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THE PHENOMENON OF SYNCHRONOUS
TAKE-OFFS IN GULL-BILLED TERNS

Evgeniy V. Barbazyuk

Abstract. The phenomenon of synchronous takes-off displayed by Gull-billed Terns was studied during the
pre-nesting period on Lakes Shalkar and Ayke, in southern Russia in 2000, 2003 and 2004. Synchronous take-
offs of Gull-billed Terns are prominent phenomena observed during the pre-nesting period, and they could be
considered as a component of pre-nesting aerial and ground behavior in this species. The intensity and dynamics
of synchronous take-offs are influenced by a number of factors, among the more prominent ones being the time
of the day, number of birds and weather conditions. The maximum number of synchronous take-offs was recorded
in the morning and evening hours when the most birds were present at the gathering and roosting site. With the
arrival of new parties of birds to the site the number of synchronous upflights increases, then reaches the maximum
and stops rising when the mean number of birds is approximately 70 individuals per hour. The high intensity of
synchronous take-offs is thought to be attributed to the abrupt change in the bird number per time unit, which
occurs in the evening particularly from 19% to 20%. Air temperature and wind speed also have impacts on the
intensity of synchronous take-offs, especially at their extreme values: strong wind in conjunction with low
temperatures lowers the intensity of synchronous take-offs and vice versa. Synchronous take-offs are strongly
suspected to be an adaptive mechanism permitting synchronous egg-laying and thus reducing overall duration of
maximal reproductive stages, which is very important when nesting in unstable habitats.
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@DeHOMEH CHHXPOHHBIX B3J1eTOB Y YaiiKoHOChIX Kpayek. - E.B. Bap6asiok. - Bepkyr. 15 (1-2). 2006. -
CHHXPOHHBIE B3JIEThl y YaHKOHOCHIX KPAueK MPE/ICTABIAIOT COOO0M SIPKO BBIPAXKEHHOE SIBJICHHUE, HAOII01aeMoe B
IPErHE3/10BOM TIePHOJ], H MOTYT PaCCMaTPHUBATHCS KaK 4acTh OpayHOro MOBEAEHHUs 3Toro Buaa. Ha nHTeHCHB-
HOCTb U JMHAMHUKY CHHXPOHHBIX B3JIETOB BIMSET psiJ (paKTOPOB, HAHOONEE 3aMETHBIMH U3 KOTOPBIX SBISIOTCS
BpeMsl CyTOK, YUCIICHHOCTb NTHUII, y4aCTBYIOMINX BO B3JETAX, U MOTOJHBIC YCIOBHA. MaKCHMallbHbIC 3HAYCHHS
CHHXPOHHBIX B3JICTOB HAOIIOJANKCh B YTPEHHEE U BEYepHEe BPEMsl, KOIJ[a Ha MECTe HOUEBKH HPHCYTCTBOBAJIA
6oJ1bIIIas 4acTh NTUL. YNCI0 CHHXPOHHBIX B3JIETOB YBEIMYHBACTCS 110 MEPE MPUOBITUS HOBBIX MAPTHI ITHI[ HA
MECTO MOCTOSHHOTO cOOpa M HOUEBKH, CTAHOBUTCSI MAKCHMAJIbHBIM M IIEPECTAeT PACTH IPH CPEAHEH YNCICHHO-
ctu npuMepHo 70 ntui 3a yac. [Ipexmonaraercs, 4To BbICOKAsk THTEHCHBHOCTh CHHXPOHHBIX B3JIETOB CBS3aHa C
PE3KHM CKayKaMM YHCIICHHOCTH ITHIL 33 €IMHUIly BPEMEHH, 4TO ITPOMCXOAUT B BeuepHee BPeMs, 0COOEHHO C
19% 0 20*°. Temnieparypa Bo3/yXa 1 BETep MOT'YT TaK)Ke OKa3bIBaTh BIMSIHUEC HA HHTEHCHBHOCTh CHHXPOHHBIX
B3JICTOB, OCOOCHHO CYIIIECTBEHHOE TIPU CBOMX 3KCTPEMANIbHBIX 3Ha4eHUAX. CHIIBHBIH BETEp B COYCTAHHU C HU3-
KUMH TeMIIepaTypaMH CHI)KaeT MHTCHCHBHOCTb B3JIETOB M Hao00poT. [Ipearonaraercs, 4To CHHXPOHHBIE B3JIe-
ThI SIBJIAFOTCS IPUCHIOCOONTEIIBHBIM MEXaHU3MOM, TT03BOJISIONINM CHHXPOHU3UPOBATh MPOLECC OTKIAAKH UL 1
COKPATUTh TAKUM 00Pa30M MaKCHMAJIbHO ITPOLECC PA3MHOKCHHUS, YTO KpaiiHe BaXKHO IPH I'HE3/I0BAHNUH B HECTa-
OMIBHBIX OHOTOIAX.

Introduction billed Terns behavior provides no reference

to synchronous upflight display in this species.

This study addresses an interesting phe-
nomenon exhibited by Gull-billed Terns (Ge-
lochelidon nilotica) early in the season, dur-
ing pre-nesting phase — collective upflights
(Lind, 1963Db), or rising up high in the air of
the whole bird flock.

The question of the collective flights in the
pre-nesting period, their dynamics, intensity
and determining factors have virtually not been
studied previously. Scanty literature on Gull-
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Cramp’s comprehensive review on the Gull-
billed Tern (1985) says nothing about this no-
table pattern of social behavior. Collective
flights, or the rising up of the whole flock into
the air, are described by Lind (1963b) for the
Sandwich Tern (Sterna sandvicensis). He sug-
gested that such communal flights might exert
positive influence on the sexual behavior of
the birds (Lind, 1963b). Meanwhile, my ob-
servations have shown, synchronous upflights



E.V. Barbazyuk

BepkyrT 15.

ILake Zetykol|

0 20 40

Fig. 1. Study Area.

are a prominent and important constituent in
tern behavior during courtship and pair-for-
mation.

The Gull-billed Tern belongs to a group of
Laridae, forming nesting settlements, known
as the “second type”. Type Il species colonize
areas for short periods initially with high nest-
ing in great densities. It is thought that nor-
mally later in nesting cycles territories dimin-
ish in size only imperceptively, and distances
between nests are nearly constant throughout
incubation in undisturbed colonies. The settle-
ment process of nesting is highly synchronous
in this communally nesting species and spa-
tially organized into groups or subcolonies, at
times as large as several thousand pairs. This
type of colony formation has a high selective
advantage for species nesting in unstable habi-
tats (McNichol, 1975; Meller, 1982; Kharito-
nov, Siegel-Causey, 1988), such as those in the
study area (see the Study Area section).

Thus, detailed study of the primary causes
and determining factors underlying synchro-
nous upflights during the pre-nesting stage
could make clear a number of important bio-
logical features of type II species obvious dur-
ing early egg-laying and incubation phases,
such as causes for highly synchronous breed-

Puc. 1. Paiion uccnemoBanuii.

ing, and the rate and manner of nesting settle-
ment formation.

Study Area

The study was conducted in Gull-billed
Tern colonies on Lakes Shalkar (50°47'N
60°55'E) and Ayke (50°58'N 61°30°E) in
southern Russia, near the Kazakhstan border
(Fig. 1). The lakes are located approximately
50 km apart, in the grassland (steppe) region
with a dry, continental climate, in the northern
middle-latitude zone. The average annual pre-
cipitation totals 250 mm. The average air tem-
perature in January is —17°C, in July — +21°C.

The northern limit of the present-day breed-
ing range of the Gull-billed Tern is to be found
here (Ryabitsev, 2002), while most of the
breeding range on the territory of the former
USSR lies southward — in Kazakhstan and
Turkmenistan (partially also in Ukraine, Black
Sea) where the arid and semiarid climates are
still hotter in summer (Zubakin, 1988).

The lakes studied are brackish water oc-
curring in large shallow basins, with a surface
area of more than 70 km?, and prevailing depth
0.8—1.5 m and occupy bowl-like depressions
in relief. Since the lakes lack streams offering
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constant water flow, their level var-
ies greatly seasonally and from year
to year. About once in every ten
years, the lakes dry up completely
and every 3-5 years they freeze for
their full depth. Roughly 70 % of
the lake’s surface may be covered
with Common Reed (Phragmites
communis), Bulrush (Scirpus la-
custris), and Narrow-leaved Cattail
(Typha angustifolia). The lakes are
surrounded by semiarid steppe
grasslands including combinations
of Fescue (Festuca sulcata), fea-
ther grass (Stipa spp.) and worm-
woods (Artemisia spp.). In lowland
areas, typical halophytes are very
common — Salicornia europaea,
Halocnemum strobilaceum, Ko-
chia prostrata and other species
growing in clay-based and alkaline
soils, which makes plant cover a
heterogeneous mosaic (Ryabinina
et al., 1996; Davygora, 2000; Svi-
ridova, 2000).

Methods

The studies were conducted on
Lakes Shalkar and Ayke in May—
June, 2000, 2003, and 2004. Over-
all observation time viewing Gull-
billed Tern synchronous upflights
totaled no less than 130 hrs (23
days) under varied weather condi-
tions (with the exception of pro-
longed widespread rain), and 109
hrs of the total were used in the
analysis. Consequently, any one
day contained several hour-long
observations (e.g. 17%-18%, 18%—
19% hrs and so on) that were rated
as independent cases. The bulk of
the work was done on Lake Ayke
from 24 April to 10 May 2003 and
2004, primarily in the evening and
late daylight hours. For the conve-
nience of the data presentation, this

Table 1
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* To ease data representation the standard error is not given for the minimum and maximum values of the mean number of birds per hour. The same

holds for Tables 2 and 3.
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paper uses local time, which differs from
Greenwich Time by six hours (local time mi-
nus 6 hrs).

Watching courtship behavior and counting
birds and synchronous upflights were made at
a distance of 25 (in the hide) to 60 m and more
through 8* binoculars. The number of birds was
estimated by counting all individuals during a
synchronous upflight when the whole flock was
rising high up in the air, but also counts were
made when the birds were sitting on the
ground, within the roost site. The mean num-
ber of birds per hour was derived from four
counts of birds during this hour, approximately
once every 15 minutes (for the sake of more
reliability, in evening hours between 20” and
21%, birds were counted more than four times
per hr during each synchronous upflight when
it was possible). To estimate the total number
of individuals in the observation area on any
one day, the terns were always counted on the
roost site in the evening hours, at which time
all the birds were present and reaching their
maximum numerical values. It was assumed
that before 6% and after 21% hrs (closely cor-
responding to sunrise and sunset in late April
— early May in the study site) the number of
birds in a roost remained permanent and maxi-
mum possible.

Meteorological data was taken from a state
meteorological station, located in the village
of Ozernyy on the northern shore of Lake
Zetykol, some 44 km north-west of the study
site (Fig. 1). At the station the air temperature
and wind speed are recorded only eight times
during 24 hrs, once every three hours. Extrapo-
lation, assuming a proportional change of the
air temperature and wind speed during every
3-hours interval, was used to estimate missing
data for each hour.

Thus, operating with customary hour lim-
its was convenient, and each independent case
(1 case = 1 hour-long observation, or 1 hour-
observation) in the analysis was characterized
by the maximum number of synchronous
upflights, mean number of birds (consisting of
four bird counts), air temperature per hour and
wind speed per hour. In a few isolated instances

the maximum number of birds per hour and
mean number of synchronous upflights per
hour were used in the calculations.

To examine the influence of varied factors
on synchronous upflights, it has generally been
considered sufficient realistic to split the day
into three periods: Morning, Daytime and
Evening since different periods play an unequal
role in the lives of birds. This fact needed to
be considered in the interpretation of analysis
results; and also combined Daytime and
Evening periods were used in the calculations
(Table 1). Most of the data obtained is associ-
ated with Daytime and Evening periods, while
the number of Morning cases included in the
analysis totals only 16 hrs (Table 1). For this
reason only Daytime and Evening periods were
used in the analysis whereas a small amount
of Morning period data is documented at the
end of the Results section. The following scale
measuring the intensity of synchronous
upflights was adopted: 1) 1-3, 2) 4, and 3) 5
and more synchronous upflights per hour — low,
medium, and high intensity of synchronous
upflights, respectively.

Running a statistical analysis of the data,
the parametric methods implemented in the
software package STATISTICA 6.0 (StatSoft,
Inc. 1984-2001) were predominantly used.
Though the distribution for some characteris-
tics deviated somewhat from the normal dis-
tribution pattern in several cases, the sample
size justified the use of the parametrics.

Results

The Phenomenon of Synchronous
Take-offs

This phenomenon marks the pre-nesting
period of Gull-billed Terns — from appearance
of the first birds at the breeding grounds up to
the first week of egg-laying. On arrival terns
get attached to a selected site (typically within
a section of a sandy island) that initially serves
as the “club” (Tinbergen, 1956) and roost, and
afterwards as the breeding site. The pre-nest-
ing period (from the arrival of the first birds at
the breeding grounds to the clutch-initiation)
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lasts 16 to 38 days and possibly even more. In
the daytime, most birds feed in the steppe, and
by the evening they assemble on a communal
site near the prospective nesting territories
reaching their maximum numbers around 21%
hrs local time. For the first few days of their
arrival, terns are extremely vulnerable to hu-
man disturbance. Visitation to their roosts and
gathering spots, especially in the evening, can
cause birds to shift the site or even completely
abandon the area.

When engaged in ground displays, Gull-
billed Terns exhibit what has been defined
above as synchronous upflights that could be
considered an element of pair formation be-
havior early in the breeding season. Perform-
ing a synchronous take-off the entire flock rises
30 m or more from the ground level and makes
a large, wide circling pattern over the gather-
ing site. The mass of birds forms a swirling
vortex while circling in the air that is charac-
teristic of the synchronous upflight display. The
vortex rapidly breaks up, and a proportion of
birds lands immediately on the ground while
the remainder splits into pairs or small groups
of 3-5 birds that follow each other in a chas-
ing fashion high in the air. Thereafter, during
3-8 minutes, all the birds alight gradually on
the original site. In a while the synchronous
upflight occurs again. A synchronous upflight
is preceded by distinct increased levels of vis-
ible and audible activity among birds in the
“club” (gathering spot) on the ground: the birds
are engaged in ground displays performing
various courtship postures. The hum from the
birds uttering Advertising- (Lind 1963a) and
other diverse cackling calls rises progressively,
and at some point the birds’ excitement builds
to a climax. Then one or more birds whirl
sharply off up into the air, and the entire flock
of birds — growing by seconds — follows them
and the synchronous upflight ensues.

A synchronous upflight can be distin-
guished from ordinary sudden scattering of
birds into the air when a small group is in-
volved in a bout of ground courtship display.
In this latter case the flying vortex is not
formed, and the terns rapidly return to the
ground. This synchronous upflight recognition

based on the presence of the vortex display is
especially important during daytime when the
birds are present in small numbers.

Synchronous upflights occur throughout
daylight time with a marked intensification
during morning and evening hours, which gen-
erally coincides with largest numbers of birds
present in similar periods (Fig. 2).

Morning, Daytime and Evening
Periods

Characteristic features defining the Morn-
ing period are sunrise, minimum day tempera-
tures, birds’ waking up, and their rapid decline
in numbers as the birds leave the roost for for-
aging purposes. The defining characteristics
of the Daytime period are maximum day tem-
peratures, minimum bird numbers at the gath-
ering and roosting site. The Evening period is
characterized by rapid increase in bird num-
bers as they return from feeding on the steppes.
In late April early May, the sun in the study
area is setting about 21°°-21% hrs local time,
and with heavy cloud cover typical for this time
of year it gets dark by 22% hrs. Bird numbers
were highest by about 21% hrs at the roosting
site. Daytime and Evening period data were
significantly different from each other with
respect to the frequency of synchronous
upflights (t ,, = 4.91; P <0.01) and the total
number of birds present (t, =4.77; P <0.01)
(Table 1).

Factors that Influence the Mean
Number of Synchronous
Take-offs /hour

In studying the synchronous upflights, three
factors were examined whose impact was evi-
dent even during my first observations of Gull-
billed Tern flock behavior. These factors are
the number of birds present, air temperature
and wind speed.

The Effects of Bird Numbers
on Dynamics and Rates
of Synchronous Take-offs
The minimum number of birds required to
perform a typical synchronous upflight in my
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Fig. 2. Changes in the number of birds and dynamics of synchronous upflights during daylight

time of the day.
— Synchronous upflights CHHXPOHHBIC B3JICTHI
—_— Bird numbers YuCIeHHOCTh MTHI]

The mean number of birds per hour t was calculated as follows:

1. The mean number of birds per hour t was determined for each day of the observations (by four counts
of birds, see Methods).

2. The obtained mean number of birds per hour t was expressed as a percent of the maximum number of
birds present on this day at 21° hours. The largest number of birds recorded between 20* and 21'* was
chosen to be 100 %.

3. The mean number of birds (%) per hour t was determined for all of the days of the observations.

The mean number of synchronous upflights (without percent conversion) was calculated analogously.
Puc. 2. JlunaMyka 4MCIEHHOCTH U CHHXPOHHBIX B3JIETOB 32 CBETIYIO YacTh CYTOK

Cpe/iHsist YUCIICHHOCTD MTHII 32 Yac t PACCYUTHIBANIACH CICAYIOIIIM 00pa3oM:

1. Onpenensuioch cpeiHee YUCII0 NTHLL 3a Yac t JTs KaXkI0To Hs HaOMoACHHU (110 4 1o/IcyeTaM YuCIIeH-
HOCTH, cM. MeTojibl).

2. CpeziHee YHCIIO NTHIL B 4ac t BRIPAXKaIOCh B IPOIICHTAX OT MAKCHMAJIbHOM YHCICHHOCTH MITUIL B 3TOT
JeHb, B 21% Beuepa. 113 HECKOJIBKHX MMOICYETOB YUCICHHOCTH ¢ 20* 110 21'° BEIOMpasiach MakCHMasbHasl,
KOTOpasi U MPUHUMAJIACh 3 CTO MPOLICHTOB.

3. Ompenensinock cpenHee ynuciio nTuil (%) 3a 9ac t 3a Bce THU HAOIIOCHUI.

AHanorugHbIM 00pa3oM (6e3 nepeBo/a B IPOLEHTH) PACCYUTHIBATIOCH CPE/IHEE YHCIIO CHHXPOHHBIX B3JIe-
TOB.

study was 14 individuals. With a mean num-  (Fig. 3). Nevertheless, the maximum values of
ber of 23.15 birds per hr, the terns performed —synchronous upflights (more than five per
as many as five synchronous upflights per hr  hour) were recorded in the evening hours, with



Bum. 1-2. 2006. Phenomenon of synchronous

12

take-offs in Gull-billed Terns } 165
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on the landing of even just
one bird, a bout of display
occurred as a result of this
occasion. Following the
mass bird arrival to the
gathering and roosting site
the degree of display activ-
ity sharply heightened.
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Fig. 3. The relation between the number of synchronous upflights

and number of birds in daytime period.

Puc. 3. 3aBucumMocTh uncia CHUHXPOHHBIX B3JIETOB OT YUCJICHHO-

CTH IITHI] B THEBHOH TEPHOI.

a record of 11 synchronous upflights per hr
with a mean of 152.22 birds present per hour
(Fig. 4), and the absolute maximum number
of birds present that same hour being 184 birds.
Further, as the flock continues increasing, the
number of synchronous upflights per hour (in-
tensity) becomes stabilized

creasingly louder. In calm
weather, it could be heard
a few hundred meters from
the gathering site.

After about 20 it was
getting dark, the numbers
present stopped increasing
as dramatically, since the bulk of birds were
present on the roosting site. Tern activity di-
minished and the number of synchronous
upflights rapidly declined even though the
number of birds present was close to the maxi-
mum daily value. After 21*° no synchronous

12

at this level, and the num-
ber of birds seemstobeno °
longer of large significance 2 o}
in the intensity of synchro- z o
nous take-offs. For ex- % Bt o)
ample, two flocks with & 00 o
means of23.15and241.39 3 | & »
birds per hr are able to per- g 0 OO0 o
form the similar high num- =4l @0 0 o o
ber of synchronous up- % @ o o o
flights — five (Table 2). On 2
. 2H@O O @ 0
the contrary, high numbers 2
might account for their de-
cline (Fig. 5). Progres- 0 50 1w 10 200 250 500 350 400 4a0

sively rising correlation
coefficients between the
mean number of birds pre-
sent and number of syn-
chronous upflights ob-
served, as the cases (hour-

Mean Bird Mumher per Hour

Fig. 4. The relation between the number of synchronous upflights
and number of birds in evening period.

Puc. 4 3aBI/ICI/IMOCTb qHrcjia CHHXPOHHBIX B3JICTOB OT YHMCJICHHO-
CTH IITHUIL B Be‘lepHI/Iﬁ Mepruoa.
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Meteorological Parameters (Air Temperature and Wind Speed) and Number of Birds at Which a High Intensity (5 and greater) of Synchronous

Upflights was Recorded

3HaYEeHUS METCOPOIIOTHICCKHX ITOKa3aTesel (TeMeparypa Bo3ayXxa i CKOPOCTh BETPa) M YUCIICHHOCTH IITHII, TIPH KOTOPBIX HAOII01aIach

BBICOKAsI HHTEHCUBHOCTH (5 1 0oJjiee 3a 4ac) CHHXPOHHBIX B3JIETOB
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long observations) are artificially excluded from
the analysis for those periods with the greatest
total number of birds, suggest that the number
of synchronous upflights rises to a maximum
level with a mean of roughly up to 100 birds
present per hour (Table 3). The mean number
of birds present during periods showing the high
rates of synchronous upflights totaled 73.21 +
10.33 (N = 23) varying between 23.15 and
241.39 birds per hr (Table 2).

The minimum number of birds was observed
on the roost site in midday between 12.00 and
13.00. The numbers steadily grew from 17*
onwards, the bulk of the birds arriving during a
peak between 19% and 20%, during which the
number of birds increased by 26.99 % (Fig. 1).
By 21% nearly all the birds assembled for roost-
ing.

The lowest observed mean number of syn-
chronous upflights was recorded at mid-day
between 14% and 15% (1.83 per hr). Synchro-
nous upflights increased in frequency of occur-
rence from then until 19%-20% hr reaching 4.47
per hr. The minimum observed values of syn-
chronous upflights between 17% and 20° were
never less than two per hour. They declined
thereafter. After 21°° no synchronous upflights
were observed (Fig. 1). Thus, a timing interval
of 19°°-20% was notable for a coincident maxi-
mum growth in the mean number of birds per
hour (26.99 %) and maximum growth in rates
of synchronous upflights observed per hour
(4.47) (Table 4).

A bird, briefly after alighting near another
in the “club”, facing it, adopted “Erect-posture”
with “Head-turning”, in which its head rotated
rapidly from side to side with its bill pointing
almost vertically upwards; or performed one of
the other “Erect-posture’s variations” (Lind,
1963a). Ceremonial displays followed during
which the two birds paraded around each other
performing varied postures (e.g. “Down-erect”,
“Forward-erect”), which occasionally ended
with formation of the whole clusters of birds up
to six individuals, participating in courtship
ground display. Often an alighting bird was ap-
proached by neighbors from nearby, and in this
case again lively ground activity followed. Thus,



Bum. 1-2. 2006. Phenomenon of synchronous take-offs in Gull-billed Terns } 167

upflights were recorded 12
(Fig. 2, Table 4). Shortly _ ©
thereafter, the sun was é 10F
down and dark came & o
quickly. 2 3l o
= 00 o
The Effects of 2 sl o om
Weather Co.nditions g 0O o

on Dynamics and 2,1 oo o o 5

Rates of Synchronous 3 o 6 ° o
Take-offs z

My observations indi- é 2 [ @m0 ®©--q
cated, weather conditions ® ©
may play a considerable C0 so w0 0 a0 2s0 a0 #0400 450
role in the variation of rates Mean Bird Number per Hour
of observed synchronous
upflights. Fig. 5. The Relation between the Number of Synchronous

In the daytime the cor-  Upflights and Number of Birds in Combined Period: Daytime

relation between air tem-  and Evening.

perature and number of Puc. 5. 3aBHCHMOCTE YKCIIa CHHXPOHHBIX B3JIETOB OT YHCIIEHHOC-
synchronous upflights to- i T B 06bEIMHEHHBIH IEPHOJ — JHEBHON U BEYEPHHIL.

taled 0.4 (Table 5), but
even at high temperatures the number of syn-
chronous upflights did not exceed 45 per hour
(Fig. 6). In the Evening period the highest val-
ues of synchronous upflights (5 and more) were
recorded at temperatures above +14.0°C, the
correlation totaled 0.3 (Fig. 7, Table 5).
Though no significant correlation between

The Correlations (Pearson’s and Partial) between the Number of Birds

and Number of Synchronous Upflights

the number of synchronous upflights and wind
speed was found (Table 5), the wind in con-
junction with the other elements occasionally
had immediate impacts on the dynamics of
synchronous take-offs. During the day a maxi-
mum of synchronous upflights was recorded
at a wind speed of no more than 5.5 m/s (Fig.

Table 3

Koppenﬂum/l YHrCJjia CHHXPOHHBIX B3JICTOB U YUCJICHHOCTH IITUI]

Combined Daytime and Evening

Daytime Period Evening Period Periods
P r paglal, N P r pal[)‘tlal, N P r palr)'tlal, N
Maximum Number Maximum Number Maximum Number
(65.62 Birds) (411.89 Birds) (411.89 Birds)
0.14 0.01 ~0.00 0.02 0.21 0.23
P =036 ‘ p=096| * | p=097 ‘ p=092] % |p<o00s ‘ p<o0o0s|
Up to 50 Birds Up to 150 Birds Up to 150 Birds
0.73 0.63 -0.04 0.14 0.26 0.37
P <0.01 ‘ p<00i| * | p=o0s ‘P:0.38 # 1p<00s ‘ p<ool| %8
Up to 100 Birds Up to 100 Birds
0.42 0.39 35 0.48 0.46 79
P<0.05 | P<0.05 P<0.01 | P<0.01
Up to 70 Birds Up to 50 Birds
0.38 0.34 29 0.59 0.52 61
P<0.05 | P=0.09 P <0.01 | P<0.01

8). In the evening
the maximum syn-
chronous upflights
were observed at
wind speeds up to
9.2 m/s, though
most of the maxi-
mum observed val-
ues occurred at or
below wind speeds
of 6.0 m/s (Fig. 9).

A separate and
isolated examina-
tion of the cases
where the maxi-
mum values of syn-
chronous upflights
per hour occurred
has shown that their
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Fig. 6. The Relation between the Number of Synchronous
Upflights and Air Temperature in Daytime Period.
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rather than in cool or windy
conditions.

In cold and cloudy
weather distinct depression
in tern activity was ob-
served, particularly at low
temperatures coupled with
strong, steady wind (e.g.
+6.2°C and 9.0 m/s;
+8.6°C and 9.0 m/s). In
these conditions, wind
ruffled birds were ob-
served to be silent, sitting
in a tight flock, bills turned
towards the wind. Al-
though birds were present
in considerable numbers
(e.g. on average 133 birds
per hour), synchronous

TYpPHI BO3yXa B THEBHOH MEPHO].

highest observed rates did not occur below a
mean temperature of +13°C and at a mean wind
speed of less than 6.0 m/s (Table 2). This indi-
cates there is a tendency of Gull-billed Terns
to perform higher numbers of synchronous
upflights in relatively warm and calm weather,

upflights were not recor-
ded at all (Fig. 2: Evening
period, 20%°-21%). Occasionally a high num-
ber of synchronous upflights was recorded at
atemperature not higher than +14.5°C but with
a light wind (e.g. five synchronous upflights
at+14.4°C and 1.7 m/s; seven at +12.3°C and
4.0 m/s; and five even at +9.3°C and 5.8 m/s).
Thus, the wind definitely

12
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ano o

increased the “weather
hardness” and it was a
strong wind that had the
most adverse effect on the
intensity of synchronous
upflights in combination
with low temperatures.
Steady rain may also
adversely affect the inten-
sity of synchronous take-
offs and pairing behavior in
general. In this context, a
good example could be set.

o0 0O
o0 O O
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Temperature perHour

It was the only case when
the observations were
made during continuous

Fig. 7. The Relation between the Number of Synchronous
Upflights and Air Temperature in Evening Period.

Puc. 7. 3aBUCUMOCTD YKClla CHHXPOHHBIX B3JIETOB OT TeMIIepa-
TYpbI BO3[lyXa B BEYCPHUH MIEPUOI.

steady rain. Despite being
present in considerable
numbers (approximately
60 birds) in the daytime
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Table 4

Changes in the Means of Birds and Synchronous Upflights per Hour during Daylight Time

of the Day

Wsmenenue cpe)JHeﬁ YUCJICHHOCTH IITUIl U CPEAHETO YUCJIa CHHXPOHHBIX B3JICTOB 3a 4Yac 3a

CBCTIIYIO 4aCTb CYTOK

Timing Mean Number of Changes in Mean Number Mean Number of
Intervals Birds per Hour*, %, of Birds per Hour Synchronous Upflights
M + SE (N) in Comparison with per Hour,
Previous Interval, % M + SE (N)

400_500 100.00 + 0.00 (1) 0.00 0.00 £ 0.00 (1)
50000 100.00 + 0.00 (1) 0.00 2.00 £+ 0.00 (1)
600700 86.02 £ 2.87 (2) -13.98 9.00 +1.53 (3)
700800 5828 £13.81 (3) -27.74 6.75 £ 0.85 (4)
800900 3444 +£3.21(4) —23.84 4.00 +1.00 (3)
9001000 24.56 +3.75 (5) -9.88 3.20+£0.80 (5)
10%0—11° 23.37 +2.62 (6) -1.19 2.60 + 0.24 (5)
11901200 18.63 +£2.97 (5) —4.74 2.80+0.86 (5)
1200-13% 16.34 +2.58 (8) -2.29 2.00 £0.62 (7)
13%0-14% 17.70 = 7.12 (6) 1.36 2.80+0.97 (5)
14%0-15% 17.81 +£3.76 (7) 0.11 1.83 £ 0.60 (6)
15%-16% 21.55+2.58 (7) 3.74 2.43+£0.65(7)
16%-17% 21.27 +3.49 (11) -0.28 3.00£0.53 (9)
17%°-18% 25.09 +2.81 (12) 3.82 3.30£0.42 (10)
18%0—19% 40.07 = 3.15 (15) 14.98 4.25+0.32 (16)
19%°-20% 67.06 + 3.50 (15) 26.99 4.47 +0.54 (17)
20%-21% 88.54 £ 1.60 (15) 21.48 4.06 + 0.62 (16)
21002200 100.00 + 0.00 (5) 11.46 2.00+0.45 (5)
22002300 100.00 + 0.00 (4) 0.00 0.00 £ 0.00 (4)

* For the calculations of the mean number of birds per hour see the footnote for Figure 2.
* JI7st pacdeTa cpeHe YHCICHHOCTH IITHUI] 32 9aC CM. CHOCKY K PUCYHKY 2.

hours the birds sat ruffled up, occasionally
shaking their wings and performing no more
than one synchronous take-off per hour. The
situation was further complicated by the fact
that terns arriving with small and medium-
sized lizards (food-carrying by advertising
males is considered to be an element of court-
ship display — Cramp, 1985) were attacked by
immature Yellow-legged Gulls (Larus cachin-
nans) as a breeding colony of this species was
located nearby. They made dive-attacks to-
wards the flock of the terns and forced them to
fly up and drop the food (Fig. 3: four right-

hand cases in the plot). Elimination of these
four cases from the analysis yields a high cor-
relation between synchronous upflights and
mean birds present per hour (Table 3).

“Initiative Group”.
Some External Factors Eliciting
Synchronous Take-offs

There were always birds in the flock that
were more noticeable in aerial and ground ac-
tivities. Typically, it was as many as the whole
group (3—14 birds) or several groups of birds
that alighted in the flock together and often
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they were significant in the
initiation of synchronous
upflights since they served
as a catalyst for the entire
flock engaged in ground
display. It often was these
active birds suddenly flu-
shing up from the ground
that attracted all the other
birds to follow, thereby ini-
tiating a synchronous up-
flight.

By day, high rates of

Wind Y elocity per Hour

Fig. 8. The Relation between the Number of Synchronous
Upflights and Wind Speed in Daytime Period.
Puc. 8. 3aBUCHMOCTB YHCIIa CHHXPOHHBIX B3JIETOB OT CKOPOCTH

BETpa B IHEBHOU MEPHUO/I.

flew up together after a short bout of ground
display. They were called the “initiative group”
from their prominent extra active behavior
compared to the bulk of birds. While compo-
sition and stability of these groups is unclear,

synchronous upflights
could be maintained exclu-
sively by the “initiative
group” activities of active
birds at the gathering site.
In a number of cases only
active birds at the gather-
ing site were present, that
is the “initiative group.” Viewing separate ac-
tive individuals has shown that much of their
time was spent in the air chasing each other
back and forth or simply circling high in the
sky over the gathering site, thus acting as if in
a prolonged synchronous

12

take-off, and not willing to

o land immediately. Despite
2 1 an energetic ground dis-
T . .
5 play of the active birds,
2 o . .
. ° synchronous upflights did
= 5 o o not occur more frequently
2 than in the evening time.
g B o o o © After increased strong ex-
5 w @ o © citement during ground
o 4 o 00 0B 000 00 6 ¢co 0 courtship a sudden and
5 o 6 o o o sharp take-off of the whole
E 2 0 o] 00 o} 00 “Initiative group” ensued.
= . .
The birds described a short
0 ; A and low circle over the
0 : 4 8 8 10 12 ground, and then immedi-
Wyind Y elocity per Hour

Fig. 9. The Relation between the Number of Synchronous

Upflights and Wind Speed in Evening Period.

Puc. 9. 3aBucHUMOCTh 4KCIa CHHXPOHHBIX B3JIETOB OT CKOPOCTH

BETpa B BEUYCPHUU IIEPUOLL.

ately returned, often to the
same spot, to display. Oc-
casionally a portion of the
birds did not come back to
the display site at all. Thus,
when high rates of these
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brief scatterings were ob-
served (up to 18 per hour),
the maximum rate of real
synchronous upflights
(with vortex) did not ex-
ceed 4-5 per hr.

In the evening, return
of bird parties from feed-
ing grounds appeared to
increase frequency of syn-
chronous upflights ob-
served. Even, in this case,
influence of “initiative
groups” in the initiation of
synchronous take-offs was
evident. Occasionally a
few birds flying in line or
a few small groups of birds
alighting in the main flock,
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Fig. 10. The Relation between the Number of Synchronous
Upflights and Number of Birds in Morning Period.

Puc. 10. 3aBUCUMOCTD YnCIa CHHXPOHHBIX B3JIETOB OT YHCIICH-
HOCTH IITHL] B YTPEHHUH IIEPUOLI.

appeared to stimulate syn-
chronous upflights. How-
ever, it was rather difficult to document this
effect statistically. As described for daytime
observations the activity increased inside the
“Initiative group” displaying on the ground,
and its sudden scattering in the air developed
into a powerful synchronous upflight during
which all the remaining birds, rapidly joined
this group. Despite provocative actions from
the “initiative groups,” they were not always

successful in getting the entire flock to rise into
the air. The flock often ignored sudden and
sharp upflights of separate birds. The sustained
rate of synchronous upflights remained on av-
erage four per hr (Table 1).

Other causes of synchronous upflights ob-
served included flying attacks of immature L.
cachinnans, attempting to rob the terns of liz-
ards. Several cold days of late April, when food

Table 5

The Correlations (Pearson’s and Partial) between the Number of Synchronous Upflights
and Values of Meteorological Factors (Air Temperature and Wind Speed)
Koppensitiust yrcia CHHXPOHHBIX B3JIETOB i METEOPOJIOrHYeCKUX (akTOPOB (TeMIIepaTypsbl

BO3/IyXa M CKOPOCTH BETPA)

. . . . Combined Daytime
Daytime Period Evening Period and Evening Periods
P r paIr)tlal, N P r paIr)tlal, N P r pall;tlal, N
Number of
Synchronous 039 038 1,44 032 033 49 0.33 0.34 93
Upflights & Air | P <0.01 | P<0.05 P<0.05 | P<0.05 P <0.01 | P<0.01
Temperature
Number of
Synchronous -0.25 -0.19 44 -0.26 -0.28 49 -0.19 -0.19 93
Upflights & P=0.10 | P=0.23 P=0.07 | P=0.06 P=0.06 | P=0.08
Wind Speed
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ized by very unstable hy-
drological regime. The ba-
sins occupied shallow de-
pressions subject to con-
siderable fluctuations in
water level during frost-
free seasons. Rapid snow
melt in spring filled the
lake bowls with melt wa-
ter, rapidly lost to evapo-
ration, due to the combined
effect of high temperatures
and strong winds. There-
fore, availability of small
islands and islets suitable
for the Gull-billed Tern
breeding changed almost
weekly. During rapid dry-

TYpBI BO3AyXa B yTPEHHUI IEPHUO.

resources were apparently lacking, contained
multiple observation periods that included re-
peated aggressive swoops of these gulls. This
data was eliminated from analysis for it was
felt the continuous upflight activity triggered
by the swoops distorted a real picture of syn-
chronous upflight dynamics shown by the terns
when undisturbed. Bursts of flight of Ruff (Phi-
lomachus pugnax) flocks foraging on the
ground nearby, low passages over the “club”
by the Mute Swan (Cygnus olor), human ap-
proach or an aerial predator approaching the
colony, and possibly other causes could occa-
sionally elicit a synchronous upflight of the
terns.

Synchronous Breeding of Gull-billed
Terns and Habitat Instability
in Study Area

Observations of laying and hatching pro-
cesses have shown that Gull-billed Terns dem-
onstrate highly synchronous breeding: egg-lay-
ing and hatching periods take only 7-8 days,
with the egg-laying peak occurring within only
3-5 days (five examined breeding settlements,
data in preparation).

The lakes in the study area are character-

ing of the basin lakes, the

islands and sand-banks
with the tern breeding colonies may rejoin the
mainland, thus permitting easy access for quad-
ruped predators and cattle. In addition, wet
sand-banks which occasionally create attrac-
tive nest sites for Gull-billed Terns are subject
to sporadic floods caused by heavy wind and
rains. Thus, nesting habitat using by terns in
the study area may be characterized as ex-
tremely unstable.

Extinction of Synchronous
Take-offs

Synchronous upflights diminish quickly
during the first week of incubation as the fol-
lowing example made clear.

In 2003, two colonies of terns originally
existed at Lake Ayke: the first on a low, wet
sand-bank in a shallow bay (approximately 370
nests, May 23 estimate) and another on a large
sandy island some two kilometers away from
the first. In the second colony all 143 nests
were staked during early incubation. The first
colony on the wet islet was destroyed by flood-
ing on May 27. By May 29 the number of nests
in the second colony on the large dry island
jumped to 214, and on June 1 it totaled 292
nests. New nests may have been constructed
by either or both birds from the destroyed
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colony and/or late comers
from the southern areas.
What was important, all the
new nests were arranged
compactly on one edge of
the original colony thus ex-
tending it 20-30 meters on
that side. After May 31
synchronous upflights re-
commenced in the larger
colony, and were only ob-
served to be performed on-
ly by the recently settled
birds within the newly
added section of the colo-
ny. Birds within this co-
lony, on nests marked ear-
lier and predating the
storm, ignored synchro-

14

5
£ 12t o
i
o
£ 10t
(=2}
S o
o
P o]
2 o} 0
o
£ B ®
[)
=3 o ©o o
L]
s 47
z o o O
5 a2t o) o
=
o}
0
1 2 3 4 g ] 7 8 9 10

‘r=—D,14?E‘p=D.5854 | Wind % elocity per Hour

Fig. 12. The Relation between the Number of Synchronous
Upflights and Wind Speed in Morning Period.
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nous upflights of the new

comers and continued to incubate. Only in ex-
ceptional cases did the entire flock fly up, appa-
rently prompted by gregarious instinct. Syn-
chronous upflights gradually diminished and
ceased altogether by 6 June. Hatching data re-
vealed that the final colony consisted of sev-
eral subcolonies, each of them occupying dis-
crete areas within the colony and having dif-
ferent dates of formation and highly synchro-
nous hatching of eggs within each subcolony
area.

During late incubation and early hatching
phases, massive upflights of the entire flock
were caused by occasional external factors, but
occasional upflights could be in no way con-
sidered as normal display inspired synchronous
upflights of the early breeding and pair for-
mation period.

Morning Period

Despite a paucity of the morning observa-
tion data (Table 1), several specific differences
of Morning period appeared to distinguish it
from the rest of daylight observations.

The highest numbers of synchronous
upflights, 12 /hour, were recorded in the morn-
ing (Fig. 2, 10, Table 1). Synchronous upflights

were most strongly correlated with the mean
number of birds present per hour within the
colony (Spearman’s rank correlation coeffi-
cient: R=0.69, N =16, P <0.01). During this
time period, no significant relationship be-
tween synchronous upflights and air tempera-
ture (Spearman’s rank correlation coefficient:
R=0.09,N=16,P=0.73); (Fig. 11), or wind
speed was recorded (Spearman’s rank corre-
lation coefficient: R =0.07, N =16, P =0.78)
(Fig. 12).

Discussion

Type II colony formation was said before
to have a high selective advantage for species
nesting in unstable habitats (See Introduction).
Consequently, breeding initiation and syn-
chrony demonstrated by Gull-billed Terns is
considered vital to successful breeding in un-
stable environments where an additional two-
week delay at a certain nesting location may
result in total loss for the entire colony.

Some researchers believe that social stimu-
lation synchronizes physiological processes in
birds with synchronous egg-laying as a direct
consequence of this synchronization (Vermeer,
1973; Burger, 1979). Synchronous take-off dis-
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plays by Gull-billed Terns in the pre-nesting
period appear to provide mutual stimulation
of birds, and may be the mechanism, or adap-
tation permitting maximum synchronization of
clutch initiation. Such synchrony would
shorten laying, incubation, and early chick
phases as much as possible, which is very im-
portant in unstable habitats where probability
of breeding success rapidly declines over time.
The prominence of synchronous upflights ex-
clusively at the early reproductive stage, and
their rapid extinction during the first week of
incubation is evident from the fact that incu-
bating birds become behaviorally unrespon-
sive to synchronous upflights of those conspe-
cifics beginning nesting later in the season for
any reason (the case described above).

It might be supposed that upon their ar-
rival to the breeding grounds, Gull-billed Terns
exhibit varied physiological readiness for
breeding. By accumulating in potentially suit-
able nest sites, participating in courtship dis-
play and in synchronous upflights birds might
thereby increasingly become a physiologically
homogenous group collectively ready to start
breeding. Very active birds form “initiative
groups” and appear to contribute much to this
reproductive synchrony. Apparently they do
not need to forage throughout the entire day-
light unlike the bulk of birds, and can afford
to spend more time on the gathering site court-
ing, displaying, and vigorously provoking the
entire flock to participate in synchronous
upflights.

To be sure, the number of individuals
stimulates bird activity only to a certain limit.
In the late evening, largest numbers of birds
evidenced a lower frequency of synchronous
upflights/hour, than earlier observations. This
could be due to a greater proportion of pas-
sive and inert birds in the flock as they ready
for sleep. It was shown that earlier in the
evening the highest intensity of synchronous
upflights and the largest increase in the mean
number of birds per hour were recorded. These
facts as well as visual observations of ground
behavior displayed by Gull-billed Terns sug-
gest that rather than being due to the numbers
itself, the high intensity of synchronous

upflights can be accounted for by the rapid
changes in the number of terns from lower to
higher values, or greater levels of overall ac-
tivity among the birds present. The larger the
increase in bird numbers per hour the higher
the increase in frequency of synchronous
upflights is likely to be per the same hour. To
understand why this occurs, the patterns of
ground display behavior of Gull-billed Terns
must be remembered. Even one bird alighting
in the “club” precipitates a burst of increased
calling and activity among neighbors. During
the mass evening return to the roost and gath-
ering site this increased calling and activity is
multiplied many times, and is apparent to birds
and observers from the increasing movement
and hum produced by cackling birds in the
“club”. Consequently, the probability of the
entire flock being able to fly up in the air after
a single bird or “initiative group” suddenly
flushing up, increased largely as well. Further-
more, the total number of “originally” excited
and active birds, i.e. “initiative groups”, as-
sembling by the evening for roosting seemed
to increase, too. This could be account for the
fact that synchronous upflights were performed
much more regularly in the evening, when a
mass arrival of birds occurred, and their in-
tensity was higher than in the daytime, even
during inclement weather. Therefore, the
jumps in numbers of birds and provocative
behavior of the “initiative groups” affecting
the entire flock could be identified as essen-
tial mechanisms affecting dynamics of syn-
chronous upflights.

High air temperature is thought to acceler-
ate physiological processes and intensify bird
social stimulation through which the efficient
synchronous egg-laying occurs. Observed high
frequency of synchronous upflights early in the
morning at the lowest daily temperatures close
to the freezing point suggests that synchronous
upflights in the morning may serve the comple-
mentary function of limbering and warming-
up birds, after prolonged inactivity on cold
ground within the roosting site for the night.

In summary, data suggest conditions un-
der which the highest intensity of synchronous
up-flights is likely to occur. The maximum
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number of synchronous upflights will be ob-
serving in the evening notably within 19%°-20%
when the maximum growth of the number of
birds occurs, and with the mean number of
birds estimating roughly to be 70 individuals
per hr. The auspicious weather conditions are
also required: relatively warm or hot (from
+14°C and higher), windless or lightly windy
(to 4-6 m per second), dry weather. Only un-
der these conditions is there a strong probabil-
ity of expecting a high intensity of synchro-
nous upflights.
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