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(rs = 0.43, P < 0.05)

Abstract
-

tion planning and management. The Little Grebe ( ) is a water-de-

pendent bird species widely distributed in heterogeneous wetland ecosystems in Taiwan, 

but its breeding behavior and nest characteristics of life history are poorly understood. 

We collected characteristics of nesting sites and assessed the nesting success of Little 

Grebe in 21 ponds in Augo Wetland between 2012 and 2013. We found 99 nests, and the 

breeding season was from April to November, much longer than that of most Taiwan-

ese breeding birds. The mean clutch size was 3.3 ± 1.4 with a modal clutch of four. The 

apparent nesting success was 14.1%, with high heterogeneity between the years. The 

20 m from the embankment (75/99), and the number of nests significantly correlated 

with the emerged vegetation (reed) covering the ponds (rs = 0.43, P < 0.05). The breed-

Key words: Augo wetland, clutch size, nesting success, predation risk, Tachybaptus ruf-

icollis
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(Charadriidae)

eBird (https://ebird.

org/hotspot/L3980078)
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(entrance)

(sea-viewing tower)
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6
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(Paspalum vaginatum)

15

( 1) 3 ha (

300 m 100 m)

(Leucaena glauca) (Melia aze-

darach)

(Premna serratifolia)
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( )
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ter depth of pond, WDP)
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2. ( ) 

(vegetation cover of pond, VCP)

10% 11

3. (pond area, PA)

ha

( )

1. (nest width, NW)

1 cm

2. (nest height, NH)

1 cm

3. (water depth beside nest, 

WDN) 4

1 cm

4. (nest closure, NC)

(spherical densitome-

ter)

(%)

5. (

) (distance to the nearest embank-

ment, DNE) GPS Garmin 60CSx

Google 

earth

(Lei-

ca Disto A8)

0.1 m

6. ( ) 

(distance to the nearest neighbor, 

DNN) GPS Garmin 60CSx

Google earth

0.1 m

7. (

) (vegetation coverage beside nest, 

VCN) 4 m2

14–42 

mm kit) 1–1.5 m

10 × 10 1 m2

(%)

2013 4 10
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) (vegetation height beside 
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nest, VHN) 4 m2

4 1 m2

0–50 cm 1

51–100 cm 2 >100 cm

3 2013

3 7

(clutch size, CS)

1997) (successful 

nest)

(failure nest)
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  =  .      × 100%  
  = 1 .      (  ) 

1

(DLC Covert II) 1

(Brinno TLC200 F1.2)

22 36

(apparent meth-
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nesting success)

No. of successful nests
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No. of loss nests

Total nest days: 
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20 ( 2000, )

-

relation

<2 3 4 >5 4
2

Fisher exact test
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(General-

(Bernoulli) (logit)

(1) (0)

(Knudson et al. 2021)

VIF > 5 (Akinwande et al. 
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(multi-collinearity)
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R 
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STATISTICA 7.0 (StatSoft 2004)

Primer 6.0 mean 

± sd 0.05
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20.1 ± 1.5 (n = 10)

1

1 2

3 3

4

2 2.5

1

3–4

2

2012 5 18

11 14

2013 4 2

10 5

4–11

5–7

( 2) 99

14

14.1%

27.2% ( 1) 2012 42

10 2013

57 4

2012

2013 ( 1)

(rs = 0.43, P < 0.05) 

( 3) 20%

70%

(rs = 0.11, P = 

0.484) (rs = 0.13, P = 0.407)

99

1–7 4 29

3 22

( 4) 3.3 ± 1.4
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4
2 = 12.43, P = 

0.006) >5

(Fisher exact test, all 

P < 0.05) 3 (<2 3

4 )

(Fisher exact test, all P > 0.05)

4–11

50 cm ( 5)

38.3 ± 7.2 cm 3.1 

± 1.2 cm 57.3 ± 19.1 cm

18.7 ± 23.6%

14.7 ± 12.7 m

72.3 ± 57.5 m 34.7 ± 

18.4%

50 100 cm

1.4 ± 0.7 ( 2)

20 m

( 6)

VIF 2

8

( 3)

CS+WND+NH+NC

AICc 66.15 K 6

0.637 ( 3)

(CS) (WND) (NH)

(NC) 4

(Pond) (

4 P < 0.05)

1.06

0.85

dbRDA 4 93.5%

( 5)

66.3% dbRDA1

dbRDA2

dbRDA1 dbRDA2

( 7) (R 

= -0.125, P = 0.976)

類

4
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46 54%

2012 9 2013 37

17

10

12 ( 6)

4–11

2012

2013 1

180 189

3–9

(3–7 ) (Athamnia et 

al. 2015)

3–4

2

Athamnia et al. (2015)

60%

21% (Sebastián-González et 

al. 2010)

14%

2008)

(Teglhøj 2017)

(skewed)

Abt and Konter (2009)

17

(Bilal 

et al. 2013)

(Phragmites) (Typha)

400 ha
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Vogrin (2001)

(Tsai et al. 

2007) 1 m

(Ceccobelli and Battisti 

2010) Vogrin (2001)

Causarano and Battisti (2009)

40 cm

2013 5

4

( 5)

(Bilal et al. 2013)

(Ceccobelli 

and Battisti 2010)

20%–70%

14% 2012 2013

24% 7%

( 5)

Sebastián-González et al. 

(2010) 2003 2004

18% 23%

25%

57% Athamnia et al. (2015) 2010

2012

55–71%

(Podiceps auritus) (Podiceps 
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cristatus)

(Ulfvens 1988)

53.7 ± 10.3 cm

72.8 ± 12.3 cm 8.4 ± 3.9 

cm 11.8 ± 5.6 cm

Ulfvens (1988)

(4.1 ± 1.6 

cm) (2.9 ± 1.0 cm) (z 

= 3.96, P < 0.001)

( 2)

(z 

= 2.53, P < 0.05)

(Causarano and Battisti 2009)

(Ulfvens 

1988)

(z = -2.14, P < 0.05)

(Bilal et 

al. 2013; Keithmaleesatti et al. 2020)

(Sebastián-González et 

al. 2010)

1–7

4

Athamnia et al. (2015)

4.7 ± 1.1

(Ricklefs 1980)

(Amundsen and Slagvold 1996)

>5
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85.8%

et 

al. 2012; Bilal et al. 2013; Athamnia et 

al. 2015)

(Podicipedidae)

(Ceccobelli and Battisti 2010; 

Athamnia et al. 2015; Keithmaleesatti et 

al et al. 2020)

2012 6

2013 8

628 mm 711 mm

2012

(Salonen and 

and Trnka 2011)

(Athamnia 

et al et al. 2020)

(Elaphe carinata)

(Rattus losea) (Gallinula 

chloropus) (Circus spilono-

tus) ( )

2002

2–3
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success in Augo Wetland during the breeding season in 2012 and 2013.

2012 2013 Total
Total nests 42 57 99

No. of successful nests 10 4 14
No. of failed nests 32 53 85

Apparent nesting success (%) 23.8 7.0 14.1
43.9 13.4 27.2

 

H. Wu and X. Yu. 2014. Effects 

of landscape structure, habitat and 

human disturbance on birds: a case 

study in East Dongting Lake wet-

land. Ecological Engineering 67: 

67–75
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Table 2. Summary of nest characteristics of successful and failed nests in Aogu Wetland. The mean ± sd is 
shown for each variable. Sample sizes are shown in parentheses.

Nest characteristics Total nests Successful nests Failed nests

Clutch size 3.3 ± 1.4 (99) 4.4 ± 1.3 (14) 3.1 ± 1.3 (85)
Nest width (cm) 38.3 ± 7.2 (99) 41.1 ± 7.7 (14) 37.9 ± 7.0 (85)
Nest height (cm) 3.1 ± 1.2 (99) 4.1 ± 1.6 (14) 2.9 ± 1.0 (85)
Water depth beside nest (cm) 57.3 ± 19.1 (99) 67.2 ± 16.9 (14) 55.7 ± 19.1 (85)
Nest closure (%) 18.7 ± 23.6 (99) 13.6 ± 14.4 (14) 19.5 ± 24.8 (85)
Distance to the nearest em-

bankment (m)
14.7 ± 12.7 (99) 14.3 ± 7.7 (14) 14.8 ± 13.4 (85)

Distance to the nearest neigh-

bor (m)
72.3 ± 57.5 (67) 66.6 ± 45.9 (10) 73.3 ± 59.6 (57)

Vegetation coverage beside 

nest (%)
34.7 ± 18.4 (55) 28.4 ± 13.3 (4) 35.2 ± 18.8 (51)

Rank of vegetation height 

beside nest
1.4 ±0.7 (55) 1.3 ± 0.5 (4) 1.5 ± 0.7 (51)
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Table 3. Ranking of models on individual nest-site variables for the Little Grebe nests based on the lowest 

variance).

K AICc
CS + WDN + NH + NC 6 66.15 0.00 0.637
CS + WDN + NW + NH + NC 7 70.22 4.07 0.083
CS + WDN + NH + NC + DNE 7 70.68 4.53 0.066
CS + NC + NW + NH 6 71.24 5.09 0.050
CS + NW + NH + NC 6 71.74 5.59 0.039
WDN + NH + NC + DNE 6 72.09 5.94 0.033
CS + WDN + NW + NH + NC + DNE 8 73.90 7.75 0.013
NC + WDN + NH 5 74.07 7.92 0.012
a Variable abbreviations: CS: clutch size ; NH: nest height (cm); NW: nest width (cm); 
NC: nest closure (%); DNE: distance to the nearest embankment (cm); WDN: water 
depth beside nest (cm). 

b K is the number of the explanatory variables in the model. AICc indicates the corrected 
i – minimum AICc, The bold face indi-

cates that the candidate model is the most parsimony model.

Grebe ( ) nests.

Std. Error z-value Pr(> |z|)

Intercept

Clutch size 0.848 0.267 3.178 0.0015 **
Water depth beside nest 0.038 0.015 2.533 0.0113 *
Nest height 1.061 0.268 3.959 <0.0001 ***
Nest closure -0.070 0.033 -2.144 0.0321 *

Estimate Std. Error z-value Pr(> |z|)/2
Year 0.000 0.000 0.707 0.2398
Pond 0.009 0.004 2.635 0.0042 **
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the percentage of explained variation.

Nest characteristics dbRDA1 dbRDA2 dbRDA3 dbRDA4
Clutch size -0.489 -0.315 -0.337 -0.282
Nest width -0.195 0.227 -0.312 0.772
Nest height -0.515 0.237 -0.399 0.299
Water depth beside nest 0.186 0.460 -0.010 -0.139
Nest closure -0.426 0.176 0.009 -0.007
DNE# 0.138 0.153 0.578 0.199
% explained variation 38.76 27.53 18.92 8.30
Cumulative % 38.76 66.28 85.21 93.51
#DNE: Distance to the nearest embankment

Table 6. Causes of failure of Little Grebe nests in Augo Wetland.

Cause 2012 2013 Total

Flooding 9 8 17
Stranding 9 1 10
Predation 9 37 46

Unknown cause of failure 5 7 12
Total 32 53 85
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Fig. 1. The sampling ponds in Aogu Wetland. The numbers beside each pond represent the Little Grebe 
nests found in 2012 and 2013.
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Fig. 2. Numbers of Little Grebe nest recorded each month.

Fig. 3. Relationship between the number of Little Grebe nest and the emerged vegetation cover of each 
pond (%).
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Fig. 4. Relationship between recorded clutch size of Little Grebes and outcome of the nest stated by the 
observers. Black bars represent the successful nests, and white bars represent the failed nests.
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embankment (m).
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