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Population sizes and reproductive success ill colonies of least terns tSterna antillurumv and black skim
mers (Rynchops niga) were examined from Massachusetts to Cape May, Nev. -Iersev, to determine the
utility of these species for monitoring population trends and environmental quality. Although some
colonial specie... have heen monitored for reproductive success, most sche-mes monitor onlv numbers of
breeding birds or are more rest.ricted geogruphicallv. For least terns in 1991. reproductiv~ success was
significantly lower on Long Island and higher in New -Iersev. These differences persisted when compared
with reference data from Lhe previous 1:~-1;) years for several of the Same colonies that were reiativelv
uncontaminated. There were no geographical ditferenu'" in reproductive success in 1991 for black ski~­
mers, although western J.ong island productivity was below normal. The differences in reproductive
success coupled with stahle population numbers suggest that southern New Jersey may be providing
excess young least terns and black skimmers that move into parts (If New York with low reproductive
success, Monitoring population numbers alone may not bE' adequately sensitive for management. Mon­
itoring of productivity t hough more labor intensive allows the carty identification of problem regions and
temporal trends. Regional monitoring of reproductive success may he essential to determining the relative
importance of protecting specific colonies, and for the early recognition of human impacts.

ADDITIONAL INDEX WORDS: Coastal, oird», colonl(,.~', management, Nell' Yorh, Neu Jersey, numi­
loring, binnunntonnu,

INTRODUCTION

The utility of bird populations for biomonitor­
ing environmental quality has been appreciated
since the 1950's when birds provided CAI{SON
(1962) and others with evidence of the impact of
chemical contamination on environmental qual­
ityand ecosystem function. Although the earliest
concern was for acute toxicity, studies on various
raptors and fish-eating birds revealed that pol­
lutants such as organochlorines and certain toxic
metalsbioaccumulated in avian tissues and pro­
duced chronic effects on individual survival and
on reproduction (FUHNESS and RAINBOW, 1990).
Further, environmental quality includes habitat
availability and degree of human disturbance as
well as pollution.

92065recelt'ed !3July 1992, accepted If1 ret'lsioT] 2!JJul.\ 1!J!J2

Biomonitoring, as opposed to direct environ­
mental monitoring, employs organisms to provide
information on the quality of the environment or
on the status of particular contaminants, Sessile
species like some bivalves provide information on
a small spatial scale, while highly mobile species
such as seabirds integrate exposure over much
larger ranges, However, because many colonial
species obtain food for their young in a restricted
area within a few km of their colonies, the growth
and survival of young birds can reflect the accu­
mulation of pollutants from a single estuary,

Colonial seabirds often use the same breeding
sites for years or decades (SOUTHEHN, 1977;
S01iTHEHN and SOUTHERN, 1982), and they usu­
ally nest in inaccessible places where they are rel­
atively safe from predators (LACK, 1968), Species
that nest in ephemeral or vulnerable habitats shift
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locations frequently (McNwHOLL, 1975). Such
species include the black-billed gull iLarus bul­
lerii which nests on sand bars in the middle of
rivers (BEER, 1966), Franklin's gull (L. pipixcan.i
and brown-hooded gulls (L. maculipen niss which
nest in prairie marshes (BUW;ER, 1974a,b), and
laughing gulls (L. atricilla) and certain terns
(Sterna spp.) that shift colony sites under flood
conditions (MONTEVECCHI, 1978; STOREY, 1987a,b;
B,'RCiER and GOCHFELD, 1991). These species face
physical problems with their environments, but
are usually not exposed to severe human distur­
bance.

Species that nest on coastal beaches not only
face shifting habitat features, but are exposed to
a variety of predators, whose populations are af­
fected by people (e.g., dogs, cats, rats, raccoons.
foxes), direct human disturbance, and pollutants
(BI!I{(~ER, 1984, 1989,1991; A'rwoou and MASSEY,
1988; BIIf{CiEH and GOCHFELll, 1990a,b). Beach
nesting habitats are increasingly vulnerable to
pollution and development, and many state and
federal agencies have begun to monitor, protect,
and enhance avian populations nesting on beach­
es.

Several pollutants have impaired the ability of
certain species of birds to reproduce, and these
species have subsequently sustained population
declines (RATCLIFFE, 1967; PEAKALL et al., 1975).
These avian reproductive impacts were detected
long before impacts of these same pollutants were
evident in other organisms in the ecosystem. These
impacts should be assessed before populations de­
cline as precipitously as did raptors and pelicans
iPelecanus occidentalis) in the 1960's (HH'KEY
and ANImRsoN, 1968; HICKEY, 1969; RATCLIFFE,
1972). Such anthropogenic impacts can be de­
tected only through biomonitoring programs that
periodically evaluate population sizes, reproduc­
tive success, and other adverse effects on individ­
uals (i.e., deformities, birth defects).

Most monitoring programs with birds only track
population numbers and do not attempt to assess
reproductive success. Yet estimates of reproduc­
tive success are essential to determine long-term
population trends, the relative importance of par­
ticular colonies or populations, and whether given
segments of the population are replacing them­
selves or are relying on other, nearby populations
for recruitment. Long-term studies of population
numbers and reproductive success are particular­
ly critical (NISBET, 1989). Increasingly, indices of
reproductive success are useful for monitoring

large regions (O'CONNOR and DEWLING, 1986; GIL'
BERTSON et al., 1991; COLBORN, 1991).

In this paper, we examine colony size and reo
productive success of least terns (Sterna antil·
larums and black skimmers iRynchops nigeri
nesting from Massachusetts to Cape May, New
Jersey. Our overall objective was to examine
whether there were subregional deficiencies inre­
productive success that require further studyof
the causal agents, active management, imply an
thropogenic or pollutant problems, or have im­
plications for future population dynamics. Wewere
particularly interested in whether there were sig·
nificant differences among subregions. We test
the null hypothesis that there were no differences
in reproductive success among six subregions
(Massachusetts, eastern Long Island, western Long
Island, New York-New Jersey harbor estuary,
northern New Jersey, southern New Jersey). Fur
ther, we compare our 1991 data to reference data
from New Jersey (13-15 years per species, see
BI'RGER and GOCHFELD, 1990a,b, 1991; BVRGER,

1990 for data set) to determine if reproductive
success differed from mean reproductive success.
For most species, there are no comparable long
term data on normal reproductive success making
them less useful as indicator species.

With increasing interest in global patterns of
environmental change, it is important to develop
viable regional biomonitoring schemes to detect
shifts in population sizes and reproductive sue·
cess, and possible anthropogenic causes of such
changes or declines, Most published surveys and
censuses merely locate colonies and record pop
ulation sizes (r.e., BLOKPOEL and HARFENIST, 1986),
Similarly, large-scale coastal surveys that range
from Maine to Florida report only colony sizes
(SPENDFI.OW and PATTON, 1988; ANDREWS, 1990).
Although Massachusetts, New York, and New
Jersey all monitor population sizes of least terns
and black skimmers (B, TRCER, 1990; BURGER and
GOCHFELD, 1990a,b; DOWNER and LIEBELT, 1989;
Jr;NKINS et al., 1990; B. BLODGETT, unpublished
data), only New Jersey and Massachusetts mon­
itor reproductive success. One of our objectives
was to test the feasibility of a regional scheme for
monitoring reproductive success.

STUDY AREA AND METHODS

We surveyed six colonies in Massachusetts (all
colonies from the middle to the western tip of
Cape Cod); i.e., all colonies that were logistically
accessible along the south shore of Long Island
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Biomonitoring Coastal Bird Populations 41

and all colonies along the New Jersey shore for
black skimmers and least terns. We divided the
regioninto six subregions: Massachusetts, eastern
Long Island (east of Islip), western Long Island,
New York-New Jersey harbor estuary, northern
New Jersey (north of Brigantine), and southern
NewJersey. A summary of colonies examined is
found in Table 1. Least terns nested in all six
regions, but skimmers did not nest in Massachu­
setts and there was only one colony in the New
York-New Jersey harbor estuary. We selected
these regions because they are generally similar
in size, and there are natural breaks in the dis­
tribution of colonies.

Our protocol was to survey and count the mem­
bers in each colony (after KUSHLAN, 1986) every
7-10 days from 1 May until 31 July 1991, except
when weather prevented access. Each of the six
subregionshad one or two observers assigned de­
pending on the number of colonies. All observers
were field-trained on our protocol and had pre­
viousexperience with counting colonial and coast­
albirds. Inter-observer reliability was determined
byBurger visiting four colonies with all observers
and having all observers present (including Bur­
ger)estimate the number of flying adults, number
of incubating adults, and later in the season, the
numberof flying young. An ANOVA indicated no
significantvariation among observers for the same
colony.

On each visit the observer recorded colony,
weather, number of adults present, number of
nests, and number of flying young determined
with binoculars from a vantage point at the edge
of the colony. We entered most colonies only to
make nest counts and to count clutch sizes to
providecomparative data among areas.

Foreachcolony, our methods resulted in weekly
countsof the number of adults, number of pairs,
and number of flying young. These same proce­
dures had been employed for the reference colo­
nies (BURGER, 1990). We had 2-7 clutch size counts
foreach colony. We selected one set of clutch size
data to use for each colony by choosing the data
set having the largest number of nests with the
optimal or maximum clutch size (e.g., 2 eggs for
least tern, 3-4 eggs for skimmers). Our methods
required one to two full-time field assistants in
eachsubregion from 1 May until mid- to late Au­
gust.

For reproductive success, we inspected the
weekly counts, selecting the greatest number of
pairs (or nests) to use for the colony size. We

Table 1. Regions studied and number of colonies [ollou.cd in
each habitat for [east tern and black skimmer in 1.991.

Sand or Sah
Species Region Gravel Marsh

Least tern Massachuset ts 0
Eastern Long Island 16 0
Western Long Island 11 IJ
NY-NJ Harbor estuary 4 0
Northern New Jersey :~5 0
Southern New -Iersey 6 IJ

Black skimmer Eastern Long Island a 0
Western Long Island 4 2
Nortbern New Jersey 9
Southern New .Iersey 8 0

determined the total number of fledglings by find­
ing the date with the greatest number of flying
young, and adding this estimate of the number of
flying young to the number of flying young ob­
served two weeks before and two weeks after. This
is necessary because young usually leave the col­
ony area after 10-12 days (THOMPSON and SLACK,
1984). Although this system is not perfect, it gives
a more realistic index of the number of young
fledged than using only the maximum number of
flying young on anyone date.

Reproductive success in each colony thus equals
the number of fledglings divided by the number
of nests (or pairs). This is a conservative measure
because not all fledglings are visible and some
fledglings may leave the colony before being
counted. This methodology has been followed in
New Jersey for several years as part of a state
monitoring plan (BuHGEH, 1990; BUHGER and
GOCHFELD, 1990a), and has provided an index of
reproductive success.

We compared 1991 reproductive success among
regions using an ANOVA followed by a Tukey's
test, a multiple comparisons test (ZAH, 1984). We
used 13-15 years of data on reproductive success
from 10-20 colonies in New Jersey (BI1RGER, 1990;
BtIR<lEH and GOCHFELD, 1990b, 1991) to deter­
mine normal reproductive success. We then used
student's t test to compare the 1991 data with the
reference populations to determine if they dif­
fered significantly.

RESULTS AND DISCUSSION

Biomonitoring Scheme

For both species, there were no significant sub­
regional differences in clutch size (ANOVA for
terns, F = 2,34, df = 5,35; for skimmers, F = 0.14,
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Table 2. Comparison oj regional reproduct.ice ::-uc('ess with past data (mean c SF).

Total Total
Reproductive Success

Number Estimated Number Comparison with

of Number Mean Clutch Chicks Weighted Reference

Region Colonies Nests Size + BE Fledged Mean" Mean (:+:SE) Population t (pi

Least tern

Massachusetts " :J90 2.0t> .' 0.18 171 OA:l 0.6:J ± 0.0 0.50 (NS)

Eastern Long Island Hi 834 t.sa ± U.IS ss U.lO 0.14 ± 0.01 2.93 (0.005)

Western Long Island II 640 1.7t> ='- 0.13 16.5 0.24 0.27 ± 0.0:1 1.61 (0.05)

NY-N.! Harbor estuary 3 110 1.85 l o.os :18 0.:J4 0.22 ± 0.08 1.02 (NS)

Northern New .Iersey .] 796 1.8~J i. 0.08 646 0.80 0.96 ± 0.07 l.9710.02)

Southern New Jersey 6 302 1.86 1 0.06 296 0.98 1.09 ± 0.14 2.70 (0.005)

Black skimmer

Eastern Long Island :1 :\9 2.G:l -t; 0.7:J ;,G 0.92 OAO ± 0.2:J 0.71 (NS)

Western Long Island 4 288 2.t>1 .i O.4f) 191 0.80 0.22 ± O.]() 1.49 (0.10)

Northern New ,Jersey 11 :,81 2.t>2 + O.:Jt> 174 OA6 n.56 ± 0.04 0.63 (NS)

Southern New .Iersey 3 :J64 2.70 :!. OA6 40t> 0.85 1.02 ~ Il.Ol 0.81 (NS)

Weighted mean = total number of fledged chicks/total numher of nests for each region

df = 3,16; Table 2). Reproductive success in least
terns varied from 0 to 1.50 young fledged per pair
in the different colonies. There were significant
subregional differences (F = 7.2, df = 5,45, P <
0.001; Tables 2 and 3). Reproductive success in
black skimmers ranged from 0 to ] .2f> young
fledged per pair, but there were no significant
subregional differences (F = 1.7, df = 3.18, P =

0.2; Tables 2 and 3). The primary causes of re­
productive failure observed were storms, human
disturbance and predators, although in some cases
the causes were not obvious.

Comparing the 199] reproductive success data
with the reference data set (Bu\{(;j.;H, 1990; BUR­

GER and GOCHFELn, 1990a) indicated several sig­
nificant differences (Table 3). For least terns, re­
productive success was significantly higher in New
Jersey and significantly lower on Long Island. The
New York-New Jersey harbor colonies were all
on Sandy Hook, New Jersey. Reproductive suc­
cess for black skimmers did not differ significantly
from the reference population except for western

Long Island with marginally lower reproductive
success (0.10; Table 3). Overall, low productivity
suggests problems from Massachusetts to the New
York-New Jersey harbor for these two beach­
nesting species.

Methodological Considerations

There are several potential biases in survey and
census work that is conducted over a large geo­
graphical region: (l) observer bias, (2) selection
of colonies to monitor, and (3) methods of deter­
mining reproductive success. Observer bias can
occur if there is a lack of agreement in observer
estimates of the number of birds on the ground
or flying above the colony, or if one observer con­
sistently over- or underestimates the number of
fledglings or adults. We reduced this source of
error by using only experienced observers, train­
ing the observers to the same field protocol, and
running trials where several observers counted
birds simultaneously in several colonies to deter­
mine inter-observer reliability.

Table- 3. Comparisons of rvprodurt ice SUCCI!,'l'S among subregions in 19.91 {or least terns abooe diagonal. skimmers below diagonal.
Given are Tuhey critical values (after Zar. 1984) and probability level» (N8 ~ not significant, NA ~ not applicable)

Eastern Western Central Southern
Massachusetts Long Island Long Island NY-N.J Harbor New Jersey New Jersey

Massachusetts :J.:1 (NS) 2.:J INS) 2.1l (NS) 1.8 (NS) 2.6 (l\S)
Eastern Long Island iNA) 1.1 (NS) OA (NS) 5.6 (0.01) 6.9 (1l.00])
Western Long Island (NA) iNA! 0.:' iNS) 4.5 W.Il:\) 5.6 (O.OJ)
NY -N,J Harbor (NA) (NA) (NA) 3.6 (NS) 4.3 (1l.1l5)
Northern New Jersey (NA) (NA) 4.010.01) iNA) 0.7 (NS)
Southern New .Iersey (NA) (NAl 4.2 (O.OJ) (NA) :J.G(NS)
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Considerable attention has been devoted to
methods of counting seabirds, both at sea and on
the breeding grounds. These studies seem to in­
dicate that the best estimates are obtained from
thehighest point or transect along the colony edge
immediately upon arrival (DAWSON, 1981;
HANSSEN, 1982), and with more rather than fewer
counts per colony (STOWE, 1981). Estimates of
within ±10% were considered reliable (HANSSEN,
1982). Most of these studies involved species that
nestin heterogeneous environments with obstruc­
tionssuch as low vegetation, trees, or rocks. Most
of the habitats we studied were flat, open, unob­
structedsand beaches or islands, which facilitated
visual estimates and contributed to our low inter­
observer variability. Further, when colonies were
undisturbed, skimmers and terns continued to in­
cubateand could be counted while they remained
incubating.

Selection of colonies to monitor is a potential
problemif colonies selected are not representative
ofthe population as a whole. Potential biases also
occur where only the large, stable colonies are
monitored and smaller, ephemeral colonies are
ignored. For this reason, we designed our study
of least terns and black skimmers to include all
the colonies from Montauk south along Long Is­
land's south shore to the New York harbor, and
along the entire Atlantic coast of New Jersey. Only
oneor two least tern colonies on the south shore
of LongIsland were not surveyed because it was
logistically impossible to reach them on a regular
basis. In 1991,there was no significant correlation
between number of nests (i.e., colony size) and
reproductivesuccess for either least terns or black
skimmers.

One reason to monitor all colonies within the
studyarea is that beach-nesting birds shift colony
siteswhenshore erosion occurs due to storms and
wintertides. Even so, least terns often nest in the
samegeneral area year after year (BURGER, 1984;
ATWOOD and MASSEY, 1988). Because major col­
onyshifts can occur, it is difficult to select a sam­
pling regime prior to initiation of nesting. Sam­
pling all coloniesof least terns and black skimmers
eliminates the need to select and provides an es­
timate of the whole population.

In these migratory species, the food they are
able to acquire in the few weeks between arrival
and egg-layingdetermines the number and qual­
ityof the eggs they lay (NISRET, 1973). Pollutants
that accumulate in the eggs are largely derived
from this recently acquired food, supplemented

Table 4. Estimating reproductive sUet!?"'8 by two method» at
Brigantine Reach and Barnegat Inlet, NeuJerse-; (]!iSl-l!iS3).

Reproductive
Number of Nests Success

Nest Colony Nest Colony
Checks" Checks" Checks" Checks"

Least terns

Barnegat Inlet

1981 51 48 0.:J5 0.30
1982 26 25 0.57 0.60
198:J 9 10 0.44 0.40

Brigantine Beach

1981 78 75 0.41 0.40
1982 143 140 1.25 1.:12
1983 282 275 0.61 0.56

Black skimmer
colonies (19791

Marshilder 82 82 0 0
Mordecaei 44 ,')1 0.25 0.25
West Ham 27 27 1.21 1.19
Cedar Bonnet 13 I:J 0.76 0.76
West Carvel 14 14 0.86 0.86

"After HI'H"EH (1980-1990), Buwilm (1982. 1984. 1989)
"After BIII":EII and GO'HFEUJ (1990), BI''''';:'' (unpublished)

by circulating pollutants recently mobilized from
fat stores depleted during migration (OSRORN,
1979; GOEDE and DE BR\IlN, 1984).

Reproductive success can be determined in sev­
eral ways. Following the fate of a subsample of
fenced nests from laying to fledging gives detailed
estimates but is invasive and labor intensive
(NISBET and DRURY, 1972). Following individu­
ally marked clutches and young is intermediate
in effect. Estimating overall reproductive success
of the colony by dividing the number of fledged
young by the number of pairs nesting in the colony
(as in this study) causes the least disturbance and
yields results comparable to other estimates and
from area to area (DAWSON, 1981; HANSSEN, 1982).
Early in the development of this methodology,
Burger employed a full-time field assistant to
monitor individual nests of least terns at Brig­
antine Beach for three years (1981-1983), and si­
multaneously followed the census procedures out­
lined in this study. Similarly, four skimmer
colonies were studied intensively (individual nests
followed) and extensively (colony surveys) in 1979.
Overall, taking a detailed census of individual nests
resulted in slightly higher estimates of reproduc­
tive success, and the results were similar from year
to year (Table 4).

Following the success of individual nests that

Journal of Coastal Research, Vol. 10, No.1. 1994
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are fenced has the advantage of providing esti­
mates of individual success with a variance,
whereas our method does not provide an estimate
of variance for each colony. However, following
success in individual nests is more labor intensive
and requires periodic entrance into the colony
which can cause reproductive losses (MOUSSEAlT,
1984), particularly in least terns and black skim­
mers (SAFINA and BURGER, 1983).

Determining reproductive success for the entire
colony has the disadvantage of not following in­
dividual pairs. It tends to underestimate repro­
ductive success because some young leave the col­
ony undetected between censuses or are away from
the colony during a census. Nonetheless, least terns
and black skimmers nest in open beaches with
high visibility; and with patience, the number of
nesting pairs and fledged young (on the ground
and flying) can be accurately counted. The re­
sultant index of reproductive success is compa­
rable from colony to colony and does not result
in losses due to human disturbance.

Cost effectiveness is an important criterion for
most biomonitoring schemes (NRC, 1990). We
found that monitoring a region using the colony
index (estimates of the number of fledged young
per pair) required one to two field assistants per
subregion, or about nine for the entire region. If
we had used the more labor-intensive method of
fencing or following reproductive success in in­
dividual nests, we would have required additional
personnel. We estimated that at least 25 field per­
sonnel would have been needed to achieve the
same coverage. Since the major costs of such a
study are field personnel time, travel, and hous­
ing, the overall cost of a more intensive monitor­
ing program would be at least three times as ex­
pensive for little improvement in our measures of
reproductive success.

Differences in Reproductive Success Within the
Region

The census data for 1991 indicated that similar
numbers of least terns and black skimmers bred
along the south shore of Long Island (DOWNER
and LIEBELT, 1989) and coastal New Jersey (BUR­
GER, 1990) as in previous years. Thus in the short­
term, the breeding populations have remained rel­
atively stable.

Clutch size is an important component of the
reproductive cycle because it directly affects re­
productive success in any breeding season, and

ultimately affects the lifetime fitness of any in­
dividual female. The factors affecting clutch size
are geographical (latitude, longitude, altitude),
demographic (age structure), ecological (popula­
tion density, habitat), and inter-year-seasonal food
availability (LACK, 1968; KLOMP, 1970; HUSSELL,
1972; MURRAY, 1979; RYDER, 1980). Age affects
clutch size; mature adults have larger clutches
than younger or aged parents (RYDER, 1980;
NISBET et al., 1984). Thus, differences in clutch
size could reflect population age structure differ­
ences and, ultimately, the quality of parents. Old­
er and more experienced parents generally have
higher reproductive success (COULSON, 1966;
RYDER, 1980).

Furthermore, differences in the availability and
quality of food can affect clutch size. MURRAY
(1985) predicted that food availability preceding
the egg-laying period may be the proximate cue
by which birds reduce their clutch size and re­
productive risk. There are yearly variations in food
supply that affect the populations we studied (SA­
FINA and BlTRGER, 1988).

Thus regional differences in clutch size could
reflect differences in age structure or food avail­
ability, which in turn could account for regional
differences in reproductive success. Clutch size
variation can cause reproductive success to vary,
even when the same percentage of eggs results in
fledged chicks. The converse is not necessarily
true; that is, a lack of difference in clutch size does
not indicate a lack of difference in age structure
or food availability among regions. Nonetheless,
the lack of a significant difference in clutch size
among regions for least terns and black skimmers
indicates no gross differences in food supply or
parental quality, and that observed differences in
reproductive success were not due to initial clutch
size differences.

We found subregional differences in reproduc­
tive success. The pattern was similar for least terns
and black skimmers that often nest together on
sandy beaches (refer to Tables 2 and 3). Repro­
ductive success was significantly lower in parts of
Long Island and significantly higher in southern
New Jersey. These findings focus attention on
possible causes of the differences, and on the im­
plications for future population dynamics of the
region. Furthermore, reproductive success for both
species was significantly lower than normal in some
subregions as determined from the 13-15 year
data set for the reference colonies. Taken alto­
gether, these indicators suggest reproductive
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problems for the Massachusetts to New York­
New Jersey harbor area.

Causes for lowered reproductive success in
beach-nesting birds include predators, weather
(storms and hurricanes, tides and flooding; Buu­
GER and GOCHFELlJ, 1991). Under some circum­
stances, any of these factors can cause total failure
of a breeding colony. Failure can result in either
colony desertion or massive re-nesting (B\JI{GER
and GOCHFELD, 1991). Anthropogenic causes of
reproductive losses include direct human distur­
bance(people in colonies, off-road vehicles, dogs),
habitat losses, and pollutants of one kind or an­
other (PEAKALL, 1992). The extent of habitat loss
and human disturbance is easy to observe, but the
effectof pollutants is difficult to determine when
the effects are sub-lethal.

Coastal colonial species presumably evolved
with the natural forces of storms, high tides, and
natural predators, and their populations can with­
stand them (BURGER and GOCHFEJ.Il, 1990a).
However, adding the costs of increased predator
numbers,human disturbance, and pollutants may
reduce reproductive success to non-sustainable
levels.

Utility for Biomonitoring

The effects of pollutants on avian reproduction
areimpossibleto evaluate without additional study
ofpollutant levels in these species throughout the
region. However, in the past, mercury, PCB's and
DDT have been implicated in developmental de­
fects in terns from New York (HAYS and RISE­
BROUGH, 1972; GOCHFELD, 1975, 1980) that re­
sultedin lowered reproductive success. This study
provides a cost-effective approach to monitoring
productivity,which in turn can be used as an early
warning signal before massive reproductive fail­
ures,deformities, or mortalities occur.

The implications of different rates of repro­
ductivesuccess within the region include: poten­
tial population declines in the future in some parts
of the region with increases in others; stable re­
gional populations with some sections contrib­
utingrecruits to areas with low reproductive suc­
cess; abandonment of places with low reproductive
success; and consolidation of colonies into areas
with high reproductive success. The monitoring
data will indicate reproductive impairment and
populationtrends. They can point to areas where
further study including chemical analyses are
warranted.

If the results of our reproductive estimates are

representative of past years in the Montauk to
Cape May coastal region, then reproductive suc­
cess is sufficiently low in eastern Long Island (least
terns), western Long Island (least terns and skim­
mers), and the New York-New Jersey harbor es­
tuary (least terns), to suggest that populations
will not remain stable without new recruits from
elsewhere. The relatively high production in parts
of New Jersey suggests that these colonies may
be providing the recruits, and banding studies
have documented some interchange among sub­
regions (BURGER and GOCHFELD, 1991).

One other consequence of low productivity is
colony abandonment and subsequent movement
to other, more productive colonies. B\ JI{G~;R (1982)
reported that skimmers do shift sites when they
have suffered low reproductive success. If these
shifts continue, then regional populations may
consolidate into a few, large colonies located on
relatively safe nesting sites. This consolidation
appears to have happened in New Jersey where
there are fewer, but larger least tern colonies than
New York (BuRCiEH, 1990). A loss of colony di­
versity is disadvantageous because it increases the
risk of catastrophic or pollution events affecting
a large segment of the population.
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