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ABSTRACT

Declines of avian populations in fragmented landscapes are well documented. However,
the underlying factors causing these declines are often poorly understood. Two key
habitat variables that negatively impact species persistence in small forest tfragments are
predator abundance and food availability. both crucial determinants of avian
reproductive success. | examined the etfect ot fragment size. isolation and disturbance
on these two habitat variables. and the intluence of these habitat variables on
reproductive success and behaviour of North Island robins (Perroica longipes). The
study was carried out in 15 forest fragments (1.6 — 1625 ha) in an agricultural forestry

landscape in the central North Island of New Zealand trom 2002 to 2005.

I found no association between a measure of relative predator abundance (proportion of
tunnels tracked by Rarus ratus) and either fragment size or isolation. Domestic
livestock grazing appeared to have a negative impact on rat abundance. However, the
lack of a relationship between rat tracking rate and robin nest survival suggests that rat
tracking rates may not be well correlated with predator abundance in small tfragments.
Nest survival increased with tood availability (invertebrate biomass) as expected. but

decreased with fragment size. Overall daily nest survival was 0.315 (S£ 0.003).

I also determined whether tood availability was associated with incubation behaviour or
foraging etficiency. Female nest attentiveness was expected to increase with increasing
frequency ot male incubation feeding. which was in turn expected to increase with food
availability. The rate of male incubation teeding did alter the female’s incubation
rhythm (shorter on- and off-bouts). but was negatively associated with the overall
proportion of time temales spent on their nests. Male incubation feeding rates were not
significantly associated with food availability. In addition. measures of foraging
etficiency (proportion of time spent foraging. prey capture rate) were not significantly

associated with food availability in either males or females.

This study did not support recent predictions related to incubation behaviour or habitat
fragmentation, and this may retlect current theory being largely based on results from
north-temperate ecosystems. In particular. there was no evidence that the small or
disturbed fragments had inferior habitat tor robins. I recommend that conservation

managers in New Zealand not overlook the value ot small habitat fragments.



Habitat fragmentation

TABLE OF CONTENTS

ABSTRACT

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

ACKNOWLEDGMENTS

1.0 EFFECTS OF HABITAT OQUALITY IN FRAGMENTED
LANDSCAPES

1.1 Study species and area
1.2 Aims

2.0 ABUNDANCE OF NEST PREDATORS AND FOOD WITH RESPECT
TO SIZE, ISOLATION AND DISTURBANCE OF FOREST
FRAGMENTS

221 Methods

Study species and area
Food availability
Predator abundance
Statistical Analyvses

P o 1o 1D
oLyt —

2.2 Results

2.2.1 Pitfall biomass
2.2.2  Rat tracking rates

2.3 Discussion

3.0 NEST SURVIVAL, PRODUCTIVITY AND PREDATION IN FOREST
FRAGMENTS

3.1 Methods

3.1.1  Study species and area
3.1.2  Nest Monitoring

3.1.3  Food availability

3.1.4  Predator abundance
3.1.5  Statistical Analyses

3.2 Results

R Estimates of nest survival
2 Random eftects

L) LI
19 19

i

11

I

Vi

V1l

27
29

L)
£
30
30
30

L) Lo

oo L)



4.0

3.2.3  Fledgling number
3.2.4  Productivity
Discussion

Habitat fragmentation

INCUBATION RHYTHM, NEST ATTENTIVENESS AND TIMING
OF BREEDING IN THE NORTH ISLAND ROBIN

4.1

4.2

‘N
=

Methods

4.1.1  Study species and area

4.1.2  Incubation attendance

4.1.3  Food availability

4.1.4  Statistical analyses
Results

4.2.1  Timing of breeding

4.2.2  Nesting behaviour and incubation feeding
Discussion

TIME BUDGETS OF NORTH ISLAND ROBINS DURING THEIR
ANNUAL CYCLE

N
P

tn
(3

6.0

Methods
S5.1.1  Study species and area
5.1.2  Behavioural observations
5.1.3  Data collection
5.1.4  Food availability
5.1.5  Statistical Analyses
Results
5.2.1 Seasonal variation in time allocation
5.2.2  Sex-related differences in time allocation
5.2.3  Pre-breeding period
5.2.4  Breeding season
5.2.5  Post-breeding period
Discussion

AN INEXPENSIVE METHOD FOR
NEST PREDATORS

IDENTIFYING

PASSERINE

6.1

6.2

Methods

6.1.
6.1.
6.1.
6.1.4

Results

6.2.1
6.2.2

L) 19 —

Study species and area
Clay egg construction
Artificial clay egg attachment
Predator identitication

Artificial clay egg acceptance
Predator identification

v

47

N

h A
W= OO

N N
B~ W

‘N
3

82

84

84
84
85
86

87

87
88



6.3 Discussion
7.0 FINAL DISCUSSION

REFERENCES

Habitat fragmentation




Habitat fragmentation

LIST OF FIGURES

Figure 1.1.  Map of study area showing tragments of native forest surrounded by
exotic forest and agricultural matrix. The 15 fragments filled in red
are those containing robin pairs that were intensively monitoring
during three breeding seasons (2002-2005). .c.cceovoiviieriiiiiinieieeiee 9
Figure 2.1.  Mean (£ 1 SE) invertebrate biomass per collection period (six weeks)
over the three-year sampling period, across all pitfall traps...................... 19
Figure 2.2.  The probability (£ 1 SE) of tunnels being tracked by rats in fragments
ot different size and in the presence (0) or absence (4) ot domestic

livestock grazing in the Benneydale region. New Zealand. 2002-

D00 .. ST, .. .. . PO . . ST . -...cc PSR 23
Figure 3.1. Estimated daily survival rates (DSR) for North Island robin nests
during a) 2002-2003. b) 2003-2004 and c) 2004-2005 breeding
seasons in the Benneydale region. New Zealand.. ............c..cccooooi, 35
Figure 3.2.  The eftect of fragment size (a. b & c) and invertebrate biomass (d. e
& 1) on the overall survival of robin nests during 2002-2003 (a & d).
2003-2004 (b & e) and 2004-2005 (€ & ). covvrvrerreiieiiieeece e 37
Figure 3.3. Mean (+ 1 SE) number of fledglings and independent juveniles
produced per female across the three breeding seasons. ..........cccoceeveenne. 40
Figure 4.1. Relationship between invertebrate biomass on robin territories and
laying dates of first clutches by pairs on those territories. ..........ccceeeueee 54
Figure 4.2. Scatter plot of mean on-bout (cube root scale) and oft-bout (log
scale) duration versus the male incubation feeding rate for all 114
NESE WALCIES. ..t e 56
Figure 5.1.  Proportion (£ 1 SE) of time budget female (m) and male (g) robins
spent foraging, resting and undertaking body maintenance activities
during (a) pre-breeding 2004. (b) males only during the breeding
season of 2004-2005 and (c) post-breeding 2003-2005. ......cccoevviivrennnnen. 69

Figure 5.2.  Proportion (+ 1 SE) of time budget males spent foraging during the

2004-2005 breeding season while they had no nest or tledglings

\%|



Huabitat fragmentation

(MF), while female is nest building and incubating, and while
feeding nestlings or JUVENIIES. ..ot 70
Figure 5.3. (a) Foraging attack rates (+ 1 SE) for female (m) and male (O) robins
during pre-breeding 2004, the 2004-2005 breeding season and post-
breeding 2003-2005 period and (b) Foraging attack rates (£ 1 SE) for
males during the 2004-2005 breeding season while he has no nest or
fledglings (MF). while female is nest building and incubating. and
while feeding nestlings and juveniles............ccccooiviiiiiiii 71
Figure 6.1. Photograph ot an artificial clay egg in an active (a) song thrush (top
left egg) and (b) greenfinch (middle egg) nest. (c¢) Artificial
greenfinch egg. with harrier beak imprint. hanging outside nest after
A Predation @VENT. ... it e 85
Figure 7.1. a) Male incubation feeding rates relative to nest predation rate (%
nests lost during incubation) for open-nesting and hole-nesting
northern-hemisphere species in comparison to North Island robin
feeding and predation rates and b) Nest attentiveness relative to the
rate of male incubation feeding for the same open and hole-nesting
species plus North Island robin for comparison. This graph is

reproduced from Figures 1 & 2 in Martin and Ghalambor (1999)............ 98

vii



Habitat fragmentation

LIST OF TABLES

Table 1.1.  The 15 forest fragments and their individual sizes and isolation index
(see Chapter 2, p.16 for description. the smaller the number the more
isolated the fragment), plus the number of robin pairs monitored in
each fragment during the three breeding seasons (2002-2005)........cc........ 8
Table 2.1 Generalized linear mixed models (binomial error, logit link)
examining the influence of year, month, grazing regime, fragment
size and isolation, leat litter depth and mean rat tracking rate on the
variation in invertebrate biomass (Vg) after controlling for variation
between individual robin territories. ... 20
Table 2.2.  Correlation (r ¢) between invertebrate biomass on each robin territory
during the three sampling years, across the ditferent sampling
months in the Benneydale region. New Zealand, 2002-2005. ................. 21
Table 2.3.  Generalized linear mixed models (binomial error, logit link, with
fragment included as a random effect) relating rat tracking rate to

year. month, fragment size, isolation and grazing regime...............c......... 22

Table

(U8

Summary of model selection results analysing daily survival rates of
North Island robin nests during 2002-2005 in the Benneydale region,
New Zealand using the program MARK.. .......ccoooiiiiiiiiii e 34
Table 3.2.

[§S)

Summary of generalized linear model selection (binomial error, logit
link) with female included as a random eftect for North Island robin
nest survival in the Benneydale region, New Zealand. 2002-2005........... 38

Table 3.

(U8

Summary of generalized linear model selection (Poisson error, log-
link) with female included as a random effect for juvenile
productivity in the Benneydale region, New Zealand, 2002-2005............ 39
Table 4.1.  Diagrammatic illustration ot the predicted intluence (see above) that
increased food availability, ambient temperature, nest predation and
male incubation feeding (MIF) has on incubation behaviour. .................. 50
Table 4.2.  Summary of generalized linear mixed model selection for incubation
behaviour and incubation nest survival of North Island robins in the

Benneydale region, New Zealand for 2002-2005. ........ccccooeiieiiencenn . S5

Viil



Table 4.3.

Table 5.1.

Table 5.2.

Table 5.3.

Table 5.4.

Table 5.5.

Table 6.1.

Table 6.2.

Habitat fragmentation

The results of nest watch data from robins in the Benneydale region
from 2002-2005 with the corresponding predictions outlined in the
introduction in Table 4.1.. ... 57
Difterence of least square means (DLSM) between pre-breeding,
breeding (male only) and post-breeding in the proportion ot time
robins allocated to fOraging. .......cooovvieiiie i 70
The average foraging attack rate calculated from each observation
period (total time budget) for the pre-breeding. breeding season and
post-breeding periods for male and female robins. ............ccooooiiiinnnn 72
Eftect of sex. temperature. time of day. and invertebrate biomass of
foraging time and foraging attack rates of North Island robins during
the 2004 pre-breeding period. Eftects of these factors on foraging
time and foraging attack rate are analysed using general linear mixed
modelling. results are tor univariate models.. ..........ccccoovviiiviiiiiieiee, 74
Eftect of temperature. time of day. and invertebrate biomass of
foraging time and foraging attack rates of male North Island robins
during the 2004-2005 breeding season. Effects of these factors on
foraging time and foraging attack rate were analysed using general
linear mixed modelling. results are for univariate models. ....................... 75
Eftect of temperature sex. time of day. and invertebrate biomass of
foraging time and foraging attack rates of North Island robins during
the post-breeding period (2003-2005). Eftects of these factors on
foraging time and foraging attack rate are analvsed using general
linear mixed modelling. results are for univariate models. ....................... 77
The individual response of five European passerine species after the
addition of an artificial clay egg to their own clutch...............ooooeeeinn, 88
Predator identification at the 30 active bird nests preyed on while
containing artificial eggs. Numbers are given for nests where
predator sign was left at the nest site and where partial predation
occurred (one or more eggs from a clutch disappearing before

complete predation).......oo.eiii i 89



Habitat fragmentation

ACKNOWLEDGMENTS

A number of people have assisted me during my candidature. [ would particularly like
to thank Yvan Richard, Nikki McArthur and my supervisor Doug Armstrong for their
constant support throughout the whole project. Ralph Powlesland and John Innes for
their discussions about robins and rats, which have contributed toward this thesis.
Thanks to close triends John Ewen and Rohan Clarke who inspired me to undertake

such a project and John for helpful comments on the tinal draft and distractions to LBI.

I am especially gratetful to the managers of Te Hape (Pat O’Neil), Tiroa (Ted
Ballentine) and the Wharakeri (Michael Thompson) Trusts for access to these properties
throughout all of my fieldwork. The Hughes tamily for accommodation during my first
tield season and to Robin and Margaret Peacock for access to their property, wondertul
accommodation and dinner parties during my last two field seasons. Without these
people’s generosity and friendship this project would not have been possible. 1 was
greatly assisted during tieldwork by Do Durpoix. Anke Arentz, Arjan Pennings and
Mike Sweet and a large number of volunteers helped when running tracking tunnels and
collecting pitfall contents. A Massey University PhD scholarship and a Royal Society of
New Zealand Marsden Fund with Doug Armstrong as the principle investigator

supported this work.

During my tinal twelve months | was greatly assisted by various ofters of hospitality
and friendship. I especially thank Becky Lewis and Paul Turner (Palmerston North).
Bruce and Gillian Cassey (Whitianga) and Tim Blackburn and Clover Cottage (UK). To
my parents Lyn and Bill (and my extended family) who always encouraged me to

follow the career | loved.

[ am eternally grateful to Phill Cassey for his constant support in every aspect of this
project. with his love I was able to complete this thesis. Final thanks to my robins.
without their inquisitive nature and unique antics this project would not have been half

as fun!

For Johnno, a sheep.





