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EXPERIMENTAL STUDY OF TERRITORIAL
STRUCTURE IN THE GULL-BILLED TERN

Evgeniy V. Barbazyuk

Abstract. The nest territory structure and territorial behavior of the Gull-billed Tern was studied at Lakes
Shalkar and Ayke (southern Russia) in 2000, 2001 and 2003. To examine the defended area around nests, field
experiments were conducted during which one nest was moved gradually toward the nearest neighboring nest.
The area surrounding a Gull-billed Tern nest was shown to consist of at least three territorial units, not visible by
direct observation: immediately surrounding the nest is a small area designated as the Core Area; the Core Area
is surrounded by a larger area called the Conflict Zone, consisting of a more aggressive Inner Layer directly bor-
dering the Core Zone, and a less aggressive Outer Layer. The hostility of the both birds increased as the distance
between the nests lessened. In the Core Area tern aggression was maximal, and was expressed by absolute in-
tolerance of other individuals.
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JKcNepUMeHTAIbHOE H3YyYeHHe CTPYKTYPhI TepPUTOPHH Yy YalikoHocoii kpauku. - E.B. bBapoa3iok. -
BepkyT. 14 (1). 2005. - Pabora nposoauiachk BecHoit u jgerom B 2000, 2001 u 2003 rr. Ha BocToke OpeHOypr-
cKoit obnactu, Ha o3epax [llankap-Era-Kapa (50°47 c. ur., 60°55” B. 1.) u Aiike (50°58" ¢. ur., 61°30" B. 1.). Uc-
IOJIb30BAJICS METOJI ITOJICBOTO SKCIIEPUMEHTA. B Kak/[0M OIbITE MPOBOAMIOCH MO3TAIHOE NEPEIBUKEHNE OTHO-
ro THe3/1a K OnkaiiieMy coceHeMy HenoaBmwkHOMY. OH 0Tpe3ok nepeasmkenus cocrasisit 520 cm. [Toc-
JIe KaXI0TO0 MePEABIKCHHS NITHIIAM HEPEABUIaeMOro U HEMOIBHXHOTO THE3JT IPEeJ0CTABIISIACH BOSMOXHOCTh
BEPHYThCS K I'HE3/ly M nocujers Ha HeM 10—15 muH. 1o OKoHYaHMM OmbITa THE30 BO3BPAIIAIOCh HA MECTO.
I1pu npoBeieHNH SKCIIEPUMEHTOB, BO BPEMsl KOTOPBIX ITOAOMNBITHOE THE3/I0 MOCTENEHHO MEePeMEeIasoch K He-
MOJIBUKHOMY THE3/y, XO35HH HEIOBHKHOTIO THE3/1a 110-Pa3HOMY BOCIIPHHUMAII OJ0/IBUIaeMOro coce/1a, B 3a-
BHCHMOCTH OT CTCHICHHU YJJaJICHHOCTH THE3JL APYT OT Apyra. BeIACHUIOCH, 4TO Y YAl KOHOCHIX KpayeK HPOCTpaH-
CTBO BOKPYT THE3/[a COCTOMUT U3 TPEX IEMEHTOB, MM CyObCANHHIL, HE BUMMBIX ITyTEM OOBIYHBIX HAONIIOCHHUIA,
HO XOPOIIIO Pa3JIMYAIOIINXCS MEX/LY CO0O0ii 10 CTEIEHN BRIPAKCHHOCTH 1 IPOSIBICHUIO arPECCUBHOCTH M IO Ha-
JIMYUIO WJIM OTCYTCTBHIO HEKOTODPBIX 3JIECMEHTOB ITOBEACHHs, HAOIIOAABIINXCS BO BpeMst onbIToB. YalikoHOCast
Kpadka JIEMOHCTPHPYET JIOBOJIBHO CIIOKHYIO TEPPUTOPHAIIBHYIO CTPYKTYPY, JIEMEHTBI KOTOPOif MOTYT OBITh BbI-
SIBIICHBI TOJIBKO 3KCIIEPHMEHTAIbHBIM IyTeM. B Hell MpOMCXOANT HapacTaHUE arpeCCUBHOCTH KPaueK U yCHIIe-
HHE MCKOM(OPTHOTO MOBEJICHHS B HAIIPABICHUHU OT Mepudepuu K THE3/y M0 CXeMe: MOJIHOE OTCYTCTBHE JIHC-
koM(pOopTa, arpeccu — TEPBBIi CII0iT 30HBI KOH(IUKTOB — BTOPOii CIIO# 30HBI KOHAIUKTOB —> aOCOIIOTHO
oxpaHnsiemas 30Ha. B aGcoioTHO 0XpaHaeMoii 30He arpecCHBHOCTb KPaueK MaKCHMallbHa, YTO MPOSIBIISETCS B X
HETepPIUMOCTH K APYTHM 0COOsIM. AGCOTIOTHO OXpaHsieMast 30Ha SIBJISIETCS CaMOi CTaOHIIbHOM eIMHHLICH TeppH-
TOPHH H, BUJIMMO, 00yCIIOBINBACT HAIUYME ABYX APYTUX TEPPUTOPHAIBHBIX CTPYKTYp — HEPBOIO M BTOPOTO
CJ10s1 30HBI KOH(JIUKTOB, B KOTOPBIX Kpayka BBIPAXKACT CBOE OTHOIIECHUE, CTEIIEHb TEPIUMOCTH K APYTUM 0CO-
0s1M, HAXOJUIIIIMXCSI HA PA3HBIX PACCTOSHUAX OT ee rHesza. IIpe/mnonoxuTesbHo, abCOMIOTHO OXpaHsieMas 30Ha
COBIIAJACT C MHANBU/LYaIbHON ANCTAHI[MEH NITUIIBI.

1. Introduction of a territory may vary greatly even in the

course of one reproductive season — for ex-

The question of territorial behavior and the
role territory plays in the lives of birds is ex-
tremely complex. Despite considerable re-
search, the structure and functions of bird ter-
ritory as a dispersal mechanism remain insuf-
ficiently studied. The territorial factor in co-
lonial waterbirds is not by itself a sufficient
condition for regulation of population density
through territorial behavior, because the size
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ample, it may decrease under pressure from
new intruders settling among existing nests in
a colony (Tinbergen, 1956; Kharitonov, 1998;
Panov, Zykova, 2002), which appears to sup-
press its regulatory function. To understand
how the factor of territory prevents over-
crowding, it is necessary to take a closer look
at what the territory is, i.e., examine in detail
its internal structure. Several recent experimen-
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Fig. 1. Study area.

tal studies were conducted in which the nest-
territory structure of the Black-headed Gull
(Larus ridibundus) and Pacific Black Brant
(Branta bernicla nigricans) was examined.
The territorial structure of those species was
found to have a quite complex pattern, and
certain of its elements were not visible by di-
rect observation. Immediately surrounding the
nest is a small area known as the Core Area,
which can be considered as the main regulator
ofnest density for those species. In contrast to
the Core Area, the greater portion of nesting
territory is not defended vigorously, varies
greatly depending on conditions, and functions
as a buffer zone (Kharitonov, 1978, 1982; Kha-
ritonov, Kharitonova, 1995).

I have carried out experiments somewhat
similar to those of Kharitonov. As a research
subject I chose the rare and poorly studied (for
Eastern Europe) Gull-billed Tern (Gelocheli-
don nilotica), which generally nests in colo-
nies and displays distinct territorial behavior
(Cramp, 1985; Zubakin, 1988). In 2001 and
2003, the Gull-billed Tern was one of the most
numerous colonial waterbirds in the study area
and nested with high density, which enabled
the necessary experimental research to be con-
ducted.

Puc. 1. Paiion nccnemoBanuii.

This study investigates in detail the nest-
territory structure and certain aspects of the
territorial behavior of this species. As regards
the role of territorial structure and territorial
behavior in nest density regulation in Gull-
billed Tern colonies, this question will be ex-
amined separately in another paper.

2. Study area and methods

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,
in 2000, 2001 and 2003 (Fig. 1). On the lakes
in the study area Gull-billed Terns preferred
to nest together with other colonial Laridae,
usually on small sandy alluvial islands in shal-
low water, at times as many as 700 pairs (Bar-
bazyuk, 2003).

Each pair of terns guards a small area
around the nest. To study this area in detail,
field experiments were conducted using a spe-
cial technique. Sergei P. Kharitonov applied
this technique to studies of the nest-territory
structure of the Black-headed Gull and Pacific
Black Brant (Kharitionov, 1978, 1982, Kha-
ritonov, Kharitonova, 1995).
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The method can be described as follows.
Observations were made from a small portable
booth covered with camouflage fabric with
several observation slits. The experiments con-
sisted of moving one nest step-by-step towards
the nearest neighboring nest. The nest was
moved a distance of 5-20 cm from its original
position toward the fixed neighbor nest. After
that, all the birds were permitted to incubate
eggs for 10—15 min. The nest was then again
moved a certain distance, and so on. The mea-
sured distances were between the centers of
the nests. The territorial interactions of the
occupants of both nests (moveable and station-
ary) were recorded. Usually the host of the sta-
tionary nest permitted the “intruding” pair to
come closer to its nest than the initial distance
between these nests. However, when the move-
able nest reached a certain area around the sta-
tionary one, the host of the latter kicked the
“intruding” pair out of their own nest. It did so
despite resistance from the occupants of the
moveable nest. More often, however, the
moveable nest’s tern stopped following its nest.
As a result of these experiments it was some-
times possible to determine the size of the most
defended area immediately surrounding a nest.
This area was called the Core Area or Core
Zone (Kharitonov, Kharitonova, 1995). The
distance between the centers of the nests dur-
ing the last steps of the experiment reflects the
Core Arearadius (Fig. 2). The Core Zone can-
not be seen by means of direct observation and
could be detected
only by experiments.

Since the birds
were largely vulner-
able to human distur-
bance during early in-
cubation, 34 experi-

Fig. 2. Determination of the Core Area (Core
Zone) Radius (Kharitonov, Kharitonova, 1995):
1 — moveable nest, 2 — stationary nest; A —
distance at which Bird 1 is still sitting on its
nest, B — distance at which Bird 2 drives away
Bird 1, R — Core Zone radius A > R > B.
Puc. 2. Onpenenenue paamyca abCOTIOTHO OX-
pansemoit 3oub1 (Kharitonov, Kharitonova,
1995).

spent carrying out the experiments) totaled 231
hrs, 25 minutes over three years; the number
of experiments was 232 (Table 1).

Tern behavior was recorded during the first
1015 minutes after each nest movement. Then
the overall behavior flow was split up into a
number of patterns (Hinde, 1970). Later, in
processing data, a 10 cm-interval scale was
devised (from 0 to 160 cm), and all numerical
values of each pattern superimposed on it. An
aggregate table of pattern frequencies was for-
mulated, and for each 10-cm segment the nu-
merical value of a particular pattern was
counted only once (including zero values).

Table 1

Number of experiments performed in 2000, 2001 and 2003
(L — initial distance between nests)
KonugecTtBo skcniepumenToB, mposeaeHHbIx B 2000, 2001 1 2003 rr.

ments remained un- L, cm Completed Uncompleted “Abnormal”  Row

completed. Their experiments  experiments  experiments  totals

main purpose was

only topdetgrmine the 0780 41 4 36

initial aggressive re- 80-110 82 14 6 102
. . 110-140 42 8 5 55

action of the birds. ~140 18 1 0 19

Overall observation

time (including that Columntotals 183 34 15 232
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Table 2
Frequency of occurrence of patterns in experiments
Yactora BCTPEUACMOCTH MAaTTCPHOB B OKCIICPUMEHTAX
1-50-80cm, 2 - 80-110 cm, 3 — 110-140 cm, 4 — >140 cm
398838 8s¢g o =3 o o Experiment Total
L.cm S S § S S ; g g g § g % g % ; g number in which number of Percent of total
Patterns 323339834 @ | = « patternoccurred  experiments
I. Occupation of Nest in 1 6 9 7 3 26 52 50,0
Comfort*
11. Discomfort Behavior® 7B 15 20 10 35 41 854
g.' ‘R/?E?ron 5 72) 15 22(5) 23(11) 2 20 M ggé
M: R(A) 2 6 51)  14(13) 11(6) 1 27
\'8 m 73
Bird Stops Getting S: 2 1 3 92,7
on Nest M: 1 4 13 19 1 38
V. Moveable Bird Looks for 3 5 16 17 13 29 41 70,7
Original Nest Site
V1. Neighbor Nest Seizure 3 2 5 b 122
VII. Disappearance 73
s 1 2 3 4 244
M: 1 6 2 4 10 '
53883888 2 g8 8 § 8 § g g B Tow
Lem s 2 ? S S a8 & & & & > & & PR number in which number of Percent of total
Patterns 83383 @ @ ~ © © 5 ® « pattern occurred  experiments
|. Occupation of Nestin 3 1 21 17 8 4 64 96 66,7
Comfort
11. Discomfort Behavior RS B 16 78 82 95,1
g' 'R‘Eg“)"& on 1 9 13 31(2) 46 354) 486) 21(10) 1 78 82 32;
M: R(A) 1 5 9 8  14(4) 17(3)  6(4) 38
V. 82 6,1
Bird Stops Getting S 3 2 5 93,9
on Nest M: 1 2 5 8 33 25 3 77
V. Moveable Bird Looks for 2 6 7 19 23 20 35 17 62 82 756
Original Nest Site
VI. Neighbor Nest Seizure 2 1 1 4 82 49
VII. Disappearance
S 2 1 3 4 7 4 20 82 gg'g
M: 2 3 3 2 8 5 1 21 '
53883888 2 8 8 § 8 § g8g  Ewemn To
Lem s 2 ? | & S & 3 Q & & 9 number in which number of Percent of total
Patterns Fga83I383 4 ° @ ~ © ® « pattern occurred  experiments
|. Occupation of Nestin 1 4 12 9 10 3 3 2 44 50 88,0
Comfort
1. Discomfort Behavior 2 6 4 12 17 22 12 19 1 35 42 833
o 'R’?E‘)” on 104 3 9n 10 2(2) 132 266 40 36 %2 o
M: R(A) 12 1 3 6 3 22) 83 3(1) 17
V. 0 24
Bird Stops Getting S 1 1 97,6
on Nest M: 4 3 4 21 8 1 41
V. Moveable Bird Looks for 3 4 8 6 8 7 14 11 18 4 34 42 81,0
Original Nest Site
VI. Neighbor Nest Seizure 2 3 1 5 42 1.9
VII. Disappearance 72
s 1 2 3 42 310
M: 1 1 1 2 2 4 2 4 13 )
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End of the Table 2
28888889 o Q Q o o o Experiment
tem 2 3icszs2s 223 3 8 8 T2 mmenwen TEMMEd g
Patterns 98332y 34 ~ N « pattern occurred per
I. Occupation of Nest in 1 1 3 3 3 4 3 1 19 19 100,0
Comfort
1. Discomfort Behavior 2 1 3 3 5 9 9 6 7 1 18 18 100,0
o ',;(\Egreﬁ on 1223 7 7 62 9o 11 18 18 éoff
M: R(A) 2 11 2 10 3 3 1 11
V. 18 0,0
Bird Stops Getting S: 0 100,0
on Nest M: 1 1 4 9 3 18
V. Movesble Bird Looks for 2 1 3 3 4 4 3 7 5 5 7 2 14 18 e
Original Nest Site
VI. Neighbor Nest Seizure : 1 18 56
VII. Disappearance
s 1 1 2 18 -
M: 2 1 1 3 5 '

Comments. R — aggressive rattle, A — attack, S — bird occupying stationary nest, M — bird
occupying movable nest; first gray stripe (left) — boundary of the first layer of the Conflict Zone
(Outer Layer), second one (right) — boundary of the second layer of the Conflict Zone (Inner
Layer).

! To prevent overloading the table, only the final point at which terns still “occupy the nest in
comfort” is shown for Pattern I in each experiment. For example, the numbers “1,” “6,” etc.,
mean that only one case was recorded where a tern still “occupied the nest in comfort” within
the 80—70 cm segment; six cases were recorded in the 70—-60 cm segment, etc. In this way, each
separate experiment could only have one last “comfort” nest occupation. The numerical values
of the pattern in experiments are equal to the number of experiments. The same holds for
Pattern IV.

2In each experiment any pattern could be identified and recorded several times, within the
various 10-cm segments — for example, within the 70-60 cm segment, 50—40 cm, 40-30 cm,
etc. Consequently, the numerical values of the pattern in the experiments are larger than the

total number of these experiments. The same holds for Patterns I11, V, VI, and VII.

Thus, a series of movements over distances
shorter than 10 cm was eliminated by the scale.

In 74 experiments conducted in 2003, tern
behavior was recorded at strict 10-minute in-
tervals from the first appearance of their oc-
cupants at the moveable and stationary nests,
and sequential moving of the nest carried out
in more uniform segments of 10-15 cm. Re-
sulting tables were compiled analyzing patterns
labeled “Aggression” and “Moveable Nest’s
Bird Looks for Original Nest Site”.

During experiments so-called “alarm”—
upflights” or “dreads” (Lind, 1963a, 1963b —
review in: Cramp, 1985; Sears, 1981) were ob-

served in which the entire flock flew up in fear
of the observation booth. However, this oc-
curred when the observer was sitting inside the
booth. I had, therefore, to register several ag-
gressive reactions, for example, instead of one.
However, since this factor was continuously
present throughout all the studies and occurred
at comparatively regular time intervals, it was
considered not to have influenced the overall
picture of pattern distribution.

Performing a statistical analysis of the data,
I used the distribution-free Wilcoxon test for
comparing two independent groups (Hol-
lander, Wolfe, 1973). Because in several cases
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the sample size was not large, conclusions were
drawn by comparing the observed values (cal-
culated in the software package STADIA 6.0)
with the critical values found in the tables (Hol-
lander, Wolfe, 1973). Tused STATISTICA 6.0
(StatSoft, Inc. 1984-2001) for all other statis-
tical analyses.

3. Results and discussion

For identifying structural units of a terri-
tory, the seven patterns which occurred most
frequently in the experiments were used. On
that basis an aggregate table of pattern frequen-
cies was devised in which the initial distances
between nests were subdivided into four
classes (Table 2).

Pattern I. “Occupation of Nest in Com-
fort”. Both the moveable and stationary nest’s
birds are present, sit on their nests, and pay no
discernible and visible (for the observer!) at-
tention to each other. There is no aggression
and hesitation while getting on the nests. The
order in which birds occupied their nests was
disregarded. Whenever aggression and hesi-
tation were recorded as early as the first nest-
moving stage of the experiment, it was con-
sidered to have no Pattern I and was not in-
cluded in the corresponding column of the
table. Data for the uncompleted experiments
were included in Table 2.

Pattern II. “Discomfort Behavior”. Both
birds get on their nests and continue nesting,
but already display signs of discomfort (mainly
aggressive reaction; also hesitation, fright, and
searching for the nest at its original site).

Pattern III. “Aggression”. This pattern
includes: a) aggressive rattles (“Ack-, Chip-,
Rattle-calls”- Lind, 1963a; Sears, 1981), plus
exhibiting the open bill with a bright red oral
cavity to the opponent; and b) attack (ground
and aerial).

Pattern IV. “Bird Stops Getting on
Nest”. Due to an increasing feeling of discom-
fort one of the two birds stops getting on its
nest (> 15-20 min). In most cases, this oc-
curred when the two nests were only 30—40
cm apart. In cases where, having sat on its nest

for a certain period of time, a bird arose and
then sat no more, such behavior was consid-
ered simultaneously as both “Discomfort Be-
havior” and “Bird Stops Getting on Nest,” and
recorded in both patterns. 32 cases with the
Core Area revealed were included in Table 2
as Pattern I'V.

Pattern V. “Moveable Nest’s Bird Looks
for Original Nest Site”. The moveable nest’s
tern gets up from it and walks towards its origi-
nal nest site. The tern scratches around there
searching for its eggs. After futile searches, it
turns back. The passage of a bird from its
moveable nest toward the original nest site and
back was considered to be one complete unit
of this pattern.

Pattern VI. “Seizure of Neighboring
Nest/Passive Moving onto Neighbor’s
Nest”. The difference between seizure of the
moveable nest and passive crossing over to the
moveable nest by the stationary nest’s bird
during near nest approach was disregarded in
both cases. This pattern often occurred in the
“abnormal experiments,” when the movable
and stationary nests were only 15-25 cm apart
(see below). The “abnormal experiments” were
not included in the table of pattern frequen-
cies, but rather examined separately. In all other
cases the pattern was included in the table.

Pattern VII. “Disappearance”. “Disap-
pearance” is defined as a 5-15 min delay in
getting on the nest after the whole flock has
landed. If a bird under observation disappeared
for > 20 min, the experiment was halted and
excluded from analysis in this study.

Thus, at each moving stage in the course
of a single experiment a tern might display
several patterns, for example “Bird Stops Get-
ting on Nest,” “Moveable Nest’s Bird Looks
for Original Nest Site,” “Disappearance,” and
“Aggression.”

As concerns “Domination”, dominant birds
are considered to be those displaying a greater
number of aggressive rattles and attacks. At
the conclusion of the experiment the dominant
bird often remained in its nest incubating. The
leading (dominant) position could change dur-
ing the experiment (especially after nest-relief).
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As the moveable and stationary nests ap-
proached each other, the stationary nest’s oc-
cupant responded in various ways to the in-
truder, depending on the distance between the
two nests. It turns out that the space surround-
ing a Gull-billed Tern nest consists of three
elements, or units, which are invisible through
direct observations, but differ significantly in
level of aggressiveness and absence or pres-
ence of certain behavior patterns.

The very small area directly surrounding
the nest is known as the Core Area (the Core
Zone), which is encircled by a larger Conflict
Zone (terms suggested by Kharitonov, 1978).
The Conflict Zone, in turn, is divided into a
lesser conflict Outer Layer and a greater con-
flict Inner Layer adjacent to the Core Area.

3.1. Conflict Zone

At a certain point in the moving stage, the
moveable nest first enters this territorial unit.
The Conflict Zone is a space around the nest
in which one of the terns elicits an aggressive
reaction from its neighbor. Within the Conflict
Zone, two components could easily be dis-
cerned — Outer Layer and Inner Layer.

3.1.1. Outer Layer

The main indication that the Outer Layer
has been breached is the first aggressive reac-
tion a tern displays to its neighbor. However,
it is rather weak and in most cases non-obliga-
tory within a certain moving stage. The nest’s
owners often preferred “to take no notice” of
its neighbor’s approach.

The order of priority in which birds took
their nests was important. If the moveable
nest’s occupant managed to get on its nest
sooner, the stationary nest’s tern then took its
seat silently, without aggressive signs, despite
its antagonistic behavior the previous time
when getting on first (as mentioned earlier,
there were several attempts to get on the nest
during a moving stage because of the
“dreads”). This circumstance should be taken
into account; otherwise, the distance value of
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the first aggression could be significantly un-
derestimated.

Thus, during the step-by-step moving of
the moveable nest towards the stationary nest,
on a certain piece of space known as the Outer
Layer, there are both “Sitting on Nest in Com-
fort” and “Discomfort Behavior” (Table 2 —
Patterns I, IT). These patterns could be com-
bined in one experiment or occurred separately
in different experiments, during one or sev-
eral step-by-step movings. The number of at-
tacks is not significant (Table 2 — Pattern III).
Despite the appearance of threat, the move-
able nest’s terns followed their nests rather well
and in most cases did not abandon them (Table
2 — Pattern IV).

Due to a weak aggressive reaction in this
layer, its external boundary varied greatly. The
external boundary was most discernible in ex-
periments with 1- to 10-day-old clutches in
low-density areas deprived of vegetation. As
the initial distance between nests increased, the
external boundary of the Conflict Zone (the
Outer Layer) increased as well (Table 2).

3.1.2. Inner Layer

In general, this layer is characterized by
an increase in the aggressiveness level, firstly
for the stationary nest’s occupant. In this layer,
relations between the birds became increas-
ingly tense. At the outer boundary of the Inner
Layer the last “Comfort Sittings” ended (Table
2 —Pattern I). There was exclusively “Discom-
fort Behavior” (Table 2 — Pattern II). After that,
the number of moveable nest birds ceasing to
follow and get on their nests increased sharply,
as compared with the Outer Layer (Table 2 —
Pattern IV — distribution-free Wilcoxon test
for comparing two independent groups, 50—
80em: W =34>W_ . (6,4)=31,N=10,P
=0,033;80-110cm: W =81>W_. (10,6)
=68, N=16,P=0,036; 110-140cm: W =
23,5>W_. (6,3)=22, N =18, P = 0,048;
>140em: W =33,5>W __ (6,4)=31,N=
20, P = 0,033). In antagonistic behavior, the
share of attacks magnified (Table 2 — pattern
IIT) — one of the birds, fearing for its nest, at-
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Table 3

Mean changes (X ) in the “aggression” pattern (attacks and
aggressive rattles) at 10-min intervals as one nest is steadily
moved toward the other during experiments
CpenHuie U3MEHEHUS B MAaTTEpHE “arpeccust’” (aTaku U arpec-
CHBHOE CTpeKoTaHue) o 10-MUHYTHBIM HHTEpBajaM, oKa
OJTHO THE3JI0 MPUOINKAIOCh K IPyTOMY B XOJI€ SKCIIEPUMEHTA

1 — 50-80 cm (14 experiments*), 2 — 80-110 cm (30), 3 — 110-

140 cm (19), 4 —>140 cm (11)

1
L,cm X, £SE: S»>M** X, £ SE: M-S X +SE
80-70 0,0+00 0,0+£00 0,0+00
70-60 31+19 03+03 34+19
60-50 41+17 1,0+£08 51+18
50-40 6,4+27 03+03 6,727
40-30 47+19 14+£05 61+19
2
L,cm X, #SE:S-5M X, +SE: M-S X +SE
110-100 00+00 00£0,0 0,0+£0,0
100-90 00+00 06+0,6 06+0,6
90-80 15+08 0,0£0,0 15+08
80-70 28+09 01+01 2809
70-60 42+1.2 0,6+04 49+13
60-50 50+09 1,1+£06 61+11
50-40 61+18 29+1.2 89+19
40-30 84+12 37+16 121+2.2
3
L,cm X, £ SE: S—-M X, £ SE: M-S X +SE
140-130 0,00£0,0 0,0+0,0 00+0,0
130-120 0,00£0,0 0,0+0,0 00+0,0
120-110 0,00+0,0 00+0,0 0,0+0,0
110-100 0,20+0,2 04+04 06+04
100-90 0,22+0,2 01+01 0,3+0,2
90-80 0,63+0,4 0,0+0,0 06+04
80-70 1,00+ 0,4 01£01 1,1+04
70-60 256+08 03+0,22 29+07
60-50 358+0,9 0,0+0,0 3609
50-40 6,60+12 02+0,22 68+13
40-30 6,00+£1,6 1,6+08 76+20

tacked its neighbor who had approached the
short distance (distribution-free Wilcoxon test
for comparing two independent groups, 50-80
em: W, =34>W  (6,4)=31,N=10,P=

0,033; 80-110 cm: W
=81>W_ (10,6)=68,N
=16, P =0,036; 110-140
em: W, =24>W . (6,
3)=22,N=18,P=0,048).
For distance group > 140
cm, the difference in num-
bers of attacks between the
two layers of the Conflict
Zone is insignificant, ow-
ing to insufficient data.
However, when general
turmoil calmed down, for
example, following an
“alarm”-upflight,”, and all
the neighbors gradually re-
occupied their nests, the at-
tacked tern approached its
nest stealthily and got on it
quietly, thereby attempting
to elicit no strong aggres-
sive reaction from its
neighbor. Both birds con-
tinued incubating, as be-
fore.

Within the entire Con-
flict Zone, the terns of the
moveable nests tried to
find their nests at the origi-
nal nest site (Table 2 — Pat-
tern V).

Tables 3 and 4 show the
mean change of the “Ag-
gression” and “Moveable
Nest’s Bird Looks for Ori-
ginal Nest Site” patterns
during 10-minute intervals
when moving the move-
able nest towards the sta-
tionary one up to the Core
Area. One can see that the
level of aggressiveness of
both birds rises when their
nests approach each other

(Spearman’s rank correlation coefficient, 50—
80 cm: R =-0,3, N =43, P <0,05; 80-110
cm: R =-0,6, N =113, P <0,001; 110-140
cm: R=-0,75, N=284, P <0,001; > 140 cm:
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R=-06 N=61,P<
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End of the Table 3

0,001), while the increase 4
in the number of times a
tern searches for its origi- L,cm X; 2SE:S-M X, +SEIM-S X +SE
nal nest site is less, depend-
ing on the nest-distance de- 160-150 0,000 0,000 0,0+ 00
, 150-140 0,0+00 0,0+00 0,0+0,0
crease (Spearman’s rank 140-130 0,0+0, 0,0+0,0 0,0£0,0
correlation coefficient, 50— 130-120 0,000 0,00, 0000
80 cm: R =— 0,5, N = 30, 120110 0,0+00 02+02 02+01
Z 110-100 04+04 0,0+00 04+04
P <0,05; 80-110 em: R = 100-90 05+05 0000 05+05
-0,5, N =110, P <0,001; 90-80 03+03 03+03 05+0,3
a TR = 80-70 03+02 03+03 07+03
110-140 cm: R = -0,4, N 70-60 15+ 09 05+03 20409
=76, P <0,01; >140 cm: 60-50 1,4+04 0,0+00 14+04
R = 0,44, N = 72, 50-40 44+18 03+03 47+18
+
P < 0,001) (Table 3 40-30 20+05 07+06 27+08
and 4).
Seizure  of  the

neighbor’s nest or passive
occupation of it was a quite
infrequent phenomenon
and observed at the bound-
ary of the Conflict and
Core Zones, or directly in the Core Zone (Table
2 — Pattern VI).

In the experiments with an initial distance
of 110-140 cm between nests, the moveable
nest’s terns were absent more frequently than
the terns in the stationary nest (y*=6,3, df=1,
P < 0,05). In other experiments (with initial
distances of 50-80 cm, 80—110 ¢cm and > 140
cm between nests), differences are insignifi-
cant, likely owing to insufficient data (Table 2
— Pattern VII).

It may be seen clearly that the number of
experiments containing Pattern I (“Occupation
of Nest in Comfort”) increases as the initial
distance between nests increases (Table 2, the
last column “Percent of Total”). In the experi-
ments with closely arranged nests (50-80 cm),
Pattern | may be found only in half of all the
experiments, whereas in experiments with an
initial distance of approximately 1,5 m between
nests, the pattern occurs in each experiment
(50-80 cm and 80-110 cm: y*>=3,3,df=1,P
<0,05; 50-80 cm and 110-140 cm: ¥>*= 15,4,
df=1,P <0,001; 50-80 cm and >140 cm: >
=12,91, df = 1, P < 0,001, one-tailed). This
fact indicates that closely arranged tern nests

* Each experiment consists of several observations: one obser-
vation in each 10-cm segment of 10-min intervals.

** The occupant of the stationary nest reacts aggressively to its
moveable neighbor; the third column is the reverse.

are located within the Conflict Zone initially —
i.e. the Conflict Zones of neighboring nests are
subject to overlap. This is also confirmed by
direct observations. In a number of cases in
dense colony plots, aggressive rattling of
neighboring terns was registered when they
were getting onto their nests. The distance
between those nests did not exceed 70—80 cm.
The reduced negative correlation (—0,3) be-
tween the distance and aggressiveness in the
experiments with an initial distance of 50-80
cm, as compared to correlations for the other
initial nest-distance groups (Table 3), also sup-
ports this presupposition.

3.1.3. Domination

In most experiments, the terns of moveable
nests, affected by an increasing sense of dis-
comfort, stopped following and getting onto
their nests; only infrequent instances of the
opposite situation were recorded (Table 2 —
Pattern IV). In the latter case, females were
usually the occupants of stationary nests who
were afraid to sit on the nest because of ag-
gressive males sitting close by on their move-
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Table 4

Mean changes (X ) in the “Moveable Nest’s Bird Looks for Original Nest Site” Pattern at 10-
min intervals as one nest is steadily moved towards the other during experiments

CpenHuie U3MEHEHUS B MAaTTEPHE “TIOMCK FHE3/a Ha cTapoM MecTe” o 10-MUHYTHBIM
MHTEpBaJIaM, OKa OJJHO THE3/10 MPUOIMKAIOCH K IPYTOMY B XO/I€ SKCIIEPHMEHTA

X +SE, X+SE, X+SE, X=+SE,
L,cm 50-80 cm 80-110 cm 110-140cm > 140 cm
(12 experiments*) (29 experiments) (17 experiments) (12 experiments)

160-150 0,0+ 0,0
150-140 0,0+£0,0
140-130 0,0£0,0 1,0+0,7
130-120 0,0+ 0,0 0,3+0,3
120-110 1,3+0,7 09+07
110-100 0,0+ 0,0 1,0+ 04 0,8+0,8
100-90 05+05 0,7+0,3 0,4+0,2
90-80 05+03 1,0+ 0,6 1,0+ 05
80-70 0,0+ 0,0 05+03 12+0,7 06+04
70-60 0,7+03 1,3+04 19+10 0,7£0,2
60-50 04+03 1,0+£0,2 22+06 16+05
5040 22+13 12+0,3 26+11 48+19
40-30 29+07 30+04 27+05 20+05

* Each experiment consists of several observations: one observation in each 10-cm segment of

10-min intervals.

able nests. Generally, the occupants of station-
ary nests behaved more aggressively than those
of moveable ones (Table 3) (distribution-free
Wilcoxon matched pairs test, 50-80 cm: Z =
3,2,N=29,P<0,01; 80-110cm: Z=5,5,N
=85,P<0,001; 110-140 cm: Z=5,3, N =48,
P <0,001; >140 cm: Z =32, N=25; P <
0,01) and dominated throughout the experi-
ments (Table 5).

3.2. Core Zone

This is the small area around the nest into
which no intruder is permitted. In the Core
Zone, a stationary nest’s occupant attacks its
moveable neighbor whenever the latter at-
tempts to get onto its moveable nest; therefore
each attempt of the moveable bird to sit on its
nest results in failure.

In spite of considerable difficulty in reveal-
ing it (most of the moveable nest’s terns gave
up trying to follow their nest somewhere on
the approach to this territorial unit — Table 2,
Pattern IV), the Core Zone really exists. In 32
cases, its radius (R) was determined. The mini-
mum radius of the Core Zone was 20 < R <
23 cm; the maximum radius was 32 < R <49
cm; the mean radius was 26,13+ 048 < R <
33,81 £ 0,96 cm (N = 32).

To examine the Conflict Zone and the Core
Zone boundary changes as the initial distance
between nests increases (i.e., as colony den-
sity changes), the growth rate index has been
used (Table 6). It is clearly seen that the very
first layer of the Conflict Zone is subject to
the largest variation, and that the Core Zone is
the most stable unit of the three. As the dis-
tance between nests increases by 92 %, the
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Table 5

Dominant position of Gull-billed Terns during
experiments

(L = Initial distance between nests)
JloMuHUpOBaHUE Y YaKOHOCBIX KpPau€K BO
BPEMSI SKCIIEPUMEHTOB

Dominant Position
(number of experiments)

L,cm
S M S—>M*
50-80 32 3 6
80-110 72 2 8
110-140 36 1 5
> 140 15 1 2
Total 155 7 21

* The dominant position changes during the
experiment

Core Zone mean radius (R ) increases by 10,6
% (U=20,5, P <0,05, Mann-Whitney U test),
while the first and second layers of the Con-
flict Zone increase by 61,5 % and 28,6 %, re-
spectively. The value of the Core Zone mean
radius for the distance interval of > 140 cm is
in single digits (Table 6).

In most cases when determining the Core
Zone, both nests were drawn together until the
occupant of the stationary nest, sitting in it,
could reach for its neighbor’s bill and snap at
it. In some experiments, unsuccessful tern at-
tempts to lunge at its opponent were recorded;
however, the distance between nests was not
close enough to attack, and the bird preferred
simply to sit tensely on the nest and show its
bill to the opponent, rather than attack. It may
be that the size of the Core Zone corresponds
to that of the individual distance maintained
by each bird around itself throughout the year
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(Conder, 1949). During nest-building, egg-lay-
ing and incubation stages, when birds commit
themselves to a particular spot, their individual
distance is identified and associated with that
spot.

3.3. “Abnormal experiments”

Here, the “abnormal experiments” should
be noted (Table 1). In these experiments, low-
ered aggressiveness or its complete absence
in the occupants of both nests (moveable and
stationary) was recorded and, eventually, it was
possible to move two nests very close to each
other with no space in between. Extensive ad-
ditional observations of such nests indicated
that this occurred when there were females in
both nests at the last moving stages. In con-
trast, males in “abnormal experiments” were
“normal” and occasionally even extra aggres-
sive. Later on, as the male relieved the female

Fig. 3. Diagrammatic representation of the
territorial structure of the Gull-billed Tern.
Puc. 3. Cxemaruueckoe mpeacTaBieHue Tep-
PUTOPUATBHON CTPYKTYpHI y YalKOHOCOU
KpayKH.

1 — nest; 2 — Core Area (Core Zone); 3 —
Conflict Zone: 3a — Inner Layer, 3b — Outer
Layer.
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at the nest, the “abnormal” situation turned into
the “normal” one. Such behavior is evidence
that birds recognize their neighbors by sex, and
that females are apparently less aggressive than
males, at least in some parts of the colony. They
are able only to maintain and adhere to the ter-
ritorial boundary line established by males
(Lind, 1963a) and not always even that, as
experiments have indicated. In this way, the
expression “abnormal experiments” merely
emphasizes specific features of certain indi-
viduals and the distinction in aggressiveness
of the partners, or more correctly, lowered fe-
male aggressiveness in certain experiments
compared with the general level of aggressive-
ness in most experiments.

3.4. Conclusion

Thus, the Gull-billed Tern demonstrates a
multilayer spatial structure (Fig. 3). In this
structure, a marked increase in the level of
aggressiveness occurs in an inward direction
from the periphery toward the nest according
to the following pattern: complete absence of
discomfort behavior and aggression — the first
layer of the Conflict Zone — the second layer
of the Conflict Zone — the Core Zone (the
Core Area). In the Core Zone terns’ aggres-
siveness reaches its highest point, and is ex-
pressed in their intolerance towards other in-
dividuals. The Core Zone is the most stable
unit of the three and seems to determine the
existence of the two Conflict Zone layers, in
which a tern expresses its attitude and toler-
ance towards other individuals depending on
their distance from its nest.
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