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Abstract 

In colonial seabirds, nesting density, egg-laying date and microhabitat of 

nest affect the probability of eggs to be taken by avian predators. Jungle Crows (Corvus 

macrorhynchos) are dominant predator of eggs of Black-tailed Gulls (Larus 

crassirostris). Factors affecting the probability of gulls allowing the crows to attack 

their nests or depredate their eggs and probability of eggs to be taken were studied by 

direct observation and egg census, respectively. The effect of vegetation heights, 

position in the colony and the egg-laying date and those of neighbour nests on the 

probability of eggs to be taken were examined at multiple spatial scales. Gull nests were 

depredated more easily by larger groups of the crows. The nests in peripheral areas (< 

4m from the edge of the colony) were also depredated more easily by the crows walking 

on the ground. Although the nests where eggs were laid early in the season were 

depredated more frequently, such nests nests synchronized highly in egg-laying within 

<2m radius were less likely to be depredated than less synchronized nests. The nests 

with tall vegetation were less likely to be depredated, though those having neighbour 

nests with tall vegetation were not. The number of the neighbour nests did not affect the 

probability of eggs to be taken. Anti-predation effects of nesting microhabitats vary with 

spatial scales at which the crows search and attack the nests of gulls. 
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Introduction 

As in bird species egg predation strongly limits the breeding success, 

predation could affect various breeding properties of birds (Lack 1954, Ricklefs 1969, 

Wittenberger & Hunt 1985). Parents of birds directly defend their nests or eggs against 

predators and select the nesting habitats that decrease the probability of eggs to be taken 

(Shedd 1982, Shealer & Burger 1992, Krebs & Davies 1997, Caro 2005). Seabirds 

decrease predation risk by nesting at cliff ledges or in the place with high vegetation 

coverage (Montevecchi 1978, Buckley & Buckley 1980, Parrish 1995, Massaro et al. 

2001) and by breeding colonially and synchronously （Wittenberger & Hunt 1985, Ims 

1990, Murphy & Schauer 1996）. 

Predators sometimes search the prey according to characteristic of 

microhabitat in some large spatial scale and decide to attack them in smaller spatial 

scale (Tinbergen et al. 1967, Tarvin & Smith 1995, Tarvin & Garvin 2002). Therefore 

anti-predation effects of breeding properties, such as nesting habitats and breeding 

synchronization, may change with spatial scales. In colonial breeding seabirds, 

synchronization of egg-laying at small spatial scale is a key for avoidance of predation 

risk but that at large spatial scale is not (Siegel-Causey & Hunt 1981, Murphy & 

Schauer 1996). There are few studies examining the effects of both of the timing of 

egg-laying and nesting habitat on the probability of eggs to be taken at different spatial 

scales. 

Eggs of ground nesting and colonial Laridae species are highly vulnerable 

to avian predators. They sometimes nest in heterogeneous habitat (Buckley & Buckley 
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1980, Schreiber & Burger 2002). Their colony often are subdivided into small groups 

according to their habitats in various spatial scales (Burger & Gchfeld 1981, Bosch & 

Sol 1998). Therefore, they are suitable for studying effects of spatial scales on 

predator-prey interactions. 

Black-tailed Gull (Larus crassirostris) nests on slope with medium 

vegetation cover or rocks in coastal island and lay 2-3 eggs (Watanuki 1983). Jungle 

Crow (Corvus macrorhynchos) and Slaty-backed Gull (L. schistisagus) are known as 

effective avian egg predator of this species (Watanuki 1983). How do its nesting density 

and nest-site characteristics affect egg predation is unknown. To find out the key factor 

deciding the probability of gulls to allow the crow to attack their nests and to depredate 

their eggs, firstly I observed directly egg predation behaviour by crows and defense 

behaviour of gulls. Subsequently, to detect the effect of nest-site characteristics and 

characteristics of neighbour nests within <1m and <2 m radii on the probability of eggs 

to be taken of the nest-sites, I took egg-census and examined following hypotheses. 

First, the probability of eggs to be taken of the nests in the central areas of the colony is 

different from the edge areas. Second, that probability of nest-sites varies with 

vegetation heights of nest-sites or of neighbour nests. Third, that probability of 

nest-sites varies with egg-laying date of nest-sites or neighbour nests. Fourth, that 

probability of nest-sites varies with the number of neighbour nests. 

 

Study area and methods 

Observation of predatory behaviour of crows and defense behaviour of gulls 
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The study was conducted at Rishiri Island (45゜12’N, 141゜10’E) located 40 

km from the south western shore of Wakkanai, Hokkaido, Japan, from late April to late 

July in 2003. The island supported >20,000 breeding pairs of Black-tailed Gull in 2003 

(Kosugi et al. 2005). Three 10×10m observation areas including 75, 55 and 64 nests 

respectively were established in the edge areas of main colony at Oiso, northwestern 

gentle slope of the island. All the observation areas were established along the edge of 

the colony at intervals of 20m approximately (Fig.1). Gulls nested in almost flat area 

covered with short (<50cm) vegetation of Sasa bamboo (Sasa kurilensis) and Japanese 

butterbur (Petasites japonicus). All the nests in observation areas were marked with 

numbered stakes and mapped when eggs were laid. 

Observation of anti-predator behaviour of gulls and predatory behaviour of 

Jungle Crow was done at three observation areas simultaneously from 3 May to 12 June. 

The observations were made from the hide placed 40m from observation areas (Fig.1). 

Observation was done for each eight hour in the morning (0300-1100) or afternoon 

(1100-1900) and almost evenly across the stages of egg-laying and incubation. To check 

the effect of breeding stage of gull, an observation period was divided into three stages, 

Early: from 3 May when observation was started to 13 May when the accumulation 

number of eggs laid reached 50% of all eggs, Middle: from 14 to 23 May when the 

accumulation number of eggs laid reached 80% of all eggs, and Late: from 24 May to 

12 June when observation was ended. Total observation times were 208 h (88 h in Early, 

64 h in Middle, and 56 h in Late). 

Attack attempt by the crow was defined as the occasion when the crow 
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swooped down on the observation areas, the crow tried to intrude into observation areas 

from the air (attack from the air) or the ground (attack from the ground), or the crow 

approached <10m from the observation areas and Black-tailed Gull within areas 

responded to the crow. Two attack attempts at the nest where the parent bird was 

absence during disturbance by Peregrine Falcon (Falco peregrinus) were occurred. 

These two attempts were excluded from the analyses. Allowing of gulls for crows to 

attack their nests was defined as the occasion when one or more crows landed on the 

observation areas from the air, or approached from the ground and walked insides the 

areas. Allowing of gulls for crows to depredate their eggs was defined as the occasion 

when the crow flew away with one or more eggs in the bill from the nests within 

observation areas, or the crow broke and ate one or more eggs in the observation areas. 

When attack attempt was observed, the number of crows attacking that is the number of 

crows participating in attack attempt and the number of gull defending that is the 

number of gulls flying toward or chasing the crows attacking were recorded. The 

number of crows landing the rock where many crows clustered in the colony (Fig.1) 

was recorded at 20 minutes intervals in the observations. The maximum numbers of that 

in the observations were employed in the analysis as an index to the number of crows 

visiting the colony in the observations. 

 

Egg census and factors affecting probability of eggs to be taken 

Nest contents were checked before and after the observations. Thus eggs 

depredated by the crows were distinguished from those disappeared. All the eggs were 
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marked with the black ink. Egg-laying date was classified in three stages similarly with 

the observation period, Early: from 3 May to 13 May, Middle: from 14 to 23 May, and 

Late: from 24 May to 12 June. 

Vegetation heights of 95 nest-sites in the observation areas (27, 36 and 32 

nests respectively) were recorded in the end of breeding season (from 2 to 8 July) to 

minimize disturbance. To examine the growing patterns of vegetations, I measured 

vegetation heights at random points near the observation areas after the observations. 

Sasa bamboo (mean 11.8cm in the start of study, n=6) and the other grasses (mean 

25.6cm in the start of study, n=7) grew at 3cm and 12cm respectively during 

observation period, and both did not grow quickly afterwards. Therefore, the heights 

measured at the end of breeding season could be suitable for the index of those of 

nest-sites throughout the study period. The mean of vegetation heights of nest-sites was 

14.6cm (range 0-45, n=95). Vegetation of 0-19cm heighs that did not conceal gulls 

incubating were classified as short vegetation, while that of >20cm heights as tall 

vegetation. The nests within 

14 

<4m from the edge of breeding areas was classified as 

peripheral nests, and the others as central nests for the sake of convenience. 

15 

16 

17 

18 

 

Statistical analysis 

Each data except for egg-laying date was shown as the mean +SD, 

n=sample size into the parentheses in the text. Egg-laying date was shown as the mean 

elapsed date from 3 May 

19 

20 

+SD, n=sample size into the parentheses. 21 

22 Variations of maximum number of crows visiting the colony, number of 
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attack attempts per observation and number of crows attacking per attempt among the 

breeding stages of gulls (Early, Middle, Late) were analyzed by Kruskal-Wallis H test. 

To detect which stages were significantly different from others, pairwise 

multiple-comparisons tests were employed on certain transformed data sets. To asses the 

effects of attack tactics (from the air or the ground) and time of the day (morning or 

afternoon) on number of crows attacking and interaction of those factors, I compared 

number of crows attacking between the two groups with two-way ANOVA, where 

attack tactics and time of the day were factors. 

To examine the effects of factors, selected out from all the factors (number 

of crows attacking, attack tactics, and time of the day) to eliminate their correlations, on 

the probability of gulls allowing the crow to attack their nests and the probability of 

gulls allowing the crow to depredate their eggs after attacking, I employed logistic 

regression. Dependent variables of attack analysis were 1= gulls allowed the crow to 

attack their nests and 0= gulls did not allowed the crow to attack their nests. Those of 

attack analysis were 1= gulls allowed the crow to depredate their eggs and 0= gulls did 

not allowed the crow to depredate their eggs. 

The variation of ratio of number of gulls defending to number of the crows 

attacking among the number of crows attacking (1, 2-5, >7; gulls were not attacked by 6 

crows) was analyzed by Kruskal-Wallis H test. To detect which the number of crows 

attacking was significantly different from others, pairwise multiple-comparisons tests 

were employed on certain transformed data sets. Difference in ratio of number of gulls 

to number of the crows attacking between attacking form the air and from the ground 
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was analyzed by Mann-Whitney U-test. 

To asses the effects of nesting position (peripheral or central), vegetation 

heights and nesting density (the number of neighbour nests at the end of observation 

period) on egg-laying date and interaction of those factors, I compared egg-laying date 

among the three groups with three-way ANOVA, where nesting position, vegetation 

heights and nest density (within <1m radius) were factors. 

Effects of the nesting position, vegetation heights, and egg-laying date of 

95 nest-sites, and nest density, the mean egg-laying laying date, and the mean vegetation 

heights of neighbour nests within <1m and <2m radii of those nest-sites on the 

probability of eggs to be taken were examined using logistic regression. Nest density 

within <1m radius (mean 2.07, range 1-4) was categorized as low density (1 nest), 

medium density (2 nests), and high density (3 or 4 nests). Nest density within <2m 

radius (mean 8.94, range 3-15) was categorized as low density (3-6 nests), medium 

density (7-9 nests), and high density (10-15 nests), in order to equalize almost the 

classification standard of the number of nests per unit area (<1m radius: 3.14m², <2m 

radius: 12.57m²). The mean egg-laying date and the mean vegetation heights of 

neighbour nests in both spatial scales were categorized similarly to classification of 

nest-sites (laying date: Early, Middle, Late; vegetation height: low or high). There was 

no nest having neghbour nests within <2m radius where eggs were laid in Late. 

Dependent variables were 1= nests depredated more than one egg by the crow or 0= 

those not depredated. 

To examine whether the nests that is closer to the edge are more likely to be 
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depredated only in peripheral areas (n=68 nests), I employed logistic regression (logistic 

likelihood ratio analysis) with the distance from the edge of the colony in 0.5m 

precision as independent variable and dependent variables were 1= nests depredated 

more than one egg by the crow or 0= those not depredated. 

 

Result 

The probability of gulls allowing the crows to depredate their eggs 

During observation, 40 of all 194 nests (21%) were depredated by the crow. 

Among 74 attack attempts, crows made 35 successful attacks (47%), in which they 

made 20 successful predations (27%) during observation. Gull nests were attacked by 

4.01 (range: 1-20) crows per each attack attempt during observation. Ratio of number of 

gulls defending to number of the crows attacking in each attack attempt was 1.5 (range: 

0-5) during observation. 

The variations of maximum number of crows visiting the colony were 

detected among Early (28.00 +10.58, n=11 observations), Middle (18.25 +10.28, n=8; 

p=0.150), and Late (14.00 

15 

+9.18, n=7; Hadj=6.142, df=2, p=0.046). Significant 

difference was detected between Early and Late (p=0.046). Number of attack attempts 

per observation was differed significantly by the breeding stages of gulls (Hadj=15.814, 

df=2, p<0.001), with significant differences detected between Early (6.20 

16 

17 

18 

+4.54, n=11 

observations) and Middle (1.63 

19 

+1.51, n=8; p=0.016), and between Early and Late (0.29 20 

+0.49, n=7; p=0.003). The variations of numbers of crows attacking per attempt were 

detected among Early (4.19 

21 

+4.84, n=61 attempts), Middle (1.27 +0.47, n=11), and Late 22 
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(13.00 +16.97, n=2; Hadj=8.819, df=2, p=0.012). Significant difference was detected 

between Middle and Late (p=0.010). 

Number of crows attacking from the air (3.11 +3.90, n=55) was 

significantly smaller than that from the ground (7.21 

3 

+7.01, n=19; F=6.408, df=1, 70, 

p=0.014), and that of attempt in the morning (4.17 

4 

+5.20, n=48) was not significantly 

different from that in the afternoon (4.15 

5 

+5.20, n=26; F=0.026, df=1, 70, p=0.872). 

Attack tactics-by-time of the day interaction was not significant (F=0.615, df=1, 70, 

p=0.436). Therefore, to eliminate correlations of independent factors, the number of 

crows attacking (1, 2-5, 

6 

7 

8 

>7) and time of the day were selected as the independent 

variables of the logistic regression analysis on the probability of gulls allowing the crow 

to attack their nests and the probability of gulls allowing the crow to depredate their 

eggs after attacking. 

9 

10 

11 

12 

13 

14 

15 

Time of the day did not affect the probability of gulls allowing the crow to 

attack their nests (Table 1). The probability of gulls allowing the crow to attack their 

nests increased significantly as the number of crows attacking per attempt increased (1 

crow: 14%, 4/29; 2-5 crows: 56%, 18/32; >7 crows: 100%, 13/13)(Table 1). 16 

17 

18 

19 

Time of the day did not affect the probability of gulls allowing the crow to 

depredate their eggs after attacking (Table 1). If gulls were attacked by the crow in large 

group, they had significantly higher probability to depredate their eggs after attacking 

(>7 crows: 85%, 11/13) than in single (40%, 2/5) and in small group (2-5 crows: 29%, 

5/17)(Table 1). 

20 

21 

22 Ratio of number of gulls defending to number of the crows attacking from 
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the ground in each attack attempt (0.44 +0.54, n=19) was significantly smaller than 

those from the air (1.29 

1 

+1.37, n = 55; U=333.50, z=-2.339, p=0.019). The ratio of 

number of gulls defending to number of the crows attacking of each attack attempt 

differed significantly by the number of crows attacking (Hadj=8.324, df=2, p=0.016), 

with significant differences detected between 1 crow (1.69 

2 

3 

4 

+1.58, n=29) and 2-5 crows 

(0.80 

5 

+0.89, n=32; p=0.0156) and between 1crow and >7 crows (0.38 +0.54, n=13; 

p=0.006).  

6 

7 

8 

9 

10 

 

Characteristics of nest-sites and predation risks 

Gulls of 95 nest-sites that employed into analysis of relationship between 

nesting habitats and the probability of eggs to be taken, laid 1.73 +0.66 eggs on average 

in their nests and their mean egg-laying date was 11.36 

11 

+7.14. Those gulls of 95 nests 

took 2.216 days (n=95) on average to form their clutch. Egg-laying date of the central 

nests (13.11 

12 

13 

+6.82, n=27) was not significantly different from peripheral nests (10.66 14 

+7.19, n=68; F=2.786, df=1, 83, p=0.099). That date of the nests with short vegetation 

(10.52 

15 

+7.37, n=65) also was not significantly different from tall vegetation (13.17 16 

+1.16, n=30; F=0.411, df=1, 83, p=0.521). That date also did not differ significantly by 

nest density within <1m (low: 12.17 

17 

+7.05, n=30; medium: 8.69 +6.12, n=36; high: 

13.83 

18 

+7.52, n=29; F=1.657, df=1, 83, p=0.197). The interactions of those three factors 

were not significant (p>0.05). Therefore, nesting position, vegetation heights, nest 

density and egg-laying date were independent each other. 

19 

20 

21 

22 Twenty-two (23%) of 95 nests employed into analysis of relationship 
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between nesting habitats and the probability of eggs to be taken were depredated by the 

crows. Nesting position, vegetation heights and egg-laying date of nest-sites, and the 

mean egg-laying date of neghbour nests within <2m radius affected the probability of 

eggs to be taken (Table 2). Nest density within both radii, the mean egg-laying date of 

neighbour nests within <1m radius, and the mean vegetation heights of neighbour nests 

within both radii did not affect probability of eggs to be taken (Table 2). Peripheral nests 

were significantly more likely to be depredated (32%, 22/68) than central nests (0%, 

0/27). The nests with short vegetation cover were more likely to be depredated (31%, 

20/65) than those with tall (7%, 2/30). The nests where eggs were laid in Early were 

significantly more likely to be depredated (40%, 21/52) than those in Middle (3%, 1/32) 

and Late (0%, 0/11). The nests synchronized highly in egg-laying within <2m radius 

(the absolute value of the difference between their egg-laying date and the mean laying 

date of neighbours was smaller than 2.216 days) were significantly less likely to be 

depredated (5%, 1/22) than less synchronized nests (another nests; 29%, 21/73). Only in 

peripheral areas, the distance from the edge of the colony in 0.5m precision did not 

affect the probability of eggs to be taken (logistic likelihood ratio analysis:χ²=0.781, 

df=1, p=0.3769). 

 

Discussion 

When gulls were attacked by large groups of crows, relatively small 

number of gulls defended against the crows and hence gulls allowed the crows to attack 

their nests and to depredate their eggs easily. In some seabird species when they are 
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attacked by large groups of avian egg predators, they allow the predators more easily to 

attack their nests than when they are attacked by those in single or small groups 

(Montevecchi 1979). 

Peripheral nests were more likely to be depredated because peripheral areas 

were more likely to be attacked by hopping or walking from the ground as shown for 

other seabirds (Tinbergen et al. 1967, Gaston & Elliot 1996, Massaro et al. 2001). 

Smaller number of gulls defended against the crows walking from the ground than those 

attacking from the air. It might be more difficult for gulls incubating to notice the crows 

hopping or walking from the outside areas of the colony where vegetation grew thick 

than those attacking from the air. On the other hand, Coulson (1968) suggested the birds 

nesting in the peripheral of the colony are younger and have less body condition than 

central. Gulls nesting in peripheral areas might be inexperienced and have less ability to 

defend against the crows than central in this study. Only in peripheral areas, however, 

the nests that were closer to the edge were not more likely to be depredated. Gull nests 

in peripheral areas were attacked frequently by large groups of crows in some large 

scale, therefore, nesting position might affect in the scale of several meters. 

Gull nests where eggs were laid in Early were more likely to be depredated, 

because more crows visited the colony in Early than Middle and Late stage. Early stage 

of gull breeding season was nearly matched chick-rearing stage of crows (Kazama, pers. 

obs.). Gull eggs laid in Early might be highly available prey for crows feeding chicks. 

The nests synchronized highly in egg-laying within <2m radius, however, were less 

likely to be depredated than less synchronized nests. In colonial breeding Common 
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Murre Uria aalge, while the birds incubating and their mates defend vigorously against 

avian predators, some birds that have not yet laid first egg fly away when the avian 

predators attack (Murphy & Schauer 1996). Thus in Common Murre the nests with 

neighbours breeding synchronously in the scale of several meters had lower risks of egg 

predation because such neighbours mob against predators simultaneously (Murphy & 

Schauer 1996). Also in gulls, the synchronization in egg-laying seemed to affect the 

probability of eggs to be taken under the similar mechanism. Egg-laying date of 

neighbour nests within <1m radius, however, did not affect the probability of eggs to be 

taken. Since gull nests were attacked often by large groups of the crows in this study, 

group defense at not small scale (<1m) but some large scale (<2m) might prevent 

attacking by large group of crows effectively in Early, though spatial scale at which 

group defense is functioning was unknown in this study. 

Nest density at both <1 and <2 m scales did not affect the probability of 

eggs to be taken in this study, although in seabird species mobbing against predators, 

high nesting density is advantageous for group defense (Wittenberger & Hunt 1985, 

Gilchrist & Gaston 1997, Massaro et al. 2001). The nesting density was measured in the 

end of breeding season. The number of gulls incubating and their mates staying in their 

territory when the crow attacked might influence directly the effect of the group defense 

and not depend on the number of nests in the end of breeding season. 

In ground-nesting seabirds, vegetation density or heights effectively protect 

the nest contents against finding or accessing by predators (Buckley & Buckley 1980, 

Burger & Gochfeld 1981, Pierotti 1982, Kim & Monaghan 2005). In this study, the 
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nests with tall vegetation had lower probability to be taken than those with short 

vegetation only in the scale of nest-site. Vegetation heights of neighbour nests, however, 

did not affect the predation risk in large spatial scales (<1m and <2m). In tree-nesting 

bird species the effects of vegetation coverage in large spatial scales (several meters 

surrounding nest-sites) on searching images of predators and those in small spatial 

scales (nest-sites) on accessing by predators were indicated (Tarvin & Garvin, 2002). In 

this study, vegetation coverage seemed to affect search image of the crows in large 

spatial scales less strongly than nesting position, but seemed to function as a defensive 

obstacle in small spatial scale after landing of the crow. 

In summary, not only position in the colony, egg-laying date and vegetation 

heights of the nest-sites but also egg-laying date of neighbour nests within <2m radius 

of colonial breeding Black-tailed Gull affected egg predation risks by Jungle Crow. 

These variations of anti-predation effects of nesting microhabitats with spatial scales 

were determined by the way of searching or accessing the nests by the crow. 

 

 

 

 

 

 

 

 

 16 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Acknowledgement 

I thank Y. Sakurai and Y. Watanuki for helpful comments during the course 

of the study. Thanks are also due to N. Takahashi, H. Sahara, J. Kaji and K. Asamidori 

for supporting in the field. Marine Biomedical Institute of Sapporo Medical University 

provided space and resource to work in the field. I would like to thank A. Takahashi and 

anonymous reviewers for many valuable comments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 17 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

References 

Bosch, M. and Sol, D. 1998. Habitat selection and breeding success in Yellow-legged 

Gulls. Ibis, 140:415-421. 

Buckley, F.G. and Buckley, P.A. 1980. Habitat selection and marine birds. In Behavior 

of marine animals. Vol. 4. Edited by Burger, J., Olla, B.L. and Winn, H.E. Plenum 

Press, New York. pp.69-112. 

Burger, J. and Gochfeld, M. 1981. Colony and habitat selection of six Kelp Gull Larus 

dominicanus colonies in South Africa. Ibis, 123:298-310. 

Caro, T. 2005. Antipredator Defencses in Birds and Mammals. The University of 

Chicago press, Chicago and London. 

Coulson, J.C. 1968. Differences in the quality of birds nesting in the center and on the 

edges of a colony. Nature, 217:478-479. 

Gaston, A.J. and Elliot, R.D. 1996. Predation by ravens Corvus corax on Brunnich's 

Guillemot Uria lomvia eggs and chicks and its possible impact on breeding site 

selection. Ibis, 138:742-798. 

Gilchrist, H.G. and Gaston, A.J. 1997. Effects of murre nest-site characteristics and 

wind conditions on predation by glaucous gulls. Canadian Journal of Zoology, 75: 

518-524. 

Ims, R.A. 1990. The Ecology and Evolution of Reproductive Synchrony. Trends in 

evolution and ecology, 4:135-140. 

Kim, S.Y. and Monaghan, P. 2005. Effects of vegetation on nest microclimate and 

breeding performance of lesser black-backed gulls (Larus fuscus). Jounal of 

 18 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Ornithology, 146: 176-183. 

Kosugi, K., Sugimura N., and Sato, M. 2005. Breeding colony stasus of Black-tailed 

Gull in Rishiri Island, northern Hokkaido (1) Estimated population from 

2002-2004. Rishiri Kenkyu, 24: 29-35. (In Japanese with English abstract) 

Krebs, J.R. and Davies, N.B. 1997. Behavioural Ecology: an evolutionary approach. 

Malden, Mass. Blackwell Science. 

Lack, D. 1954. The natural regulation of animal numbers. Oxford. Clarendon Press. 

Massaro, M., Chardine, J.W. and Jones, I.L. 2001. Relationship between Black-legged 

Kittiwake nest-site characteristics and susceptibility to predation by large gulls. 

Condor, 103:793-801. 

Montevecchi, W.A. 1978. Nest-site selection and its survival value among Laughing 

Gulls. Behavioural ecology and sociobiology, 4:143-161. 

Montevecchi, W.A. 1979. Predator-prey interactions between Ravens and Kittiwakes. 

Zeitschrift für Tierpsychologie, 49:136-141. 

Murphy, E.C. and Schauer, J.H. 1996. Synchrony in egg-laying and reproductive 

success of neighboring common murres, Uria aalge. Behavioural Ecology and 

Sociobiology, 39:245-258. 

Parrish, J.K. 1995. Influence of group size and habitat type on reproductive success in 

Common Murre (Uria aalge). Auk, 112:390-401. 

Pierotti, R. 1982. Habitat selection and its effect on reproductive output in the Herring 

Gull in Newfoundland. Ecology, 63:854-864. 

Ricklefs, R.E. 1969. An analysis of nesting mortality in birds. Smithsonian 

 19 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Contributions to Zoology, 9:1-48. 

Schreiber, E.A. and Burger, J. 2002. Biology of MARINE BIRDS. CRC PRESS, Florida. 

Shealer, D.A. & Burger, J. 1992. Differential responses of tropical Roseate Terns to 

aerial intruders throughout the nesting cycle. Condor, 94:712-719. 

Shedd, D.H. 1982. Seasonal variation and function of mobbing and related antipredator 

behaviors of the American Robin (Turdus migratorius). Auk, 99:342-346. 

Siegel-Causey, D. and Hunt, G.L. Jr. 1981. Colonial defense behavior in Double-crested 

and Pelagic Cormorants. Auk, 522-531. 

Tarvin, K.A. and Garvin, M.C. 2002. Habitat and nesting success ob Blue Jays 

(Cyanocittia Cristata): Inportance of scale. Auk, 971-983. 

Tinbergen, N., Impekoven, M. and Franck, D. 1967. An experiment on spacing-out as a 

defense against predation. Behaviour, 28:307-321. 

Watanuki, Y. 1983. Predation and antipredation behavior in seabirds on Teuri Island, 

Hokkaido. Journal of Yamashina Institute for Ornithology, 15:167-174. 

Wittenberger, J.F. and Hunt, G.L. Jr. 1985. The adaptive significance of coloniality in 

birds. In Avian Biology Vol. 8. Edited by Farner, D.S., King, J.R. and Parkes, K.C. 

Academic Press, New York. pp.1-78. 

 

 

 

 

 

 20 



1 

2 

3 

Fig. 1. Location of breeding area of Black-tailed Gull, three observation areas, 

observation point (hide place), and rocks that Jungle Crow often landed (see text) at 

Oiso, Rishiri Island, in 2003. 
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Table 1. Logistic regression model of the factors affecting on the probability of 

Black-tailed Gulls allowing the Jungle Crows to attack their nests and the probability of 

gulls allowing the crows to depredate their eggs after attacking. 

 Factor df χ² P 

No. of crows attacking 2 36.369 <0.001Gulls allow the crows to attack 

(n=74) Time of the day 1 1.530 0.216 

No. of crows attacking 2 10.823 0.005 Gulls allow the crows to 

depredate after attacking (n=35) Time of the day 1 0.372 0.542 
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Table 2. Logistic regression model of characteristics of Black-tailed Gull nest-sites and of 

neighbour nests within <1m and <2m radii affecting on the probability of eggs to be taken by 

Jungle Crow (n=95). 

Spatial scales Characteristics df χ² P 

Nest-site Nesting position 1 14.142 <0.001 

 Vegetation heights 1 4.099 0.043 

 Egg-laying date 2 26.466 <0.001 

<1m radius Nest density 2 2.516 0.284 

 Vegetation heights 1 0.225 0.635 

 Egg-laying date 2 2.647 0.266 

<2m radius Nest density 2 4.961 0.084 

 Vegetation heights 1 0.339 0.560 

 Egg-laying date 1 9.145 0.003 
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