INDIVIDUAL DISTANCES AMONG GREATER FLAMINGOS AS
INDICATORS OF TOURISM PRESSURE
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Abstracl.—One of the greatest challenges facing reologists and conservalionists s to ensure the continued co-
existence of wildlife with the increasing pressure of human revreation. In birds, the use of lack members o reduce
mdividual levels of vigilance has heen the focus of many studies that ave tried 10 explain the relationship among
vigilance, yroup size, and distance to cover by using furaging or preening as indicators of disturbance. To avoid the
confounding variables associated with foraging and preening. in this susdy [ observed the effects of increasing levels
of human disturbance on vigilance by measuring distances amony individuals in flocks of Greater Flamingos (Fhoe.-
teoplerus ruber rosews). Reactions to 112 disturbances were recorded during 61 hr of observation. U ndisturbed flamin
gos exhibited no relationship berween individual distance and flock size. When joggers appeared, bids becam.
atert but continued 1o feed. Individual distance was not intluenced by Hloek size when motor vehictes (jeeps) diove
st but was different in value from that in imdisturbed flacks. However, when tour groups stopped and the vecu-
pants got out of vehicles. individual distance was significantly reduced and flock size positively influenced (leck co-
hesiveness (i.c., smaller flocks had smaller individual distance values than large flocks). Flamingos appeared o be
especially disturbed by all-terrain vehicles (ATVs), and in 829 of the enconnters they flew away. In these cases. (lock
cohesiveness was extremely dense, but flock size did ot influence flock reacton, This study demanstrated thac
flocking species seck proteciion in numbers, bue they leave an area when insufficient conspecifics are present and
when serious disturbance occurs.

LAS DISTANCIAS INDIVIDUALES ENTRE FLAMENCOS COMUNES COMO INDIGADORES DE LA
PRESION DE TURISMO

Resumen.—-Uno de Tos mayores desafins que enfrentan los ecdlogos v conservacionistas os wsegurar la coexis
tencia continuada de Ta fanna sibesue anee la creciente presion de lus acrividades humanas de vecreacion. En aves,
el uso de integrantes del grupo para reducir niveles individuales de vigilancia e sido el tenm de varios estidins que
tratan de explicar Ia relacion enwe vigilaneia, wmano de grup. vdistancia a cobertura medianie el uso de compar-
tamijento de forrajeo v acicatamiento coma indicadores de las perturbaciomes. Para evitar las variables prrturhadly.
ras asociadas al comportamiento de forrjen v acicalamiento, en oste estudin vor observe Tos clectos del aumenio en
niveles de perturbacian himana sobre vgilancia, unilizendo las distancias enwe los individuos en grupaos de (lumen-
co comun (Phoenicopterus ruber moseus). Las reacciones a 112 perturbaciones fueran registracas durante 61 b ¢
observacion. Los flamencos que no fueron periwrlados no mostraron velacion entre distaneia ineiviednl v tamar
de grupo. Cuande aparecieron personas eorriendo, los {hmences se mostraran alertos pero continuaron alinens-
tdndose. La distuneia individual no fue infiuenciada por ¢l tamatio del grupo cuimdo pasaron vehivulos moteriza-
dos {jeeps), pero fue distinra a aquella en grupos no pertrbados, Sin embargo, cuands pararen grupos wristicos
vlos participantes bujuron del vehiculas, la distancia individual fue 1educida significarivamenie y o] tamaio del gru-
e dde Rlamencos fue influenciado positivamente por L cohesion del grupe (por cjempla, Eripos mas pequenos -
vieron menor distancia indiddual que grupos mds grandes). Los flamencos parecieron particubarmenre
perturbados por vehiculos de todo terrena v en 82% de estos encuentos os flamentos tomaron vuelo, En estos
vasas, la cohesion del grupo fue extremadamente densa pere el tamaio del grupo wainlhue en ta reaccicon del
grupn. Este estudio demuesira que especies que forman grupaos buscan pratecaion en nimeros pero abundon
un drea cuando no hay sulicientes conespecificos presentes v cuando ocurren perturbacianes serias,
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As human recrcation in natural arcas in- waders (Glaser et al. 1998) and reproductve
creases, concern for its possible negatve ef-  success of seabirds (Anderson and Keith
fects is growing more rapidly than our 1980). waterfowl (Titus and Van Druff 1981
undcrstanding of any negative impacts (e.g., Keller 1989, 1991, and raptars (Voous 19771,
Ingold et al. 1992, Knight and Cole 1995, Hence, among the greatest challenges facii: 2
Knight and Gutzwiller 1995). Human recre- ccologists and conservationists is to ensury
ational activities negatively affect fecding in the continued coexistence of wildlife with
the increasing pressure of human recreation
'E-mail: ryosef@bgumail. hgu.ac il (Addessi 1994, Kinnaird and O'Brien 1996,
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(Galicin and Baldassarre 1997, Richardson
and Miller 1997) and hunting demands (Fox
anri Madsen 1997).

iwrael is located on the only land bridge
between 3 continents, and is thus a junction
for hirds migrating south from Eurasia to Al-
rica in autumn and north to their breeding
gmunds in spring (Safriel 1968). Many birds
land in the Eilat area to rest before (in au-
wmn) or after (in spring) crossing the
deserts (Safriel 1968). The Greater Flamin-
g0 Phoenicopterus ruber roseus) is 1 of >200
sp. -cs that migrate through the region. Fla-
MITZ0s A7€ SCArCe L0 UNCOmMaon passage mi-
grants, winter  visitors, and nonbreeding
sumimer visitors (Shirihai 1996), Staging and
overwintering flocks were first observed in
the 1980s after the construction of salt pans
90 km to the north of Eilat (Shirithai 1996),

The use of other flock members to re-
di - individual levels of vigilance has been
st -.od by many researchers (Pulliam 1973,
Lazarus and Symonds 1992, Scheel 1995,
Cresswell 1994), Most studies focused on
group size (Elgar 1989), flock geometry
(Bekofl 1995), distance to cover (Barnard
1980, Caraco ct al. 1980, Diaz and Ascensio
1991), foraging (Poysa 1994), and preening
{Rerdpath 1988, Roberts 1999) as indicators
of ‘ugilance levels. To date, however, few
st .es have produced convincing evidence
that individuals in groups alter their scan-
ning rates as a direct result of changes in
group size, and in most cases confounding
variables have not been considered (Elgur
1989). Conspicuous among these variables
are those associated with foraging, such as
the density of food resources (Elgar 1989,
Ro™. 115 1996). Because larger flocks might
find better food sources, and animals feed-
ing on better food sources may spend less
time in other behavior such as vigilance, for-
aging studies may lead o the wrong conclu-
sions, Similarly, despite consideration by
Redpath (1988) and Roberts (1995) as a
more reliable method for evaluating vigi-
lan -, preening also may vield mistaken con-
clu ns, especially in species engaging in
dispiacement behavior (Krebs and Davies
1987, Alcock 1989). Because preening or
Preening-like behavior is part of the ritual-

i“

ized display sequence in Greater Flamingos
(Cramp 1977), it may not be an indicator of
vigitance in this group,

In this study, I demonstrate realHime de-
creases in the physical distance among indi-
viduals in flocks in
response to increasing levels of human rec-
reational disturbance. This measure of aver-
age individual distance within flock members
is assumed an indicator of vigilance that is
unconfounded by variables assoctated with

foraging.

Greater  Flamingo

STUDY AREA AND METHODS

Fieldwork was conducted during Decemnber 1994
and January 79945, Greater Flamingos winter regularlvin
salt pans 10 km north of Eilaz, Israel (209555 534°57F).
This arid area has an average precipitation of 30 oun,
with 10 ralny davs/vear (Ginat 1993). Annual average
temperature is 26°C (range = 10-39). Annual relative
humidiey 15 39% with no dew recorded.

Although the sonrce of thess flocks 15 unknown, 4
migrand flamingos vinged o Filat in the 19705 were re-
covered in Iran (Shirihai T996). Saltie] (196G3) 1eported
flamingos anly on migraton in the Eilar region, Since
199), however, flocks ranging from 15 to 8 hirds have
been observed regularhy in the winter months in the
shallow (40-50 mm} sale pans. The birds feed mainly on
brine shrineg (Arferia safina) by sieving, rareh up-end-
ing or weading (Cramp 1977). No rees or bushes are
tound on the banks or in the water, which rosults in g
completely open Tandseape.

I placed red wooden stakes in a giid 5 m apart across
the Dreudth of the salt pan (85 530 m) that Hamingos fre-
quented most diming the 2 weeks prior wo initiaton of ob
servations. Acdeivional stakes were placed along 2 hanks
oppuosite the observation point, which allowed me to drny
imaginary grids on the surface of the salt pan. This grid
svstetn was drawn omoa 123,000 velief may of the pan sup-
plied by the Israeli Salt Company. Flamingos were allowed
| week e acclimate to the stakes prior w data collection.
I conducted all observations from within a vehicle at o dis-
tance of 2050 m. Distances hetween individoaals were
measuced in reference w the stakes. In adelition, 1 uscd
ranging optimeters (Model 120 and 6200 Forestry Suppli-
ers, Jackson. Mississippt, USA) to venfv individual distane-
cs (up to 30 m Model 120 up to 180 m Model 620). All
distances were rounded 1o the nearest meten T recorded
the location of cach Hamingo, and 1 did oot inigate dis-
turbances recorded during this experiment.

No differentiation was mide among males. lemales.
and puveniles, despite known diflerences in aggressive-
ness (Schmitz and Baldassarre 1992) . Flocks were divid-
ed inte 3 npes only: (1) juveniles only, (2) mixed-aye
groups, and (3} adults only.

Disturbances were categorized as lollows: (1) no dis-
wrhance (conirol group), (2 pedestrians walking ur
jogping, (3) jeep or wur vehicle drnves past slowly. (1)
jeep ot tour vehicle staps and pussengers get out, and
{5) all-errain vehicle {ATV) twour

The duration of the olservations ranged from 1w 4
hrand ended when no turther human activities were £x-
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perted or the birds Hew awav, All observations of the
control periods were conducted berween 0600 and
0730, when no lnanan activity vecurred in the vicinity |
considered an individual as alert by the absence of
treading of the hottom, a straightiened neck with the
heud helel well above the body, and frequent cocking of
the head (Sehmice and Baldassarree [992)

Statistical analvses were done on the Maciatush Ver-
sion 2 of JMP (SAS Institute 1989}, Data are presented
ws mean 1 oswndard errorn, and | ochose P< 0.05 as the
minimum acceptable level of significance.

RESULTS

Of 131 Hlocks observed, 13 (9.99%) were
Juvenilesonly groups; 118 (90.1%) flocks
were mixed-age groups. No adultonly Hocks
were observed. Although flocks of juveniles
(17.6 £ 5.9, range = 9-29) were smaller (Wil-
coxon signed-rank test, 2< 0.03) than mixed
flocks (32.3 £13.1, ranwe - 6-61), individual
distance in all juvenile flocks was not differ
ent (P =0.24) from mixed flocks (11.6+10.5
w1742 12.4),

T observed tlamingos for 6 hr during the
predisturbance (conwrol) time period. In 19
flocks observed, there was no relationship
(+' = .02, P=0.52) henween the average in-
dividual distance (26.7 £6.7 m) and average
flock size (38.3+ 15.3). However, for all flocks
observed during the study, smaller flocks had
smaller individual distances (2 = 0.001).

In addition, 61 hr of observation were con-
ducted during which 112 incidents related 1o
disturbance categories -5 occurred. Pedes-
trians jogging or walking were not a common
occurrence; only 23 such incidents were ob-
served. In response to pedestrians, Flamingos
raised their heads, moved away from the bank
on which the movement occurred, and con-
tinued feeding. Individual distance (30.6+9.3
m) was not influenced by average flock size
(36.0 £12.7, P=0.81), and was not different
from the control flocks (P=0.17).

In the “moving vehicle” category, T in-
cluded not only the regular tourist tours that
show their customers wildlife while on the
move, but also all militarv vehicles and pa-
trols that drove on the bank but did not stop
in the vicinity of the salt pan. In (he 36 inci-
dents, individual distance {(21.9 £ 5.9) was
not influcnced by flock size (28.5+12.8, P =
0.49), but was different from that in the un-
disturbed flocks (2 = 0.03).

In the 42 incidents included in the four
category, tour guides stopped their jeeys
near flocks and 21 of the occupants got out.
The tour leader’s narrative was often loud,
and in the case of groups with children, the
noise was cspecially pronounced. The birds
reacted by flocking together in the middle of
the pan, and individual distance (5.14 £ 38
was reduced in comparison to the contrel
group (P =0.001). Flock size positively infh -
enced flock cohesiveness (r = (1428, P =
.0001), and smaller MMocks had on average:
significantly smaller individual distances
(37.91£38v.59.619.0, P=0.01). When the
flocks were small (>15) and composed of
only juvenile flamingos, the birds flew uway
in 8 of 42 cases,

Although AT'Vs are not allowed off speci!-
icallv marked trails, riders were ohserved o
I'T occasions to race along the bank of the
salt pans. ATVs are very notsy, fast, and raise
a lot of dust. During these disturbances, fia-
mingos appearcd highly disturbed and ex-
hibited agitated behavior such as necks
stretched upwards with heads cocked from
side-1o-side, fast-siepping, and giving short
“aahonk aahonk” calls (Cramp 1977). Flock
flew away during 9 of these disturbance in
stances. Interbird distance was extremely
dense (2,27 + 1.1m) and was dillerent from
that in the control flocks (#< 0.005). During
the time period that ATVs were present,
tlock size did not influence flock reaction
(P=10.52).

DISCUSSION

I observed no aggression among individ-
uals in 4 flock, which contrasts to Bildstein et
al. (1991) who studicd Caribbean Flamingos
(12 ruber ruber) in Venezuela. Bildstein ot al.
(1991} noted that juveniles were often in-
volved in aggression in mixed flocks, espe-
cially as recipients from neighboring adults,
and that aggressive encounters significantly
affecred the amount of ime flamingos spent
filterfeeding. Further, Schmitz and Baldas-
sarre (1992) sugpgested that under condi-
tions of reduced food abundance, Caribbean
Flamingos in Mexico may gain more by feed-
ing than by elevating levels of dggression to-
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ward conspecifics. At the salt pans in Elat,
brine shrimp are the major arthroped food
source, and their densities are probably be-
Jov “he threshold level forcing individuals in
mi l-age flocks to desist from aggression.
This low density of brine shrimp may also ex-
plain why flamingos spread out between 20—
30 m from their neighbors while feeding
when undisturbed. Because most of the juve-
nile-only flocks flushed almost immediately
upon being disturbed, these individuals also
mav be far more susceptible to disturbance
th:  1ixed flocks.

. .«e fact that individual distance was sim-
ilar in tlocks exposed to joggers and strollers
and in the control flocks suggests human
presence in the vicinity did not necessarily
disturb foraging flamingos. The decrease in
individual distance in flocks disturbed by
jeeps and ATVs suggests a negative response
o these disturbances,

results are inconsistent with Cramp’s
(197 ) claim that flamingos are highly intol-
erant of human disturbance or close ap-
proach. Tt is possible that upon arrival from
the breeding grounds the flocks are initially
very sensitive to human presence but then
get habitnated over time to the continued
presence of people, as was described for
Gre~+ Crested Grebes (Podiceps cristatus) in
Swi land (Keller 1989). This habituation
process needs future studies because, in con-
trast, Stalmaster and Newman (1978) found
that although Bald Eagles (Haliaeetus leuco-
cephalus) in the United States did not react
significantly to a single direct disturbance,
repeated disturbances sometimes caused
abandonment of nests.

rrestingly, group size did not affect in-
divi. .l distance in the control flocks or
when joggers, strollers, or vehicles passed
without stopping. However, when vehicles
Stopped in the vicinity and people got out or
made noise, flamingos reacted by clumping
in the middle of the salt pan, which resulted
in small values of individual distance. Hence,
resulrs of this study indicate that staging birds
arc  -eptible to disturbances, and that hu-
Ma. wisturbance activities must be mitigated.

Numerous studies (e.g., Barnard 1980,
Elcavage and Caraco 1983, Sullivan 1984,

Diaz and Asensio 1991) demoustrated a neg-
ative relationship bertween vigilance time und
flock size as predicted by Pulliam’s (1973)
"many-eyes” theory. The fact that smaller
flocks had, on average, sialler individual dis-
tance indicates the existence of a flexible
mechanism wherein flock size positively in-
fluences individual distances (i.e., flamingos
in larger flocks forage at greater individual
distances). In addition, small flocks com-
posed of only juvenile flamingos tended 10
fly away as compared to flocks that were ei-
ther large or had adults present. This escape
stralegy suggests that flamingos may consid-
er a certain threshold number as being the
key to "safety in numbers.” However, further
study of the geometric relationships among
flock members is needed to understand cog-
nitive processes in flamingos (Bekoff 1995).

Flamingos not being disturbed by hu-
mans may spread out to take better advan-
tage of the low densities of brine shrimp in
the salt pans (Schmitz and Baldassarrc
1992), as suggested by the optimalH{oraging
theory (e.g., Charnov 1976, Pyke eral. 1977),
When disturbed by either vehicles or ATV,
however, they flock o the center of the salt
pan. Similarly, foraging in the proximity of
cover has been widely shown for many spe-
cies {e.g., Brown 1988, Brown et al. 1988,
Diaz and Asensio 1991). Hence, the associa-
tion of flamingos with the central area of the
water body may confer a net advantage if
they keep as much open area as possible be-
tween themselves and potentjal predators
wherein this position mav allow for early de-
tection and thus time to escape.

These data show that flocking species like
flamingos may seek protection in numbers,
butif there are insufficient conspecifics, they
leave the area. Also, physical distance among
individuals in free-ranging flocking species
can be used as an index of flock and individ-
ual vigilance. By measuring individual dis-
tance, one can index the relative vigilance
and agitative state of each individual in the
flock, and the overall flock individual dis-
tance can provide an indication of the inten-
sity of the disturbance.

My results suggest that reducing distur-
bances during foraging periods would bene-
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fit flamingos. T recommend that tourist
access or other human-related activitics he
curtailed at the salt pans during the early
morning and late evening (e.g., Sadoul el al.
1998), which are peak foraging times for the
Greater Flamingos at Filat. Further, because
of the heat stress during the afterncon
hours, early morning and late afternoon are
opumal times for visits by tourists and bird-
watchers that flock to Eilat during the migra-
tion seasons.

Overall, compromises between human
recreational activities and avian migratory
nutritional requirements include either lim-
uing access only to those salt pans where the
disturbance caused is minimal, or building
hides that will prevent the birds from flush-
ing because of human activity (e.g., Postovit
and Postovit 1987, Knight and Temple 1995).
These hides also can be created by planting
local plant species (e.g., seablite [Suaeda
monoica)) to mininize disturbance to forag—
ing waders and Greater Flamingos, and (o al-
low additional species to forage or nest.
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