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Insects, vegetation, and the control of laughing gulls
(Larus atricilla) at Kennedy International Airport, New
York City
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Summary

1. In response to a purported “bird-strike problem” at J.F. Kennedy International
Airport in New York City, we examined short (5 em) and long (45 cm) grass heighis
as gull deterrents, in a randomized-block experiment.

2. Vegetative cover, numbers of adult insects and of larval beetles (suspected on-
airport food of the gulls) were sampled in the six-block, 36-plot study area, as well
as gut contents of adult and downy voung gulls in the immediately adjacent colony
in the Jamaica Bay Wildlife Refuge.

3. We found that (i) Oriental beetle larvae were the most numerous and concentrated
in one experimental block; (i) beetle larvae numbers were uncorrelated with grass
height; (iii) adult beetles were also uncorrelated with grass height; {iv) laughing
gulls were distributed across blocks wrespective of percentage cover; (v) within
blocks, laughing gulls were selecting short grass and avoiding long grass plots; (vi)
laughing gull numbers were positively associated with numbers of Oriental beetle
larvae; (vi) adult laughing gulls on the airport were cating lower-nutrition food of
terrestrial ongin (74-83% adult beetles, mostly Oriental plus green June and
ground beetles); (viii) on the other hand, gull chicks in the adjacent breeding
colony were being fed more easily digested, higher-protein food of marine origin
(B6—88% fishes, crustacea and molluscs); (ix) laughing gulls on the airport were
taking their adult beetles only in short-grass plots, ignoring large numbers in adjac-
ent long grass; (x) during the summer, on-airport gulls shifted from performing
largely maintenance activities on pavement to feeding actively for beetles on newly
mown short grass, the change coinciding with adult beetle emergence: (xi) standing
waler on the airport atiracted significantly more gulls than dry areas all summer
long.

4. We recommend a senes of ecologically compatible, but agpressive habitat
management actions for controfling laughing gulls on Kennedy Airport by rendering
the airport unattractive to them, notably by implementing an airport-wide pro-
gramme of long-grass encouragement, draining standing water and improving run-
ofl in water-collecting areas, and conirolling beetles.

5. We conclude by outlining the necessity for airport-wide bird, vegetation and
habitat management programmes fully integraied into airport operation and plan-
ning activities.

Kev-words: beetles, bird-control, bird-sinkes, grass-height, integrated pest
management.
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Introduction

Laughing gull, a near-obligate saltmarsh-nesting
North American endemic, was extirpated in 1900 as
a breeding bird from Long Island, New York, USA
by plume trade depredations. Subsequently, despate
extensive Tange recolonzation as dose o New York
as southern New Jersey (150km ), whose population
had recovered to 353000 pairs by 1977 (Buckley
1979}, recolonization of Long Island did not occur
until 1979 when 15 pairs were found in Sparting—
Distichlis i the JoCo Marsh section of Jamaica
Bay Wildlife Refuge (JEWR), a unit of Galeway
Mational Recrcation Arca, a UUS Mational Park.
JoCo marsh is immediately adjacent to the south-
west end of 4L/22R, one of the busiest runwiys at
Jlohn F. Kennedy International Airport (JFKIA:
Fig. 1). The JBWR colony grew rapidly by recruit-
ment from southern New Jersey colonies, and by
1983 had reached 1805 pairs (Buckley & Buckley
1984},

Since its imception, JFKIA has had a problem
with water and grassland birds attracted to its flat,
open spaces, undisturbed grasslands, and occasionally
enormous, shallow rainwater pools — all habitats
increasingly scarce in the metropolitan New York
City area. After the crash of a DC-10 in 1975 fod-
lowing collision with several feral Canada peese
{ Branta canadenxis), IFKIA established a bird-conimol
unit to keep runways free of birds during daylight
hours. The patrol also collecied carcasses of birds
found dead on IFKIA operational areas, all such
hirds being considered “bird-strikes” by definition,
irrespective of cause of death, which was rarely if
ever determined by post-mortem. [t appears that
the first dead laughing gull was found on JFKILA
sometime in the 1970-78 period; two were found in
1979 and numbers increased gradually wntl 1954,
when 60 were found (8. Chevalier, JFEIA Bird-
Control Unit, personal communication). Thus,
even though few irmefutable aircraft—laughing gull
collisions {true hird-strikes) had been reported,
in 1984 the Port Authority of New York and New
Jersey (PANYN]) expressed disquizt about thesr
‘laughing gull problem’. Increasing numberss were
being seen hathing and drinking, feeding and forage-
ing in public areas (parking lots, food concessions,
lawns, roadside cdges) and operational sections
(taxiwavs, mnways, access roads, sewape irealment
plant}. Many of these sites were characterzed by
landscaping grass regularly cropped 1o lawn-heighe,
or naturally sparse, low-cover vegetation ( frequently
also prasses), as well as by standing freshwater — all
wellknown gull atiractants in coastal arcas. In
addition, after heavy rains, gulls of several species
would collect at rainwater pools on the airport,
often by the thousands (personal ohservation).

In the carly 19808, flocks of laughing gulls had
begun to congregate in mid June at vanous grassy

locatons in opérational arcas of the aimport. es-
pecially between runways 4L/22R and 4R/22L (Fig.
1), where they appeared 1o be catching insects both
in the air and on the ground. Al the same time large
numbers of Japanese beetles { Popillia japormica) were
trapped in passenger and cargo areas, S0 airport
officials concluded these insects were atiracting the

gulls. Concerned aboul beetle-eating gulls posing - NEXT

hazard to aircrafi. and enough beetles to cause the
US Department of Agriculiure 1o declare JFKIA a
‘regulated” airport (requiring internal spraying of all
incoming flights and elaborate guaranting measurcs),
il was suggested that aerial spraying of all arport
grounds would solve both bectle and gull problems
simultaneously. Wormied about the environmenizl
effects of large-scale pesticide application in an
estuary largely protected as a National Park, airport
authorities approached the first author about under-
taking a rescarch study that might provide an altern-
ative solution.

Because laughing pulls are migratory at JTBWR,
being present only from about April 1o October,
and larpely feed on fish and marine inveriebrates,
we suspected that their summeriime presence on
JFKIA represented opporiunistic use of msect food
and freshwarer supplies. Based on earlier work
manipulating grass height to reduce airports’ attract-
ivencss to birds (e.g. Brough & Brdgeman 1980,
we also suspected that vegetabon management
would provide a solution 1o JFKIA's perceived
laughing gull and Japanese heetle problems com-
patible with both arpori and park inlerests.

Dominant insects taken by gulls on JFKIA all
proved to belong to the family Scarabacidae, and in
the sublamily Rutelinae included Japanese beetle
and Oriental beetle (Anomasla oriemtalit); n the
subfamily Melolonthinae, Asiatic parden beetle
{ Maladera castanea) and European chafer {Ampin-
mallon majalis); and in the subfamily Cetondinze.
green June beetle { Connus nitida), the only member
of the group native o North America.

All five insects are univoltine, adults cvapositing
in summer in soil, where larvae feed on plant roots
and decaying vepetation, in late fall the larvac
burrow 10 a depth of 20-25om, where they over-
winter. Early the following spring they move back
towards the surface, feeding until pupation in late
spring. Emergence of four of the five species normally
occurs in June and July (green June beetle aboul a
month later), annually tuned by temperature and
early spring precipitation (Metcalf & Flint 1962).

Of the five, the green beetle is largest, averaging
18=24mm long and 9-11 mm wide; the remaining
four are between 8~ 12mm wide and 4—6 mm long.
with the Oriental beete smallest and Japancse
beetle largest. Thev arc all considered pests, feeding
diurnally as larvac (all) or as adulis (all but European
chafer) on lawns, goll courses, gardens and orchards.
The sandy, vegetated and often moist soil of IFKIA
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thus provided excellent breeding conditions for all
five species and even though green June beetle
larvae were not detected in our study plots in cither
year, they could easily have bred elsewhere on
JFKIA.

Methodology and design

Adult and larval insect abundance, and laughing
gull numbers and feeding. were contrasted through-
oul two summer brecding seasons (1985 and 1986)
under shorl and long grass experimental regimes.
Chur major null hypotheses were that (i) larval and
adult insect abundances were equal in short and in
long grass; and (i) laughing gull use was cqual in
shaort and long grass. We also sampled crop contents
of adult gulls foraging on the airport, and food
baluses from chicks in the colony, this nll hypothess
(niih: adulis on the arport and chicks in the colony
would be consuming the same Kinds of food in the
same proporions.  Lastly, detailed observations
were made on numbers and behaviours of laughing
gulls on the airport relative to wet and dey arcas,
whenever we found them during the periods of
study, vie. | April- M September, especially in
1986, thus null hypothesis (iv): gull use of the paved
portions of airport was independent of standing
waler accurrence,

Hecause initial observations had shown most
laughing gull activity 1w occur in the 225 ha grassy
area between runways JL/22R and SRI22L, (“between
the 44} we chose that area for our experimental
grass plots (Figs | & 2}, Other data were collectod
anywhere within the operational areas of the airpor,
and occasionally in public areas as well, The study
was onginally formulated as a multilevel, randomized-
block esperimental design involving several van-
ables: short and long grass, application of milky
spore disease {Bacillus popillice) 1w control beetle
larvie before emergence, and ground application
of a selected chemical control agent for beetles.
However, a major influx of beetles into cargo and
passcngor arcas in July 1965 resulted in a no-wamning,
blanket aenial insecticide spraying of the entire
amrport, obviating this experimental design.  As
this occurred after the grass plots had been cul,
the study was redesigned 10 use grass height as
the only experimental variable. Since the airpor’s
establishment in the 1940k, aerial and ground spraying
had been periodically done, so the July 1985 appli-
cation of malathion reflected an almost regular
CCLrre Roe.,

LGEARS-HIEIGHT FLODTS

Plots with grass heights, of approximately Scm
(short) amd 45cm (long) were established, as
suggested by carlier studies (e.p. Mlokpoel 1976;
Brough & Bridgeman 1980). Three plots of each

- JaTaca Say
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Fig. L. Detibed airport map of the experimental sie,
showing the min numbered expermental blocks, cach
iof wiich contained sax phois of shon and long grass. Paved
tasiwavs are in black . and JoCo Mursh is just Bolow taiway
Kile (K) 01 the baotiom i the Agure. Runways are nem
bered, tanways letiered. Asterisks indsoste the top of cach
bloack, for orientation in Fig, 1.

trestmant were replicated six umes, 0 g randomiceed-
Block design. for a total of 36 expenmental plots in
siv blocks; long and short grass treatments were
randomly allocated 1o three plots in each of the six
blocks (Figs 2 & 3). Each 0-4ha phot was & square
fl-tm on a sde; the outside dimensions of each of
the six replicate blocks were 200 m % 177 m (52 ha);
and the experimental array occupied . 312 of the
215ha, Areas outsile treatment blocks remained
uncul, except for a 50m wide bufler zone of uncul
grass maintamed belween gach plot 10 minimize
contamunalion elfects and o reduce the chance
of biasing the attractivencss of the site 1o laughing
gulls. Cirass height in uncul areas vanied from app-
roximately Sem 1w 2m.

Plots were surveyed in April 1985, short-grass

NEXT
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Fig. 3, Schematee mul‘ip.lm!i-nﬂ of short- and In-n;-grm
phois in ench expenmental block. Asterisks a1 the wop of
each block conform to those m Fig. 2. Mot depicted are the
Slm bufter !.tr.i[l: beiweon {nnl].]- cadh scparatc Fﬁnt.

plots were mown 22—27 May 1985, and long-grass
plots 28 May=3 June 1985, To maintain treatment
heights, all plots were recut berween 8-12 July,
14—16 August and 17-20 September 1985,

VEGETATIVE COVEER

Percentage cover of vegetation in cach of the 36
shor- and long-prass experimental  plots  was
recorded wsing a 0-25 m* point-sampling  frame
(Mueller-Diombois & Elleaberg 1974), Plant species
occurring under cach of the 25 points of the frame
ereated by 10 crossed wires were recorded. Each
plot was sampled in six locations, for a total of
216 samples, To achieve maximum cover estimaies,
sampling was conducted between 20 and 25 Sep-
tember 1985, toward the end of the growing scason
and after a recent cut of all plots. Thus, cach block’s
percentage cover value came from 18 short- and 18

INSECT OCCURRENCE AND ARUNDANCE

Larvae

Surveys of beetle Llarvae in all 36 study pkis were

conducted in June 1985 o determane the distnibation,
composition and expected abundances of adull
bectles dunng the primary study scason. Larvac
were selected because they are stanonary i the sol
and can be associated with specific plots. As beetle
distribution & known to be aggregated (Mg, Trout &
Ahmad 1983), siratified reandom sampling was

cmployed., Plots were divided equally inle fou NEXT

quadrats and cach of these quadrats was randoml
subsampled. One 30-cm’ sample of soil n ¢ach
quadrat was removed to a depth of 15 ocm, for a total
of 144 samples. Larvae were extracied usang soil
sieves, and returned o the laboratory for sdentifi-
cation, Larval sampling was repeated in May, 1986
{no plots had been cut since the previous aulumn) 1o
determine any vanation between years, and to scc if
a season of grass heipht mampulaton had any efifect
of ovipositing bectles, a possible management
complication.

Al

Adult imsects of all Kinds were monmiiored o Uhe
plots from 25 July to 24 August 1985 using six traps
placed in cach of the 36 plots for a total of 216 raps.
The traps were 25-cm” plexiglass plates covered with
clear contact paper (o which was applied "Tanglefoot’,
a sticky material that entangles insecis landing on if.
Insecis on cach trap were counted and sdentibed
every & days, at which tme traps were changed and
relocaled; 1075 traps were sampled in all.

LAUGHING GULL USE OF EXPERIMENTAL
FLOTS

Alter all plots had been cut o the required length.
gull data (numbers, age-classes, and behaviour such
as foraging, feeding and maintenance activitics,
especially bathing and drinking} were taken at each
plot cvery third day from 23 Junc 1o 17 August 1985,
By the latter date most fledglings and adults were no
longer coming regularly onio the airport, cxocpt 1o
join hundreds of other hirds at minwater pools on
paved surfaces alter heavy rains. Sampling was done
between 0600 and 20.00h, in sumcrcal order by
plat and block, beginning with block 1 on the firs
sampling day. In order 1o avold position effects or
baas from dicl differences in behaviour or activity,
the order of plots sampled was rotaled, each day’s
sampling starting at the plot sampled seoond during
the previous ran, If no gulls were present 5 min were
spent al each plot; if gulls amved, data were taken
for an additional 5 min.

Grass height in experimental plots could not be
maintained beyvond 1985, so in 1986 we made a
pseudo-random sampling of all species of gulls
encountered on the airport, augmented by casual
obscrvations by the JFKIA bird-patrol tcam. Flocks
were recorded on standardized arpori maps, along
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with date, time, numbers, species composition,
habitat type (grass, other vegelalion, wel pavement,
dry pavement, etc. ). and behaviour. Mo time limits
were imposed at cach data poind.

FOOD TAKEN BY GULLS

A total of 37 volant laughing gulls either found
dead on the airport or shot by the bird-patrol were
sulvaged for dictary analysis in both years. Carcasses
were frogen whole and stored for post-lield season
analysis, at which tme they were allowed 1o thaw:
their crop contents were then removed and weighed.
Food items were soried as ammal, vepelable o
inamimate. Animate matier was further subdivided
down (o recognizable levels: to species or Tamilies in
the cose of beetles, occasionally only o phylum or
cliss Tor other organisms. Prey were categorized by
percent wel weight,

Filty chicks were likewise sampled over the 2
years, by taking regurgitated bolus samples from
them at widely scattered locations throughout the
2.km’ marsh colony site. Chick food ems were
catogorized by percentage volume in 1985, and by
percentage wel weight in 1986, While absolure
values were thus nol strictly comparable between
years or age-classes, the analyses were done on
ranked data (sce below) and rank order by volume
wis probably similar to rank order by wet weight
(M. Ginsberg, personal communication) Thus,
many comparisons could be validly made.

ATATISTICAL ANMALYSES

We gencrally chose powerful nonparametric tests
for our dats analyses, rather than risk the weakened
probability inferences attendant on using parameing
tests with data differentially departing from rigid
assumptions. All tests were done in the SAS system
(version 5.0) on an 1BM mainframe (SAS 1985).
Because most of the nonparametnic lests we used
were done on the ranks of the onginal data, no other
tramsfommations were necessary. Percentage cover
data were not arcsin transformed, a8 few exiremely
high or low values were obtained, For ease of sig-
nilicance estimation, certain (est statistics were exp-
ressed as A-values (standardized normal dewates),
For comparisons invalving only two trealments,
such as the effect of grass height on the presence of
laughing gulls or begtle larvae, or differences in prey
selection between adult laughing gulls and chicks,
we used the Wilcoxon two-sample test (equivalent
iy the Mann—Whitney test). When contrasting
differences among blocks, such as for beetle larvae
and percentage cover, we used multivariate rank
tests (SAS 1953, p. 361), similar to Kruskal-Walls
one-way anova on ranks. Parametric anova was
wsed 1o test for differences in adult insect densities
by block or by grass height, If anova-type tests

indicated differences somewhere between blocks.
these were located by Tukey-type nonparametric
multiple comparison tests (Zar 1984, p. 199), or, in
the case of the insect density data, by a parametric
Tukey multiple comparmson test {Zar 1984, p. 189).

T'o analyse the elfect of numbers of scarabacid
beetle larvae on numbers ol feeding laughing gulls
a chi-square test was performed on a 2% 2 con
nngency table based on presence fatwence data, For
this analysis, only data on laughing gulls in the plots
during June 1985 were used, corresponding 1o
the time of larval sampling. Chi-square tests were
also wsed 1o compare differences in laughing gull
mumbers on grass and pavement. and Spearman
rank correlation o lest for sssociation between
laughing gull numbers in the plots and their veg-
clalive cover,

Results

VEGETATION AND COVER

While there were statistically sagnificant {(but for our
purposes immaterial) differences in plant species
compasilion among blocks, switch grass ( Panicum
virgatum) and beard grass (Andropogon scopaniis)
were the co-dominants in all blocks save block 3,
where asters {(Aster) predominated. Block 3 also
had the greatest proportion of wnvepetaled arca
(3540%), largely sand and small rocks. Mean per-
centage cover vaned littke among blocks, but hlock 3
had significantly less cover than blocks 1, 2 and
4, and block 6 had significantly less than block 1
(Table 1), Despite these differences. perccntage
cover was uncorrclated with laughing gull abundance
in all plots (= 36, r,=016, P=068), ignorng
grass height,

LARY AL BEETLES

In both years, the most prominent beetle groups in
the larval samples were vanous scarab beetles
(Scarabacidae; Bl% in 1985 and 98% in 1986).
Ground beetles (Carabidac) were second mosi
numerous in 1985 (16% of larvae), but along with a
handful of tiger beetles (Cicindelidae ) and darkling
beetles (Tenebrionidae) in both years, were almost
absent n 1986, Al the family level, only ground
bectles ocourred in sigmificantly  different  larval
numbers in 1985 and 1986,

Oriental beetle accounted for 30% of all scara-
bacids in 1985 and 83% i 1986; — it was chcarly the
dominant beetle in our siudy plots, and thus the
most likely insect food for foraging laughing gulls.
Strikingly less numerous were Asiatic garden beetle,
Japanese beetle and European chafer (Tables 2
& 3). Across blocks, there were significant differences
in numbers of various scarabacids within each year
(Table 2). although not of the 1985 ground beetles

NEXT
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Table 1. Summary comparsons of numbers of adull laughing gulk, nembers of bectle larvae, nican pereenlage cover, and
mean adull imsect density (number m 7} for the sx experimental biocks in 1955, Withan each variabie differences TR
blocks were tested by Knnkal-Wallis tosts, except avova was used for aduli insect datn. Within rows, walucs sharing &
comimon lelier superonpt are s significantly dilfercnt at ibe (H15 level (Toukey-type multiple compamson icsis)

Blocks

1 2 4 5 [
Toutal lsughing gulls i 457 Ly a ' o oy
Total beetle larvae 66" Juz ko [y g " e
Mean pereentage cover (R Hi.2 B B4 79,59 -3 *
Mean adull insect density i O o 1463 hog™ O g 7524 b

* P [0S, = P 00

Table 1. Summary of 1985 [upper) and 1986 (lower)
dutributions of numbers of scarabacid larvae by blocks
across JFKIA espenmental sites, analvsed by a Krnuskal-
Wallis multiway test. Within species, blocks with the same
letier ane aed sipnificanily different {Tukey-tvpe mliipe
comparson fesis). Satistical comparison between the (wo
years is unimpostant. Twenty-four samples swore obtamod
frowm each block each year

Blocks
Specics 1 2 3 4 5 6 Totals
Oriental beetles 4 1T 8 # P22y
Furopean chafers " o 1* 0 1re 2
Japancse beethes » 1wt r oo o3

Astalec garden beetles 36° O 5" o0 0" 1" a2
Tostaly £2 152 14 4 S 28 2%
Kruskal-Wallis 3 = 54-4, df = 20, P < 0-000]

Oeicntul bectles IE* 208" &' 06" 19" 3T 3w

European chafers i 0 o 0 0 0 L]
Japanese beethox ol ol R o ol o 1
Asiatic garden beetles 15 5 15" ¥ OF WP 4%
Todals 33 25 I3 /W B/ A& MY

Knmkal- Wallis o = 466, df = 20, &< 0000

Table 3. Comparson of Ground beetle larvae numbers
by expenimental bocks in 985 anad 14986, Within cach
year, no interblock differences were significant: between
years total numbers on the experimenial sile did differ
(Wilkvoxon swo-sample test, & =603, FP< 0001, n=14
cach year)

Blocks

1 2 3 4 5 6 Totals
1945 14 G 15 11 3 58
1a86 o0 ] I i 1 2
Tintals 14 g 1= [IFJ 3 i il

(Table 3). Of all beetles, only Oriental beetle oc-
curred in biclogically important numbers, and was
miost numerous 10 block 2 in both 1985 and 1986,
Acroas all species, block 2 held 52% of all beetle
larvac in 1985, and 3%% in 1986; block 6 was second
in both years,

Oriental beetle and Japanese beelle larvae were
more numerous in short gross plots, and Asintic

garden beetles in long grass, these tendencies nearly
reaching significance (o Wilooxon wo-sample 7
exceeded 1-42, P=0-15). Morcover, when plots
that were short or long in 1985 were compared m
1966, no difference in numbers of Asiatic garden.
Ornental, Japanese, ground or tiger beetle larvae
were found (no Wilcoxon two-sample 2 exceeded
1-42, P =015}, confirming that grass length in 1985
had no differential effect on oviposition or on larval
survival mio the nexl vear.

ADULT BEETLES AND OTHER INSECTS

Among adult insects known 1o have been calen by
langhing pulls at JFKLA in 1965, only Japanese
beetles and ground bectles were uncgually distrib-
uted among blocks, but they oocurred in numbers
oo =mall to be meaningiul. On the other hand,
Asiatic garden beetles occurred in all blocks and
were cxtremely numerous in block |, but none were
caten by adull gulls in 1985, Other inscets were also
distributed unequally, bul were also barely (if at all}
taken by gulls. Nonetheless, across all insect groups.,
total density (number per m’) was significantly
lowest in blocks 5 and & (Table 1).

Adult insects also generally showed no preferences
for short- or long-grass plots. Thasc that did were
more abundant in long grass, and again none were
important in the gulls' dict in 1985, Table 4 sum-
marizes block and grass height preferences for all
abult imsects in 1985,

LAUGHING GULLS aND THE EXPERIMENTAL
FLOTS

The largest number of laughing gulls recorded in
any study plot in 1983 at any one time was 75, with a
cumulative seasonal total of 482 scross all s blocks,
This almost certainly includes repeat observations of
the same individuals. OF the 482 birds, 95% or 457
were in block 2, and we never recorded any in
blocks 4. 5 and 6 (Table 1). More importantly,
however, within blocks, the distnbution between
short- and long-grass plots in 1985 was also skewed:
468 in short, 14 in long (Wilcozon two-sample
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Table 4. Summory of aaustcally sgoificam blodk-disinbugonps (Kruskal-Wallis ess) or grasshopht preferences
(Wilcoxon signed-rank fesis) of adull arthropods caplured on the JFKLA experimental sites in 1985

Unpequal distribaition Orass-beight Eaen by laughing
Organisims aming hlocks? proferemee T gully in 19857
Iapanese beetles Wies® Mo Yis
Asiatic garden bectles Yes*® Long* No
Giround beetles Yes* Mo Yes
Hemipterans et Long** Mo
Arnchitids Yoat® B Mo
Oddonanes M Lomg** Yeu
Orthoplerans Yegt® Long® Y
Lepadopicrans Yot M Mo
Hymenoplerins Yeg*® M Yes
Diprerans Moy Long* Yes

* P05 P00

Z=4-16, P<0-001}, clearly fakifying our grass.
height null hypothesis,

Amiong bectles, only numbers of larvae of Oricntal
beetles were significantly associated with laughing
gull numbers in the experimental blocks in June
1985 (Table 5; ¥ = 439, df = |, onc-tailed P = 0-03%),
a finding mirrored i the diets of adull laughing gulls
on the airport in 1985 (scc below),

In 1986, during our intensive on-airport gull
censusing, JFKLA continued s normal praciice of
mainfaining the grass in all operational areas at c.
5cm heights, except our 1985, 225-ha experimental
site berween (he 45, which they left uncut. Con-
sequently, laughing gulls and other species came
onto grassy as well as unpaved arcas of the airport in
numbers; their selection of habital was revealing.
Early in our censusing, before 13 Junc, we foond 64
laughing gulls on paved operational areas, but none
in grassy arcas which had not yet been cut from the
year hefore: in the period 19 June—7 July, even
though we still found 130 on pavement. there were
an additional 279 actively foraging in recenily cut,
short grassy areas. These different proportions were
highly significant (3" = 110-3, df = 1, P = 0-001). We
had predicted such a shift in habitat sclection for
two reasons: it coincided with both the 1985 period
of maximum adult beetle emergence and with nowly
mown, very short grass. Further analysis of oor

Tahle 5. Numbers of adult lughing gulls associated with
numbers of Oriental beeile larvae in the expenmental nrca
m June [9E5

Adlubt pulls
Preseni Abscnt
Beetle larvas
Present i 4i 50
Absent 4 .| e
i 113

1486 census data confirmed another of owr 1985
anccdotal-data  conclusions:  the importance of
standing water on pavement as an attractant 1o arca
laughing gulls. In 1986, of 246 laughing gulls on
pavement, 155 were in arcas of standing water, and
only 91 on dry pavement (many not far from flocks
al pools), a highly significant imbalance (3~ = 166,
di= 1, F={-M1), Frequently-wet arcas présent in
both 1985 and 1986 arc shown in Fig. 4.

FREY TAKEN BY LAULGHING GULLY

Adult gulls feeding on the airpont in both 1985
{r = 18) and 1986 {# = 19} consumed mostly beeiles
(83% in 1985, 74% in 1986), with the balance divided
among isopods, crustaceans, fishes and molluscs,
the actual proportions differing shghtly between
years (Table 6. bottom). Chicks i the colony, on
the other hand, were fed mosilv on crusiacenns,
molliscs and especially fishes ttalling BR% in
1985 {(n = 26), and 36% in 1986 (n = 24) — with the
balance of their diet being beetles and other insects
{ Table &, top). The dicts of the two groups were Uthus
almost totally reciprocal to one another.

If individual prey items or classes ane contrasted
between chicks and adulis, and compared across
both years (Table 7). the importance of marine-
based food in the chicks’ deet is highhighted. In
addition, variation in the largely terrestrial prey
items faken by adulis on the airport (or possibly
elewhere) in the wo years 5 evideni: Asiabic
garden bectles were absent in 1983, but important
in 1986, and the reverse was truc for green June
beetles. Chicks were also fed differentially in the
two vears, receiving 18% crusiaceans in 1985 and
none i 1986, 7% ante in 1986 and none in 1985,

Owerall, adult dicts in both vears differed bio-
logically from those of chicks. the grear interyear
differences in diet within adalts, and within chicks,
are most safely ascribed to differential prey avail-
abihity m the two years.

NEXT



i) showed a clear relationship to the destnbution of

oA Buckley & laughing gulls,
M.GF. MeCuarthy Oriental beetles, not Japanese beetles, constituted

PREV

Fig. 4. The same base map as Fig. 1, now showing ancas of
rejularly standing waler on paved ancas in the vicimany of
thve 4s that routinely stiracted Loughag and other gulls in
both 1985 und 1986, Armows oot (0 sars indicating the
ponding sites; note how many are actually on runways
ALK and AR12ZL.

IMscusshon

The proximity of the experimental blocks w the
laughing gull brecding colony in Jolo Marsh wis
unlikely 1o have been a Tactor in iheir on-ainpor
distribution pattern, supported by the low wse of
Mock 1, the one closcst 1o the colony. Proximity 1o
runways was also not a factor, as runway activity
varied hourly and daily with changes in weather and
wind direction, Finally, because of the umlorm
experimental treatmient of all blocks, and the absence
of meaninglul differences in pergenlage cover oF
vegetation types, those factar can alvo be ruled out
as playing majpor roles in the observed non-random
laughing gull disiribution among blocks, Bui ihe
distribution of beetles, cspecially Oriental beetle,

the largest proportion of the dict of arpon pulls,
and these beetles were most numcrous in block 2.
(It should be noted that the distribution of Oriental
beetle larvae was relstively uniform  throughowt
block 2 in 1985, unaffected by grass lengih because

oviposition had occurred in 1954 prior to controll NEXT

grass culting.) But within block 2, laughing gu
avoided long-grass ploiz almost entirely, demon-
sirating thal the atiractivencss of Onental beetles
was important only in shori-grass plots. In other
words, the repellent effect of long grass alone o
laughing gulls was almost iotally effective, even
in the face of abundant and easily obimned prey
NESOUTCES,

The prey Hems presenl in grealest proportions in
the stomachs of kughing gulls in 1985, vet absent
friim the samples in 1986, were adull green June
heetles. This species was never encountered in brval
samples or on adult insect traps, although it was
occisicnally observod in swarmis around the airpon
in kate afiernoon, 1 secms likely that laughing gulls
were calching green June beelles advestibiously
elsewhere, on or off the airport; im any cvent, they
were unimportant an attracting lawghing gulls 10
JFEIA. Morcover, the large percentage of green
June beetles i the 1955 diet of airpon gulls could
have been an artefact of thewr large siee, 2-3 times
that of Oricntal and the other scarabacid beetles,
s only o few individuals sould have given disprop-
oriiomitely high peroentiges.

Asiatic garden beetles were the sccond most
abumdant beetle larvae in the exyperimental plots,
concentrated in block 1. Adults were also commaon
in block 1, and were occasionally found in stomach
samples from laughing gulls, bt &t & bighly unlikely
that this species influgnced the dstnbution of laughing
gulls on the airport. Moreover, they were probably
net reguliarly eaten becawse of ther large by nocturnal
habits,

Laughing gulls occasionally forage Tor saal invert-
chrates such ss carthworms and insect larvae, bui
maore commaonly feed on adult insects. Indeed, in
this stucdy, all insects found n lsoghing gull stomachs
werne adulis. Yer the resolts of the adult insect
swmpling ot JFRIA faled 1o demonstrate significant
pssociations  between adoll wsects  and  sirpor
lnughing gulls. This may be due in pan (o two facions:
(1} the Irequences of beclles (the mosi numeroums
prey flem) encountered on the insect traps wore
tosy low 1o allow statistical descrimination of distin-
butional  differences,  alithough more  abundan
insgcts such as grasshoppers, cnckets, ants and
dragonflies aho showed no dear patterns of dmn.
bation: and (1) alter emergenoe, insccis booome
haghly mobile, making thoir distributional paticrns
mare dilficuli 1o deiecl, 50, cven though mosi
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Table 6. Dicts of adult laughing gulls on the airport, and chicks in the colony, in 1985 and 1956, contresting the temesinal
dict of the former, and the manne diet of (he laner, and demomstrating year-to-year compensation of indnvidual dictary
cosmponents & 4 function of annual availability, Adult duts are percentage wet weight, as are chicks m 1986 chick data lor
1985 are peroentage solume, See texl for discussion of comparing the two methods
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laughing gulls caught adult beetles in shonl prass,
some were seen catching them well oul on paved
surfaces. Therefore, the stationary nature of scara-
bagid larvae i the soil 15 a better mirror of gull—
insect relationships. Several of the gull crops ana-
lysed were collected from birds shot while actively
foraging in block 2, where Oriental beetle larvae

were most numerous; predictably, these stomachs
revealed large numbers of adult Oriental beetles.
Additionally, peak laughing gull abundances on the
arpont ocourred i late June and carly July m both
1985 and 1986, also the time when they were most
frequently encountered on ainport grass, coinciding
with Omniental bectle omergenocs. Even  though
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lapancse bectles also emerged ot this time, they
did not show up in stomach analyscs in significant
numbers and were uncommon as larvae. These data
confirm the great importance of Oriemal beetles in
attiacting laughing gulls 1o JIFKIA, amd the relative
unimportance of Iapanese boetles,

Although lerval Japanese bectles were nover
abundant at JFKIA, adults were observed in large
numbers al various airport sites dunng the summer
maonths, Why, then, are they not cxplodied by laugh-
ing pulls to the same depree as Uricntal beetles? A
few differences between the two scarabacul species
may provide an explanation. (1) Body size: the
smaller Oviental beetles may be easior o handle,
swallow and digest. (i) Activity patterns: Oriental
bectles are more commonly cncountered on the
ground, while Japancse boctles are more active
acnally, Laughing gulls do routinely hawk insccts on
the wing, but may prefer the accessibility of the
ground insects, (i) Numbers: because Ciriental
biectles are abundant as larvae. thoir emergences
cicate very concentrated food supplies, whereas
Japanese beetles are nol emerging at JFKLA in targe
numbers and although abundant as adulis, are more
scaticred in their distribution, so would not be
captured as efficiently. (vl Palatability: possibly
aposematically coloured Japancse bectles might be
distastelul 1o lpughing gulls.

The proportions of insccts in chick lood boluses
that coull reasonably have been obtained st the
airport were insignificant. Only 5% of prey items in
chick boluses in 1985 consisted of Oriental bectles,
the laughing gull's primury food resource at the
airport, while there were no beetles of any kind
present in boluses in 1986, The predominant food
iems in both years were lishes, 8 nch source of
casily digestible protein, This suggests that, though
abundant at the airport, insects were not of sufficient
gquality to support growing chicks, It appears that
virtually all parent gulls foraging for chick food
avodded the airport and, instead, obtained fishes and
crustaccans in fidal arcas, as laughing gulls usually
do. Annen ( 1985) reported that for two other Larus
species, L. argenvamus and L. oceidenialis, adulis
exploited predictable food sources during pre-layng
and incubation, but once chicks hatched, swiched
1o unpredictable, but higher quality food sources,
such as fishos,

One major question, =0 Tar snanswered, con-
cerncd the importance of the airpoit as a food
source for the catire Jamaica Bay laughing gull
population. The cumulative number of laaghing
gulls at JFK in the caperimental plots in 1985 was
4% which, cven assuming no repeat individuals
(a most improbable assumption), represented no
more than 107 of the breeding population. Mo
more than 73 wene ever scen al one time in the plots,
placing o lower limit on the number of individuals,
and potentially an upper Limit, While nests were not

vounted in 1986, the cumulative adalt gull 1otal on
JFK that vear was 548, still no more than 107 of
the 1985 breeding population, again assuming no
repeats, { The actunl percentage for 1986 was hkely
to have been cven less, sinee the breeding population
that year appeared to have increased over the year
before, but this is not cortain), Thus, the proporti

of JBWR breeding laughing gulls foeding on NEXT

otherwise using airport resources was small indoed,
Moreover, there was no evidence sugpesting that
the 37 laughing gulls collected on the airport were
nesting: none had enlarged gonads, although this is
not an unusuil post-cgp laying condition for birds,
and none had the ovident brood patches typical of
incubating laughing gulls (Noble & Warm [943),
Both findings strongly suggest that those lsughing
gulls foraging m the mirport were aod current brocden,
IT true, then only a small, non-hreeding proportion
of Jamaica Bay lsughing gulls was exploiting food
resources nt the airport, and the breeding population
ns m whiole was nol dependent on airpart Food,

Several beetle management considerations arc
evident. (i) Any insect control programme should
account for their patchy spatio-temporal distribution
by treating the whole arport 85 3 unit, ool just the
parts of it that happened to have an imseet population
at & given moment. (i) In addition w sddressing
adequate  sampling  regime, particular  attention
should be paid to Quantifying bectle populations
using metnpopulation modelling technigues onginally
developed for inscots (Lovins 1969, 1970) and
updated in a recent monograph (Culpin & Hanska
1991 ). (iii} Yo is highly likely that, notwithstanding
the mimonition in (i), above, JFKIA cannot be
considered an island unto isell: for examples, there
is pood evidence that Japancse beetles, ot least, arc
venturing onto the airport from adacent residential
arcas, and the most effective means of their controd
on JFKLA might be their interception by a network
of strategically placed pheromone raps on the
airpon’s periphery, This is mot to imply that there is
not already a major breeding population somewhere
elsc on JFKIA; this remains unknown, () The
mos! successiul long-term pest-insoct control measurcs
today wsually involve Imegrated Pest Management
(IPM ), not the blanket aerial sprayving of insecticides
practiced at JFKLA (sce, for example, Apple &
Smith 1976). In particular, conlogical and economic
analyses should be done of inoculating the entine
airport, public as well as operational areas, with
milky spore disease, which potentially could control
several species of beetles simullancously . Moreover,
a8 Owiental, Japanese, Asiatic garden and European
chater are all exotic speoies. possible use of taxon-
specific, non-native parasitoids should be considered
in the overall IPM programme.

It would also scem reasonable that airport auth-
oritics undertake the following actions o climinaic
the nuisance caused by laughing gulis: (1) cxtirpanon
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of all permanent or quasi-permancnt  ponds of
standing freshwater anywhere on the airport: (i)
improving drainage on the entire airport so that
rainwater & immediately drained away; (iit) mp-
lementation of an airporiwide IPM programme after
awrporiwide censusing for potential insect foods fior
laughing gulls. ring-billed gulls ([. delawarensis)
or other species of potentinl concern to airport
operators: (1v) implementation of an arporwide
programme of maintaining long grass in all suitable
open arcas; (v) planting and fertilizing of grass
mixtures in all operational arcas now im Cnataral’
vepotation but essentially bare or nearly bare. This
might be done most effectively by hydrosceding:
(vi) annual or biennial w@ll-height mowing of grassy
arcas on the entire airport n order to provent grasses
from succceding (o forbs, shrubs and trecs that
oeclude aircrafl visibility, can be a fire hazard, or
present other problems to airport managers; and
(vii) expansion amd modemnization of the JFKIA
bird patrol to meet increased aircraft-operation
amd Bird-occurrence needs, and o conform o
comtemporary imternational standards.
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