
predation mates were lower in single-tree selection than
other treatments when considered collectively across
individual bird species (p < (00.05, sign 1es0). Predation
levels in other treatments were similar and intermediate
between those of thinned and single-tree selection
stands.

Predators muy show a density-dependent response o
their prey. We ctlealated daily predation rtes per plot
hased on specics means (o weight species equally),
Oy species with at least four nests inoa plot were in-
cluded. We compared daily predation rates with the rel-
ative abundance of all birds derected during poine
counts i ench plot. The relative abundance of individu.

Conseryation Boloay
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als was positively correlated with daily predation rates
(r=0.629, df = 28, p < (.001; Fig. 1.

The relative abundance of two avian predators, Ameri-
can Crows (F) 4.0 = 8358, 1 << (.001) and Blue Jays
(Fjas3s = 1162, f) =2 0.001), differed among treatments
{Fig, 23 Crows were most abundant in mid-rotation and
thinned stands and least abundant in single-tree sclec-
tion and lite-rotation stands, Regpencrting stands had in-
rermediate numbers of crows. Blue Javs reached their
highest densities in mid-rotation and single-tree selec-
tion stands and lowest densities in regencniting stands.
Thinned and late-rotation stands had Blue Jay densities
intermediate hetween those of regenerating and mid-
rotation stands Fig. 25

Cowhird Parasitism

sample sizes were large enough o allow compearison of
cowhird parasitism levels among two or more real-
ments for seven specics (Table 4). Parasitism levels did
not differ among treatments for Common Yellowthroats,
Indigo Buntings, Prairic Warblers, or Northern Cardinals
Call = 0010). White-ecyed Vireos (G = 14.86, df = 2,
b= 0000 experenced higher parasitism in regenerat-
ing than in mid-rotation or thinned  stands, Yellow-
breasted Chats (G = 8.16, df = 2, p = 0.017) and Field
Sparrows (G = 06,98, df = L, pp = 0.008) showed the op-
posite pattern, with higher pasitism levels in thinned
e in regenerating stands (Table 4. When we exam-
ined means across species, mid-rotition stands ended to
show lower parasitism than other treatments, but small
sample sizes precluded statistical testing (Table 43, This
trend seems real, given that White-eyved Vireo, with the
largest sample size, showed an absence of parasitism in
mid-rotation stands, in contrast to other treatments (e
ble <4) and other studies (Barber & Martin 1997

The relative abundance of cowhirds differed among
treatments (Fj .4 = 1749 0 < 0.001) regencrating,
thinncd, and single-tree selecrion stands were similar and
had more cowbirds than mid-rotation and fate-rotation
stands (Fig. 3a). Cowbind abundance was positively asso-
ciated with host abundance (¢ = 0418, df = 31, p =
0.019; Fig: 3b) and negatively associated with percent
canopy cover (¢ = —0.394, d = 30, #» = 0.031; Fig. 41),
but host abundance and canopy cover cach explained
=< 18% of the vardation in cowbird abundance, In addi-
tion, these significant associations were likely driven or
confounded by the highly significant relationship be-
tween host abundance and percent canopy cover (F =

0,676, df = 30, p < G.001; Fig. 4b). Cowbird abun-
chince was not correlited with host abundance atter can-
opy cover was controlled for (r, = 0.216, df = 27, p =
(1.261), nor was cowbird abundance correlated with can-
upy cover after host abundance was controlled for (r, =

(L1723, df = 28, p = 0.373). Thus the effects of host
abundance and canopy cover cannot be separated,
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Table 2. Number of suceesslul and total nests, number of observation days, daily mortality rate (standard error), and nesting success of bird
species found among different sibvicoliura] treatments in the Ouachita Mountains of westcentral Arkansas, 19951995,

Nz Dhaffy martality Nesfing
Shectes (scfendiffc neame) Treatment  succesgfrd/total - Observation days rete (5E) stgcess™”
Yellow-billed Cuckoo (Cacolzies americanis) miidd-rotation 15 135.5 Q0590 (00202 247
Red-bellicd Woodpecker CMelanerpes carolinns)  regenenting B0 3175 00063 (00044 78.2
Hairy Woodpecker (Plooidles villosns) regeneritng W7 s 00432 (0.0244) 137
Eastern Kingbird (Tyerannus rrannus) regenerling 1219 112.5 OIS (00050 582
Eastern Wood-Pewee (Corfofirs pirens) TCECICTALing G412 I83.00 0.0328(0.0132y 380
Carnlina Chickadee (Poectle carolinensis) FCECNEENNE 444 1355 D030 (00162 336
single-tree
selection T 121,00 LOTGS (00116 617
Caroling Wren (Thrpathorus lidovicianies) repeneriting /8 53.5 LT (002397 307
single-tree
selection 10710 7.0 LVABERCE (Ch ER N [RELER Y
Blue-gray Goatcetcher (Palioptila cacruied) regeneniting 15430 S4H.L OLUOSHA (OL0082) 548
thinned 310 126.5 00395 (00173 337
Eastern Bluehird (Siaffa séalis) CCRCICTLing 1625 TEENT} (0 0h2EA (0L (H17 7 ARE
Whitc-eved Yireo (Vireo grisens) reRCnCrating TS B4.0) LOT 14 (0,0281) I5.5%
mid-rotation 21433 462.5 DUO250 (0074 492
thinned Q21 160LS (0748 (0.0208) 123
Red-eved Virco {Vireo offeacets) [ate-rotation 37 870 LG (00225 323
Black-anckwhite Warbler CMafonilia rarian mid-rotion TN 416,00 0.0192(0.0135y 627
thinned 37 44,0 (L ORI (L0330 112
single-tree
selection 47 150000 ChCR2Z000 (000 Bty 061.6
Prairic Warhler (Dendraica discolor) regeneraling 23570 (3500 CLCF7 40 (Eh (] 0y 1433
thinned 1022 1550 00638 (L0178 205
Pine Warbler { Desdrodca s thinned TAT 111.5 (LOBYT (0.0271) 1.5
single-tree
selection 24729 208,100 ChR2A00 (0 O LG S 55.8
Late-rotation 5711 0000 Ch TOCH (00, (35483 B0
Rentucky Warbler (Cporarnis formoss) micl-rotation 11/14 L134.5 D204 (L0151 52.6
Waorm-cating Warhler {Hefmitheros permfeorts)  mid-ristation 14720 I18B&.5 CLOEATT (OLIF1 530 4003
Common Yellowthroat (Ceatllypis trichas) regenerating 11116 705 CLIFT 19 (L0300 17:1
thinned G/19 15855 (LR (001849 14,2
Yellow-breasted Chut (leterfa virens) regenerating AG00 Y725 LA Z (0L0065) 45,0
micl-rorition 48 60,5 00602 {00292y 240
thinned 28/84 B33 Ch RO (R OS2 3 241
Morthern Cardinal (Cardinalis cardiiealis) repeneriling if18 L5400 hOTG] (00195 162"
mick-ridion 1027 254.0 (LG9 (00157 204
sfnned 15/42 10940 (L0 TG (00000 W
single-tre
selecuon Aty 1294 L0233 (00133) 3.2
Indigo Bunting (Passering cyanead) regenering Ah62 36740 (0564 (00097 275
mid-rotation 821 2305 (L0543 (00146 293
thinned 32,74 G555 LOG3R (00005 235
simigle-tree:
selecton T35 L1510 (LORA2 (L0067 29.0
late-rotation 611 0 (LOS5G (00241 284
Field Sparvow (hfiizella prsiflan repencratinge 21 /41 290.0 (0.06355 (0L.0145) 2X3
thinned 923 2050 (LOGE3 (00176 21,1
Chipping Sparrow (Spisefla fassering simgzle tree
sttlection 8/11 10810 DO2TE(0.0158) 481
Crrchard Oricle (foferis spariis) regeneTiing 817 210.0 ILRZHEG {0013 485
Summer Tanmager (Piraga ribea) single-tree
selection 514 1195 00733 (00241 17.9

“ Nesting seiccess calorefertedd By Menyfield method,
.l.

Discussion

o AN TR =D DS sleniffcance values prior o Bonferront aditstarents,

We lound no differences in daily predation or duily mor-
tality rates anong treatments for individual bird species

after Bonferrond adjustments, but significant differences

before Bonferroni adjustments suggeest that increascd

siinple sizes would yield differences. When compared

across species, predation mites were greater in thinned

Laonscrviltion Bialogy
Vaolmme 15, Moo 1, February 2001
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Table 3. Mayfield estimates of nest predation for bird species and mean nest predation rates among five silvienlral trestments in the

Ouachita Mountains of westcentral Arkansas, 1993-1995.

Treatment
Species regenerating miid-rotation thinned sinple-trice selection fate-rofedion
Yelow-hilled Cuckoo 647 (13)
Red-bellied Woodpecker LLG il
Hairy Woodpecker BEA (T}
Exstern Kinghird 32.1 (1%
Eastern Wood-Pewee 552 C12)
Caroling Chickades 8.1 (9) 35 (7
Carolina Wren G5 (H) (0,00 (140
Bhuc-gry Gnatcarcher 533.1 (300 47.7 (10
Eastern Bluebird G2 (2%
White-eyed Vireo 478015 44.0 (33) TL0 21
Redeyed Vireo 0.9 (7]
Black-and-white Wirbler F7T3 () QR0 (7 27.5(17)
Prairie Warbler T7.3(7) G458 (22)
Pine Warbler BIA0T F4.2 (29 35,7010
Kenmcky Warliler 47.4 (1)
Worm-catng Warbler 47.5 (21
Common Yellowitlrot G4 B (10 To2(19)
Yellow-hreasted Chat )2 (S0 5.4 (8 T3.2 (B4
Morthern Cardinal T3E(18) 753 (2T) G0LT €323 0.2 4109
Incligo Bunting G20 (6N GO 21 629 (74) SEA (1330 6320110
Field Sparrow T3 (40 0.7 (24)
Chipping Sparrow SLE(11)
Crrchard Orniole 549017
Summer Tanager H2.1 (14}
Mean (SE) S9.00(4.5) 35,4 (4.0) TOT (440 Al.6 (8.60 FH.6(2.3)

*Numbrers i parentboses dre sample sizes of nests,

plantations than in single-tree selecton smnds, Preda-
tion is often the muajor canse of nest morality among
birds {Ricklefs 1969; Martin 1992, 1993, The greater
predation rates in thinned plantations may partially re-
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Relative abundance of birds

Figrre L. Relationshif betiveen daily predation rate
and relative abundance of bivds. Refative abundance
is measured as the number of individuals detected per
censis foint. Daily predation rate is the medan frredea-
tion rate of species with al least fowr nests i a plol,
Each point refrresents the mrean daily predation rate
and relative abundance of bivds found in a single ot
(48 ha average sfze) from 1993 to 1995
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flect the fact thar these weaiments included a higher
proportion of shrub-nesting species, which generally
experience higher nest predation than other nest types
{Martin 1993). Bt this cannot fully explain the higher

.18 -
T 0 Amercin Crow

0.14 4 N Hiue day
o1z T
2104

nde 4

Relative abundance

004 -

i A

regenaraling  madsolation

single-trea
selection

thinmad late-rotalan

Treatment

Figure 2. Relative abundance of American Crows and
Blue Jays coang ffve different sifvicaltural treatments in
the Ohecrchita Mountains of westcentral Arkansas, 1095-
19U repenteraling, midrotation, and thinned arnia-
tiores and sinple-tree selection and laterotation pine-
Berdivood stands. Relative abundeonce is measured as
the mean number of individuals detected per point, arned
Bars refrresent § standard error,
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Tahle 4.
Ouachita Mountaing of westcentral Arkansas, 1995—190%5
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Percentage of nests parasitized by Brown-headed Cowhirds of host species among fve different silviculmeal treatments in the

Treatmoent
.‘r‘ﬂ{'ﬁ'{*.r" FegeHerating mhfel-reatating thinned single-tree selection ferte-rofation
White-cyved Vireo** S7.1 (T L (2T F0.8 (133 == ==
Prairic Warhler 11.7 (60 — L0 10y — -_
Common Yellowthroat 14.3 (N - 13.3 {15} - -
Yellow-hreasted Chuat* (L0 (74 (L0 () TG0 {00 — —
Field Sparrow*® 3.3 (30) - 1.3 (16) - —
Monhermn Cardinal 7.7 (15 7713 11.1 (27} 0.0 —
Indige Bunting 1.3 (45) F.1{14) 204 (54 RGO 00 (40
Meian (8E), 4 spp. 203 (12,7 TN 125052
Mean (5Ey, all 7 spp, 15.8 (7.2 37D 1783, 143 (14.5) IRIE{FR

“Naermrbers dn parentheses are samiple sices of nests. To welghr Sfrecies eguaily, wieans dre based on species means: Means oo for fiee forre species
terdth data for alf teee clearcnd treatments and for aff sepen specfes fin each freatnrent
"'.'.ag-.'.r'.i::'f:'.?.:r;r)r.' Co Pest onrong rgetmessis; "p o< WOT TR < 00, Y i

nest predation rte in thinned plantatons, becuause sev-
eral specics (e.g,, Black-and-white Warbler, Pine Warbler,
Northern Cardinaly that ocourred in other treatments in-
curred greater nest predation in thinned treatments,

Increased nest predation in thinned plantations may
also have been caused by a greaer abundance of preda-
tors, Thinned stands had greater structural diversity than
other treatments (DR, personal observation). Typi-
cilly. thinning opens the canopy, which promotes
growth of an extensive shrub layer (Dickson et al.
19953, Thinped plantations in our study had distinet can-
apy and shrub livers (DRB. personal observation).
Other stands, with the exception of regenerating stands,
typically lacked a distinet shrub laver, Single-tree selec-
tion stands had a shrub laver, but it was more patchily
distributed (mean number of shrubs = SE, 45.3 = 2.3)
tun in thinned stands (53.7 +© 1.8). In addition, ground-
cover types (e, shrub, grass, leal liver, bare ground)
were more varied in thinned stands, whereas other
stanuds tended 1o have either dense ground cover (regen-
erating sknds) or sparse ground cover (mid-rotation, sin-
gletree, and late-rotation stands). Thus, hird nests in
thinned plantations may have suffered higher predation
rates because thinning increased the structural diversity
of the habitar, which allowed for the existence of a
greater number of predators,

Variarion in nest predation rates among reatments
may also arise from a density-dependent response of
predators o cumulative prey density (Gates & Gysel
1978; Martin 1988, 1996). Daily predation rate in this
study was positively correlated with the relative abun-
dance of birds (Fig. 1), suggesting that predators may
show a functional response to prey density. Regenerat-
ing and thinned plantations had the greatest abundance
of birds, late-rotation stands the least, and mid-rotation
and single-tree stands supported an intermediate abun-
dance of birds (Barber er al, unpublished dara). Al
though predation rates differed only berween two treat-

ments, predation gencrally followed this same patern
tmeans in Table 3). Moreover, sbundance of small mam-
mials, which are thought 1o be one of the main groups of
nest predators, also may have followed this pattern. Inoa
study of small-mammal communities in streamside man-
agement zones (SMZs) and adjacent pine plantations in
the Cuachita Mountains CTappe et al, 1994), small mam-
mil captures in winter were more frequent in pine plan-
tations (2.5 capturcs per 100 trap nights) than in SMZs
and older late-rotation stands €1.5), Within pine planta-
Lions, small mammal captures were higher in regenerai-
ing (2.8) and thinned (2.9 stands than in mid-rotation
stands (1,63, All predators do not respond to prey in
density-dependent fashion, so patierns of predation rates
are likely influenced by the suite of predators that oc-
cupy a particular habitat and the influcnce of habitat ;-
teration on predator abundances ( Tewksbury et al. 1998),

Previous studies examining the effects of silviculture
un the nesting success of birds have mainly used artifi-
cial nests (but see King et al. 1996), Typically, nesting
success s higher in clesrcuts than in unmanipulated
stands (Yahner & Wright 1985; Rudnicky & Hunter
1993, We can make few comparisons of nesting suce
cess berween late-rotation and manipulated stands in
our study because of our small sample sizes of nests in
late-rotation stands, but we can compare nesting success
in our stands to that found in ather studies (Table 53, In
general, most species nesting in our stands had nesting
success equal o or greater than that found in earlier
studies { Table 3). Daily mortality rates did not differ be-
tween our managed stands in westcentral Arkunsas and
unmanaged stands in the Ozark National Forest in north-
west Arkansas for Indigo Buntings, Black-and-white War-
blers, Worm-cating Warhlers (Helmitheros vermifeorisy,
and kenmicky Warblers (Oporormns formosus) (Li 1994)
or between our stands and exarlyv-successional scrub habi-
tat in central Texas for both Yellow-breasted Charts and
Northern Cardinals (Barber 1993), Daily mortality rates

Conservation Kooy
Vorlume 15, Mo, 1, Febsrugry 2001
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Flgure 3. ¢ad Relative abundance of cowlyrds anmong
Sive diffevent sifvicultiral tregiients in the Owuachite
Meoenfering of westeentval Avkansas, TOU3-1905) regen-
ererting, mdd-rotatfon, and thivined plantations and sin-
gle-free sefection and late-rotation pive-bearvdood
stetnds, Cowbivd abondance is measured as the niean
nnber of individuals detected per censis poinl, and
Bars refreesent T standard error () Relationshils be-
frcert coqetivd aliendcince o bost abundance, Cone
Bird aund Dost abundance (s measnved as the snber
of corebivds and total wmiber of potentical cowbivd
hasts detected per censtes ol Bach podnt refiresents
the mean coweliivd and host abundance fornd (n a sin-
e plesf (R he aoerage sized frooe TOO3 fo TOGS

i our study also were similar to rates predicted for Red-
cyed Vircos (Viveo olfvacens), Northern Cardinals, and
Indigo Buntings and were lower for Worme-eating and
Kentucky Warblers in a 66% forested landscape ( Robin-
son ef al. 19953 Regencrating and thinned planmtions,
however, may be low-guality nesting habitat for some
shrub-nesting species. The nesting success of White-cved
Vircos, Prairic Warblers, Common Yellowthreoars, and
Field Sparrows was low in both regenerating and thinned
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Figeere 4. () Relalionsbifs befween cowhivd alaa-
deritee and percent canofy cover. Corelaird abiintdance
is measured as the nunber of cowlivds detected per
censis poinl. Eqch point refresends the mean cowlired
alyndance and medan frercent canafry cover o sin-
e ot (48 Da average size) from 1903 fo 1995 (0)
Redatioantshify Defareen cowbiivd bost almndance of
Biveds and percent canopy cover, Host abundance 15
mreastored as he winmber of potential cowbivd bBosis
detected frer censts podnt, Each podnd repreesents the
medn Bost abundanee and mean percent canofy
cotter i g single plof (48 Do average size) from 1993
o £995,

plantations ¢ Table 57 and was approximately half of that
found For a hroader army of shrub-nesting spoecices ( Mar-
tn 1993, 1995).

Two of three species that differed in cowhird parasit-
ism rates among treatments had greater parasitism in
thinned plantations (Table 43, The third species had
greater parasitism rates in regenerating plantations, Over-
all, parasitism rates were similuar in regenerating, thinned.
and single-tree selection stands and lower in mid- and
late-rotation stands, Cowhbird abundance also was similar
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Table 5. Summary of nesting success of bird species in other geographic areas compared with rates observed among different silvicultural

treamments in this study.

Sitvfculinral treatment, (s study

single-froe fncation af
Spectes frefercnces") nofber studdfes  vegenerating . wifd-rdation inned  seleclion fate-votation other stedies
fed-bellicd Woodpecker (13 50 s2.0" 78.2 MS, OH
Eastern Kinghird €2) 105 47.0 38.2 ks, NY
Iue-grny Gratcatcher (3) i2 24.4" 344 33.7 CA
Fastern Bluehird (4) e {Z.4 ARA F1.
White-eyved Vireo (3) ([N 35.0 135 9.2 125 TX
Black-and-white Warbler 016y 66 S04 Gl.6 AR
Praide Warbler (73 AUHd 2230 15,8 M5 1IN
Kentucky Wirbler (6} 7 A8 52.6 AL
Worm-cating Warbler (G) h5 30,4 13 Al
Common Yellowthroat (1 152 444" 171 181 MI
Yellow-hreasted Chat (8, & 4] 276 46,2 24.1 TX, MO
Mortherm Cardinal (8, 103y 2540 18.4 6.2 2.3 377 582 X, OH
[nckign Bunting (6, 93 U] 32.6 27.9 2404 23.5 A0.0 284 AR, MO
Field Sparrow ¢ 11, 12, 13) 363 435 225 21.1 IL, MI, WY

“References: {, Martin 1995; 2, Marply 1883 3, Baof PO05% 4. Wiite & Woolfenden 1973 5, DR R, unpreblishivd data; 6, L8 1994 7, Nolan 1975
B, Berter TOU5 9 A & Thaomfison 107 M Filliater obal 9% 11, Best 1978 12, Feans FO78: 13, Wray et gl 1982

"N porcend rge psttaetes rodber e Mayfivld vstinmiies

in regenerating, thinned. and single-tree selection stands,
but was lower in mid- and Lte-rotation stands ( Fig, 3a).
Chritton (19881 also found higher densities of cowhbirds
in thinned loblolly pine stands than in unthinned (mid-
ratation) stands, Gpening the canopy may atinct cow-
hirds for two reasons, Reduced canopy cover is associ-
ated with increased host abundance, and cowhirds in-
crease with camulative host density { Lowther & Johnstoen
1977 Barber & Martin 1997; Tewksbury et al. 1998, At
the same time, cowbirds {ind hosts by perching in trees
and watching adults build nests (Norman & Roberson
1975; Thompson & Gottfried 1976, 1981, Lowther 1979,
and opening the canopy may increase the ease of such
activities. Thinned plantations provide trees for cow.
hirds to perch in, and their open midsiory may allow
cowhirds to see host activity more easily. Singletree sc-
lection stands also provide an abundance of perch sites
for cowbirds and have a relatively open canopy, and In-
digo Buntings suffered notbly high levels of cowbird
parasitism in these stands CTable 43 Thus, opening the
canopy increases the number of forest birds but may
also increase the risk of parasitism,

Owverl levels of cowbind parasitism in the Ouachita
Mountains (12, 1% ) were similiar to those Tound i other
studics of foreswed landscapes (Hoover et al. 1995; Rob-
inson el al. 1995; Hanski et al. 1990) but were lower
than those found in studies of more fragmented land-
scapes (Robinson 1992; Hahn & Hatlield 1995; Robin-
son et al, 1995; Tewksbury etal, 1998, Predicted levels
of parasitism [or species in a 66% lorested landscape
{Robinson cr al, 1995) were similar o (eg, Indigo
Bunting) or greater than (eg,, Northern Cardinal, Worm-
cating Warbler, Kentucky Warbler) parasitism levels
found in our stucy. Nest parasitism often decreases with

an increase in the amount of forested cover in the Land-
scape (Robinson el al. 1995 Tewksbury et al, 1995),
and cowhird abundance decreases with distance from
forest edges (Brittingham & Temple 19833, Thus, cow-
hirds may not successfully invade extensively forested ar
i, even if the areas are managed by clearcutting (Thomp-
son et al. 1992),

In summary, daily moriality and dailv predation rates
among two or more treatments differed for several spe-
cies, but these differences were lost for all species atter
Bonfereoni adjustments. When predation rates were av-
eraged across species, thinned plantations had greater
predation rates than single-tree selection stands, Thinned
plantations also had higher levels of cowbird parsitism
lor two ol seven species, which may contribute to nest
failure, Thinned planttions may  provide  low.quality
nesting habitat for several carly-successional shrub-nest
ing species, Sevend shrub-nesting species had  lower
nesting success in thinned and regenerating plantations
thian found in other published studies, Moreover, the
positive relationship between daily predation rare and
relative abundance of birds suggests density-dependent
predaton: In conteist, many specics nesting in either
mud-ratanon or single-tree selection stands had nesting
success similar o that found in earlier studies. This sug-
gests that some silvicultural trestments, such as single-
tree selecrion, and some seral stages of even-aged man-
agement, such as mid-rotation stands, may provide suit-
able habitat for forest land birds. Fotore studics shouald
address questions related to the source-sink dynamics of
species in selected habirats and across managed forest
landscapes. Although thinned plantations with open
canopics may result in high predation and pacasitism for
same species, it is unknown whether the risks of preda-
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tion and parasitism will decrease following canopy clo-
surc, Further study on how thinning affects predator
dbundance and diversity could be informative. More-
over, additional research is necded to elucidate the rela-
tionship berween bird abundance and canopy cover and
how these variables influence the relative abundance of
cowbirds,
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