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NEST-SITE   SELECTION   BY   HOODED   WARBLERS   IN

BOTTOMLAND   HARDWOODS   OF   SOUTH   CAROLINA

John   C.   Kilgo,   Robert   A.   Sargent,
Brian   R.   Chapman,   and   Karl   V.   Miller

Abstract. — We  measured  habitat  features  at  45  nests  of  Hooded  Warblers  (Wilsonia
citrina)  and  45  non-use  sites  in  bottomland  hardwood  habitats  in  the  coastal  plain  of  South
Carolina  during  the  breeding  seasons  1993—1994  to  determine  features  that  affect  nesting
success.  Hooded  Warblers  nested  in  switchcane  {Arundinaria  gigantea)  and  hardwood  sap-

lings or  shrubs  that  averaged  1.76  ± 0.10  m {SE)  in  height.  Nests  were  more  concealed
from  above  (P  = 0.001)  and  from  the  side  (P  = 0.002)  than  surrogate  nests  placed  at  non-

use sites  but  were  less  concealed  from  below  (P  = 0.002).  Nest  sites  also  had  a greater
number  of  potential  substrates  (P  = 0.014)  in  the  nest  patch  (5-m  radius)  and  greater  mea-

sures of  vegetation  density  (P  < 0.05)  in  the  nest  patch  than  non-use  sites.  Successful  nests
differed  from  unsuccessful  nests  only  in  the  amount  of  fern  cover  in  the  nest  patch  (greater
for  successful  nests,  P = 0.012).  Fern  cover  may  influence  nesting  success  through  an  effect
on  behavioral  defense  strategies.  Nesting  success  of  Hooded  Warblers  may  largely  be  un-

related to  fine-scale  differences  in  vegetative  characteristics  of  the  nest  site.  Received  28
Mar.  1995,  accepted  20  Sept.  1995.

Because   availability   of   suitable   nest   sites   may   be   the   most   critical   de-
terminant of  habitat  selection  (and  thus  perceived  habitat  quality)  by  some

birds   (Steele   1993),   knowledge   of   what   constitutes   a  suitable   nest   site,   or
more   importantly   a  successful   nest   site,   is   necessary   (Martin   1993a).   For
example,   Martin   and   Roper   (1988)   found   that   successful   Hermit   Thrush
(Catharus   guttatus)   nests   were   characterized   by   a  greater   density   of   white
fir   (Abies   concolor)   saplings   in   the   5-m   radius   circle   surrounding   the   nest.
Such   specific   habitat   features   that   affect   nest   fate   should   be   identified   for
other   species.

Hooded   Warblers   (Wilsonia   citrina)   have   been   classified   by   the   Part-
ners  In   Flight   prioritization   scheme   as   a  species   of   “very   high   concern”

in   the   Southeast   (Hunter   et   al.   1993a,   b).   We   examined   nest-site   selection
patterns   of   Hooded   Warblers   to   determine   habitat   differences   between
successful   and   unsuccessful   nests.   We   measured   variables   at   two   scales,
the   nest   site   and   the   nest   patch.   Hooded   Warblers   inhabit   moist   mature
deciduous   forests   of   eastern   North   America   (Bent   1953,   Powell   and   Rap-
pole   1986,   Evans   Ogden   and   Stutchbury   1994).   In   the   coastal   plain   of
the   southeastern   United   States,   Hooded   Warblers   occur   almost   exclusively
in   forested   wetlands   (Bent   1953)   and   reach   their   greatest   abundance   in
bottomland   hardwood   forests   (Oak-Gum-Cypress   [Quercus-Nyssa-Taxo-
dium]   association).
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STUDY   AREA   AND   METHODS

We  conducted  this  study  at  the  U.S.  Dept,  of  Energy’s  Savannah  River  Site  (SRS),  a
78,000-ha  tract  in  Aiken,  Barnwell,  and  Allendale  counties.  South  Carolina.  These  counties
lie  in  the  Upper  Coastal  Plain  physiographic  province.  Elevation  ranges  from  <25  m at  the
Savannah  River  to  80  m at  headwater  streams  (Workman  and  McLeod  1990).  Bottomland
hardwood  forests  are  found  along  stream  courses  and  may  be  seasonally  flooded,  usually
during  late  winter-early  spring.  Dominant  canopy  species  include  sweetgum  {Liquidambar
styraciflua),  swamp  tupelo  {Nyssa  sylvatica  var.  biflora),  red  maple  {Acer  rubrum),  water
oak  {Quercus  nigra),  and  diamond-leaf  oak  {Q.  laurifolia).  Dominants  in  the  mid-story
include  American  holly,  (Ilex  opaca),  sweet  bay  {Magnolia  virginiana),  red  bay  {Persea
borbonia),  and  ironwood  {Carpinus  Carolina).  Switchcane  {Arundinaria  gigantea)  and  dog
hobble  {Leucothoe  axillaris)  dominate  the  shrub  layer,  and  ferns,  primarily  netted  chain  fern
{Woodwardia  areolata)  and  Christmas  fern  {Polystichum  acrostichoides),  are  the  dominant
ground  cover  (Workman  and  McLeod  1990).  Bottomland  study  sites  ranged  in  width  from
<50->1000  m and  were  adjacent  to  closed-canopy  pine  {Pinas  elliottii  and  P.  palustris)
forest.

We  located  Hooded  Warbler  nests  in  1 1 bottomland  hardwood  strips  during  May-June
1993  and  1994  by  observing  adult  behavior  and  by  searching  potential  nesting  habitat.  We
found  most  nests  during  the  incubation  stage.  We  were  unable  to  determine  whether  nests
were  first  or  second  attempts  because  individual  birds  were  not  marked  and  territories  were
not  mapped.  We  monitored  nests  at  3  ̂ day  intervals  (Ralph  et  al.  1993)  to  determine  nest
fate.  Nests  containing  nestlings  on  the  last  visit  before  the  expected  fledging  date  were
assumed  to  have  fledged.  We  defined  successful  nests  as  those  that  fledged  at  least  one
nestling.  Vegetation  measurements  were  made  following  termination  of  the  nesting  attempt.
We  made  measurements  at  the  nest  plant  and  in  the  nest  patch,  defined  as  the  5-m  radius
circle  centered  on  the  nest  plant  (Martin  and  Roper  1988).  Vegetation  measurements  then
were  repeated  at  an  unused  site.  We  located  non-use  sites  by  pacing  35  m (Ralph  et  al.
1993)  upstream  or  downstream  (determined  by  coin  toss)  in  a direction  parallel  to  the  general
bearing  of  the  bottomland  strip.  This  procedure  located  non-use  sites  outside  of  the  nest
patch  but  within  the  bottomland  habitat.  Non-use  sites  were  centered  on  the  plant  stem
nearest  to  the  35-m  point  that  was  of  the  same  species  and  approximate  size  as  the  substrate
plant  (Ralph  et  al.  1993).  Thus,  equal  numbers  of  nest  sites  and  non-use  sites  were  sampled.
Success  data  were  obtained  from  36  nests,  15  nests  in  1993  (8  successful,  7 unsuccessful)
and  from  21  nests  in  1994  (10  successful,  1 1 unsuccessful).  Eight  additional  nests  in  1993
and  one  nest  in  1994  that  were  empty  when  found  were  sampled  and  included  in  the
comparison  of  nest  sites  versus  non-use  sites  but  not  in  the  analyses  relating  to  nest  success
(Martin  and  Roper  1988).

Measurements  taken  at  the  nest  site  included  plant  species  used  as  the  nesting  substrate,
nest  height,  plant  height,  and  percentage  of  nest  concealment.  Concealment  indices  (0-4:  0
= 0%  concealed,   1  = 1-25%  concealed,   2  = 26-50%  concealed,   etc.)   were  estimated  by
viewing  the  nest  from  above  and  below  and  at  nest  level  from  a distance  of  1 m in  each  of
the  four  cardinal  directions  (Martin  and  Roper  1988,  Hoi  way  1991 ).  Lor  concealment  esti-

mates at  non-use  sites,  an  empty  Hooded  Warbler  nest  was  placed  at  nest-height  (i.e.,  the
height  of  the  nest  corresponding  to  the  non-use  site)  in  the  suiTogate  substrate  plant  (Holway
1991).

Measurements  taken  in  the  nest  patch  included  overstory  canopy  cover,  stem  density  of
potential  nest  substrates  and  trees,  fern  cover,  other  herbaceous  ground  cover,  and  vegetation
profile.  Canopy  cover  above  the  patch  was  estimated  by  five  hit-miss  readings  through  an
ocular  tube  (James  and  Shugart  1970),  one  at  the  nest  plant  and  one  in  each  of  the  cardinal
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directions  from  the  perimeter  of  the  patch.  Potential  substrate  and  tree  (woody  stems  > 3
m tall)  densities  were  measured  in  five  1-m^  quadrats  located  randomly  along  the  four
cardinal  directions  (transect  and  position  on  transect  were  randomized).  Potential  substrates
were  defined  as  switchcane  >1  m tall  and  other  woody  species  1—3  m tall.  Percent  foliage
cover  of  ferns  and  of  other  herbaceous  ground  cover  also  was  estimated  (0-4)  within  the
quadrats.  Vegetation  profile  of  the  patch,  which  may  be  viewed  as  an  index  of  concealment
at  the  scale  of  the  patch,  was  determined  using  a 3-m  tall  vegetation  profile  board  (Nudds
1977,  Noon  1981)  against  which  percentage  cover  was  estimated  (0^)  for  each  0.5-m
interval.  The  profile  board  was  located  at  the  nest  plant  and  was  read  from  a distance  of  5
m in  each  of  the  cardinal  directions.

For  comparisons  involving  potential  substrate  density,  nests  were  classified  as  either
“switchcane”  or  “other”,  depending  on  the  species  of  their  actual  substrate.  Stem  density
of  switchcane  then  was  determined  for  switchcane  nests  and  of  other  for  other  nests.  Thus,
the  potential  substrate  variable  was  a nest-specific  measurement  which  circumvented  the
problem,  e.g.,  of  comparing  average  switchcane  density  across  all  nests  when  only  a portion
of  nests  were  in  switchcane.  Similarly,  one  vegetation  profile  measurement  (nest  level)  was
nest-specific.  The  profile  readings  for  the  0.5-m  interval  corresponding  to  the  height  of  each
nest  were  compiled  for  the  variable  vegetation  profile  at  nest  level.

Univariate  comparisons  were  made  between  Hooded  Warbler  nest  sites  and  non-use  sites
and  between  successful  and  unsuccessful  nest  sites  for  each  habitat  variable.  Variables  es-

timated with  the  0  ̂ index  were  compared  with  a Wilcoxon  rank-sum  test.  All  other  com-
parisons were  made  with  a two-sample  f-test.  Variances  were  assumed  to  be  equal  for

comparisons  in  which  the  sample  sizes  were  the  same.  When  sample  sizes  differed,  the  F-
test  for  equality  of  variance  was  used  to  test  the  equal  variance  assumption.  Equal  variance
tests  always  were  appropriate.  Because  no  differences  (P  > 0.05)  were  found  between  years
for  any  variables,  data  from  both  years  were  pooled.

RESULTS

Hooded   Warblers   selected   saplings   of   nine   different   species   as   nest
substrates:   switchcane,   20   (44%);   red   bay,   7  (16%);   common   gallberry,
5  (11%);   American   holly,   5  (11%);   water   oak,   2  (4%);   diamond   leaf   oak,
2  (4%);   blueberry   (Vaccinium   spp.),   2  (4%);   wax   myrtle   {Myrica   ceri-
fera),   1  (2%);   and   black   oak   (Quercus   velutina),   1  (2%).   Mean   height   of
the   nest   plant   was   1.76   ±  0.10   m  (SE).   With   one   exception,   in   which   the
nest   was   located   in   an   upright   branch   of   an   American   holly,   nests   were
placed   in   crotches   of   the   main   stem   and   primary   branches   of   the   substrate
plant.   Nest   height   averaged   0.98   ±  0.36   m.

Hooded   Warbler   nest   sites   differed   from   non-use   sites   in   several   ways.
Concealment   of   nests   from   above   and   from   the   side   was   greater   {P   <
0.005)   at   nest   sites   than   at   non-use   sites,   but   from   below   was   lower   (f
=  0.002)   at   nest   sites   than   at   non-use   sites   (Table   1).   Potential   substrate
density   was   greater   {P   =  0.014)   at   nest   sites   (3.79   ±  3.37   stems/m^)   than
at   non-use   sites   (2.08   ±  1.88   stems/m^).   Vegetation   profile   measures   for
all   heights   and   at   nest   level   were   greater   {P   <  0.05)   at   nests   sites   than   at
non-use   sites   (Table   1).   Conversely,   only   one   difference   was   determined
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Table   1
Comparison   of   Microhabitat   Variables   (x   ±  SE)   at   Hooded   Warbler   Nest   sites   (N

= 45)  WITH  Those  at  Random  Sites  (N  = 45)  within  Bottomland  Hardwoods,
Savannah   River   Site,   South   Carolina   1994-1994

Parameter Nest  site Random  site

Nest  site

compared  with  the  Wilcoxon  rank-sum  test;  all  other  comparisons  were  made  with  a two-sample  r-test.
 ̂Estimated  as  the  sum  of  five  hit-miss  readings  taken  within  the  patch  (5  = total  canopy  closure).
Stem  density  (#  stems/m^)  of  the  plant  species  used  as  substrate.  Substrates  were  categorized  as  switchcane  or  other

(woody  stems  1. 0-3.0  m).  Sample  includes  switchcane  nests  from  1993  and  1994  (N  = 20)  and  other  nests  from  1994  (N
— 12;  total  sample  = 32).

for   the   comparison   between   successful   and   unsuccessful   nests:   fern   cover
was   greater   (P   —  0.012)   around   successful   nests.

DISCUSSION

Nest-site   characteristics.  —  Switchcane   best   provides   the   structural   fea-
tures  of   a  nest   substrate   sought   by   Hooded   Warblers   of   all   plant   species

occurring   in   bottomland   hardwood   habitats   at   SRS.   It   apparently   is   the
preferred   substrate   species   throughout   much   of   the   southeastern   United
States   (Sprunt   and   Chamberlain   1949,   Burleigh   1958).   Switchcane   is   a
woody   grass   (Poaceae)   that   may   grow   to   10   m  (Radford   et   al.   1964)   but
normally   ranges   from   1-3   m.   It   commonly   forms   extensive   thickets,   or
canebrakes,   in   southeastern   swamps.   In   addition   to   the   nests   that   were   in
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switchcane,   many   of   the   other   nests   were   in   saplings   growing   in   cane-
brakes   (i.e.,   switchcane   provided   most   of   the   cover   for   most   nests).

A  variety   of   other   plant   species   also   were   used   as   nest   substrates.   Hood-
ed  Warblers   reportedly   prefer   mountain   laurel   (Kalmia   latifolia),   Ameri-

can  holly,   and   fetterbush   {Lyonia   spp.)   in   other   parts   of   their   range   (Bent
1953).   All   of   these   species   are   thicket-forming   shrubs   (during   the   sapling
stage   for   American   holly).   Thus,   Hooded   Warblers   may   select   shrubs,
regardless   of   species,   not   only   for   their   microsite   characteristics   but   also
for   their   thicket-forming   properties,   as   evidenced   by   the   greater   density
of   potential   substrates   within   the   nest   patch   than   at   non-use   sites.   Holway
(1991)   found   that   species   preference   by   another   shrub-nesting   warbler,
the   Black-throated   Blue   Warbler   (Dendroica   caerulescens),   also   was   site-
specific;   they   selected   the   understory   shrub   that   offered   the   best   protection
from   weather   and   predators.

Hooded   Warblers   selected   nest   sites   that   were   less   concealed   from   be-
low  than   nests   at   non-use   sites.   Bent   (1953,   p.   613)   quotes   one   author

who   said   that   “the   easiest   way   to   locate   a  [Hooded   Warbler]   nest   was   to
place   [his]   head   close   to   the   ground,   scan   the   low   open   spaces   and   look
for   a  clump   of   leaves,   which   sooner   or   later   proved   to   be   a  nest.”   The
adaptive   advantage   of   an   opening   immediately   below   the   nest   is   unclear,
though   it   may   be   related   to   escape   strategies.   Although   Hooded   Warblers
normally   do   not   approach   or   leave   the   nest   near   the   ground   (Odum   1931),
when   flushed,   the   female   often   drops   from   the   nest   straight   to   the   ground
before   flying   away   just   above   the   ground   for   a  short   distance   (J.   C.   Kilgo,
pers.   obs.;   Evans   Ogden   and   Stutchbury   1994).   Alternatively,   such   open-

ings  may   result   simply   from   the   greater   shading   provided   by   the   under-

story.
Murphy   (1983)   and   Martin   (1992,   1993a)   have   suggested   that   preda-

tion,  because   it   is   the   primary   cause   of   nest   failure,   should   be   the   key
factor   influencing   nest-site   selection.   Selection   of   nest   sites   with   dense
vegetation   theoretically   can   inhibit   predator   efficiency   by   visually   screen-

ing  the   nest   and   parent   activity,   by   providing   too   many   potential   nest   sites
for   the   predator   to   search,   and   by   physically   impeding   predators   (Holway
1991).   Our   results   indicate   that   Hooded   Warblers   may   utilize   each   of   these
strategies   in   their   selection   of   nest   sites.   Hooded   Warblers   selected   nest
sites   that   were   better   concealed   from   the   side   and   from   above   than   non-

use  sites.   Furthermore,   nest   patches   contained   a  greater   density   of   poten-
tial  substrates   and   denser   vegetation   profiles   at   all   heights   than   non-use

patches.
Effect   of   nest-site   characteristics   on   success.  —  We   detected   no   differ-

ence  in   concealment   from   any   angle   between   successful   and   unsuccessful
nests.   Similarly,   Howlett   and   Stutchberry   (in   press)   detected   no   effect   of
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nest   concealment   on   predation   of   Hooded   Warbler   nests   in   Pennsylvania,
and   Holway   (1991)   was   unable   to   detect   a  relationship   between   conceal-

ment  and   the   nest   success   of   Black-throated   Blue   Warblers.   We   also   failed
to   detect   a  difference   in   the   number   of   potential   substrates   between   suc-

cessful  and   failed   nests,   as   predicted   by   Martin   and   Roper   (1988)   and
Martin   (1993a).   Several   factors   may   make   statistical   distinction   of   these
subtle   habitat   features   difficult.   First,   Holway   (1991)   suggested   that   pred-

ators  using   olfactory   cues   would   be   less   inhibited   by   visual   concealment.
Furthermore,   nest   predation   sometimes   can   be   random,   with   some   nests
being   found   by   chance   alone.   Second,   human   visitation   of   nest   sites   dur-

ing  monitoring   may   have   increased   the   likelihood   of   predation,   and   thus
masked   any   effects   of   habitat   on   predation   (Westmoreland   and   Best   1985,
Martin   1992).   Finally,   all   nests   of   shrub-nesting   woodland   birds   should
be   concealed   because   selection   of   poorly   concealed   sites   should   be   elim-

inated  by   natural   selection   (Wray   and   Whitmore   1979).   The   latter   predic-
tion  is   contradicted   by   several   authors   who   have   detected   differences   in

concealment   between   successful   and   failed   nests   (e.g.,   Nolan   1978,   Wray
and   Whitmore   1979,   Martin   and   Roper   1988).   However,   Wray   and   Whit-

more  (1979),   suggest   that   the   apparently   nonadaptive   trait   to   select   poorly
concealed   nest   sites   may   be   maintained   in   Vesper   Sparrows   (Pooecetes
gramineus)   because   annual   variation   in   their   environment   may   permit   the
occupancy   of   a  variety   of   nest   sites   to   be   adaptive   over   time.   Although
such   temporal   variation   is   probably   great   in   the   early   successional   habitats
of   Vesper   Sparrows,   the   environments   of   mature   forests   are   relatively
stable.   In   addition,   nest   predation   generally   is   higher   in   shrub   and   grass-

land  habitats   than   in   mature   forests   (Martin   1993b).   Thus,   a  relationship
between   concealment   and   success   should   not   be   as   evident   in   forested

habitat.   Studies   of   woodland   shrub-nesting   passerines   support   this   con-
tention  (Best   and   Stauffer   1980,   Conner   et   al.   1986,   Holway   1991,   How-

lett   and   Stutchbury,   in   press;   but   see   Martin   and   Roper   1988),   whereas
results   of   studies   of   birds   in   earlier   successional   habitats   are   more   variable
(Caccamise   1977,   Best   1978,   Nolan   1978,   Wray   and   Whitmore   1979).
Much   of   the   predation   on   shrub-nesting   woodland   birds   may   largely   be
unrelated   to   fine-scale   differences   in   concealment   (Holway   1991).

The   difference   in   fern   cover   between   successful   and   failed   nests   is

intriguing.   This   finding   may   be   related   to   nest-defense   strategies.   Female
Hooded   Warblers   almost   invariably   drop   to   the   ground   when   flushed   from
the   nest,   and   rather   than   flying   away,   they   often   engage   in   a  distraction
display,   which   consists   of   running   through   the   underbrush   with   wings
drooped   and   tail   spread   (J.   C.   Kilgo,   pers.   obs.;   Evans   Ogden   and   Stutch-

bury  1994).   This   behavior   likely   is   their   primary   (if   not   only)   means   of
nest   defense.   If   insufficient   ground   cover   exists   in   the   patch   to   make   this
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technique   effective   (i.e.,   if   the   bird   must   itself   escape   and   is   not   able   to
risk   distracting   the   predator)   the   nest   may   be   rendered   more   susceptible
to   predation.   Ferns   may   provide   structure   that   conceals   the   displaying
female   yet   is   sufficiently   open   to   allow   the   predator   to   detect   her.   Thus,
degree   of   fern   cover   may   be   one   of   the   subtle   habitat   features   that   deter-

mines nest   fate  of   Hooded  Warblers.   This   may  also  explain  why  the  more
obvious   measures   of   concealment   and   vegetation   density   did   not   differ
between   successful   and   failed   nests.
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