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2008 Merops philippinus

additive compensatory
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Abstract

This thesis includes two chapters: the first one is the literature review of  the 

causation of cooperative breeding, as well as the relatedness between each group 

members, and the benefits and costs of group members; the second one is the study of 

cooperative breeding of Blue-tailed Bee-eaters Merops philippinus conducted in 

Kinmen in 2008. This population of Blue-tailed Bee-eaters in Kinmen exhibit 

cooperative breeding as well as colonial breeding and migratory behavior. The reason 

for their cooperative breeding behavior might be different from other territorial bird 

species. Therefore, in order to understand whether the effects of helper were additive 

or compensatory, I recorded the provision rates of breeders and helpers to determine 

the degree of investment. To clarify the relatedness between breeders and helpers, and 

to deduce the possible benefits to the helpers, the blood samples were analyzed. The 

results suggested that the food resource was not an important factor for their 

reproductive success. Between the nests with and without helpers, there were no 

significant differences in clutch size (4.94 0.24 vs 4.75 0.22), nestling period 

(27.06 0.83 vs 28.58 0.90 days), fledging success (0.87 0.05 vs 0.86 0.06), 

predation rate of nestlings (0.13 0.05 vs 0.14 0.06),weight (39.67 0.54 vs 

39.46 0.64 g), tarsus length (14.33 0.22 vs 15.08 1.13 mm), tail length 

(88.97 0.66 vs 89.46 0.78 mm), and provision rate of breeders and helpers 

combined together; the provision rate of un-helped breeders was significantly higher 

than helped breeders (p=0.0144). The prediction of the optimal breeder investment 

model suggested that the provision rates of the breeders were decreased in the nests 

with helpers. It was suggested that the effects of helpers is compensatory, and the 

energy saved by breeders might enhance their survival rate or the opportunity of 
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future reproduction. There were 9 male and 3 female helpers, and only one helper was 

the son of the male breeder. Besides, the relatedness ( 0.035 0.063) between males 

within the same group were not significantly different from random expectation of 

relatedness between all males ( 0.067 0.019 ) (p=0.474). It implied that the breeders 

and helpers were not relatives. The result of the generalized linear mixed model 

suggested that the presence of helper, time-period of a day, offspring age, and weather 

were the important factors to the provision rate of the breeders. The presence of the 

helpers probably reduced the workload of breeders. The lowest provision rate of the 

breeders occurred during 0600-0800 and the highest occurred during 0800-1000. The 

breeders fed more food after the tube-falling period of nestlings than before 

tube-falling. The breeders fed least on rainy days and highest on mostly clear days. 

key words Blue-tailed Bee-eaters (Merops philippinus), Cooperative breeding, 

Compensatory, Parental care 
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1. cooperative breeding

2 Brown 1987; 

Stacey & Koenig 1990

reproductive skew

Reeve & Keller 2001

helper at the nest

Brown 1987

joint nesting

Vehrencamp 2000 ;Yuan et al. 2004

delayed dispersal Emlen 1982

2.

Ekman et al.  

2004 ecological constraint

benefits of philopatry Stacey & Ligon 1991

Emlen 1997 Melanerpes formicivorus 3

12
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Stacey & Ligon 1987 Malurus cyaneus

Rowley 1965

Zack 1990; Zack & Stutchbury 1992

inclusive fitness Koenig & 

Mumme 1987; Emlen & Wrege 1991; Clutton-Brock 2002;Baglione 2003;

3. family benefit

simple extended

biparental matrilineal

intact replacement Emlen 

1994 Emlen 1995 Acrocephalus 

sechellensis

Komdeur 1992

Pruett-Jones & Lewis 1990

direct fitness inclusive 

fitness Hamilton 1964

incest avoidance Koenig 

et al. 1998 Merops bullockoides
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0.5

Emlen 1991

Lessells et al. 1994

Manorina melanophrys Nesomimus parvulus

Corcorax melanorhamphos Clarke 1984; Curry 1988; Heinsohn 1991

4.

Ketterson & Nolan 1994;Gowaty 1996

Pettifor et al. 1988 Merops bulocki

Crick & Fry 1986

Heinsohn & Cockburn 1994

primary helper Reyer 1980

5.

Reyer 1980; Heinsohn 1991; Bernasconi & Strassmann 1999; Vehrencamp & 

Quinn 2004; Yuan et al. 2004

direct benefit

extra pair copulation

experience acquisition honest signal
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Cockburn 1998

Campylorhynchus nuchalis

Piper & Slater 1993 Ceryle rudis

Reyer 1980

Heinsohn 1991

Boland 2004 Heinsohn & Cockburn 

1994 Valencia et al. 2006

/ Maede et al. 2010

Jamieson & Graig 1987; Jamieson 1989; Du 

Plessis 1991; Ligon & Stacey 1989, 1991

6.

Hatchwell 1999 benefit and cost curve

additive
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compensatory

Merops bulocki Porphyrio martinica

Sitta pygmaea Dyer 1983; Crick & Fry 1986; Sydeman et

al. 1988; Hunter 1985, 1987; Emlen 1991

Dacelo novaguineae

Calocitta formosa

Innes & Johnston 1996; Langen & Vehrencamp 1998; Legge 2000

Carranza 2008

net benefit min( )( ) [1 ] [ 1]a x x bxW x k e c e

1bxW c e

k

a a

minx

c

proportionality constant b
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a, b, c, k, minx

min
1 [ ( )]opt

kax ax Ln
a b cb

min( )1 1a x x p bxW kt e c e p

t t 1

t 0 1

1
( )

opt opt
Ln t apx x

a b
Ln(t)-ap

0 0

y x Bertalanffy-type

i.e. 1 axy f e

a

t p visit/hour

Ln(t)-ap Carranza et al. 2008

sibling competition

Heinsohn 2004

7.

Merops philippinus 26

Coraciiformes Meropidae Merops colonial

breeding
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Fry & Fry 1992;  1999; 

2004 socially monogamous

2000 10.5% 2001

77% 2002 21.6% 2004 9.3% Burt 2002;  2003; 

 2004

streamer Fry 1984

Siefferman et al. 2007

 1990

 2005;  &  2006

 2005; Yuan et al. 2006; Yuan et al. unpubl. data

3 6

Fry et al. 1992;  2003

site fidelity

 2007
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3% 2

Brown 1987; Stacey & Koenig 1990

helper at the nest

Brown 1987

joint nesting

Vehrencamp 2000; Yuan et al. 2004

Hamilton 1964

benefit & cost (1)

(2)  (3)

Heinsohn 2004 (1)  (2)

 (3) Emlen 1982, 1984; Brown 1987

(1) inclusive fitness

 (2) payment of 

rent  (3)  (4)  (5)  (6)

Cockburn 1998 (1)

(2) Clutton-Brock 1991; Ketterson & Nolan 

1994

direct benefit
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group augmentation Cockburn 1998; Dickinson 

& Hatchwell 2004

indirect benefit

Brown 1978; Crick 1992; Heinsohn 2004

Jamieson & Graig 

1987; Jamieson 1989; Du Plessis 1991; Ligon & Stacey 1989, 1991

Boland 2004 Heinsohn & Cockburn 

1994 Valencia et al. 2006

/ Maede et al. 2010

Emlen & Wrege 1991

Hatchwell (1999) benefit & cost 

curve

Woofenden & Fitzpatrick 1990; 

Emlen & Wrege 1991; Hatchwell & Russell 1996

Heinsohn 2004
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a.

additive

b.

compensatory Hatchwell 

1999

Carranza et al. 2008

De Lope & Moller 1993; Soler et al. 2001; De 

Neve & Soler 2002; Moreno & Osorno 2003; Moreno et al. 2004

Bruce 1960; Haig 1990; 

Hakkarainen & Korpim a ki 1994

Carranza et al. 2008

26 6 Crick & 

Fry 1986; Lessells 1990; Emlen & Wrege 1991; Jones 1991; Lessells et al. 1994; Burt 

2002; Boland 2004

Crick 

& Fry 1986; Lessells 1990; Emlen & Wrege 1991

2000

10.5% 2001 77% 2002 21.6% 2004

9.3%  2003,  2004

Rowley 1965; Rowley & Russell 1990; Stacey & Ligon 1987
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1.

2. Carranza et al. 2008

3.

4.
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1.

2008 12

150.45 188

24-28 24 27

20.9 0C 1049.4

2002

(1). TP

TPO

(2). YF

YFE YFL

2.

Wang et

al. 2009
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Wang et al. 2009

3.

(1).

109.0 24.8 cm (n=126) 21cm 15cm 19cm

(  2003)

80 250 Queen`s

lysis Seutin et al. 1991 99% 020 C

(2).

1.5

LED

DV
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30 Boland & Phillips 2004

 2003

20-24

20 brood reduction

Boland 2004 20  2006

(1)  (2) 

 (1) 

Fry 1984

2006

Coulter 2003

(1)

(2)

 2006 (3)

(3).

20-60x 8x

10
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0600-0800 0800-1000 1600-1800

2008 30 18 12

4.

8 27 8

5 2008 3 2004 2005 2006

Yeastern biotech Genomic DNA Extraction Kits

Genomic DNA Gemmell & Akiyama 1996 CHD

Griffith et al. 1998 CHD

2550F 2718R Fridolfsson & Ellegren 1999

polymerase chain reaction PCR

094 C 30 94 0C 30 60

47.9 0C 30 72 0C 72 0C

2.0

polymorphic microsatellite loci

MOR10 MOR12 MOR15 BE19.2 BE2.31 BE3.9

Dasmahapatra et al. 2004 PCR 10ng genomic 

DNA 0.4U Taq DNA Amersham 5’

FAM HEX TARMA 094 C 30 94 0C 60

60 58 0C 72 0C 72 0C

PCR Applied Biotechnologies ABI 3100XL

Genetic Profiler 2.0 Cervus 3.0

Marshall et al. 1998

locus first parent



17

0.965 second parent 0.995

relatedness coefficient

SPAGEDi Hardy & Vekeman 2002

Queller & Goodnight 1989

5. Carranza et al. 2008

net

benefit min( )( ) [1 ] [ 1]a x x bxW x k e c e

1bxW c e

k

a a

minx

c

proportionality constant b

a, b, c, 

k, minx

min
1 [ ( )]opt

kax ax Ln
a b cb

min( )1 1a x x p bxW kt e c e p

t t 1
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t 0 1

1
( )

opt opt
Ln t apx x

a b
Ln(t)-ap

0 0

y x Bertalanffy-type

i.e. 1 axy f e

a

t p visit/hour

Ln(t)-ap

6.

GLIMMIX GLIMMIX

10

random factor fixed

factor 0600-0800 0800-1000 1600-1800

2

2

stepwise selection

vs t-test

Mann-Whitney U test
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Siefferman et al.(2007)

SAS 9.1 SPSS 15.0 Microsoft

Office Excel



20

1.

(1)

2008 30 18 60%

318 253 64 1

3

0.80 0.03 0.20 0.03

0.003 0.003 98% 2%

vs

4.94 0.24 vs 4.75 0.22

27.06 0.83 vs 28.58 0.90 0.87 0.05 vs 0.86 0.06

0.13 0.05 vs 0.14 0.06

Mann-Whitney U test test, p>0.05

(2)

t-test

39.67 0.54 vs 39.46 0.64 g 14.33 0.22 vs 15.08 1.13 mm

88.97 0.66 vs 89.46 0.78 mm Mann-Whitney U test, 

p>0.05

2.
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(1)

F=43.00, p<0.0001 F=8.25,

p=0.0003 F=5.66, p=0.0176

Scheffe`s

0600-0800 1600-1800 p=0.9328 0800-1000

p=0.3582

p=0.0176

(2)

F=6.02, p=0.0144

F=32.51, p<0.0001 F=7.11, p=0.0009 F=9.58, p=0.0020

p=0.0144

0600-0800 1600-1800 p=0.8534 0800-1000

p=0.4450

p=0.0020

(3)

F=16.59, 

p<0.0001 =18 6

GLIMMIX
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0600-0800 1600-1800

p=0.7849 0800-1000

3.

30 Bertalanffy-type (i.e. 1 axy f e

a=1.23 0.69 (visit/hour) 1 f=3.40 0.28  (mean S.E.)

p=0.81 (visit/hour)

t=0.99

Ln(t)-ap -1.01<0

GLIMMIX

4.

8 27 17

9 3

27 23 4 DNA

Cervus 3.0

r= 0.035 0.063  (r= 0.067 0.019 ) Mann-whitney U 

test ,U: 741.50, p= 0.474

n=2



23

1.

Carranza et al. 

2008

trade-off

Carranza et al. 2008 Carranza 2008

optimal expenditure Innes

& Johnston 1996; Langen & Vehrencamp 1998; Legge 2000; Valencia et al. 2006

fitness Ricklefs 1975; Woolfenden 1975; 

Brown & Brown 1981

Brown 1975 Emlen & Wrege 1991
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Emlen & Wrege 1991

Pomatostomus temporalis

Brown et al. 1978

Hatchwell (1999)

Hatchwell 1991

Lack 1968; Ricklefs 1968, 1983; 

O’Connor 1984 Apus apus (Koshimies

1948; Lack & Lack 1951) Delichon urbica (Bryant 1975)

Tachycineta albilinea (Ricklefs 1976)

Ricklefs 1976 ; O`Connor 

1977

48%

Emlen 1991 Merops ornatus
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Boland 2004 Merops bulocki

Merops apiaster

98%

Coulter 2003;  2005 88%

0-3 88%

Boland 2004

5.1 0.9  2003

 2008

Hatchwell (1999) 

Cyanopica cyanus

Valencia et al. 2006

De Lope & 

Moller 1993; Smith & Hardling 2000; Soler et al. 2001; De Neve & Soler 2002; 

Moreno & Osorno 2003; Moreno et al. 2004

Bruce 1960; Haig 1990; 

Hakkarainen & Korpim a ki 1994
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Emlen 1991 Dyer 1983; 

Crick & Fry 1986 Sialia mexicana Dickinson et al. 1996

Nesomimus parvulus Curry & Grant 1990

Aphelocoma coerulescens

Woolfenden & Fitzpatrick 1984 Jones et al. 1991

( Picoides borealis ) Khan & Walter 2002 Aegithalos

caudatus Maede et al. 2010

Emlen 

1991; Jones et al. 1991; Lessells et al. 1994

Climacteris rufa

Luck 2002

 2000

 2003

2004 2010 5 6 7
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2.

16

sex-biased

male-biased sex-biased dispersal

Emlen 1986; Heinsohn et al. 1990; Walters 1990; Koenig & Walters 1999; Arnold 

et al. 2001

incest avoidance Greenwood 1980

93% Lessells et al. 1994

inclusive fitness

Hamilton 1964; Lessells 1990; Emlen 1991

extra-pair paternity experience acquisition

(honest signal)

Cockburn 1998
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3.

May 1985; Herrera 1990

Xirouchakis 2007

Legge 2000 Gyps fulvus

Xirouchakis 2003, 2005

May 1985; Herrera 1990
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2008

n=18

n=12 Mann-Whitney U test

Helped

. .X S E

Un-helped

. .X S E

U   p 

Nestling Period 27.1 0.8 28.6 0.9 79.00 0.232 

Fledging Success 0.86 0.06 0.87 0.05 103.50 0.851 

Predation Rate 0.14 0.06 0.13 0.05 103.50  0.851 

Clutch Size 4.9 0.2 4.8 0.2 99.50 0.723 
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2008

n=36 n=24

Mann-Whitney U test for Weight and Tarsus; t-test for Tail

Helped

. .X S E

Un-helped

. .X S E

U(t)   p 

Weight (g) 39.67 0.54 39.46 0.64 1696.00 0.863 

Tarsus (mm) 14.33 0.22 15.08 1.13 1548.00 0.334 

Tail (mm) 88.97 0.66 89.46 0.78 0.680 0.501 
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0600-0800 0800-1000 1600-1800

2 2

GLIMMIX;

Effect df F-value p-value
Time 2 43.00 <0.0001** 
Weather 2 8.25 0.0003** 
Offspring-age 1 5.66 0.0176* 
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0600-0800 0800-1000 1600-1800

2 2

GLIMMIX;

Effect df F-value p-value
Help 1 6.02 0.0144* 
Time 2 32.51 <0.0001** 
Weather 2 7.11 0.0009** 
Offspring-age 1 9.58 0.0020** 
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