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AESTRACT

Managemer,t of bird srrike haa.ds is cs y and rimeconsum ng, yet etfectivenes is trmiiedlo special
crcom$ancesand short inteeals. The b€st opportunitis ior devetoping robusl appfoacheslo management
musl be built on a .areful integralion oflhe neds oi an op€ations wirh the biotogical ia.iors regutatinq the
rnleraclion o1 b rd popolarions and |he a rpod envronment This proiect examrned bird ssoctalions al an
a4on (ACY) typrcalol noith eastern USA. Ourgoalswer€lo:(1) identfiy bird strike hazards (2)
undeErandthetr biologicarbasis;and (3) devetop managem ent approaches specitic ro Acy whie hotding
the poienl a lorapptration at a regional tevet.

ACY provide uniqle and atrractive hab tars that suppon a dteBe avjan comnunity of al teasl 127 species.
Breeding Laughing Gurls (1a.6 atrri.t//4 causedthe greatesl bnd shke haad because their hrgh fumbeE
occured over the short irneMt when they provisioned young in btonies 1 I k away. Gu s a1 Acy foraged
lor rnsects (60 30% ot dier), manly Japanese beei6 (Popriftalirpor,e). Foraging opponur lis prcvded
manry by abundant Japanese beettes were rhe pl mary attracrant jor Laughing c![s at ACy. This occured
b€cause emergence oi Japan€se beettes coincided wnh the penod ot peak iood demand by nes ings. We
are developing a manage'ned approach lor Laughtng Gltts based on educingrhe toods that alrracr lhem to
AcY Japanese beerles. Our approach modfies habilars ro redlce a€itabitity ol p anl spec es required by
Japanese beet es lor groMh and reproduction.
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1, INTRODUCTION

Each year collisions of aircraft with birds cause millions of dollars in damage and in some
insiances loss of human lives The threai of bird strikes can aiso rcsull in troublesome and
expensive disruptions in air seNice when air operations musi be stopped or curtailed
because of high bird aciivity The natural appeal of airports with large open areas suiiab e for
foraging and loafing can be a compelling attfaciant for nrany bird species. However, birds
have proven very resistant to most efforts directed ai removing or relocating ihem from

Cuffent managemenl approaches are costly, time consuming, and often require highly
trained technicians Technlques such as harassment and scare tactics are generally
effective ony under very special circumstances and only over very short IntervaLs
Furihermore, development of better management straiegles is often complicated when bird
problems are influenced by factors operaiing on a scale much larger than the immediate
arrcort environment.

Land use pattems well beyond airport boundaries can have a direct impaci on the magniiude
of bird strike hazards. D6pelson ol highly rnobiLe birds like gulls is often influenced by
regional landscape features, wiih local habitat patches at or near airports far less important
As a €suli, the best opportuniiy fof developing robust apptoaches for the management ol
bird hazards requircs an undetstanding oflhe biological basis ior the association of birds wrth
ihe airpod. This broad approach leads naturally io a consideration of the regonal iactors
Influencing avian pesl populations. The best management techniques carefully iniegrate the
needs ofair operations with the biolog ical factors legulaling the interaction of bifd populalions
and the airport environment

We undertook a 3 year resealch ptojecl ai Atlantic City Intemational Airport (ACY) in
Pomona, New Jersey, USA in an efiort io develop robusl approaches to managrng btrd
problems that would be btoadly applicable on a regional basis. We had 3 specific goals: (1)
identit bird strike hazards at the akporti (2) undersiand the biological basis for the mosi
impodant problems; and (3) develop management approaches that address the speciflc
needs of ACY while holding the potential for brcad applicalion at airpods across the
nodheastem region of the tJSA.

2. METHODS

2.1. Bird Surveys ar ACY and at Off-Airport Control Sites.

We estimated species composition and popuiations sizes for bitds at and near ACY by
conducting regular surveys frcm June 1991 when this study began through 1 September
1993 Our bird surveys were based on a modilled variable circular-plot method (Reynolds et
al 1980. A variabLe circular-plot method for estimating bird numbers Condor 82:309_313)
This technique noi only estimates numbers of birds, but by recordlng the distance fiom a
fixed point to each observation lt also ptovides an estimate of bird density. In 1991 we
established a seies of 23 suruev sites {a 24th site was added in 1392) on and near the
operations area at ACY All survey sites wete visiled n sequence, alternahng stading stes
with each successive survey.
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2.2 Color-marking Laughing culls.

We coloFmarked about 2,000 Laughing Gulls in each of 2 yearc (1S91, 1992) at nestins
colon es located on salt marshes off the Atlantic Coast approximatety 18 km east of ACy.
We marked gulls with rhodamine-B, a dye that produces a bright pink color on the gults' whiie
feathers. Our dye-mixture consisted of Vaseline b€nd petroleum jety mixed with 5% of
rhodamine-B by welght. We iocaled nests with eggs and placed approximatety 0 5 to 1.0 ml
oithe Vaseline-dye mixture in the nes1. When adult Laughing Gulls retumed to incubatelherr
eggs the dye-mixlure was transfurred to the feathers of their breasl and abdomen When
wet the dye dissolved and produced a b ght plnk siain on the feathers. We tocated the
matked birds by searching dunng our regular bird surveys and by solicting aid ffom the
oubl ic.

2.3. Nesting Chronology of Laughing culls.

We monilored the b€edlng and nesting status of Lar.lghing culls at 2 colony sites on the
coastai salt marshes located 15 20 km east of ACY. Both colonies were in areas dominated
by Spantna altemllora at the lower elevalions and Spadina patens at higher elevations.
They were subjected to flooding of 5 15 cm al h gh tides depending on elevation and moon
phase. Before the onset of egg laying we erected an observation blind at each site and
marked nests with individually numbered suNey flags. We visited the colony two to five times
per week throughout the nesting season and conducied surveys within our study areas.
Dlring these surueys we counted the number of eggs in each ma*ed nest, and monitored
the hatching, deveiopment, and fledg ng of chicks. In addilion io these individually marked
nests we conducled general surveys of the study areas to monitor nesting chronology and
eslimate the totalnumber of nests.

2.4 Diet of Laughing Gulls.

Studies of Laughing Gull diei wefe based on specimens we obtained from the Bird Hazard
Reductlon Force (USDA./APHIS) which maintajns a dawn to dusk vigil (June -mid August)10
emove by shooting any Laughing Gulls posing a hazard 10 air operations at ACY. Our
sample consisted of748 birds in 1991, and 642 in 1992.

Birds wefe frozen soon after collecUon and subsequently processed. Specimens were aged
on the basis of plumage, sexed, weighed and the stomach and comp ete esophagus were
removed and preserved in 70% alcohol for later analysis. Stomach contents were sepafaied
inlo arthropods (non marine), foods of marine origin (mainly fish and crustaceans), fruil
(mainly blueberres) anthropogenic, digested material (mainly unjdenfified insect fragments)
and other. The volume ofeach caiegory was determined by waief displacemeni.

ArthroDods were seDarated into individualtaxa and counted. Eiomass estimales were based
on samples of individua insects (5-20 'ndividuals) from the 23 most common taxa which were
obtained from a representative series of slomachs. We also developed an estimate ot
biomass in the less abundant taxa We separated all arthropods, other than the 23 common
taxa, from a diiferent series of 10 stomachs. These were combined to provide a single
estimate ofaveEge biomass forihe uncommon iaxa. Samples were died to constant weight
and weighed. Mean weighi per individuat insect was used to construct an index to biomass
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for each common taxa The collective sample was used to estimate an Index to biomass pet
jnsect for each ot lhe rernarning taxa We used the same collective estimate for all the
uncommon iax: (<5 o/" total biornass). The index was calculated as the number of insects
recovered per stomach times the mean dry weight for the respeciive taxon (or the collective
sample for the uncommon taxa). This value we took to be ptoporiional to the energetic
contribution of each respectrve laxon, minimizng the effect of vastly diffefent body sizes
when only counls are used to evaluate diet composition.

2.5. Population Dynamics OfJapanese Beetles.

In 1992 we established two siudy areas at ACY where we conducted several experiments on
the management of Japanese beetles (Popilia japonica) \htoush habitat manipulaiion. Both
sites contained two cover types: grass dominated and mixed-oak scrub We established 4
plots at each site consisting of an experimental and control ploi for each cover type At sile A
ihegrasspot wasl.20haandthemixedoaksctubplotwas3.35h. At s i te B the grass plot
was 8.18 ha and the mixed-oak scrub plol was 1.12 ha Ai both siles adjacent ateas of
similar size and cover type seNed as controls The treatment we applied to our experimenial
plots was a regime offfequenl mowing (once per month) designed to discourage or eliminate
plant species favored by adult Japanese beetles for foraging. The adjaceni conttol plots were
mowed at lhe same InteNals normally employed by grounds mainienance operations at the
airport (mowrng g|ass at 6-10 wk :nteNals; mowing once per year in mixed oak scrub).

We used the line intercept method to estimate plant species composilion in each of our
expermental plots. Each of4 itansects was 30.5 m long, and allwere radially arranged (90"
intervals) from a center point Plani species wete ideniified at 100 evenly spaced locatrons
along each transect.

To determine foraging substrate preferences for Japanese beetles, we p€r{ormed surveys
(between 0S00 and 1200 hrs) within the experlmental and control plols tw|ce a week from 9
July to 27 August 1992, and three times a week from 28 June to 30 August 1993. Surveys
within each plot consisted of 4 transecls (72 meters long) begun at Iandomly determined
locations. we walked each transect pushing a measuring wheel with a meter stick attached
pependicularly to the direction of ttavel. We searched the area subtended by the meter
stick as the transect was walked. We counted all beelles we encountered, recording their
activity (foraging, mating, loaUng) and the plant species they were on

3. RESULTS AND DISCUSSION

3.1. What Bird Species Are Present at ACY?

From June 1991 to September 1993 we conducted 5,093 indNidual bird surveys distributed
among our 25 suruey sites at ACY. ln the course of these surveys we encountered a total ol
127 bird species. Among these were two species on the New Jersey list of Endangered and
Threatened Wildlife (upland Sandpiper, Bairamia longicauda; Grasshopper Sparow,
Annadranus savannarum) In summer the 4 most abundani species at ACY were the
European Starling, Laughrng GulL Eastem Meadowlark, and American Crow - all potentraly
seious bird strike hazards (Figurc 1, Table 1) In winier the Canada Goose became lhe
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fourth most common speces at ACy {Frgufe f, inset) Laughrng Gu s dectined in winter
Decause they mrqrate south in winter.
Laughing Gulls were only the second mosl abundant species, overa|, at ACy, but they
clearly posed the greatest threat io air safety. This was because their numbers were
concentrated Into a relaiivety shod iime intervat. In each year of our study we recorded the
iargest numbers of Laughing Gutts within the 7 week intervat from the nrct week in Ju,re
through mid July (Figure 2). In 1992 there was an apparenl jnflux of gu s in tate l\,lay, but this
early peak was only a sampting artifact On the day of our onty survey in that weei a stornr
rront came through the area bringing a tempofary inftux ofgu s lo the airport. tMore typrcary,
there was liitle Laughing GU 

 

activity at lhe aiForl unlit eafly to mid June and by Aujust gur
numbers were again low

3.2 Laughing cult Movements between Nesting Cotonies and ACy.
Nesting co'onies fof Laughing cults were located 15_20 km east of ACy on coastal satt
marshes We suspected thai the birds appearing at ACy wefe coming from these siles so we
underlook a color marking study 10 identiry movemenl paiterns for these birds.
Our color-marking in 1991 provided our first indication that breeding Laughjng Gut,s ffom
coastal colonres moved intand io forage. By September 1991 we had conductea 52 suNeys
which along with sightjngs from the pubtic resutted in a totat of 35 sighiings of cotor_marked
birds lvlost slghtings were from the Atlantic County area, but 1 camtfro; John F. Kennedy
Iniernalional Airport 145 km north At ACy there were 18 co of_marked Laughing Gu[s shot
as part of the Bird Hazard Reduction project Thts is over hatf of the cot;r m;rked birds
spotted, suggesting lhat a fairly high percentage of ihe birds from the cotonies traveted ro
ACY.

In 19€2 we had 119 sightings of cotor marked Laughing Gu s. Most were in A|antic Counry
and Long Beach lsland wlthin 10 to 15 km from the colony (Figure 3). The frequency of
obseruaiions of coloFmarked Laughing Gu s seen during regu ar surveys was gfeatesi 6 11
km from the colony. The mean distance ftown was 16.0 km and the modat disi;nce was 8.3
km. We had sightings as far as 24.2 km difecfly intand and 45.1 kitometers out over the
Aflantic Ocean (from a nshing boai). The Bird Hazard Reduction Force at ACy shot 10
Laughing Gulls In 1992 thal we had cotor-ma*ed Overa 

 

our resutts from cotor-markino and
banding demonsiraied thal ACY is wett with n the tt?icaj foragrng range of Laughrng 

-Gurrs

nesting at the coastal cotonies, and showed lhat nesting birds from nea;by cojoniJs wlre the
marn cause of Laughing c!lt probtem atACy

3.4 Laughing Gull Nesting Chronotogy.
Population dynamics of Laughing Gulls at ACy was ctosely tinked to their nesting chronotogy
at the colonies. The increase in abundance of Laughing Gu s visitjng ihe airpoft fo owed a
nearly ideniical increase in the propodon of Laughjng Gu 

 

eggs halching at the coasta
colonies (Fgure 2).  Simi larty,  as the propo on of young renrainjng in the;otony dect ined
the number of Laughing culls at ACy atso dectined. Thus, when food demands of young In
the nests began to increase the number oi Laughing cu s ai ACy increased and as fooo
demands dec ined when the young nedged the number ofgut{s atACy atso dectined
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3.5 Laughing Gull Behavior at ACY.

We recorded ilve major types of Laughing Gull behavior during our general avian population
surueys ai ACY. Three of these behaviors are directly associatecl wfh aciive foraging
Foraging behavior lncluded observed feeding (e.9., hawking insects, searching on the
ground) as wel as low and medium fight Similady, we considered loafing birds to have
recently fed High flying bids mainly represented transienl birds moving past or out of lhe

For all 3 years, behaviors associated with foraging increased duing June and early July
lFigure 4). This period coincided with ihe lime when most young were present in the
colonies, and, therefore, represented a period when food demands of young in lhe colony
were highesl.

3.6 Diet of Laughing Gulls from ACY.

We analyzed stomach contents by volume for the 4 major components: arthropods (mainly
ansects), fruit {mainly blueber es), marine (mainly fish and crustaceans), and anthropogenrc
foods (e.9., french fries, fried chicken) Ovetall, insects made up lhe largest pofiion of the
diet in both years (Figure 5) However, we did find some notable differences In 1991, guls
took more than twice as much fruit as they did in 1992, while marine foods were nearly
absent from the diet in 1991. The contribution of anth ropogenic foods to the diet was similar
in both years.

Japanese beetles were the most importani food item in the diet of Laughing Gulls f.om ACY
(Figure 6) In 1991 they contributed about 3 times as much biomass to the diet as oriental
beetle (Scarabaeidae), dung beetle (Scarabaeidae) and ants (Formicrdae). In 1992
Japanese beetles w€re about 3 times mote abundant than anis and nearly 8 times more
abundani than the next most common beeUe (orienta beetle) Stink bugs (Pentatomidae)
and d u ng beetles (Scarabaeidae) were impo rtant n 1 991 , but nelther coniribuled m uch to the
diet in 1992.

Japanese beetles played a uniquely importanl role in the diet of Laughing Gulls al ACY
because they become available as food iust when foraging demands wefe grealest for
breeding gulls. In the years we measured Japanese beetle abundance ai ACY ('1992 and
1993) the period of beetle emercence closely c9lncided wilh the period when nestlrng
Laughing Gulls were being fed rn nests al the colonies (Figure 2) At this time foraging
demands on breeding Laughing Gulls were highest and emerging Japanese beetles
represenied a very attractive food at a critical period fot the gulls. These observations a€
consistent with our hypolhesis thai Laughing Gulls forage at the airpod mainly to secute
insecls 10 feed their developing young in neaby nesting colonies.

3.7 Ecological Relationships OfJapanese Beetles AtACY.

The importance ofJapanese beetles as an inland food soutce for Laughing Gulls aIACY lead
us to undertake a series of studies to understand the facto6 influencing the size and
distribuUon of JaDanese beetle popuLations at ACY With this information we hoped io devise
management strategies based on habiiat manipulations ihat would effectively reduce
population sizes of Japanese beetles at ACY without use of any chemical control agents
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Chemicals could nol be used at ACY because a residentiat water suppty in the form of a targe
oper reservorr is wilhin the ACY boundaries. Fudhermore, use of chemicals woutd require
annual lreatments while a management strategy based on habitat modificalion hetd promise
ol a permanent solution based on ralher rninor mainienance actjvjties.
Japanese beetles select oviposition siles in grass dominated areas whele their tarva feed
pnmariv on subtefranean grass roots ihrough most ot the yeaf (Juiy _ June). At ACy the
areas around slructures and the air movement area arc maintained in grass providing ample
ovjpositjon habitat. Japanese beetle adutis emerge in June, the femates mate and then they
must feed on the foiiage of a select variety of ptants in order to produce eggs. Mosi of the
plants they fely on arc woody perenniats that are abundant in the mixed_oak scrub habitats al
ACY. Japanese beete move altemately between grass they emerge and subsequenUy
deposjl eggs and ihe mixed-oak scrub habitats where thev feed.
Experimental Design. - We undertook a series of fietd evatuations and exDeriments to
determrne the poientral ror managing -apanese beelte poputatrons in ard near rhe arr
movement area a1 ACY. Our objective was to provide tong term efficacy with a minimal
amount of maintenance and without the use of chemical control agents. Our approach was
based the habitat modifcations ihat femoved the food ptants adult Japanese beettes need for
successful reproduction. Our speciiic goa s were to: (j) deiemine the species of hosi Dtants
used by Japanese beetles at ACY, (2) determine the effect of host ptani removat on
population dispersion of Japanese beetle, (3) devetop a ptacUcat technique for hosi ptant
removal, and (4) evaluate the effect of dimrnished numbers of Japanese bee|e on the
atlracliveness oiACY to Laughing Gulls.

We esiablished two study siles each ofwhich inctuded four ptots: (1) experimentat gtass, (2)
conlro grass, (3) expe mentalmixed-oak scrub, and (4) conirol mixed-oak scrub. We moweo
ihe experimental plots at approx mately monthty interuats throughoul ihe grcwing season and
left the control plots to normal maintenance practices at the airport (mowing grass at 6-10 wk
intervas; mowing once peryearin mixed-oak scrub) Ourshod term goa was to evatuate
the effecl of increased mowing on the dispercion of Japanese beetes and our tong term goal
was to evaluate the effect otfrequent mowing on vegetation composition.
Foraging Substrate Use by Adult Japanese Beefles at ACy, 1992. - We found
differences in substrale uiiljzation by Japanese beette adutis between grass habitats and
mrxed-oak scrub habitats (Fjgure 7) In the grass hibitats Japanese bee|es were found on
slender bush clauet (Lespedeza hifta) mosi often, iottowed by grape (yiiis /abrusca). The
other taxa were eilher used infrequenily as subsiraies (e.g, grass) or were used white in
lransil io somewhere else (e.9., airbome).

We found Japanese beetles on more plant species in the mixed-oak scrub habitats.
Sassalias (Sassafras a/bldur',) was lsed most oflen, fottowed by grape, oak (euercus spp ),
and cherry (Prurus spp.). We also iound them on bracken fe'n lpteidium aqu inumj. suma.
(Rhus spp.), and grass, but these plants probably were not impoianl food sources.
The large differences beiween avatlability of pJant species and utrtization suggesls thar
Japanese beelles were showing shong pfeferences for some of the ptant soecies. For
example. in ihe mxed grass habitais stender bush clover made up at most i3% of the Dtanl
covF' bJl 77"" of all Jaoanese beeles founo t1 grass naDttals we.e o'r thts spectes
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Similarly, in the mixed oak scrub afeas sassafas made up on y about 8% of the plant cover,
but nearlv 60% oflhe beetles were on that soecies

Effect of Frequent Mowing on Vegetation Composition. - We compafed vegetaiion
composition between experimental and conkol areas in September '1993 This was after iwo
years of frequent mowing on the experimental plois. We found sgnificant differenc€s
between experimental and control plots ior bolh grass and mixed-oak scrLrb habitats (r =
194.63, df= 11, p < 0.000T). This indicated that the mowing treatments resulied in changes
in vegetation composition between ihe experimental and conircl plots. We examined these
changes by calculating the differences in percent plant cover (expe mental - control) for each
oi the major plant categories (Figure 8). In the expeimental mixed-oak scrub plots,
grass/sege, and bare ground increased in area as a result of mowing while rubus, oaks.
sassafras, and legumes decreased. ln lhe grass plots lhere was a small ancrease in the other
he$s and legumes categories, while ihe slender bush clover category decreased The
remaining caiegodes in the grass plots were essenlially unchanged as a fesuli ofthe mowing
treatments. In both the g€ss and mixed-oak scrub areas the mowing treatments resulled in
decreases in the plants preferred by Japanese beetles.

3.8 lvla na gement of Japa nese Bee es by Habitat Modification.

Japanese beetles musl feed as adults io produce a full complement of eggs In contrast
many scaGbs (e.9., oriental beetle) do little or no feeding as adults. ACY provides near
optimal habiiat for Japanese beetle groMh and reproduction because the la€e grass
dominated areas are available for maiing, oviposition, and grub development while the
mixed-oak scrub areas provide planis thal meet the foraging requirements of adult beetles
In 1S93 we completed the second year of a study designed to test the hypothesis that
removal of planls used most often as forage by adull beetles would reduce Japanese beetle
poplrlations ai ACY. Above we provided results showing that mowing teduces abundance of
the planis most prefered by adu t Japanese beeiles Below we report tesults showing that in
these same experimental plots abundance of Japanese beetles declined as a result of ihe
habitat manipulations we employed.

In 19S2 and 1993 we regularly performed lransects in our experimental and conAol plots to
measure ihe abundance of Japanese beetles. We transformed our dala before analysis
(square root of the beetle densiiy per transecl plus 0.5) because zero densities occurred on
some transects, particularly early and late in the season in the season when beetles were
uncommon Fof both yearc the results of the ANOVA'S wete significant for the experimental
t r e a t m e n t ( 1 9 9 2 - F = ' 1 6 . 8 2 , d f = 3 / 3 1 , p < 0 0 0 0 1 ;  1 9 9 3 - F = 2 8 . 1 9 , d f - 3 / 4 3  p < 0 . 0 0 0 1 )
weeks 1992 - F = 7.92, df = 7/31, p < 0.0001; 1993 F = 4.46, df = 10/43, p < 0 0001) and
l h e  w e e k  b y  t r e a t m e n l  i n i e r a c t i o n  ( 1 9 9 2  F = 3 9 2 , d f = 2 1 1 3 1 , p < 0 . 0 0 0 1 ;  1 9 9 3  F = 3 . 3 9 .
df = 30/43, p < 0 0001) The significant week-by trealment interacuon terms tequired thai we
examine effects independenlly among weeks (Figure 9). Significance among each treatmenl
within individual weeks is indicated at the top of Figure I We used Tukey's tesi to compare
means when wlthin week ANOVA'S were significant.

For 1992 the paitern in ouf results suggest a movement of beetles fiom the grass areas were
lhey emerged to the mixed-oak scrub areas where most feeding occurred In the week of 16
July mosl beeiles were in ihe grass areas. ln the following week numbers of beetles in the
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control mixed-oak scrub increased as beetles moved to feed in these areas. Numbers of
beetles in the control mjxed oak scrub were very high in the week of 30 July. but because oi
high variability we were unable to detect significance among tfeatments. In each of the
succeeding 3 weeks we found signiiicant treatment €ffects with numbers of beeies tn the
contfol rnixed-oak scrub highest of ihe four treatments In the Jtnat week numbers of bee|es
collapsed as the season ended and again we found no sjgnificant Aeatnrent effect.
l/Vith an increased sample size n 1993 we were able to show stgnificant differences between
treatments within more individual weeks over the course of the season (Fioure 9). Our
resulls tor '1993 snow signrficant rrealme.lr eflects as eartv as t're weet of 3 itv wirh morc
beetles found in the control mxed oak scrub. Numbers of beetles rn the control and
experimental grass also increased slightly during this week. However, beete numbers in the
expe mental grass remained conslstently low throughout the season We found no
significant difference beh/veen treatments for the week of 10 Jutv. Then as in 1992. the
patiern of our results suggested movement of beetles from ihe grass to the controt mixed-oak
scrub. Dufing ihe week of 17 July beelle numbers in the controt grass cfashed and remained
low thfoughout ihe remainder of the season, whercas numbeE of beetes in the control
mixed-oak scrub continued io increase and to show signifcant treatmeni effects. In each of
the succeeding four weeks we found beetle numbers io be slgnificanfly h gher in ihe control
mixed-oak scrub when compared to our other treatments. As the season ended wefound no
signiicant differences between treatments for the inalthree weeks ofour survev Deriod.
It is notewo(hy that although the patterns in both 1992 and 1993 are very simitar, the peak
diffelences between coniro{ and experimental areas in 1992 developed approximatety two
weeks later than in 1993. This occuffed because of a two week detay in emergence of adutt
Japanese beetles due to lower average terrperalures in the spring and early summer of
1992.

There are several conclusions that may be drawn from this experment. (1) Frequent mowing
results in a decline in the favorcd food plants of adult Japanese beettes (2) Japanese
beetles migrate from grass areas where they emerge (few food ptants are availabte) to
unmowecl mixed-oak scrub afeas whefe food plants are abundant (3) Numbers of beettes In
ifequently mowed g|ass and frequently mowed mixed oak scrub areas are lower than In
ether control area. Together these resulls provide a strong lndication ihai Japanese beette
numbers can be reduced through habilat manlpulations based on changes in the vegetation
avaiiable to adull beeUes.

4. CONCLUSTONS

Atlantic City lnternational Airpod supports a rather rich and diverse avian community Such
diversity is surprising conside ng that ACY is located in the nridst of the New Jersey Pine
Barrens an area genefally wlhoul rich and complex avEn communities. Nonetheless, most
oi the species we found at ACY are presenl in similar habitats beyond the artpod boundar,
The aipod habiiats also supported relatively large populations of iwo species on the New
JeGey list of Endangered and Threatened lMldllfe (Upland Sandpiper and crasshopper
Spaffow) indicaiing that the habitats at ACY represent a valuable resource thai can be
successfu ly exploit€d by species that do not intefere with air operations.
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Our observations of Laughing Gull numbers at ACY, combined wiih their diet, and behavior
skongly suggested that the mosl prevalent blrd strike hazards are caused by Laughing Gulls.
The worci problems occurred when abundant insect foods (mainly Japanese beetles)
became available at precisely the same time foraging demands peaked for breeding gulls
feeding young in distant nesting colonies There was a va ety of insects at ACY that may on
occasion be sufficiently abundanl to attract Laughing Gulls to ACY, yet Japanese beetles
were uniqueiy surted to the foraging n-.eds of breeding Laughing Gulls. Characteistics of
Japanese beelles leadrng to thel easy exploilatron by Laughing Gulls include: (1) emergence
of adult beeiles dufing the nestling period fot Laughing Gulls, (2) a diurnal activity cycle (most
other scarab beeiles are nocturna), (3) a hghly synchronous emergence tesulting ln the
rapid development of peak populatons and (4) dependence on 2 plani cover types widely
availabb at ACY (managed grass and mixed-oak scrub) allowlng for the maintenance of large
populations thai can on occasion grow to "outbreak" ptoportions.

Our approach to managing the Laughing Gull ptoblem at ACY is based on habital
modiflcations designed to lower the abundance of the main insect foods that atiGct the
Laughing Gulls - Japanese beetles. Our management strategies ale based on habitat
manipulations that reduce lhe availability of plants on which the adult beetles feed. We have
conducted experiments that (1) identrfy which plants at ACY Japanese beetles require, (2)
show mowing reduces abundance of the plants beetles requite, and (3) show mowed areas
sustain few beetles. Our results suggest that temovaloflhe forage plants used by Japanese
beeiles will have a significanl depressing effect on the abundance of beetles at ACY.

We have onlv lndirect evidence that a reduclion in Japanese beetle abundance will resull in a
decrease in the use of ACY by breeding Laughing Gulls Our evidence comes fiom the
observation that susiained high numbers of Laughing Gulls occur only dutng periods of
Japanese beete emergence. lt remains to be shown whether, in the absence of Japanese
beetles. the other insect foods available at ACY will prove sufficient to attract large numbers
of breeding Laughing Gulls in June and July. Such direct evidence can only come flom a
susiained management program for Japanese beetles maintained over many years
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Table 1.  Scienj
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Black-bellied P
Blue Jay
Brown Thrashe
Brown headed
Bufflehead
Canada Goose
Carollna Chick:
Chipping Sparr
Common Gtacl
Common Yello\
Double crested
Easlern Bluebil
Eastern K ngbir
Eastem [,4eado
European Sta
Field Sparow
Grasshopper S
Gtay Catbid
Herring Gull
Hooded lllerca
Horned Lark
Killdeer
Laughing Gul l
Lesser Snow G
l\,4ourning Dove
No(hern Bobw
Nonhern lMocki

Red w nged Blr
Rrng'billed Gull
Rock Dove
Rufous-sided T
Savannah Spa

Upland Sandpi



lulls
dles)
gur|s

I th-.

arg-.

bitat
the

bitat

t2)

BIRD STR KE COMM TTEE EUROPE BSCE22/
v enna. 29 August to 2 September 1994

Table 1. Scientific and common names for birds appearing in Figure j

Amercan urow Carvus brachyhyncos
AmericanGoldilnch Cafuuetististis
Arre-ican Kest€l l alca spaNenus
American Robin Turdus migratoius
Barn Swallow Hirundo rustica
Black-beliiedPlover Pluvialissquatarala
Blue Jay Cyanosifta cnstata
Brown Thrasher Toxostoma nrfum
Brown-headedCowbird Motothrusater
Bufflehead Bucephala atbeota
Canada Goose Branta canadenss
Carolna Cn'c(adee Parus catahnens$
ChlpDing Sparow Spize a passeina
Common crackle Qujscalus quiscula
CommonYelloMhroat Geothlypistrichas
DoublecrestedCormorant Phalacrocorax auritus
Eastern B uebird Siara sia/is
Easlern Kingbird Tyrannus tyrannus
Easlernl\readowlark Stumellamagna
European Shrhng Stuu]'us tgans
Field Sparrow Spizella pusitta
GtasshopperSparrow Amma*amussavannarum
Gray Catblrd Dumetatta caratinensis
Herring Gull Larus argentatus
HoodedMerganser LophodytescucLlatus
Horned Lark Eremophila atpestns
Killdeer Charcdnus vociferus
Laughing cull Larus aticjtta
Lesser Snow Goose Chen caerulescens
l,4ourning Dove Zenaicla macraurc
Northern Bobwhite Colinus virginanus
NorthernMockingbird Mimuspotygtottos
Redlal'ed Hawk Buteatamaicenss
Red wlnged Blackblrd Agetatus phoeniceus
Ring-biled Gull Ldtus dela$atensss
Rock Dove Calunba tivia
Rufous-sldedTowhee Pipitaerlhrophthatmus
Savannah Sparrow Passercu/us sandlcrersis
Tree Swallow Tachycineta bicotor
UTland Sandpiper Baftnmia tongicauda
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FIGURE LEGENDS

Figure 1 The 30 mosl abundant species (mean number of birds/survey) encountered at
ACY. lt4eans are based on all surveys conducted at all survey sites during the
summer (4 June I September 1S91, 7ltlay 7 October 1992, and 2'1 [Iay - 1
Seotember 1993. n=2920). lnsel shows abundance for the 30 most abundant
species encountered at ACY during the fall. winter and spring (10 Septernber 1991

6 l\ray 1992 and I October 1992 to 20 l\ray 1993 n:2173)

Figure 2. Seasonal patterns in abundance of Laughing Gulls and Japanese beeiles in 1992
and 1993 Top graphs are mean densities of Laughjng Gulls per biweek at ACY
lMiddle graphs show nesting chronology of Laughing Gulls at nesting colonies
based on percent eggs hatched and percent offledglings remaining at the colony.
Bottom graphs afe mean densilies ofJapanese beetles per biweek atACY

Figure 3. Disiance from the nesting colony of colo€d-marked Laughing Gulls observed in
1992. Insed indicaies number of survey poinls relative to number of gujl

Figure4. Mean percent of Laughing Gulls at ACY engaged in foraging behaviorc, non
foraging behaviors, and in ttansit. Study ran 3 June 1991 through T Sepiember
1993

Figufe 5 Diet composition (percent volume) of major food categories fot Laughing GulLs from
ACY.

Figu€6. Contribution of malor adhropod taxa (index to biomass) to ihe diet of Laughing
Gul ls atACY.

Figure 7. Foraging substEie of adult Japanese beetles in grass habatats and mixed-oak
scrub habitats atACY. 1992.

Figurc 8. A comparison in abundance of plant taxa beiween experimental and conirol plots
at ihe Japanese beetle sludy sites, September 1993 Values are calculaied as
difference in abundance between control and expe mental plots. Histogtams 10
the right indrcate a relatve increase in abundance and to ihe left, a decrease.

Figure9. Weekly densites of Japanese beeile populations in the experimental and control
plots, 1992 and 1993. Symbols above figurcs represeni withln week significance
as determined byANOVAS, "* p<0.01 ns = not significant.
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FIGURE 4. Behavior of Laughing Gulls at ACY.
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FIGURE 6 .  Re lo r i ve  Co . i r i bu t l on  c l  ns€c t  T .xa  to  the  D ie t  o f
Lo , rq r ;ng  cu  s  f ro r .  ACY.
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