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ABSTRACT: Nest ing colonial  waterbirds along the Atlantic Coast  of  the United  States face  a number  of  landscape-level 
threats including human disturbance~ mammal ian  predator  expans iom and habitat alteration. There  have been changes 
from 1977 to the mid-1990s in use of  nesting habitats and populat ions  o f  a number  of  seabird species  of  concern in the 
region~ including black sk immers  Rynchops nigh" Linnaeaus,  c o m m o n  terns Sterna hirundo Linnaeaus~ gull-billed terns 
S~erna nilotica Linnaeans, least terns S~erna an611arum Lesson, royal terns S/ernc~ Tnaxhna Boddaert,  and sandwich terns 
S~erna sat~dvicensi, Cabot. These  species  f o r m  colonies  primarily on the fo l lowing  habitat types: large~ sandy barrier or 
shoal islands~ natural estuarine or bay islands (Ulostly marsh)~ ulan-ulade is lands of  dredged  depos i t ion ulaterials (froul 
navigation channels), and the mainland. Significant changes in the use of  the dredged material islands have occurred  
for  these species  in New Jersey and North  Carolina, but not  in Virginia. Populat ion decl ines  and changes in bird habitat 
use appear to be at least partially associated with the condit ions  and m a n a g e m e n t  of  the existing dredged material 
g lands,  coastal pol icy  changes associated with creating new dredged  material islands, and compet ing  demands  for  sand 
for  beach augmentat ion by coastal communit ies .  As these and other coastal habitats become less suitable for  colonial  
waterbirds, other man-made sites, such as bridges and buildings have become increasingly m o r e  important.  In regions 
with intense recreational demands~ coastal wi ldl i fe  managers  n e e d  to take a ulore aggressive role in ulanaging natural 
and man-made habitats areas and as s takeholders  in the decision-ulaking process  involving dredged materials  and beach 
sand allocation. 

In t roduc t ion  

Global  conce rn  for the popula t ion  status of 
m a n y  species of  colonially nesting waterbirds has 
often centered  on habi tat  degrada t ion  and its 
m a n y  causes (Croxall et al. 1984; Nett leship et al. 
1994; Tucker  and Evans 1997). This  group  of birds 
includes a n u m b e r  of  diverse seabirds such as al- 
batrosses, petrels,  boobies,  cormorants ,  gulls, and  
terns that typically nest on islands on the g round  
in colonies (Palmer  1962; Nelson 1979). Along the 
Atlantic Coast  of the Uni ted  States, ground-nes t ing  
waterbirds face an increasing n u m b e r  of threats as- 
sociated with the growth of h u m a n  popula t ions  
and  the associated dis turbances (Erwin 1979, 1980; 
Buckley and  Buckley 1980; Culli ton et al. 1990). 
Except  for double  crested co rmoran t s  Phalacrocca~ 
ax auritus and the large gull species that cont inue  
to increase in many  states, concerns  by state re- 
source  manage r s  have been  expressed since the 
early 1980s for many  ground-nes t ing  species in- 
cluding black sk immers  Rynchops niger,, c o m m o n  
terns Sterna hirundo, gull-billed terns Sterna nitotica, 
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least terns Sterna antitlarum, royal terns Sterna max- 
ima, and sandwich terns Sterna sandvicensis. As 
m a n y  of the larger bar r ie r  islands have been  de- 
ve loped,  disturbed by recreat ionists  and their  pets, 
or invaded by m a m m a l i a n  preda tors  or  compe t ing  
gulls, opt imal  habitats  have declined for these spe- 
cies as have their  popula t ions  (Buckley and Buck- 
ley 1980; Erwin 1980; Burger  and Gochfeld  1990, 
1991; Erwin et al. 2001). As new habitats  have been  
created,  for example  by deposi t ing d redged  mate-  
rial f rom navigation channels,  many  of these spe- 
cies shifted f rom bar r ie r  island sites to these small 
d redged  mater ial  islands a long the intracoastal  wa- 
terways f rom New York south to Florida and west 
to Texas (Soots and Landin  1978; Parnel l  and  
Soots 1979). Since the early to mid  1980s, main-  
t enance  of these d redged  islands has been  substan- 
tially r educed  in all states (Allen and  Jenk ins  per- 
sonal observations;  Trui t t  personal  communica -  
tion). 

We focus on the differential  use of these major  
habi ta t  types, especially examin ing  the role of 
d redged  mater ial  islands for 1977 and 1998-1995. 
We examine  changes  in nesting popula t ions  and  
n u m b e r s  of  colonies dur ing this 16-18-yr period.  
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Because of the changing dem ands  for d redged  
sand for beach  communi t i e s  and the l imited re- 
sources for  state m a n a g e m e n t  agencies to effec- 
tively main ta in  wildlife habi ta t  on these dredged  
mater ial  islands, concerns  have been  voiced abou t  
the long- term popula t ion  viability of  many  of these 
colonial waterbirds (Parnell  and  Shields 1990; Bur- 
ger and  Gochfe ld  1991; Erwin 1996). The  p r imary  
null hypothesis  is that  there has been  no change 
in the use of  these nest ing habi tat  types relative to 
their  availability over t ime by terns and black skim- 
mers. 

Materials and Methods  

STUDY SITES 

We examined  the nesting popula t ions  of water- 
birds a long the coasts of  New Jersey, Virginia, and 
Nor th  Carol ina  of  the eastern U.S. T h e  vast ma- 
jori ty of these species '  popula t ions  in the Mid-At- 
lantic region nest  in this coastal region (Erwin 
1979). 

DATA COLLECTION 

Data on the 6 species listed above were com- 
pared  with 1977 b reed ing  colony surveys support -  
ed by the Uni ted  States Fish and Wildlife Service 
(Erwin 1979; Erwin and  Korschgen 1979) for New 

Jersey and  Virginia; in N o r t h  Carolina,  similar col- 
ony surveys were conduc ted  at the same t ime (Par- 
nell and Soots 1979). In  all areas, fixed wing aerial  
surveys were conduc ted  at 100-200 m alti tude cov- 
ering all beach  segments ,  with one observer  re- 
cording data using tape recorders  and  topograph ic  
maps.  Aerial surveys were conduc ted  in May to lo- 
cate colony sites and  take p h o t o g r a p h s  of habitats. 
Following these surveys, boat  and  walking surveys 
were conduc ted  in late May and J u n e  to estimate 
n u m b e r s  of  birds by species. Except  for very small 
colonies (<50  nests) where  all nests could be re- 
corded,  estimates were made  by count ing  incubat-  
ing adults as pairs using binoculars  at distances of  
50-150 m f rom the colony per imeter .  In some cas- 
es where  visibility was difficult, birds were f lushed 
f rom nests and  estimates of  total n u m b e r s  of adults 
(those in the air and those r ema in ing  on the 
ground)  were recorded  on field forms. Species cor- 
rect ion factors were then  used to convert  the num-  
ber  of  adults est imated to n u m b e r s  of  pairs (see 
below, Erwin 1979). Where  there  were two or m o r e  
estimates m a d e  at a single colony, we used the max- 
i m u m  estimate made  dur ing June ,  cons idered  to 
be the peak  of nest ing in this region. 

For the 1990s data, the mos t  comparab le  (i.e., 
similar t ime per iod,  aerial  and  g round  m e t h o d s  
used, and level of effort) data  sets we could obtain 
for all three  states were in 1993 in Virginia (Watts 
1994), and 1995 for  New Jersey (Jenkins  unpub-  

lished reports)  and Nor th  Carol ina  (Allen unpub-  
lished repor ts ) .  T h e  recent  survey data in Virginia 
and N o r t h  Carol ina  were repor ted  as n u m b e r s  of  
nesting pairs, but  in New Jersey, data were r epo r t ed  
as b reed ing  adults. We conver ted  the New Jersey 
data, i.e., n u m b e r  of adults to nest ing pairs, using 
the same cor rec t ion  factors as were used in the 
1977 (Erwin 1979); for c o m m o n  and gull-billed 
terns, X 0.66, for  black skimmers ,  X 0.5, and for 
least terns, X 1.0. Every two black sk immers  count-  
ed in the air represents  an average of one nest ing 
pair  found  on the ground,  whereas  for least terns, 
every tern  counted  in the air averages one  nest  
found  on g round  surveys. 

Nest ing habitats  were divided into 4 p r imary  
types: bar r ie r  islands and shoals in or adjacent  to 
inlets, natural  estuarine islands in the bays beh ind  
the bar r ie r  islands (mostly salt marsh) ,  d redged  
mater ial  (man-made)  island, and  mainland.  Actual  
nesting substrates within a habi ta t  type may vary 
considerably, but  we focus on the genera l  macro-  
habitat  distribution. 

We conduc ted  n X 2 X ~ cont ingency table anal- 
yses to compa re  the changes  in habi ta t  associations 
(range f rom two to four  habi ta t  types) be tween the 
1977 a n d  mid-1990  pe r iods .  T h e s e  were  per -  
f o rmed  separately in each state where  species data 
were sufficient. States were analyzed separately be- 
cause of the different  geographic ,  land manage-  
ment ,  and dis turbance histories a m o n g  the three 
(e.g., Erwin 1980). 

Results 

With respect  to habi ta t  distr ibution shifts, bo th  
New Jersey and Nor th  Carol ina  revealed ra ther  
marked  changes  (Fig. 1, Tables 1-3). Both the total 
a b u n d a n c e  of b reed ing  birds and  their relative 
a b u n d a n c e  on dredged  mater ial  islands decl ined 
in bo th  states. T h e  n u m b e r  increased in bar r ie r  
island use in New Jersey (Table 1) and  natural  es- 
tuar ine island use in N o r t h  Carol ina  (especially 
gull-billed and  royal terns, Table 3). In New Jersey, 
use of  main land  habitats  and  natural  estuarine is- 
lands declined,  mostly due to declines in c o m m o n  
terns (Table 1). In Virginia, where  the vast majori ty 
of  the bar r ie r  islands are undeve loped  and  not  ac- 
cessible to the public,  nest ing r ema ined  p redomi -  
nantly on the barr ier  islands. Regional  shifts away 
f rom the ocean coast have taken place since the 
1980s. 

Chi-squared cont ingency  table analyses for each 
species resulted in significant (p < 0.01) values for 
New Jersey (x ~ value range  757-1,749, df  - 2; all 
species except  gull-billed tern tested),  Virginia 
(black skimmer,  110.3; c o m m o n  tern, 10.1, df  - 
2), and  Nor th  Carol ina  (range 135-9,569, df - 2 
for all species except  least tern where  df - 3; sand- 
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Fig. 1. The distribution ofnesling terns and black skimmers 
among barrier islands (BI), mainland (MN), natural estuarine 
islands (NE), and dredged material islands (DR), in New Jersey, 
Vh-ginia, and North Cm-olina, 1977 and 1995-1995. 
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wich t e r n  n o t  t es ted)  r e s u l t e d  in  p va lues  < 0.01 
(usua l ly  p < 0.0001).  

P o p u l a t i o n s  o f  these  w a t e r b i r d s  d e c l i n e d  in all  
t h r e e  s ta tes  b e t w e e n  1977 a n d  the  1993-1995  pe-  
r i od ,  wi th  N e w  J e r s e y  e x p e r i e n c i n g  a to ta l  14% de-  
c l ine ,  Vi rg in ia ,  a 37% dec l ine ,  a n d  N o r t h  C a r o l i n a ,  
a 24% d e c r e a s e  (Tab les  1 -3 ) .  I n  Vi rg in ia ,  the  l a rge -  
scale  d e c l i n e  of  s o m e  spec ies  such  as c o m m o n  a n d  
roya l  t e r n s  a l o n g  the  o c e a n  b a r r i e r  b e a c h e s  is com-  
p e n s a t e d  by l a rge  i nc r ea se s  in  the  C h e s a p e a k e  Bay 
p o r t i o n  of  the  s ta te  (Tab le  4).  In  coas ta l  V i r g i n i a  
a n d  N o r t h  C a r o l i n a ,  5 spec i e s  d e c l i n e d  a n d  o n e  
i n c r e a s e d ,  w h e r e a s  in  N e w  Jersey,  two i n c r e a s e d  
a n d  two d e c l i n e d .  S o m e  spec ies  cons i s t en t ly  de-  
c l i n e d  ac ross  states,  such  as c o m m o n ,  royal ,  a n d  
gu l l -b i l l ed  te rns ,  whi le  o t h e r s  such  as leas t  t e rns  
a n d  b l ack  s k i m m e r s  i n c r e a s e d  in N e w  Jersey,  b u t  
d e c r e a s e d  in  the  o t h e r  two states.  S a n d w i c h  t e rns  
i n c r e a s e d  q u i t e  c o n s i d e r a b l y  in N o r t h  C a r o l i n a .  
C h a n g e  in  t he  n u m b e r  o f  c o l o n i e s  was n o t  a g o o d  
i n d i c a t o r  of  p o p u l a t i o n  status,  as c o l o n y  n u m b e r  
a p p e a r e d  to i n c r e a s e  in  s ta tes  w h e r e  p o p u l a t i o n s  
were  s t rong ly  d e c l i n i n g  (e.g.,  c o m m o n  t e rns  in  
N e w  J e r s e y  a n d  Vi rg in ia ;  T a b l e s  1 a n d  2). O n l y  in  
N o r t h  C a r o l i n a  d id  c h a n g e s  in  c o l o n y  n u m b e r  ap-  
p e a r  to pa ra l l e l  t hose  in p o p u l a t i o n  n u m b e r s .  
N u m b e r  o f  c o l o n i e s  a p p e a r e d  to i n c r e a s e  m o s t  
d r a m a t i c a l l y  for  b l ack  s k i m m e r s  a n d  c o m m o n  
t e rns  in N e w  J e r s e y  a n d  Vi rg in ia ,  a n d  leas t  t e rns  
a n d  gu l l -b i l l ed  t e r n s  in Vi rg in ia .  In  N o r t h  C a r o l i n a ,  
n o n e  of  the  spec i e s  of  i n t e r e s t  h e r e  s h o w e d  a n  in- 
c rease  in n u m b e r  of  c o l o n i e s  f r o m  1977 to 1995. 

D i s c u s s i o n  

T h e  c o n c e r n  for  coas ta l  wi ld l i fe  p o p u l a t i o n s  in  
the  face  o f  i n c r e a s i n g  h u m a n  p r e s s u r e s  a l o n g  the  
A t l a n t i c  Coas t  has  b e e n  wide ly  r e c o g n i z e d  (Erwin  
1980; Myers  et  al. 1987; B u r g e r  a n d  G o c h f e l d  1990, 
1991; C la rk  1991) a n d  s o l u t i o n s  o f t en  c e n t e r  on  
h a b i t a t  m a n a g e m e n t .  O u r  resul t s  sugges t  tha t  be -  
tween  1977 a n d  the  mid-1990s  in  Mid-At l an t i c  

TABLE 1. Nesting distribution (pairs of birds, with number of colonies in parentheses, percent of total birds in brackets) of terns 
and black skimmers by habitat type comparing 1977 with 1995 in coastal New Jersey. Data for 1977 from Erwin and Korschgen (1979) ; 
data for 1995 from field records (Jenkins unpublished). 

H a b i t a t  T y p e  

S p e c i e s  Y e a r  B a r r i e r  M a i n l a n d  N a t u r a l  E s t u a r i n e  D r e d g e d  M a t e r i a l  Total 

Black Skimmer 1977 885 (2) [851 0 64 (8) [71 550 (8) [581 949 (18) 
1995 1,131 (4) [84] 0 133 (7) [10] 82 (9) [6] 1,346 (27) 

Common Tern 1977 295 (2) [7] 420 (4) [9] 3,445 (29) [77] 802 (9) [7] 4,462 (44) 
1995 876 (6) [33] 0 1,564 (37) [58] 236 (10) [9] 2,676 (53) 

Gull-billed Tern 1977 0 0 19 (4) 0 19 (4) 
1995 0 0 6 (1) 0 6 (1) 

Least Tern 1977 489 (6) [271 825 (8) [181 0 972 (9) [541 1,786 (18) 
1995 1,860 (16) [84] 342 (2) [16] 0 0 2,202 (18) 

Total 1977 1,119 [15] 745 [10] 3,528 [50] 1,824 [25] 7,216 
1995 3,867 [62] 342 [6] 1,703 [27] 318 [5] 6,230 
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TABLE 2. Nesting distribution (pairs of birds, with number of colonies in parentheses, percent of total birds in brackets) of terns 
and black skimmers by habitat type compa~ng 1977 with 1993 on the Eastern Shore of Virginia. Data for 1977 fi'om Erwin and 
Korschgen (1979), Williams et al. (1990), and the Virginia Coast Reserve--The Nature Conservancy (Truitt unpublished records); 
data for 1993 from Watts (1994). 

Habi t a t  Type 

Spe cle s Year Barr ier  Mair:~lars d Natura l  Estuarirse D re d~ed Mater ia l  To tal 

Black Skimmer 1977 2,595 (14+) ~ [98] 0 59 (2) [2] 0 2,654 (16+) 
1993 1,893 (19) [93] 0 61 (4) [3] 82 (2) [4] 2,036 (25) 

Common Tern 1977 3,074 (14+) ~ [88] 0 198 (3) [6] 198 (3) [6] 3,470 (19+) 
1993 1,182 (27) [90] 0 79 (9) [6] 52 (3) [4] 1,313 (39) 

Cull-bined Tern 1977 720 (9+)~ 0 ___b ~ 720 (9+) 
1993 503 (17) 0 61 (6) 42 (3) 606 (26) 

Least Tern 1977 1,013 (7+) 0 0 0 1,013 (7+) 
1993 625 (27) 0 0 0 625 (27) 

Royal Tern 1977 4,600 (1) 0 0 0 4,600 (1) 
1993 3,300 (2) 0 0 0 3,300 (2) 

Sandwich Tern 1977 5 (1) 0 0 0 5 (1) 
1992, 30 (2) 0 0 0 30 (2) 

Total 1977 12,007 [96] 0 257 [2] 198 [2] 12,462 
1993 7,533 [95] 0 201 [3] 176 [2] 7,910 

Colony boundaries on barrier islands were designated differently by different observers in 1977 and 1998, so colonies were often 
lumped in 1977, resulting in fewer being listed. 

b Indicates that surveys for the species in these habitats were not comprehensive, and may have missed some active colonies. 

coas t a l  e s t u a r i e s ,  c h a n g e s  h a v e  o c c u r r e d  t h a t  re-  
s u i t e d  in  r e d u c e d  su i t ab i l i t y  o f  d r e d g e d  m a t e r i a l  
i s l ands ,  a n d  b a r r i e r  i s l ands  in  s o m e  a reas ,  f o r  
b e a c h - n e s t i n g  spec ie s .  O u r  e x p e r i e n c e  in  t h e s e  ar- 
eas  s u g g e s t s  t h a t  s eve r a l  f a c t o r s  c o n s p i r e  a g a i n s t  
t h e  w e l f a r e  o f  th is  g u i l d  o f  w a t e r b i r d s .  

D r e d g i n g  p o l i c y  o f  t h e  U.S.  A r m y  C o r p s  o f  En-  
g i n e e r s  h a s  c h a n g e d  as a r e s u l t  o f  c o n s u l t a t i o n  
a m o n g  loca l  of f ic ia ls ,  a n d  s ta te  a n d  f e d e r a l  n a t u r a l  
r e s o u r c e  a g e n c i e s .  I n  t h e  1970s,  m a n y  d r e d g e d  m a -  
t e r i a l  i s l a n d s  w e r e  c r e a t e d  by a d d i n g  u n c o n f i n e d  
m a t e r i a l  to bay  b o t t o m s  a d j a c e n t  to i n t r a c o a s t a l  wa- 
t e r w a y  c h a n n e l s  ( S o o t s  a n d  L a n d i n  1978) .  T h e  re-  
su l t  was a s e r i e s  o f  sandy,  g r a d u a l l y  s l o p e d  sma l l  
( m o s t  < 10 ha)  i s l ands  w i t h  o p e n  s a n d  a n d  she l l .  

T h e s e  w e r e  e s p e c i a l l y  a t t r a c t i v e  to n e s t i n g  t e r n s  
a n d  b l a c k  s k i m m e r s .  A f t e r  t h e  ear ly  1980s,  c o n -  
c e r n s  w i t h  loss o f  f i sh  s p a w n i n g  h a b i t a t  r e s u l t e d  in  
a p o l i c y  sh i f t  in  w h i c h  p e r m i t s  to b u i l d  n e w  i s l a n d s  
w e r e  m u c h  m o r e  d i f f i c u l t  to o b t a i n  in  m o s t  s ta tes .  
N e w  s i t e s  o f t e n  r e q u i r e d  d i k i n g  a n d  b e c o m e  
k n o w n  as C o n f i n e d  D i s p o s a l  Fac i l i t i es ,  o r  CDFs ,  
T h e s e  C D F s  o f t e n  c r e a t e d  h i g h  s t e e p  s ides ,  w e r e  
i n v a d e d  by Phragraites austratis, a n d  w e r e  n o t  at- 
t r ac t ive  to g r o u n d - n e s t i n g  b i r d s  ( S o o t s  a n d  L a n d i n  
1978). 

I s l a n d s  t h a t  w e r e  u s e d  by t h e s e  s p e c i e s  in  t h e  
1970s  b e c a m e  less  a t t r a c t i v e  t h r o u g h  t i m e  as v e g -  
e t a t i o n  s u c c e s s i o n  r e s u l t e d  in  e s t a b l i s h m e n t  o f  
d e n s e  g ra s se s  a n d  w o o d y  v e g e t a t i o n  ( P a r n e l l  a n d  

TABLE 3. Nesting distribution (pairs of birds, with number of colonies in parentheses, percent of total birds in brackets) of terns 
and black skimmers by habitat type comparing 1977 with 1995 in coastal North Carolina. Data for 1977 fi-om Parnell and Soots (1979) ; 
data for 1995 from field records (Allen unpublished). 

Habit0.t Type 

species Year Barrier Mamlaiad Natural Bstuarme Dredged Material T~tal 

Black Skimmer 1977 664 (7) [34] 0 29 (3) [2] 1,2S2 (16) [64] 1,925 (26) 
1995 517 (13) [68] 0 70 (3) [9] 174 (2) [23] 761 (18) 

Common Tern 1977 1,008 (8) [20] 0 618 (16) [13] 3,270 (27) [67] 4,896 (51) 
1995 1,025 (12) [60] 0 213 (10) [13] 461 (2) [27] 1,699 (24) 

Gull-billed Tern 1977 96 (4) [15] 0 1 (1) [<1] 524 (16) [84] 621 (21) 
1995 88 (5) [35] 0 33 (2) [14] 128 (3) [51] 249 (10) 

Least Tern 1977 896 (11) [38] 79 (3) [4] 22 (1) [1] 1,349 (g0) [57] 2,366 (45) 
1995 1,549 (22) [89] 77 (4) [4] 0 107 (5) [7] 1,733 (31) 

Royal Tern 1977 0 0 1,392 (2) [8] 15,316 (9) [92] 16,708 (11) 
1995 0 0 4,334 (2) [31] 9,816 (5) [69] 14,150 (7) 

Sandwich Tern 1977 0 0 94 (1) [5] 1,847 (5) [95] 1,941 (6) 
1995 0 0 247 (1) [10] 2,658 (5) [9O] 2,9O5 (6) 

Total 1977 2,664 [9] 79 [<1] 2,156 [8] 2S,538 [8g] 28,437 
1995 3,179 [15] 77 [<1] 4,897 [23] 13,344 [62] 21,497 



TABLE 4. Shift in nes t ing  distr ibution of  c o m m o n  a n d  royal 
te rns  f rom ocean coastal is lands to Chesapeake  Bay islands in 
Virginia, 1977-1993. N u m b e r s  of  pairs  and  pe rcen tages  in pa- 
rentheses .  

Species Year Ocean Coast Chesapeake Bay Total 

C o m m o n  Tern  1977 3,470 (98) 86 (9) 3,556 
1998 1,818 (45) 1,605 (55) 9,918 

Royal Tern  1977 4,600 (100) 0 4,600 
1998 8,800 (59) 8,046 (48) 6,546 

Soots 1979; Soots and  Landin  1979). O t h e r  species 
such as gulls, brown pelicans Petecanus occide~ztalis, 
and wading birds then invaded these habitats. 
Gulls in par t icular  have expanded  and usurped  
m a n y  colony sites that  might  still be suitable for 
nest ing terns and sk immers  (Erwin 1979; Buckley 
and  Buckley 1980; Croxall et al. 1984; Burger  and  
Gochfe ld  1990, 1991). Limited resources  in mos t  
coastal states including Nor th  Carol ina  and New 
Jersey p rec luded  any major  habi ta t  m a n a g e m e n t  to 
encourage  con t inued  use by terns and sk immers  
(Allen and Jenkins  personal  observat ions) .  

I n d e p e n d e n t  of the issues concern ing  d redged  
mater ia l  islands, the increase in m a m m a l i a n  pred-  
ators on bar r ie r  islands appears  to be a growing 
conce rn  a m o n g  wildlife biologists and manager s  in 
m a n y  states a long the Atlantic Coast. In  Virginia, 
red fox Vutpes vutpes and raccoon  Procyon totor ex- 
pans ion  a long the bar r ie r  islands in the past 20 
years has reduced  the attractiveness of  many  bar- 
r ier  islands for waterbirds (Erwin et al. 2001). Even 
t h o u g h  the  re la t ive  d i s t r i b u t i o n  of  w a t e r b i r d s  
a m o n g  habitats  in Virginia has changed  little (Fig. 
1), the overall popula t ions  have decl ined marked ly  
for most  terns and skimmers.  Norway  rats Rattus 
norvegicus, have also caused serious p rob l ems  for 
nest ing waterbirds in New Jersey, Nor th  Carolina,  
and  elsewhere. O n e  result has been  a r ecen t  
(1995-2001) increase in roof top  nest ing by least 
terns in New Jersey and Nor th  Carol ina  (Jenkins 
and  Allen unpubl i shed  data).  A second conse- 
quence  appears  to be the f ract ionat ion of large col- 
onies into m o r e  n u m e r o u s  smaller  ones, as indi- 
cated by several terns and sk immer  species in New 
Jersey and Virginia (Tables 1 and  2). Such an effect 
was also no ted  by Butler and Vennesland (2000) in 
h e r o n  colonies in western  Canada.  While there  
may be some reduc t ion  in risk by having m o r e  col- 
onies, an undesi rable  conservat ion ou t come  migh t  
be a reduc t ion  in fecundity with smaller  colonies 
(Nelson 1979). A third consequence  may have 
been  a large-scale shift f rom the outer  coast to the 
Chesapeake  Bay in Virginia (Table 4). The  largest 
c o m m o n  tern  colony in Virginia dur ing the past 
decade now occupies  an artificial island: the man-  
m a d e  H a m p t o n  Roads Bridge Tunnel .  From 1998 
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to 2001, m o r e  than g,000 pairs occupied  the for- 
m e r  parking lot at the facility, with smaller  num-  
bers  of  black sk immers  and  gull-billed terns (Erwin 
et al. 2001). Only 6 d redged  mater ia l  islands exist 
a long the eastern shore  of  Virginia, with only 5 of 
these being potential ly suitable for terns; it appea r s  
that good alternative nesting habi tat  may be lim- 
iting. 

One  mus t  exercise caution in in te rpre t ing  pop-  
ulat ion results based on only two t ime periods,  as 
these popula t ions  may vary considerably (Erwin 
1979; Williams et al. 1990). T h e  popu la t ion  de- 
clines we r epor t  dur ing the mid 1990s do rep resen t  
a t rend that  cont inues to the presen t  (Truit t  un- 
publ i shed  data).  Estimates for c o m m o n ,  least, and  
gull-billed terns and  black sk immers  cont inue  to 
be at or below the 1993 estimates in Virginia 
(Truitt  unpub l i shed  data) and the 1995 estimates 
in Nor th  Carol ina  (Allen unpubl i shed  data).  In 
New Jersey, estimates for these species seem to be 
similar to those repor ted  in 1995 (Jenkins  unpub-  
lished data).  

MANAGEMENT IMPLICATIONS 

Confl ict  appea r s  to occur  a m o n g  wildlife needs  
and  those of  coastal resor t  c o m m u n i t i e s  in some 
areas (Erwin 1996). D e m a n d s  by coastal c o m m u -  
nities for  d r edged  sands for ou te r  beach  nourish-  
m e n t  or a u g m e n t a t i o n  increased  since the 1980s 
in New Jersey and  N o r t h  Carol ina.  Because  mos t  
of the islands are owned ei ther  by T h e  Na tu re  
Conse rvancy  or federa l  agencies  a long  the eas te rn  
shore  of  Virginia, no such beach  d e m a n d s  exist 
in that  region.  A r ecen t  N o r t h  Caro l ina  Coastal  
M a n a g e m e n t  statute (15A NCAC 7M.1101) dic- 
tates that inlet  sands that  are d redged  mus t  re- 
ma in  within the active, nea r sho re ,  beach,  or inlet  
shoal system. This  usually m e a n s  that  it is deliv- 
e red  to ad jacen t  beachf ron t s ,  p r ec lud ing  a u g m e n -  
ta t ion of  d redged  mater ia l  islands. Colony aban-  
d o n m e n t  has occu r r ed  on some  of  these d r ed g ed  
mater ia l  islands as they have e i ther  e r o d e d  or be- 
c o m e  heav i ly  v e g e t a t e d  ( P a r n e l l  and  Sh ie lds  
1990). Al though  there  may have b e e n  some  com- 
p e t i t i o n  in the  pas t  in N e w  J e r s e y  b e t w e e n  
d redged  island m a i n t e n a n c e  and  beach  c o m m u -  
nity needs ,  the cu r r en t  pract ices  involve p u m p i n g  
sand onto  beaches  f rom offshore  bars  ( Jenkins  
u n p u b l i s h e d  mater ia l ) .  With only modes t  fund ing  
and  effort ,  small a m o u n t s  of  sand f rom inlet  and  
i n t r a c o a s t a l  w a t e r w a y  m a i n t e n a n c e  d r e d g i n g  
could be added  to existing d redged  islands that  
m igh t  greatly enhance  their  nest ing hab i ta t  po- 
tential. I f  this does  no t  p rove  feasible, the alter- 
native is a manpower- in tens ive  habi ta t  manage -  
m e n t  p r o g r a m  a imed  at r educ ing  vege ta t ion  an- 
nually. Manua l  cut t ing and herb ic id ing  are usually 
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n e c e s s a r y  to k e e p  s u c c e s s i o n  a t  e a r l y  s t a g e s  ( S o o t s  

a n d  L a n d i n  1 9 7 8 ) ,  
A c a v e a t  to c o n s i d e r  h e r e  is  t h e  r e l a t i v e  q u a l i t y  

o f  t h e  h a b i t a t  b e i n g  m a n a g e d .  F e w  c o n t e m p o r a r y  
d a t a  a r e  a v a i l a b l e  to c o m p a r e  r e l a t i v e  r e p r o d u c -  
t ive s u c c e s s  o f  t h e s e  s p e c i e s  by  h a b i t a t  ( b u t  s e e  
E r w i n  a n d  S m i t h  1985) ,  A r e l a t i v e  s h i f t  o f  t h e s e  
s p e c i e s  to b a r r i e r  i s l a n d s  by c o m m o n  t e r n s  i n  N e w  
J e r s e y  m a y  n o t  r e s u l t  i n  h i g h e r  s u c c e s s  i f  d i s tm--  

b a n c e  a n d  p r e d a t o r s  r e n d e r  t h e s e  h a b i t a t s  as  pop-  
ula t ion s i n k s  i n s t e a d  o f  s e r v i n g  as  s o u r c e s  o f  r e -  
c r u i t s .  

W h i l e  m o r e  r e s e a r c h  i n f o r m a t i o n  will  a lways  
i m p r o v e  h a b i t a t  m a n a g e m e n t  d e c i s i o n s ,  i t  c a n  st i l l  
b e  a r g u e d  t h a t  p r e v i o u s  s u c c e s s  o f  t h e s e  s p e c i e s  
o n  d r e d g e d  m a t e r i a l  i s l a n d s  ( S o o t s  a n d  L a n d i n  

1978)  s h o u l d  f a v o r  a d d i t i o n s  to ,  o r  m a n a g e m e n t  
of,  s e l e c t e d  d r e d g e  i s l a n d s ,  C o n c u r r e n t  i m p r o v e -  
m e n t  o f  c o n d i t i o n s  o n  b a r r i e r  i s l a n d s  as  we l l ,  by 

r e m o v i n g  i n v a s i v e  p l a n t s  o r  p r e d a t o r s ,  o r  by  r e -  
d u c i n g  d i s t u r b a n c e  is a l so  r e c o m m e n d e d  ( E r w i n  
e t  al. 2 0 0 1 ) .  P r o v i d i n g  m o r e  o p t i o n s  f o r  w a t e r b i r d  
n e s t i n g  i n  a r e a s  w i t h  i n c r e a s i n g  h u m a n  p r e s s u r e s  

c a n  o n l y  b e  b e n e f i c i a l  ( E r w i n  e t  al, 1998) ,  C o a s t a l  
w i l d l i f e  m a n a g e r s  n e e d  to  b e c o m e  m o r e  a c t i v e  in  
p r o t e c t i n g  a n d  m a n a g i n g  n a t u r a l  b e a c h  h a b i t a t s .  
I n  a r e a s  w h e r e  m a n - m a d e  h a b i t a t s  h a v e  p r o v e n  to 

b e  s i g n i f i c a n t  r e s o u r c e s  f o r  w a t e r b i r d s ,  m a n a g e r s  
n e e d  to  b e c o m e  m o r e  a c t i v e  s t a k e h o l d e r s  i n  t h e  
a r e n a s  w h e r e  d r e d g i n g  a n d  o t h e r  c o a s t a l  e n g i -  

n e e r i n g  p o l i c y  d e c i s i o n s  a r e  m a d e ,  
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