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Absrract. ] examined the fight behavior of Common Terns (Stema hirende) over &
vesung cojony in Barnegat Bay, New Jenasy in 1997, 1 used the number of birds Nying over
the colony (o test the bypothesis thot there were po differences in Bight behnvier as 3
funcdlon of presensc and type of craft (motor bomt, personal watercraft). For the overn)]
modcl, 66% of the vatiation 8 the bumber of tems fiying over the colony was explained
by brecding period, type of crafl, speed, route (c3tablished channel or elzewherc), the inter
ection of route and speed, and dme of day. However, for the swly stags of the reproductive
cycie, type of cruft speed, and route explained 95% of the variation. Boats that raced cicied
Wie sgongest response, as did bosts thot were ouwside of (he established channel. Boats
traveling closer 1o the nesdng colonies elicited stronger responses than these that rzmained
in the channel. Personal watercrafis elleited suonger responses than motor boats. These data
suggest that persoonl watereraft should be managed to reduce disturbance 1o colonial-nesting
spe:ic:.l by' clirinatng them within 100 m of tosting colonies and restricung specd near
such colonies,

Kcy words:  boaw, Convnon Temy, disiurbance, personal wanmraﬂ:slem hlrundo.
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INT RODUCTION

With incressing -development of owr coastal
regions for residential. industrial, and recreation-
al uses, estuarine birds are exposed o increasing
levels of human disturbance. Both the qualita-
dve and quantitative effects of human diswr
bance has been srudied cxteusively in birds gyar
breed in colonics (Kury and Gochfeld 1975, Er-
win 1589). Human disturbance can increase egg
and chick moruality, cause premawre fledging,
and reselt i recuccd body masy or siower
growth of nestlings (Veen 1977, Schreiber 1979,
Parrons and Burger 1982).
Colonially-nesting species often reduce their
Interactions with humans and other predators by
‘nesting on remote islands (Burger and Gochfeld
1991), Jowever, sven whils nesting on coastal
Itlands, birds can be disturbed by people passing -
in boats or by people who acruaily land on the
islands. Scveral investigators have examined the
cifcets of passing or approaching canocs, sail-
boats, or motor boats on foraging (Kudser and
‘Frige)] 1984, Bamfard et al. 1990) and bre=ding
birds (Bratten 1990, Mikola et al. 1994, Rodgerzg
end Smith 1995), In general. mobile birds move
gway from Areas of high boaung Activicy, where-
¢ hesting birds show behavioral, growh, or re-
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productive effects. with varying deprees of ha-
bituarion.

Recenly, however, there has been 2 great in-
crease in the number and use of personal water-
craft PWC) such as jet skis and wave runners.
These boata can travel as fast &5 conventional
totor beats in exvemely shallow waters, and
can go many places that motor boats cannot. In
this paper I examine the effect of motor beats
and personal walercraft on the fRight behavior of
Common Tems Sterna hirundo nesting on an is-
Jand in Bsmegat Bay, New Jersey. In 1996,
while making regular colony checks of 15 Com-
mon Temn colonics in the bay, I nodced that
those with frequent jntrusions by personal wa-
tercraft guffered lower reproductive success
(even complete colony failurcs) than did those
with mo personal watercraft activity nearby.
However, such effects can be due 1o many difs
feremt causes (inclement wenther storms, high
tides, predstors, Burger and Gochfeld 1991).
The present observations were undertaken 1o ob-
serve behavioral responses to the boats them-
s¢lves,

The conflicts berween different 1ypes of out-
door recreation are just beginning to be exem-
ined in dewil (Schneider and Hommirt 1995).
There are many conflicts over the use of person-
al wawercraft (PWC) among residents and o va-
tiety of racreational users, including other boat
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FIGURE 3. Map showiog the study site on Mike's Island i, Burnegat Bay.

ers. gwimuners, mnd clammers. Not only are
PWCs responsible for a large number of boating
accidents (Shatuck 1997), but the noise and othe
er disturbances have caused them 1o be banned
(Nationa! Parks 1996) or seversjy resricted (Ne-
tonnl Parks 1997, Whiteinen 1997) in a aumber
of pisces. It s clear that there must be envirop-
menal planning to avoid user conflicts tn gen.
erzl, as well e3 (o deal with PWC Jssues (Inskeep
1987, Budsr 1991, Whiteman 1997), Howeven
such debate requires data on specific effects that
can bs enributed 10 PWCs. The presen; resoarch
was designed to examine the Right behavior of
Common Termns in response ta different types of

boows. Recreation and mesting birds c¢an surely
eoexist, but careful management is required to
do so (Burger e al. 1995).

METHODS

Observations were made from mid-June undl 2
August 1997 on Common Terns nesting on Little
Mike’s Island in northern Barmegat Bay, New
Jersey (Fig. 1). Tids small, low, salt marsh island
{Sparting alterniflore, with about 10%- S. parens)
is 45 o from the neardy darrier island, and 60
m {rom Mike’s Island, There is & designated boat
channel between Lile Mike's Isiand end the
barrier island, which is reguiarly used by moror
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boats. However, the channel is posted for “ne
wakc.” While motor doats and larger craft reg-
ularly move through the chanel. PWCs can go
completely around the nesting island, close in-
shore,

Sincs the early 1990z, Litde Mike's Island has
conuincd one of the Jargest nesung colonies of
Common Terns in the bay (350~500 pajrs), and
prior to 1996, this colony was highly successful
(birds fledged over 1 young/nest. Burger 1997).
In 1996 there was an upsurge in the number of
PWCs around Lhe islknd, probably dus to new
renal concessions, and 1 observed tha the birds
were often flying overhead, rather than incubat-
ing. In somc cases, the PWCs actually skimmed
over the edge of the island. running over some
nests with eggs ot chicks.

In 1997 the following observations were
made to determine whether the response of the
terns varied with the differcnt types of boats. !
recorded the flight behavior of Common Terns
as a funcdon of whether there were craft present,
and the type of craft present Three classes of
- bosts were dlstinguished: motor bouts, personal
walcrerafl where the driver stands up, and per-
somal watereraft where the driver (and riders)
sits down. In the early development of PWCs,
the former type was mere common. bue at press

. ent, PWCs where the driver sits down predom-
inate (they are larger and more stable). Obser
veyons were made every 10 min, and whenever
a host was present, for up to 8 hr a dsy. Data
recorded Included date, time of day, type of ob-
servation (no craft, motor boat swnd-up FWC,
sit-down PWC), location (channel side or out-
side of island). distance from isiand (near third,
middle third, and far third of the waerway),
specd (slow with no wake, fast, of tscing with
a large wake), number of birds flying over the
toleny per min. and the number of birds Aying
over the colony in the second min end in the
third min. Jt became clear that it was difficult 10
distinguish behavior when many boais came by
at once, That js. at ime 10:10, there might be
no boet present, but if ane had gone by 3 min
carller the birds might stil) be reacting (o that
event. Thercfore, in the analysis we eliminsted
{rom the ''no craft” category any obscrvation
when 2 boat had passed witun the preceding 5
min. Although this was arbitrary, usually the
blrds had seitled down within this period if there
was no other disturbance.

One other confound was present: high storm
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tides and heavy rains in early July. At the tiart
of the breeding season there were 490 pairs of
Common Tems nesting on the island (early in-
cubatior), after the storm lides this dropped (o
about 150 pairs (early chick phasz). During the
late chick phase the number breeding dropped
to about 123. The mean number of birds fying
over the celony when there were na disturbancas
dropped as well. Thus. for the analyses I present
models anc some of the data by early, mid and
[ate nesting. It is because of thesc nutural effects
on the breeding popuiation that ) felt it was jm-
portant 1o use immediate behavior as 8 measure
of disturbance due ta boats.

These observations normally required two ob-
servers: ore tc lake informnaton on the craft type
(speed, location) and one to observe the birds.
Observaticns were made with binoculars, sither
from a dock on the bamicr island or {rom the
side gf 2 neasby salt marsh island. The birds

.wese not affected by our presence. The dala on

flight benavior in the second and third minute
after pussing of 8 bost did not differ in pavern
from the first minute aficr a bowt passed (cor-
relations of over 0.90), and thus I present culy
data from the Grst minute,

The sampiing unit for analysis was the re-
sponse of the ems during the 1 min following
the passing of a crft, or the | min following the
“no craft” sample (every 10 min if no craft was
present). Sample sizes for the various variables
were: period (¢arly = 170, middle = 441, late
= 477, route (no crefl = 269, boat channe) =
486, other side of island = 333), speed (no crafl
= 269, slow = 293 fast = 240, racing = 286),
crafl type (o crait = 269, stand-up PWC = 43,
motor boat w 295, sii-down PWC = 431).

I used :nultiple regression procegurss to de.
termnine if period, craft type (including no craft),
speed, or route accounted for differences in the
number of birds flying over the island. The pro-
cedure determined the R? for the inidai variable,
and then determined the additional R? contrib-
uwted by the next variable (SAS 1986, 1988). 1
used Wileoxen ¥ tests t0 examine differances
between groups, ANOVA 1o derermine whether
thers were differences among variables as a
function of the dependent varisbles, and Duncan

- Muldpie Range Test to determine differences

between them (SAS 1988).

RESULTS

PATTERNS OF BOATS

The number of boats moving around Liwde
Mike's Island was not constant throughout the
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FIGURE 2. Spred of differem ly;;cs of erafts. Shown

dey. Both moter boaws and PWC; werz more..
common in the middie of the day, and sgain to-
wird evening (40% of boais were present from
11:30-13:30 and another 22% were prescat
fom 17:30-18:30). Thus, birds wes potentially
most distucbed during these time periods. WCs
came in bouts, both temporally and spatially.
That is, two or Uwres often came by the tern nest-
ing island together, and when one PWC went by.
there was more Likely to be another one within
e next 5 min than when none went by during
- the sample period (%, = 4.3, £ < 0.0:). This
.Was not true for motor boats (3, = 1,0, P =
0.3). :
The speed of bonts was not Indeper dent of
the type of boas (Fig. 2): motor boats 1 ormally

TABLE ). Factors antering the best re
& Cummon Teen gesting colony i3 a J-min

Stond Up

\ <
\

Py Rzomg Slow Pgm  Racing
$it Down
Personal Wate: Crc#t
ar¢ percent of fofal pumber of crafis of each type.

followed maritime law ang pasted slowly
through the sppropriate channel (altheugh some
left & wake), PWCs did not secrn consoained by
maritme law, and were geaenily ignered by the
marine policc. However, only the PWCs raced,
and sit-down PWCs went especially fast (Fig. 2).

COMMCN TERN BEHAVIOR

The best overall modcl explained 66% of the
variadon in number of bizds Qying over Gie col-
ony as a function of breeding period. craft type.
speed, route, the interaction of route and spesd,
and tme of day {Table 1). Similar Iactors ac-
counicd for the veristion i the early compared
o the middlc-law phases of the bresding cycle
(Tabile ).

gression modely explaining varistion in the nymber of dirds flying over
peiod. Fir tic sustic for the model, df is the degrees of freedom.

a3 P {5 the probabllity jevel (* w <0.0], ** = <0.00], *** w <Q.000]. n3 = non ngnificant).

e —— . T me—

—————— S 8
Overll moent Rarty wors Middaau ragy

Mode)

F 3. 173.2 : 6.7

df 25. 1,086 16. 168 25, 919

R 0.¢7 0.95 0.16

4 . © 04001 0.0001 0.0001
Factory entening (F, P) ‘

Period 145° e~ —— 112¢=

Cralt Type 452 v gue . 270

Speed 44-ue 1600 ns

gomew %o 6210 ™ ns

At X Route ™ ns ns

Craft Type X Speed ns os ns

Route X Specd EC oo 5 ng

Time of Day 4 psew ns : 4,75~
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FIGURE 4. Number of Common Terns flying over
Lictle Mike's Island (overall) as a function of distance
from colony, location around colony, speed of craft.
and type of craft.

able 10 determine the sample size within each
category of craft type, speed, or location: but
remarkably, over the course of thase observa-
tions. sample sizes were similar for the different
categories. Excaptions were period (there were
fewer observations in the early period due to the
timing of flood tides that ended that period for
the purposes of this study) and craft type (there
were fewer stand-up PWCs than sit-down
PWCs). This latier fact suggested the possibility
of combining all PWC into one category, and
such an analysis did not change the resuits of
any statistical analyses.

The second assumption. that the behavior
measured in a human disnrbance study has
some relationship to reproductive success, bears

examination. However, with colonial birds, sev-
eral authors have noted that frequent distur
bances requiring upflights from colonies even-
tually cause either reproductive losses or colony
desertions (Southern and Southemn 1979, Brown
and Brown 1996), Further, the present research
was stimulated by my observation that the Com-
mon Tern colonies that had the lowest reproduc-
tive success in 1996 were those thar were ex-
posed to PWCs, that PWCs sometimes ran up
on the edge of nesting islands and over nest,

and that in most colonies the entire breeding

population flew up whea a PWC came ncar the
island.

Overall, these observations clearly indicate
that the birds responded negatvely to the pres-
eace of boats. and that they responded signifi-
candy more to PWCs than to motor boats. The
factors that affected their flight behavior were
the distance from the colony, whether the boat
was in an established channel. and the speed of
the craft. To some extent their respouse to the
speed of the craft may relate to a noise factor
{(which | did not measure): craft of any type that
raced made more noise than ones that moved
slowly, and PWCs made more noise than motor
boats in any speed category. This was gue even
when comparing motor boats 1o PWCs that were
both taveling slow or fast. The noise factor is
one that humans are particularly sensitive to, and
is one of the factors most responsible for PWCs
being banned in some National Parks (National
Parks 1997). These data suggest that speed reg-
ulations for PWCs could serve as a surrogate for
noise, and would decrease the disturbance to the
birds markedly.

Finally, the data can be used to help design
regulations and laws that could reduce the im-
pact of PWCs on nesting colonial birds. From
past studies on human disturbance, most species
of colonial birds respond similarly, only the de-
gree of response may vary, The tems clearly re-
sponded most strongly early in the season. (0
racing boats, and 10 those that came the closest
to the island. Howeveg, it is likely that the dam-
age was aiready done early in the season, but
even without sych early disturbance. PWC
movement later in the season would be just as
devastating.

These data suggest that enforcing regulations
to keep PWCs at a specified distance from nest-
ing islands. and to slow down when passing
these islands, would reduce the adverse affects
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FIGURE 3, Number of birds breeding, snd tumber of hirds flyinp over when PWCs pagscd, by season.

The number of dirds flying over the colony
varied significandy by breeding period (x%, =
145, P < 0.001, Fig. 3), distance from the col-
ony (% = 100, P < 0.001). location relative 10
the colony (x, w 92, P < 0.001), speed (x3; =
128, P < 0.001), and craft rype (x% = 160, P
< 0.001, wl! shown in Fig. 4). Resulss were sim-
ilar for the second and third minute after a boat
passed (all ¥, > 79, P < 0.001)! that is, Com-
mon Tems did not immedistely sctle down after
3 bont passed.

Duacan Multiple Rapge tests for the number
of birds Aying over tie colony for the cutire daw
set showed that: (1) al} three breeding periods
differed significandy from one anothes. (2)
PWCs and moter bostno craft differsd signifi-
cantly {rom ope another, (3) all three speeds did-
fered significamtly from one another, and (4) the
routes wken differed significandy from one an-
other.

Time of day wes a significant variable in the
overail model, and the modei for the middle-late
periods (it was not for the early period decause
observations during this perfod only were taken
{n the morning). More birgs fiew over the colony
at mid-day and [n the Jawe afiernoon, Iargely be-
canse there were more boats during these time
periods, and birds were kept in the air,

DISCUSSION

Colonially nesting birds are paricularly vulner-
able to human disturbances becayse of high nest
density: when one bird is disturbed cnough v
respond, others often follow (Rodgers and Stith

.

1995). This also #s uue for Common Tems (Bur-
ger and Gochfeld 1991). Experimental studies
on the ¢ffects of human disturbunce have usually
Invalved tesis where the investigator disturbed

“the eolony using sone prescribed protocol (Ast-

derson and Keith 1980. Safino and Burger 1983,
Rodgers and Smith 1905). The tesponsss ex-
wmined are usually distancs w flush or soine oth-
cr behavior that varies ar g function of distur-
bance. This type of research rnakes two assump-
tions: (1) behavior in response to the invesygs-
tor js similer 10 other human disturbancas, and
(2) these changes in bchavior have significant

biological effects, such as lowering reproductive -

success. The first assumption is problcaatic be-
cause terns can learn 10 recognize individual ine
vestigators and respond dilfcrenially to them
(Burger et al, 1993), The seeond assumption is
more difficult because a number of factors affect
breeding success in any given colonial waterbird
calony, including inclement weather, foed sup-
ply, and predaters (Witienberger ang Hunt 1985,
Burger and Gochfeld 1991, Btown and Brown
1996).

Rather than distirb the colony with a protocol
tat involved ysing different fypes of bouts 1o
disturb the birds, I relied on the behgvior of peo-
ple engoged in opersting motor boats and PWCs.
Thus, e responses of the Comunon Terns were
not subject to habiruation 1 any pamicular hu-
men or any panticolar cruft. This has the advan-
tage of providing dars on their responses 1o real
couditions. However. using this opportunisic
methodulogy has the disadvaniage of not being

File # 13eim
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to nesting terns. From warching the behavior of
the temns, [ suggest that PWCs should not be
sllowed closer than 100 m from nesting islands.
This is crivcal. pardculorly early in the season
when pairs are scring up (erritories and court-
ing, and when they have very young chicka that
are vulnerable to cold stress. Moreover, speed
reswictions would reduce the noise leve] so that
Jt does not disrurb nesting birds. Regulations
must de suictly enforeed throughout the nesting
season.
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