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ABSTACT: Cokmial nesting of long-legged wading birds (Ciconiiformes) in the coastal northeastern U.S. is limited 
primarily to islands, which provide isolated habitats that are relatively free of ground predators. Esmarine wetlands in 
this heavily developed region, including fin-aging wetlands and fringe marshes surrounding nesting islands, are often 
dominated by Phragmites auslraBs. On Pea Patch Island in Delaware Bay, site of one of the largest and I ] n o s t  enduring 
mixed=species heron colonies on the East Coast, wading birds nest in Phragmiges marsh habitat as well as in adjacent 
upland shrubs and trees. Because Phragmites is aggressively managed in Delaware Bay, we investigated the relative habitat 
value of marsh and upland nesting sites for the purpose of developing recommendations for marsh and wildlife man- 
agement. Utilization of marsh habitat by nesting birds ranged fl-om 27-82% during 1993-1998. Two species (great blue 
heron Ardea herodias and great egret A. alba) never nested in Phragmites, four species (little blue heron EgreUa caerulea, 
snowy egret E. &Ma, cattle egret Bubuh~" ibis, and black=crowned nightoheron Nycticorax nyc~icorax) nested in apprnxi= 
mately equal proportions in both habitats, and one species (glossy ibis Plegadisfahffnellus) was largely confined to marsh 
nesting. Productivity (egg and nestling production) varied between habitats for some species. Cattle egrets produced 
larger clutches and had higher hatching rates in Phrag~nitea" compared to upland habitat. Little blue herons were more 
successful in the uplands. Managers should retain Phragmites marsh at colony sites, such as Pea Patch Island, where it 
provides critical habitat for nesting wading birds both as substrate for nesting and buffer habitat to control human 
disturbance. 

I n t r o d u c t i o n  

Many  s tudies  of  w a d i n g  b i rd  (C icon i i t b r me s )  
n e s t i n g  ecology have e x a m i n e d  spatiM a n d  tem- 
po ra l  p a t t e r n s  of  co lony  f o r m a t i o n  (see review in  
B u r g e r  1981), b u t  few have assessed the  conse-  
q u e n c e s  to r e p r o d u c t i v e  p e r f o r m a n c e  of  n e s t i n g  
hab i t a t  choice  (Moser  1984). Rarely have research-  
ers r e p o r t e d  the  o c c u r r e n c e  of  d i f f e r en t  hab i t a t  
types wi th in  a s ingle  co lony  (Parsons  1995).  

In Delaware  Bay, w a d i n g  b i rds  have n e s t e d  on  
Pea  Pa tch  I s land  s ince the  mid-1970s  in  b o t h  
m a r s h  a n d  u p l a n d  habitats .  D u r i n g  the  last two de- 
cades, Pea  Pa tch  I s land  has s u p p o r t e d  o n e  of  the  
largest  m i x e d  species h e r o n  co lon ie s  o n  the  At lan-  
tic Coast  of  N o r t h  A m e r i c a  (Erwin  a n d  Korscf lgen  
1979; P a r n e l l  et al. 1997). Marsh  hab i t a t  o n  the  
i s l and  is d o m i n a t e d  by m o n o t y p i c  s tands  of  Phre(d- 
mil~es a.ushalis, which  are sul~ject, estuary=wide, to a 
variety of  weed  con t ro l  p r o g r a m s  ca r r i ed  ou t  by 
state agenc ies  (Delaware  Estuary  P r o g r a m  1996; 
Pea  Patch  I s land  I I e r o n r y  Reg ion  SpeciM Area  
M a n a g e m e n t  Phm 1998).  Phre~g~ites con t ro l  in  the  
h e r o n r y  p o r t i o n s  of  Pea  Pa tch  I s land  cou ld  cause 
adverse  impac t s  to n e s t i n g  b i rds  t h r o u g h  the  re- 
mova l  of  ne s t i ng  subs t ra te  a n d  vegetat ive buffe~; 
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b u t  these  p o t e n t i a l  impac t s  haw: n o t  b e e n  quan t i -  
fied. 

To address  this i n f o r m a t i o n  ne e d ,  I inves t iga ted  
the  n e s t i n g  ecology of  w a d i n g  birds  u s i ng  b o t h  
m a r s h  a n d  u p l a n d  habi ta t s  d u r i n g  the  1993-1998  
b r e e d i n g  seasons.  My object ive was to charac te r ize  
use of  Ph~gmites  marsh  by n e s t i n g  w a d i n g  b i rds  
a n d  to assess its va lue  to b r e e d i n g  birds  relat ive to 
u p l a n d  n e s t i n g  habi ta t .  I also s o u g h t  to deve lop  
r e c o ~ l n l e n d a t i o n s  t()r s ta te  r e s o u r c e  n l a n a g e r s  
c h a r g e d  with m a n a g i n g  Phrag~zites in  u p p e r  Dela- 
ware Bay. 

S tudy  Area  

T h e  study took  place  o n  Pea  Pa tch  Ishmd,  New 
Casde  Corm{> Delaware  t.~:J nn ~x, 7n 34 V¢), lo= 
ca ted  in  u p p e r  Delaware  Bay. T h e  i shmd has b e e n  
used  by b r e e d i n g  w a d i n g  b i rds  s ince the mid-1960s  
w h e n  n e a r b y  m a i n l a n d  co lon ies  a b a n d o n e d  a n d  
re loca ted  o n  {tie i s land ( C m l e r  1964). W a d i n g  
b i rds  have n e s t e d  in  b o t h  u p l a n d  t r eed  p o r t i o n s  of  
the  i s land  a n d  in  s u r r o u n d i n g  Ph'ra~mites marsh  
ha b i t a t  s ince at least  the  mid-1970s  (~Tiese 1978). 

M e t h o d s  

AI~I NDANCE OF "~-ESTINC, BIRDS 

D u r i n g  1993-1998  a n d  2000, es t imates  of  total 
w a d i n g  b i rd  a b u n d a n c e  were  o b t a i n e d  by several 



low-impact  m e t h o d s  i n c l u d i n g  g r o n n d - b a s e d  nest: 
counts ,  coun t s  o f  a t t e n d i n g  adults, flight: l ine ob- 
servations,  and  aerial surveys. I o b t a i n e d  nes t  
coun t s  (2  2.0%) in all u p l a n d  p o r t i o n s  o f  tile col- 
ony  pr imar i ly  d u r i n g  the  egg-phase  o f  nest ing.  To 
m i n i m i z e  invest igator  d i s tu rbance  in the  marsh ,  I 
es tabl ished t ransects  t h r o u g h  the  nes t ing  area  in 
March  be fo re  nes t ing  began.  In late May, I ob- 
t a ined  nes t  density- m e a s u r e m e n t s  a n d  adul t  coun t s  
a long  all transects.  In  addi t ion ,  in late May-ear ly  
J u n e ,  I surw~yed and  p h o t o g r a p f i e d  marsfi  areas 
used by nes t ing  birds  fl~om a f ixed-wing aircraft.  I 
e s t imated  the  areal  ex ten t  o f  nes t ing  within the  
s tand and  adu l t  density o f  species d iscernib le  Ii-om 
a p p r o x i m a t e l ?  175 m above  g r o t m d  (small white 
species) with the  use o f  aerial p h o t o g r a p h s .  

I o b t a i n e d  est imates  o f  n u m b e r  o f  nests in the  
Phra~dtes m a r s h  us ing  nes t  densi ty  m e a s u r e m e n t s  
o b t a i n e d  f rom t ransec t  surveys, a nd  adul t  densi ty  
est imates  and  nes t ing  a rea  est imates  o b t a i n e d  f rom 
aerial  p h o t o g r a p h s  ( 2  15%).  I c o r r e c t e d  densi ty  
est imates  fo r  species n o t  visible in the  aerial  pho= 
t o g r a p h s  by us ing adul t  coun t s  o b t a i n e d  d u r i n g  
t ransec t  surveys. 

T h e  m e t h o d  p r o d u c e d  an es t imate  o f  adul t  den-  
sity fo r  the en t i re  m a r s h  a rea  o b t a i n e d  fi~om the  
air a n d  c o r r e c t e d  by adttlt  co tmts  o b t a i n e d  on  the 
g r o u n d .  T h e  adul t  coun t s  were  n e e d e d  to es t imate  
dens i~  ~ o f  species n o t  visible f r o m  the  air and  to 
d i sc r imina te  be tween  the  t w o  small whi te  species. 
In  addi t ion ,  the  p r o t o c o l  p r o d u c e d  an es t imate  o f  
nes t  densi ty  for  each species explicitly f rom tran-  
sect surveys tha t  was then  ex t r apo l a t ed  to the  en- 
tire m a r s h  area. Bo th  est imates  re l ied  on  aerial  and  
g r o u n d - b a s e d  data, and  were  g e n e r a t e d  to p r o d u c e  
an  average  es t imate  o f  m u n b e r  o f  nests  o f  each  
species us ing tfie marsfi.  F u r t h e r  details can be  
f o t m d  in Parsons  (1995).  

\.~rADING BIRD PRODUCTIVITY 

I d e t e r m i n e d  product iv i ty  o f  species us ing  bo th  
nes t ing  habi ta ts  f r o m  1993-1998  i n c l u d i n g  snox W 
egre t  ( Eg~¢ta th',da), cattle egre t  ( Bub~lc,~s ibis), lit- 
tle b lue  h e r o n  (E. caerulea), a nd  b lack-crowned  
n i g h b h e r o n  (Nycticomx '~O, cticomx). I se lec ted  for  
m o n i t o r i n g  20 -30  active nests  (nests c o n t a i n i n g  at: 
least one  egg) o f  each  species in each  habi ta t  as 
awdlable. M a r k e d  study nests  were  d is t r ibuted 
t h r o u g h o u t  nes t ing  habi ta ts  (Parsons  et al. 2001) 
and  were  m o n i t o r e d  every 2-3  d t -o re  egg-laying 
t h r o u g h  the  nes t l ing  p e r i o d  (15 d pos t -ha tch) .  
Eggs and  y o u n g  were  m a r k e d  with n o n t o x i c  dye. 
On ly  study nests  in wh ich  nes t ing  events  were  
k n o w n  to have o c c u r r e d  within  3 days were  includ-  
ed  in analyses o f  nes t ing  c h r o n o l o ~  ~, F u r t h e r  de- 
tails can be  f o u n d  in Parsons  (1995) a n d  Parsons  
et al. (2001).  
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Fig. 1. Abundance oi nesdng wading birds on Pea Patch is- 
land, Delaware Bay, 196,t-9000. Sources of estimates are as ti)l- 
lows: 1964-1979 (summarized ill Wiese 1979) ; 1985-1989 (Del- 
aware Department of Natural Resom:ces and Enviromnental 
Control unpublished data); 1993-9000 (this study). Qlmntita- 
tive estimates of abmldance of marsh-nesting and upland-nest- 
ing birds were obtained in the 1970s and 1990s. In the 1980s, 
estimates of uplan&nestillg birds only were obtained. Numbers 
of marsh-nesting birds for 1985-1989 shown are speculative 
based on 1970s trend. 

DATA ANAI,~%IS 

\N~ading bi rd  species were  ana lyzed  separately  
and  all analyses were  c o n d u c t e d  on  a p e r  nes t  ba- 
sis. I tested p roduc t iv i~  " data  sets for no rma l i t y  
(Shapiro&Vilk statistic) and  h o m o g e n e i t y  o f  vari- 
ance  (Bart let t ' s  test). Da ta  no t  c o m p l y i n g  with the  
a s smnp t ions  o f  pa r ame t r i c  analysis were  c o r r e c t e d  
with t r ans tb rmat ions ,  o r  the  da ta  were ranked .  I 
used .42N'O~vSk and  Tukey  m e a n  separa t ion  proce-  
d u r e  and  pa i red  g-tests to e x a m i n e  re la t ionsh ips  be- 
tween nes t ing  hab i ta t  type and  c h r o n o l o g y  and  
productivi ty.  I used chi -sqnare  statistic to c o m p a r e  
f r e q u e n c y  data.  All analyses were  p e r f o r m e d  with 
8AS (Version 8) software (SAS Inc.,  Cary, N o r t h  
Carol ina) .  

Resul t s  

ABUNDANCE OF NESTING BIRDS 

Est imates o f  wad ing  b i rd  a b u n d a n c e  on Pea  
Pa tch  Is land have r a n g e d  f rom a p p r o x i m a t e l y  
1,000 to 17,000 nes t ing  pairs  since the  m i d  1960s 
(Fig. 1). Nes t ing  in the Ph'rag~miges m a r s h  was first 
d o c u m e n t e d  by Wicse (1978) and  b e c a m e  the  pre-  
d o m i n a n t  hab i ta t  type by tfie early 1990s. In  r e c e n t  
years, the  co lony  has dec l ined  in a b u n d a n c e  as has 
the p r o p o r t i o n  o f  b i rds  nes t ing  in the  marsh .  

O f  the  ten wad ing  bird species d o c u m e n t e d  
nes t ing  on  Pea  Patch Island,  fou r  numer ica l ly  d o m -  
inan t  species (sno~ W egret ,  cattle egret ,  little blue 
h e r o n ,  and  b lack-crowned  n i g h t - h e r o n )  nes t ed  in 
m o s t  years  o f  s tu@ in b o t h  Phragmites marsh  a n d  
u p l a n d  habi ta ts  (Fig. 2). Grea t  blue h e r o n  (A'rdea 
herodias) and  g rea t  eg re t  (A. alba) never  nes t ed  in 
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Fig. 2. Abnndance of marsh-nesting and upland-nesting 
wading bird species on Pea Patch Island, Delaware Ba B 1993- 
2000. Shown are number of nests occurring in P/~rag~ites marsh 
(solid) and upland (open) habitats tor sno~ W egret, cattle egret, 
little blue heron, and black-crowned night-heron. 

t he  m a r s h  d u r i n g  the  c o u r s e  o f  f i le study. Glossy 
ibis  (Plegadis j'aldteei[us) n e s t e d  p r e d o m i n a n @  in 
t)/rragrmil, es. T r i c o l o r e d  h e r o n  (/@~4,/,a tri~z~lo't), yel= 
l o w - c r o w n e d  n i g h t - h e r o n  (?v~ctatzassa viotacea), a n d  
g r e e n  h e r o n  (B~ztorides viresce~zs) n e s t e d  in  b o t h  
h a b i t a t s  in  smal l  n u m b e r s .  

~¢VADING BIRD DRODUCFIVITY 

N e s t i n g  c h r o n o l o g  T vm' ied  wi th in  n e s t i n g  h a b i t a t  
b~pe over  t h e  s tudy  p e r i o d  for  s o m e  b u t  n o t  all  
spec ies  (Fig. 3). M e a n  h a t c h i n g  d a t e  o f  snou  T 
eg re t s  in t h e  Phragmites d i d  n o t  d i f f e r  over  t h e  
s tudy  p e r i o d  (F~,,~0 = 2.7, p = 0.07),  b u t  sno~ W 
eg re t s  in  t he  u p l a n d s  vm' ied  over  t he  s t u @  p e r i o d  
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Fig. 3. Chronology ot wading bird species using PAragmit~s 

marsh and upland uesting habitats, Pea Patch Island, Delaware 
Bay, 1993-1998. Shown are x -+ SD hatch date (Julian) for 
sno~ W egret, cattle egret, little blue heron, and black-crowned 
night-heron nesting in PA~g~iles (solid circles) and upland 
(open squares) habitats. 

(F:,s: = 412.2, p < 0 .0001) .  H a t c h i n g  d a t e s  o f  cat ,  
t le eg re t s  w~ried b o t h  in  t h e  m a r s h  (Fs,0s = 26.4, p 
< 0.0001) a n d  in  t he  u p l a n d s  (Fs6s = 14.1, p < 
0 .0001) .  H a t c h i n g  d a t e s  o f  l i t t le  b l u e  h e r o n s  in  t h e  
Phra~dtes d i d  n o t  d i f fe r  ove r  t he  s t u @  p e r i o d  (F: ,:, t 
= 1.72, p = 0.20),  b u t  c h r o n o l o g y  o f  m a r s h - n e s t i n g  
b l a c k - c r o w n e d  n i g h t - h e r o n s  v a r i e d  (Fe,5, ~ = 4.1, p 
= 0 . 0 2 ) .  

D a t a  we re  ava i lab le  to e x a m i n e  c h r o n o l o g y  pat- 
t e r n s  b e t w e e n  h a b i t a t s  fo r  sno~a T e g r e t  a n d  ca t t l e  
e g r e t  (Fig. 3). F o r  b o t h  species ,  n e s t i n g  c h r o n o l o g y '  
diffL'red b e t w e e n  m a r s h  a n d  u p l a n d s  in  any g iven  
year,  b u t  these  d i f f e r e n c e s  were  n o t  c o n s i s t e n t  yea r  
to year.  F o r  e x a m p l e ,  ca t t l e  eg re t s  n e s t e d  e a r l i e r  in  
t he  Phragmites in  1993 a n d  1994, b u t  l a t e r  t h a n  up-  
h i n d - n e s t i n g  b i r d s  in  1995 (Fig. 3). 

T h e  re la t ive  success  o f  w a d i n g  b i r d  nes ts  in 
Phra~nites mm'sh  c o m p a r e d  to u p l a n d  h a b i t a t  var- 
i e d  b e t w e e n  species .  Snou  T e g r e t  nes t s  p r o d u c i n g  
at  leas t  o n e  h a t c h l i n g  we re  m o r e  a b u n d a n t  in  t he  
m a r s h  t h a n  in t he  u p l a n d  p o r t i o n  o f  t he  i s l and  in 
1994 a n d  1997 (Tab le  1). In  1994, ca t t l e  eg re t s  



XABLE 1. Relative success of wading bird nests in Ph,~g,uites 
and upland habitat at Pea Patch Island, Delaware Bay, 1994- 
1997. Given are numbers of successfl~l (hatching > t nestling) 
and unsuccessflfl nests (hatching = 0) in each nesting habitat. 
Tests of independence (chi-square) between habitats were pei~ 
formed only when all cells had expected frequency > 5. Cells 
with highest (:ell chi-square values are in boht. 

N Nests 

Sttc- [ Jnsttc- 
Species 2 )a t  Habi ta t  cessfu 1 cessfu 1 

Sno~ W egret 1994 Ph,~g~t~ites 18 15 X21 = 4.1 
Llpland 20 5 p < 0.05 

1997 Phra, gmit~'.~ 5 8 X2~ = 5.0 
Upland 12 3 p < 0.05 

Catde egret 1993 Ph)~gmites 32 10 X21 = 0.1 
Upland 48 13 us 

[994 Phragmit~:s 28 13 X2~ = 8.5 
Upland l0 20 p < 0.01 

1995 Ph~g'miles 28 6 X2~ = 0 
Upland 28 6 ns 

Little blue 1993 Phmgmites 36 31 X21 = 8.6 
heron Upland 21 B p < 0.01 

w e r e  less  success f l f l  i n  u p l a n d  h a b i t a t  t i t a n  e x p e c t -  
ed ,  a n d  in  1 993 ,  l i t t l e  b l u e  h e r o n s  w e r e  m o r e  suc-  
cessf i f l  i n  u p l a n d s  t h a n  e x p e c t e d .  

E g g  a n d  n e s t l i n g  p r o d u c t i o n  i n  m a r s h  a n d  u p -  
l a n d  h a b i t a t s  a l so  v a r i e d  b e t w e e n  s p e c i e s .  S n o w y  
e g r e t  a n d  c a t t l e  e g r e t  n e s t s  l o c a t e d  i n  t h e  Phra K- 
mites m a r s h  p r o d u c e d  m o r e  e g g s  t h a n  n e s t s  i n  t h e  
u p l a n d s  ( T a b l e  2 ) ,  b m  l i t t l e  b l u e  h e r o n s  n e s t i n g  i n  
t h e  u p l a n d s  p r o d u c e d  m o r e  e g g s  t h a n  b i r d s  n e s t -  
i n g  i n  t h e  m a r s h .  N e s t l i n g  p r o d u c t i o n  (15  d p o s t -  
h a t c h )  d i d  n o t  d i f f e r  b e ~ ' e e n  n e s t i n g  h a b i t a t  ~ ' p e s  
f o r  sno~.~ 9" e g r e t s  a n d  c a t t l e  e g r e t s ,  h o w e v e r ,  l i t t l e  
b l u e  h e r o n  n e s t s  in  t h e  u p l a n d s  p r o d u c e d  m o r e  
y o u n g  t h a n  n e s t s  i n  t h e  m a r s h  ( T a b l e  2) .  

t t a t c h i n g  s u c c e s s  (%, e g g s  h a t c h e d / l a i d )  was  
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Fig. 4. Reproductive success of marsh-nesting and upland- 
nesting wading birds ou Pea Patch Island, De)aware Bay, 1993- 
1998. Shown are mean hatching (% eggs hatched/laid)  and 
survival (% nestlings surviving 15 d post-hatch/eggs hatched) 
of sno~ W egret, cattle egret, and little blue heron in Phragmites 
(solid) and upland (open) habitats. Asterisks indicate signifi- 
cant differences in reproductive success between habitats (see 
text). 

g r e a t e r  i n  u p l a n d  n e s t s  o f  s n o w y  e g r e t s  ( F s l s  0 = 
5.0,  p = 0 .008 ;  y e a r  a l so  s i g n i f i c a n t  f i ac to r  i n  
m o d e l )  a n d  l i t t l e  b l u e  h e r o n s  (Fs,151 = 8.3,  p < 
0 . 0 0 0 1 ;  y e a r  s i g n i f i c a n t )  t h a n  i n  m a r s h  n e s t s ,  b u t  
t h e  r e v e r s e  was  t r u e  f o r  c a t t l e  e g r e t s  (F<s80 = 3.2,  
p = 0 .005 ;  y e a r  s i g n i t S c a n t ;  Fig.  4 ) .  N e s t l i n g  su rv iv -  
al ( %  n e s t l i n g s  s u r v i v i n g  15 d p o s t - h a t c h / e g g s  
h a t c h e d )  was  g r e a t e r  i n  u p l a n d  n e s t s  o f  l i t t l e  b l u e  

TABLE 2. Wading bird productivity in Ph~'ag,siles marsh and upland habitats on Pea Patch Island, Delaware Bay, 1993-1998. Given 
are the number  of nests producing eggs and nestlings of snowy egret, catde egret, and little blue heron. Chi-square tests of indepen- 
dence were performed between habitats for each species. Production category included only if expected (;ell frequency > 5. Cells 
with highest cell chi-square are in bold. 

Nmnber  OKi;pring per Nest 

Species 1 tabi{:Jt 0 1 2 3 4 5 

Eggs 
Snowy egret Pbragmite,~ 9 26 66 16 X23 = 21.7 

Upland 11 31 21 2 p < 0.0001 
Cattle egret Phrag~mit~s 16 85 48 7<22 = 12.2 

Upland 44 141 41 p < 0.005 
I,ittle blue heron Pl~ragmite,~ 12 8 19 32 ]9 X24 = 9.6 

Upland 1 3 10 32 11 p < 0.05 

Nestlings (15 d post-hatch) 
Sno~ W egret Ph~gmites 51 14 11 X2s = 2.0 

Upland 30 1,i 5 ns 
Cattle egret Phragmitcs 68 29 14 Xts = 2.2 

Up) and 102 29 24 ns 
Little blue heron Phragwites 16 9 12 3 Xes = 8.5 

Upland 1{3 3 16 12 p < 0.05 



6 0 0  K . C .  Pa rsons  

o 
o 

c -  

c -  

O 

" I "  

100 

75 

50 

Snowy Egret 

93 
95 

[] • 94 

• 96 
97 • 

94 
[] 

97 
[] 

Cattle Egret 

1 O0 94 

• 98 
96 

[] ~u • 9 5  
75 1 93 • [] 95 [] 97 

/ 93 

5O 

'°° 1 

94 
[] 

Little Blue Heron 

94 94 
95 • [] 

[] 
• 93 [] 93 

130 140 150 160 170 180 

Hatch Date (Julian date) 

Fig. 5. Hatch date and hatching success of marsh-nesting 
and upland-nesting ~ading birds on Pea Patch Island, Delaware 
Bay, 1993-1998. Shown are mean hatch date (Julian) and hatch- 
ing success (% eggs hatched/laid) of sno~ W egret, cattle egret, 
and little blue heron in Phrag,rdtes (solid squares) and upland 
(open squares) habitats. 

herons  than in marsh nests (F%>~ = 4.2, p = 0.01; 
year not  significant). Nestling survival did no t  dif- 
fer between habitat  types for snowy egrets and cat, 
tle egrets (Fig. 4). 

iMthough greater  nesting synchrony occurred  
within habitat  type than between species, t iming of' 
nesting was not  consistently correlated with repro- 
ductive success (Fig. 5). Late-nesting snow T egrets 
in 1994 using marsh habitat were more  successflfl 
ha tching eggs than early-nesting upland birds (t~4 
= 2.3, p = 0.03). Late-nesting cattle egrets in 
Phrag~nites were less successful ha tching  eggs than 
early-nesting upland birds (tl~ = 11.1, p = 0.004). 
No other  differences were detected between habi- 
tat b'pcs for o ther  species or years. 

Discussion 
On Pea Patch Island, site of' one  of' the largest 

heronr ies  in eastern Nor th  America, two distinct 
habitats, marsh and upland,  provided nesting sub- 
strate to 10 breeding Ciconiiform species. During 
the 1970s, marsh-nesting birds comprised 0-38% 
of the total colony. Since 1993, utilization of  the 
marsh has ranged from 27-82% of nesting birds. 

Several species nested exclusively in either up- 

land (great blue heron,  great  egret) or marsh 
(gloss}' ibis) habitats, but  four  numerically domi- 
nant  species (snowy egret, cattle egret, little bluc 
heron,  and black-crowned night-heron)  nested in 
both habitats in most  years of  the study. In recent  
years, a decline in abundance  of  marsh-nesting spe- 
cies has driven a 70% decline in colony size. Rel- 
ative p ropor t ion  of  birds using the marsh has also 
d ropped  by approximately 50%. 

2dthough nesting chronology' of marsh-nesting 
species wined over the study, timing of nesdng was 
not consisten@ related to reproductive success as it: 
has been in other studies of colonial species (see 
review in Burger 1981). At Pea Patch Ishmd, caAy 
nesting birds chose marsh habitat in some years 
(1995, 1998) a~ld upland habitat in other years 
(1993, 1994, 1997). Within-habitat synchro W among 
species was greater than within-species ~nchrony  
among habitats, which mirrors a similar pattern ob- 
served across colonies (Beaver et al. 1980). 

Wading bird species also varied in their repro- 
ductive pe r fo rmance  in different nesting habitat. 
Marsh-nesting snowy egrets p roduced  more  eggs 
but  had lower hatching success than upland nest- 
ing egrets. Cattle egrets p roduced  larger clutches 
in Phragmi&s hab i t a t  and  e x p e r i e n c e d  g r e a t e r  
hatching success there. Conversely, little blue her- 
ons p roduced  more  eggs and exper ienced greater 
hatching success in upland habitat. Little blue her- 
ons also p roduced  more  nestlings wifll greater  sur- 
vivability in upland nests than in marsh nests. 

Utilization of  nesting habitats on Pea Patch Is- 
land was characterized by long-term reliance on 
both  marsh and upland substrates by several wad- 
ing bird species. In the 1990s, years of  highest  ove> 
all abundance  were also years of' highest  marsh uti- 
lization. Catde egret had h igher  success in marsh 
nests than in uphmds,  but  little blue he ron  had 
greater  success in uplands. Snowy egret productiv- 
i~ ~ was mixed. 

It is unknown whether  declines in abundance  
since the late 1980s reflect changes in nesting hab- 
itat use, a l though this scenario is conceivable for 
cattle egret. Cattle egret abundance  decl ined by 
nearly 90% since 1993; use of  tlle marsh where 
cattle egret  experiences greatest reproduct ive suc- 
cess, d ropped  fi~om approximately 85% to 0% 
from 1993 to 1997. Other  studies show t h a t  cattle 
egrets are exposed to insecticides in their fbraging 
habitats in upper  Delaware Bay (Parsons et al. 
2000) and arc consequently subject to high pre- 
dation rates regardless of  nesting habitat  (Parsons 
1995; Parsons et al. 2001). 

Of  the diverse Ciconiiform communiD ~ on Pea 
Patch Island, glossy ibis and cattle egret appear  to 
benefit  most  significantly fl'om the provision of  
nesting habitat by Phragmites marsh. The glossy- ibis 



is a m a r s h - n e s t i n g  s p e c i a l i s t .  T h e  c a t t l e  e g r e t ,  as  a 
l a t e - n e s t i n g  s p e c i e s  ( r e l a t i v e  to  o t h e r  day  h e r o n s ) ,  
w i t h  p o t e n t i a l l y  l a r g e  a n d  d e n s e l y - n e s t i n g  p o p u l a ,  
t i o n s ,  is m o s t  eas i ly  a c c o m m o d a t e d  by  t h e  e x t e n -  
sive s t a n d s  o f  P h r a g m i t e s  t h a t  s u r r o u n d  t h e  u p l a n d  
p o r t i o n s  o f  t h e  c o l o n y .  T h e  r e e d s  a l so  p r o v i d e  n e s t  
m a t e r i a l  f o r  n e s t - b u i l d i n g ,  w h i c h  is l i m i t i n g  i n  
s o m e  c o l o n i e s  ( T e l f a i r  1 9 9 4 ) .  

In  a d d i t i o n  to  p r o v i d i n g  e s s e n t i a l  n e s t i n g  h a b i t a t  
to  P e a  P a t c h  I s l a n d ' s  w a d i n g  b i r d s ,  t h e  e x t e n s i v e  
s t a n d s  o f  f ) k r a g m i & s  a r o t m d  t h e  i s l a n d  c o n c e i w ~ b l y  
p r o v i d e  a b u f f e r  ag~finst  h u m a n  d i s t u r b a n c e  f icom 
u n a u t h o r i z e d  b o a t  l m t d i n g s  a n d  v i s i t o r s  to  t h e  h i s -  
t o r i c  f o r t  o n  t h e  s o u t h  e n d  o f  t h e  i s l and°  

M a n a g e m e n t  R e c o m m e n d a t i o n s  

R e c o m m e n d a t i o n s  m a d e  s p e c i f i c a l l y  f o r  P e a  
P a t c h  I s l a n d  m a y  b e  g e n e r a l l y  a p p l i c a b l e  to  o t h e r  
w a d i n g  b i r d  n e s t i n g  s i t u a t i o n s .  I t  is i m p o r t a n t  to  
r e t a i n  Ph~=gmi tes  s t a n d s  a r o u n d  u p l a n d  p o r t i o n s  o f  
c o l o n y  s i t es  to  p r o v i d e  n e s t i n g  s u b s t r a t e  a n d  a 
s o u r c e  o f  n e s t  m a t e r i a l  to  s m a l l  d a y  h e r o n s  a n d  
ib i ses ,  as  we l l  as  r e t a i n  P h r a g m i t e s  s t a n d s  f r o m  t h e  
u p l a n d  i n t e r f a c e  to  t h e  w a t e r ' s  e d g e  o r  to  a dis-  
t a n c e  > 1 0 0  m to  p r o v i d e  a v e g e t a t i v e  b u f f e r  
a g a i n s t  h u m a n  d i s t u r b a n c e  i n c l u d i n g  f o o t  t r a f f i c ,  
u n l e a s h e d  d o g s ,  a n d  n o i s e  d i s t u r b a n c e .  
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