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Successful establishment among introduced birds 

 Abstract 

Humankind has redistributed a large number of species outside their native 

geographic ranges. Although the majority of introduction attempts fail to establish 

populations, the cumulative negative effect of successful non-native species has been 

and will continue to be large. Historical records of land bird introductions provide 

one of the richest sources of data for testing hypotheses regarding the factors that 

affect the successful establishment of non-native populations. However, despite 

comprehensive summaries of global avian introductions dating back two decades 

only very recent studies have examined the successful establishment of non-native 

bird species worldwide. 

It is clear that a non-random pattern exists in the types of land bird species that 

have been chosen by humans to be introduced outside their native range. Out of the 

44 avian families from which species have been chosen for introduction almost 70% 

of introduction attempts have been from just five families (Phasianidae, Passeridae, 

Fringillidae, Columbidae, Psittacidae). Notably, these families include game species, 

insectivorous song birds, and species from the pet trade. 

It has been hypothesised that the fate of introduced species may be determined 

in part by heritable characteristics that are shared by closely related taxa. In my 

analyses, I have used current comparative methods to demonstrate that intrinsic eco-

physiological characteristics are significant predictors of the worldwide success of 

introduced land bird species. The results of my analyses contribute to a greater 

ecological understanding of the traits that correlate with the successful establishment 

of non-native species. Notably, the three major conclusions that I have drawn from 

this thesis are: 

1. Non-random patterns of successful establishment exist for introduced land bird 

taxa that have experienced a repeated number of introduction attempts. This result 

supports the idea that introduced species have an inherent likelihood of either 

succeeding or failing to establish non-native populations. 

2. Eco-physiological traits are important correlates for determining the variability 

in introduction outcome for non-native land bird species. With reliable information 
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on introduction attempts and taxa-specific traits predictive models are possible that 

quantify the outcome of repeated introduction attempts across non-native species. 

3. Islands are not universally less resistant than mainland regions to the successful 

establishment of non-native species. This perception is a reflection of the greater 

number of introduction attempts to islands rather than an effect of biotic resistance. 

Any differences in the success of introduction attempts can be attributed largely to 

differences in the proportion of introductions that have been made across 

biogeographic regions. 

 I have highlighted that data are accessible for global analyses of the variability 

in the successful establishment of non-native species. Although establishment success 

is not a deterministic process, the characteristics of an introduced species can 

influence the probability of its succeeding. I have shown that with adequate eco-

physiological information, and for introduced land bird species at least, this 

probability can be predicted. These results refute previous suggestions that the 

stochastic component of species introductions will always overshadow any emerging 

patterns of successful establishment among non-native populations. 
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Chapter 1.0  The global introduction of land bird species 

 

 1.0 

The worldwide introduction of land bird species 

Humankind has profoundly influenced global biodiversity by the dramatic 

redistribution of species outside their native geographic ranges (Kolar and Lodge 

2001). The result is that naturally occurring changes in species’ distributions have 

been superseded, and the Earth’s biota is becoming characterised by collections of 

species that are globally widespread and often intimately associated with humankind 

(Vitousek et al. 1997; Lockwood et al. 2000). Species distributions are not static and 

many native ranges fluctuate as a consequence of alterations in climate and habitat as 

well as with varying biological interactions (Isenmann 1990). However, humankind 

has become an agent for dispersal on quite a different scale and our acceleration of 

the process of establishing non-native species accomplishes changes over a few 

decades that could not otherwise be achieved in the life of the earth (Lodge 1993a). 

The introduction of non-native species poses the question: why does a certain 

collection of species succeed when many others fail? Ecological interest in 

introduced species has developed because the characteristics and impacts of non-

native species may provide insights into long-standing issues in the assembly of 

communities and the persistence of populations (Sax and Brown 2000). Additionally, 

range expansions are inextricably related to global environmental and economic 

issues of increasing importance – climate change, habitat fragmentation, declining 

biodiversity, and genetic introgression (Vitousek et al. 1997). 

In 1957 Charles Elton delivered three BBC broadcasts entitled ‘Balance and 

Barrier’. Within a year the ideas behind the broadcasts had expanded into a 

monograph (Elton 1958) that is widely considered to be the first formal thesis of the 

study of non-native species and has since been cited by virtually every major 

publication concerning non-native species (Davis et al. 2001). Elton argued that the 

establishment of non-native species is ‘so frequent nowadays in every continent and 

island, and even in the oceans, that we need to understand what is causing [it] and 

try to arrive at some general viewpoint about the whole business’. However, 

ecologists have been slow to respond to Elton’s 50-year old plea for a greater 

understanding of non-native species (Kolar and Lodge 2001). Only recently have 
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adequate quantitative studies emerged to address Elton’s original hypotheses and to 

develop the study of non-native species as a major emphasis in the disciplines of 

conservation biology, biogeography, and evolutionary ecology (Levine and 

D’Antonio 1999). 

In 1982, the International Council of Scientific Unions’ Scientific Committee 

On Problems of the Environment (SCOPE) programme concentrated on the ecology 

of species that had successfully invaded non-agricultural regions and disrupted 

natural ecosystem processes (Williamson 1996). The programme aimed to answer 

three specific questions (from Drake et al. 1989): 

1. What are the factors that determine whether a species will be an invader or not? 

2. What are the site properties that determine whether an ecological system will 

be prone to, or resistant to, invasion? 

3. How should management systems be developed using the knowledge gained 

from answering these questions? 

The programme resulted in the publication of more than 20 volumes on the 

introduction and invasion of non-native species. A number of these volumes had a 

regional perspective: Australia (Groves and Burdon 1986), Britain (Kornberg and 

Williamson 1986; Gray et al. 1987), southern Africa (Brown et al. 1985; Macdonald 

et al. 1986), North America and Hawai’i (Mooney and Drake 1986), the Netherlands 

(Joenje et al. 1987), Europe and the Mediterranean Basin (di Castri et al. 1990); or 

focused on a particular biome: tropics (Ramakrishnan 1991), Mediterranean 

ecosystems (Groves and di Castri 1991), fynbos (Macdonald and Jarman 1984), 

nature reserves (Usher et al. 1988). The final volume provided a summary of the 

global perspectives of invasions by non-native species (Drake et al. 1989). 

Understanding of the introduction and successful establishment of non-native 

species, however, remained rudimentary (Townsend 1991). The SCOPE volumes 

were largely dominated by anecdotal studies including the sometimes dramatic 

ecological impact of non-native species (Lodge 1993a). In most cases the data were 

simply inadequate for rigorous testing of even the simplest conceptual models. In 

concluding chapters a number of researchers expressed the belief that the only 

element in species introductions that could be forecast with certainty was that of 

unpredictability (Crawley 1989; Mooney and Drake 1989). Following reviews of the 

SCOPE programme (Lodge 1993a; Vermeij 1996), it became evident that what was 
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required were statistical models that were taxon-specific and provided reliable 

quantitative analyses across a variety of environmental scales (Pimm 1989; 

Williamson 1999). 

1.1 The study of introduced species 

The schematic in Box 1.1 represents a single iteration of the introduction 

process and provides definitions for the various stages that are used throughout this 

thesis. A species that fails at any stage of the process may succeed in another 

pathway in the future. 

Establishment implies that a non-native population can sustain itself through 

local reproduction and recruitment, which thus augments or replaces introductions 

from the donor region as a means for a population’s persistence (Mack 1996). Newly 

introduced species that quickly spread through a wide geographic range are often 

considered more likely to find the best match of their own physiological requirements 

to environmental and ecological conditions (Moller et al. 1993). Although small 

isolated sub-populations are individually more vulnerable to extinction, the wider 

metapopulation should be considerably safer from extinction once several widespread 

sub-populations are established (Soulé and Simberloff 1986). 

Along with inherent biological attributes, environmental factors may influence 

the way an introduced species can expand its geographical range through natural 

dispersal. Persistence occurs when, as the introduced species forges ecological links 

with other species in the recipient region, evolutionary and ecological changes 

proceed, reflecting the altered regime of the recipient community (Vermeij 1996). 

Persistence involves changes in the recipient ecosystem during and following a 

successful introduction but is generally most noticeable when a species is considered 

to be an economic or ecological pest (Townsend 1991). 

Although most established species produce permanent populations, sometimes 

a non-native species achieves a peak of density and then declines (Williamson 1996). 

This lack of persistence may be due to human hunting (e.g. the extinction of a game 

species such as the silver pheasant Lophura nycthemera in Australia (Duncan et al. 

2001)), the introduction of further species (e.g. either competitors or predators 

(Ebenhard 1988)), or for reasons unknown that are associated with the random 
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demographic and environmental events to which all small populations are subject 

(Allee et al. 1949; Gilpin and Soule 1986). 

 

Box 1.1 The transitions between different stages in the introduction process that a 

species must overcome in order to establish and succeed in its novel environment. Following 

successful establishment, and persistence, a species for which ecological or economic 

damage is attributed is termed a ‘pest’. 

Species entrained in transport 

pathway 

 

 

Species fails 

in transport 

 

 

Species survives transport and is 

introduced 

 

 

Species fails 

to establish 

 

 

Species is successfully established 

 Non-native species 

 

 spread 

 

 

 Invasive species 

 

Species are introduced for a variety of 

reasons (e.g. aviculture, recreation, 

biocontrol). The introduction of many 

avian species was poorly planned and it 

was not unheard of for entire shipments to 

die during transport (Thomson 1922). 

 

 

The potential causes for a species to fail to 

establish are numerous. The ability to 

predict how characteristics of the 

introduction process influence successful 

establishment is often the primary goal of 

ecologists studying non-native species 

(Williamson 1999; Kolar and Lodge 

2001). 

The distinction between a species that has 

successfully established a non-native 

population from one which is invasive 

may be hard to quantify because it is 

expected that spread is a function of time 

(Shigesada and Kawasaki 1997). 
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Introductions of non-native species are often the subject of ecological interest 

because of the environmental and economic damage that they can cause (Clout 1998; 

Williamson 1999). A number of these introductions are notorious: the cane toad Bufo 

marinus in Australia (Easteal and Floyd 1986); the nile perch Lates niloticus in Lake 

Victoria (Ogutu-Ohwayo 1998); the aquarium plant Caulerpa taxifolia in the 

Mediterranean sea (Boudouresque 1998); the brown tree snake Boiga regularis on 

Guam (Fritts and Rodda 1998); the zebra mussel Dreissena polymorpha in North 

America (Allen and Ramcharan 2001); the South American tree Miconia calvescens 

on Tahiti (Meyer and Florence 1996); introduced pigs Sus scrofa in North America 

and on Hawai’i (Simberloff 1990); and the spread of Argentine ants Iridomyrmex 

humilis around the world (Hee et al. 2000).  

The literature is replete with many more examples. The majority of 

successfully introduced non-native species, however, are considered benign based on 

studies of the percentages of established species that become serious ‘pests’ or result 

in global extinctions (Williamson and Fitter 1996). The ‘tens rule’ of Williamson and 

Brown (1986) and Williamson and Fitter (1996) states that 1 in 10 species 

transported appear in the wild (introduced intentionally or accidentally), 1 in 10 

species introduced will become established, and that 1 in 10 of those established will 

persist to become a pest. Ten is taken to mean between 5 and 20 (Williamson and 

Fitter 1996), close to the confidence limits of a binomial expectation of 0.1 in a 

sample of 100.  

It is likely that the small proportion of non-native species that are observed as 

‘pests’ is an artefact of the scale at which populations are studied (Lodge 1993b). 

Most changes will result in subtle effects, such as local extirpations, behavioural and 

evolutionary changes of native species, habitat and environment changes, and food 

web alterations. It may take a long time, or a series of subtle environmental effects, 

for a non-native species to change in status from ‘innocuous’ to ‘pest’. The effects of 

introduced species are frequently evaluated from economic or sentimental viewpoints 

(Ebenhard 1988) and unless the changes affect the lifestyle or commerce of humans 

they are rarely investigated in detail (Townsend 1991). Subsequently, most estimates 

of the number of ‘pest’ species are considered underestimates (Lever 1987; 

Williamson 1996). 
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1.2 The global introduction of bird species 

A major problem that complicates the study of introduced species is that 

surviving species are more likely to be observed than those that are transported and 

then quickly disappear thus failing to establish non-native populations (Simberloff 

1997). In addition, surviving species which spread rapidly and produce highly visible 

ecological or economic impacts are much more likely to be detected and studied than 

are inconspicuous or innocuous species (Townsend 1991). Case studies have tended, 

therefore, to emphasise the characteristics of success at invasion, with much less 

emphasis on the characteristics of failure to establish non-native populations. Such 

characteristics are by definition difficult to study because of the general lack of data 

concerning them (O’Connor 1986). One taxonomic group for which there is an 

excellent record of species introductions, including successes and failures, is the 

global avifauna. 

The transportation and domestication of birds has an ancient history and 

records exist from India for the greylag goose Anser anserψ, rock dove Columba 

livia, and red jungle fowl Gallus gallus from at least 3000 years ago (Brooke and 

Birkhead 1991). More recently, birds have been introduced outside their geographic 

ranges for the purposes of sport, for sentimental and nostalgic reasons, for aesthetic 

amenity, as a form of biological control for insect and other pests, as scavengers, and 

simply out of curiosity to see how they would cope and adapt to a novel environment 

(Lever 1987). Many more species have escaped from captivity or domesticity (Long 

1981) and several have been recorded to use humans as unwitting means of sea-borne 

transport (e.g. Durand 1963). In a large proportion of cases, species were transported 

to complement faunas that were perceived to be depauperate because of the 

unfamiliar species they contained. In South Africa, for instance, Cecil Rhodes 

introduced a number of species in order to improve the amenities of Cape Town by 

diversifying the bird fauna damned as ‘poverty-stricken’ by Shelley (1875). Yet 

often, as in the case of colonists to New Zealand, the ‘company [of the introduced 

birds] was found not to be half as desirable as had been anticipated’ (Drummond 

1906).  

                                                      
ψ Authorities for all species can be found as given by Sibley and Monroe (1990, 1993). 
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Non-native species cost the United States an estimated $137 billion a year, of 

which pigeons and starlings constitute a little over 1% (Pimentel et al. 2000). It is 

evident from syntheses of non-native and invasive species that introduced birds are in 

fact not highly ranked among pest species (IUCN 1997-1998). Slodobkin (2001) 

describes the house sparrow Passer domesticus (the hieroglyphic symbol chosen by 

the ancient Egyptians for denoting ‘enemy’ (Skinner 1905), and ‘one of the worst of 

feathered pests’ (Palmer 1899)) as a ubiquitous example of a non-native species we 

can ‘learn to love’. Perhaps in light of the cost of other recently introduced taxa, 

avian species do not stand out. Non-native bird populations, however, are responsible 

for a variety of negative effects that have caused considerable damage to regional 

biodiversity and human resources alike. Of these, the most obvious are: 

1. transmission of parasites and diseases; e.g. the introduction, within the past 

century, and transmission of avian pox and malaria among native bird species of 

Hawai’i (Van Riper 1991). 

2. depredation of horticulture; e.g. In New Zealand the European greenfinch 

Carduelis chloris causes serious damage to ripening cereal crops and fruiting trees 

(Dawson and Bull 1969). The introduction of the little owl Athene noctua (1906) was 

to combat their depredations, as well as those of other frugivorous non-native species 

(Thomson 1922). 

3. damage to economic resources; e.g. the house crow Corvus splendens; which 

in Aden is considered a serious pest for its dissemination of  domestic refuse, damage 

to electrical wiring and television aerials, and widespread defecation on buildings 

(Lever 1987). 

4. disturbance of ecosystems; e.g. the common starling Sturnus vulgaris which 

in Australia competes with native Psittacidae species for nesting sites (Blakers et al. 

1984), and the chimango caracara Milvago chimango which on Rapa Nui (Easter 

Island) has a marked effect on colonies of nesting birds by preying on their young 

(Harrisson 1971). 

5. genetic introgression; e.g. the mallard Anas platyrhynchos which has 

hybridised with native duck species in South Africa (Anas undulata), and in Australia 

and New Zealand (Anas superciliosa sp.) (Lever 1987). 

Some species like P. domesticus are reported to be generalist pests (Southern 1945). 

They damage cereal and fruit crops, are pests in stores and public eating areas, block 
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gutters and drain pipes with nesting material, displace at least some indigenous 

insectivorous birds, distribute poultry cestodes and nematodes, and are general 

nuisances by causing contamination with their faeces. The International Union for the 

Conservation of Nature (IUCN) ranks three bird species in its 100 most invasive 

species (Box 1.2), but many more examples of the unwanted effects of introduced 

birds can be found in the ecological literature (summarised by Lever 1987). 

 

Box 1.2 Bird species listed in the Invasive Species Specialist Group (ISSG) 100 most 

invasive species. The ISSG is a specialist group of the Species Survival Commission (SSC) 

of the International Union for the Conservation of Nature (IUCN). 

3.  Acridotheres tristis (common myna) 

Mynas are native to India, but have been introduced all over the world, with the aim of 

reducing the insect population in agricultural areas. However, they reduce biodiversity by 

competing for nesting hollows, destroying chicks and eggs and evicting small mammals. 

78.  Pycnonotus cafer (red-vented bulbul) 

The bulbul (native to parts of Asia) was introduced to the Pacific Islands, where it has 

caused serious problems by eating fruit and vegetable crops, as well as nectar, seeds and 

buds. The bulbul is aggressive and chases off other bird species. 

89.  Sturnus vulgaris (common starling) 

A native of Eurasia and North Africa, the starling is now found in many countries. 

They are extremely voracious and will feed on almost anything, causing reductions in native 

insects and destroying crops. These aggressive birds have also displaced many native birds 

by competing for nest sites. 

Source: www.issg.org/database 

 

The conspicuous nature of bird species has meant that their transportation 

around the globe has been extensively recorded, largely by acclimatisation societies 

(e.g. Thomson 1922; Phillips 1928), amateur naturalist groups (e.g. the Hui Manu 

ladies’ club (Pleadwell 1942) and Honolulu Mejiro club (Nakatsuka 1941) in 

Hawai’i), and individuals (e.g. Guild (1938) on Tahiti) that attempted to introduce 

them. More recently these attempts and their outcomes have been summarised in the 

secondary literature (Long 1981; Lever 1987). Bird species are extremely well 
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represented in the ecological literature. We have a good knowledge of the number of 

extant species (9 672 in Sibley and Monroe (1990)), including those that are 

threatened by extinction (Collar et al. 1994). Estimates of avian life history, ecology, 

and distribution have been recorded for a large proportion of species and are 

currently being summarised in a single reference collection (del Hoyo et al. 1992-

ongoing). 

Because of the availability of data, a considerable proportion of the recent 

literature on non-native species in general has focused on the distribution and 

successful establishment of introduced avian species (Kolar and Lodge 2001). It is 

pertinent, therefore, to provide a summary of what we already know from these 

studies and where there are gaps in our knowledge that will benefit from further 

research. 

1.3 The study of introduced bird species 

Bird species are good dispersers and good colonists (Diamond 1975). They are 

ubiquitous and often opportunistic; being found in nearly every developed and 

wildland habitat including (to some extent) marine environments (Brooke and 

Birkhead 1991). Humans have had a long fascination with bird species and are 

experienced in their domestication and aviculture (Mason 1984). It could be expected 

that as a group, birds would be extremely good candidates for introduction into novel 

regions. However, it has often been noted that the majority of introduction attempts 

fail. Even with very familiar species, successful establishment may have occurred 

only after repeated introduction attempts. The common starling Sturnus vulgaris, one 

of the most widespread species in North America, was introduced at least eight times 

before its successful establishment in 1895 (Grinnell 1922). 

Bird species are highly mobile and those with a potential for true long distance 

dispersal (i.e. unaided by humans) have already spread around the globe. Recently, 

humans have been the dominant vector for species dispersal and any attempt to 

classify the properties of non-native species is therefore more likely to be based on 

the psychology of humankind than the biology of bird species. Studies that compare 

successfully established species with those that have failed, and invasive with non-

invasive species, offer the most powerful tests of characteristics that differentiate 

subgroups of non-native species (Vermeij 1996; Kolar and Lodge 2001). I shall 
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consider more than 50 publications that have directly examined the characteristics 

that influence the successful introduction, establishment, or persistence of non-native 

bird populations. These publications have appeared since Long (1981) published his 

global synthesis of avian introductions, and the number of quantitative regional 

analyses continue to increase. Most of the publications I consider are based on the 

premise that introduced species and the regions into which they are introduced can be 

characterised by distinguishable traits that determine the probability of successful 

establishment (Table 1.1). 

Table 1.1 Traits hypothesised to influence whether a species is successful when 

introduced into a human dominated world. 

Species traits of non-natives Environment in recipient region 

r-selected (small body size, high fecundity) low number of competitors  

large body size compared to related species lack of predators during evolution 

behavioural plasticity release of parasites and diseases 

much genetic variability climate matching with donor region 

widespread (large native geographic range) evolutionary disharmony 

rapid dispersal high anthropogenic disturbance 

generalist (eurytopy)  

human commensalist  

Modified from Mayr (1965), Ehrlich (1989), Lodge (1993b), and Lockwood (1999). 

Lists such as Table 1.1 are valuable as checklists of potential warning signs, but they 

are poor at predicting the likelihood that a particular species will be a problem in a 

particular environment. Alternatively, the studies listed in Table 1.2 have attempted 

to establish common environmental and eco-physiological correlates of success 

among introduced birds. Much of the research has focussed on the islands of New 

Zealand and Hawai’i (>80% of the studies from Table 1.2), although they together 

constitute only a quarter of the global introduction attempts for land bird species 

(Long 1981). 
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Table 1.2 Patterns and correlates of introduction success tested among non-native bird 

species. References are given for studies published since Long (1981). 

Traits Regions † References 

Historical   

    previous success Ha, StH, NZ, Ta, Be, Ma 14, 21, 29, 31, 42 

    propagule pressure NZ, Aus 26-28, 30, 32, 33, 38-42 

    year of introduction Ha, StH, Ta, NZ 2, 14, 19, 21, 22, 27, 32 

Populational   

    abundance NZ, Ha 1, 6, 14, 19 

    range NZ, global 26, 28, 30, 32, 35, 37, 40, 42-44, 46 

    genetic variability NZ, Ha, Aus, FI, SA, US 3, 5, 10, 12, 13, 15, 23 

Taxonomic   

    taxonomy Ha, NZ, global 6, 14, 28, 30, 34, 37, 39, 46 

    body size NZ, Aus 26, 28, 30, 32, 36, 40 

    morphometrics Ha, Ta, NZ 4, 6, 11, 14, 16, 18, 19, 22, 45 

    fecundity NZ, Aus, global 26, 28, 30, 32, 35, 36, 40, 46 

    sexual selection Ha, Ta, NZ 22, 30, 33, 35, 40 

    behavioural flexibility NZ, Aus 26, 30, 32, 35, 39, 40 

    migratory tendency NZ, Aus 26, 30, 32, 40 

Environmental   

    environmental matching NZ, Aus, global 32, 40, 43, 46 

    competitors and predators NZ, Ha, StH, Ta, global 1, 2, 19, 21, 22, 24, 25, 27, 38 

    area Ha, global, NZ 2, 24, 27 38 

    elevation global 24 

    human environment global 24 
1Diamond and Veitch (1981), 2Moulton and Pimm (1983), 3Ross (1983), 4Moulton (1985), 5Parkin and 
Cole (1985), 6Moulton and Pimm (1986a, 1986b), 7Moulton and Sicoli (1986), 8Newsome and Noble 
(1986), 9O’Connor (1986), 10Baker and Moeed (1987), 11Moulton and Pimm (1987), 12St Louis and 
Barlow (1988), 13Baker et al. (1990), 14Simberloff and Boecklen (1991), 15Baker (1992), 16Moulton 
and Lockwood (1992), 17Simberloff (1992), 18Lockwood et al. (1993), 19Moulton (1993), 20Lockwood 
and Moulton (1994), 21Brooke et al. (1995), 22McLain et al. (1995), 23Merila et al. (1996), 24Case 
(1996), 25Keitt and Marquett (1996), 26Veltman et al. (1996), 27Duncan (1997), 28Green (1997), 
29Moulton and Sanderson (1997), 30Sorci et al. (1998), 31Duncan and Young (1999) 32Duncan et al. 
(1999), 33Legendre et al. (1999), 34Lockwood (1999), 35McLain et al. (1999), 36Geffen and Yom-Tov 
(2000), 37Lockwood et al. (2000), 38Sol (2000), 39Sol and Lefebvre (2000), 40Duncan et al. (2001), 
41Forsyth and Duncan (2001), 42Moulton, Miller, and Tillman (2001), 43Sax (2001), 44Brooks (2001), 
45Moulton, Sanderson, and Labisky (2001), 46Blackburn and Duncan (2001a). 

† Aus, Australia; Ha, Hawai’i; NZ, New Zealand; US, North America; FI, Fijian Islands; Ta, Tahiti; 
StH, St Helena; Be, Bermuda; Ma, Mascarenes; SA, South Africa. 
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In all of the studies listed in Table 1.2 some aspect of the introduced species or 

the introduction attempt has been analysed as a potential predictor of either 

successful establishment or population persistence. Historical traits include the 

previous success that a species has had in successfully establishing non-native 

populations (Lawton 1990; Daehler and Strong 1993), and the effort and period over 

which humans have attempted introductions. Simberloff and Boecklen (1991) noted 

that the success of introductions to Hawai’i was highly correlated with their success 

elsewhere and described an All-Or-None (AON) pattern of establishment among the 

introduced avifauna. It is clear that some species have been successful nearly 

everywhere in the world where they have been introduced (Long 1981). 

Alternatively, other species, perhaps highly specialised for restricted environments, 

are expected to fail no matter where they are introduced (Moulton and Pimm 1983).  

The AON approach has been criticised by Moulton (1993) and Moulton and 

Sanderson (1997) but it remains evident that the mixed outcomes of successfully 

introduced taxa are not distributed randomly among all introduction attempts 

(Lockwood 1999; Chapter 2.0), and that species have often either predominantly 

failed or predominantly succeeded (Duncan 1997; Duncan and Young 1999; 

Moulton, Miller and Tillman 2001). This pattern, although not always a strict AON 

(Moulton and Sanderson 1997), was used by Duncan and Young (1999) to suggest 

that species level attributes are a major determinant of introduction success and that 

the outcome of an introduction can be inferred with reasonable certainty from the 

outcome of previous introductions (but see Moulton and Sanderson (1999)). Methods 

that control for phylogenetic dependence (Harvey and Pagel 1991; Garland et al. 

1992) are required to determine whether taxon-specific traits are correlated with the 

observed differences in introduction success among taxa (Williamson 1999; Kolar 

and Lodge 2001). 

It is widely accepted that repeated introduction attempts will increase the 

probability of successfully establishing non-native species (Williamson 1996; 

Grevstad 1999). Analyses of the generally low incidence of successful establishment 

of avian introductions into novel environments indicates that there is a high risk of 

extinction for populations started with a small number of propagules (O’Connor 

1986). In a number of cases, species that were introduced to New Zealand, Australia, 

North America, and Hawai’i either at more times, at more sites, or in greater numbers 
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had an increased likelihood of establishing non-native populations (Veltman et al. 

1996; Green 1997; Duncan 1997; Pimm 1991; Duncan et al. 2001; Moulton, Miller 

and Tillman 2001) than other introduction attempts. These studies imply that the 

initial failure was not due solely to environmental factors, or interactions such as 

competition and predation, but rather to the demographic characteristics that allow 

the initial propagule to breed sufficiently to escape the risks of random population 

extinction associated with very low densities. Of course, introducing large numbers 

of individuals does not necessarily guarantee success and the outcome of such 

introductions may not always be immediate. In North America the euphoria 

associated with introducing ‘new’ game birds was overwhelming (Phillips 1928). 

Between 1875 and 1958 over 500 000 common quail Coturnix coturnix were 

introduced to more than 30 States in North America by Departments of Fish and 

Game and by private individuals (Bump 1970). Despite these massive introductions, 

none was successful, largely because almost none of the birds returned from their 

autumn migration (Lever 1987). Increasing the number of propagules may aid 

survival in the short term but several introduction attempts have survived for more 

than 50 years, after their initial introduction, before disappearing (Long 1981).  

It is important when examining traits correlated with introduction success to 

control for human effort and the size and number of individual releases. This can be 

achieved either by including introduction categories within the analysis (e.g. Green 

1997). However, these numbers are often poorly reported (SL Pimm personal 

communication) and when a large amount of information regarding introduction 

attempts is either missing or contradictory it has become the convention to exclude 

those introduction attempts where five or fewer individuals are known to have been 

released. This is based on the assumption that such introductions are unlikely to lead 

to persisting populations regardless of whether or not they possess traits that are 

correlated with introduction success (Moulton and Pimm 1983; Simberloff and 

Boecklen 1991; Brooke et al. 1995). 

Adequate forecasting of the differences in introduction success requires 

taxonomic resolution to distinguish between the characteristics of closely related 

species. The best known example is that of the house sparrow Passer domesticus and 

tree sparrow Passer montanus  (Ehrlich 1989; Williamson 1996). First introduced 

into the United States in 1850 (Summers-Smith 1997) P. domesticus rapidly occupied 
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most of North America whereas P. montanus has remained largely in the vicinity of 

St Louis, Missouri and numbers but a few thousand individuals (Ehrlich 1989; St 

Louis and Barlow 1988). P. montanus was introduced to Australia at about the same 

time as P. domesticus and has a greatly reduced distribution there as well. It did not 

successfully establish in New Zealand. The reasons for their varied outcomes as 

invading species are quantitatively unknown (Simberloff 1990). 

It may be that taxonomy is a significant predictor of success among introduced 

birds (Moulton and Pimm 1986a; Green 1997; Lockwood 1999; Lockwood et al. 

2000; but see Blackburn and Duncan 2001a). Subsequently. the traits that are 

intrinsic to a species’ life history and ecology may also be associated with the 

successful establishment of non-native populations. Taxonomic constraints have been 

shown to affect extinction vulnerability among avian species because the traits that 

make a species extinction-prone have a significant heritable component (Bennett and 

Owens 1997). Lockwood (1999) suggested that if the fate of an introduced species is 

determined in part by heritable characteristics (e.g. Table 1.1), as is the fate of 

threatened species, then the two sets of traits could well be similar although opposite 

in sign. 

Interestingly, studies have not found that genetic variability of birds is greatly 

reduced in successfully established non-native populations (e.g. Ross 1983; Parkin 

and Cole 1985; Baker 1992). Merila et al. (1996), however, found that, when 

analysed across different studies, the degree of reduction in genetic variability 

seemed to be related to the size of the founding population and to the number of 

introductions. Furthermore, the amount of variation lost seemed to increase with the 

length of time during which the founding population remained small. These trends 

are in accordance with genetic theory that predicts that only the most severe 

population bottlenecks result in the loss of genetic variability (Nei et al. 1975). The 

results imply that there is a strong association between demographic and genetic 

characteristics in founding populations. As previously noted, successfully established 

populations of non-native bird species seem to be characterised by relatively large 

founding populations and multiple introductions. In addition, Duncan et al. (1999, 

2001) found that introduced bird species were more likely to become invasive if they 

were migratory and possessed traits associated with high rates of population growth 

(i.e. high fecundity, fast development, and small body size). Hence, the fact that 
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many studies have documented very little decrease in levels of genetic variability in 

introduced bird populations may reflect the favourable demographic characteristics of 

successful species introductions that made the genetic studies possible in the first 

place. 

It has been proposed that the geographic amplitude of potential introductions in 

their native range should be a good predictor of success (Daehler and Strong 1993). 

Indeed, Brooks (2001) found that introduced species which were categorised as 

habitat specialists were less likely to be successfully established. Similarly, 

Blackburn and Duncan (2001a) found that geographical range size was a significant 

correlate of introduction success for global bird introductions (but see Moulton and 

Sicoli 1986). In at least two countries, species that established non-native 

populations, and became invasive, had a greater area of climatically suitable habitat 

available for introduction (Duncan et al. 1999, 2001). Successful species have been 

found to possess a higher frequency of foraging innovations and larger relative brain 

sizes (Sol and Lefebvre 2000). In addition, McLain et al. (1999) concluded that 

successful species had a greater tendency for dietary and nest habit generalism. 

Results from the studies that have examined taxonomic traits indicate that bird 

species may be more likely to become established if they are sedentary (Veltman et 

al. 1996; Sol and Lefebvre 2000), have larger body masses (Green 1997; Duncan et 

al. 2001) and increased clutch sizes (Green 1997). Sexually dichromatic species have 

been less likely to be introduced successfully than monochromatic species (McLain 

et al. 1995, 1999), even when the number of individuals introduced was statistically 

controlled (Sorci et al. 1998). Legendre et al. (1999) found that monogamous mating 

led to a higher extinction risk and that demographic uncertainty imposed a greater 

probability of failure on populations of short-lived species. 

Traits that are associated with the recipient environment and predicted to 

influence successful establishment for the global introduction of non-native bird 

species were examined by Case (1996). He found that across 71 island localities the 

number of introduction successes was positively correlated with the number of 

introduction failures. There was also a strong correlation between the number of 

introduced bird species that were successful and the number of extinct native species 

in aboriginal and historical periods. Once between-region differences were accounted 
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for, success did not decline with the richness of the native avifauna nor the variety of 

mammalian predators. Case (1996) concluded that habitat conversion and 

deterioration alone could produce the correlation between the success of introduced 

species and the extinction of natives without any direct cause or effect between the 

birds in these two groups. Similarly, Blackburn and Duncan (2001a) showed that in 

their attempts to remove the confounding effects of species and regional differences, 

patterns in introduction success were not consistent with hypotheses of ‘biotic 

resistance’ to the introduction of non-native species in the recipient locations. Rather, 

successful establishment depended on the proximity of the introduction effort; i.e. 

greater success for introductions within a biogeographic region than between. 

Several studies (led largely by Michael Moulton; see Table 1.2) have assessed 

the role of competition and, specifically, introduction timing and morphological 

overdispersion in structuring the assembly of introduced avifaunas on oceanic islands 

(predominantly Hawai’i). On the islands of Oahu, Tahiti, and Bermuda the successful 

non-natives tended to be more morphologically overdispersed, meaning they overlap 

less in their morphological characteristics than would be expected if the successful 

species were chosen randomly from a larger pool of introduced birds (Moulton and 

Pimm 1987; Moulton and Lockwood 1992; Lockwood et al. 1993; Lockwood and 

Moulton 1994). On the islands of Hawai’i (Oahu, Kauai, Maui, Molokai, Lanai) and 

St Helena the successful non-natives were introduced early in the islands introduction 

history when fewer other non-native species were present (Moulton and Pimm 1983, 

1986a; Brooke et al. 1995). 

The early studies (Moulton and Pimm 1983, 1986a, 1986b, 1987; Moulton 

1985) were criticised and re-analysed by Simberloff and Boecklen (1991) who 

concluded that the timing of successful introductions on Hawai’i was more indicative 

of human choice than competition between species. They also found that the 

morphological hypotheses (Moulton and Pimm 1986a, 1986b, 1987) had lacked 

ecological reality without the inclusion of species native to the region and the 

exclusion of other species that had clearly not interacted during the introduction 

process.  

Even if we disregard competition as the explanation for greater introduction 

success the repeatability of studies identifying morphological overdispersion as a 
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significant component of introduced avifaunas is undoubtedly impressive (Moulton 

and Lockwood 1992; Moulton 1993; Lockwood et al. 1993; Moulton, Sanderson and 

Labisky 2001). Without experimental studies, however, it remains to be shown that 

morphological overdispersion in any assembly is the result of competitive 

interactions (Moulton 1993). In fact only one study (Moulton and Lockwood 1992) 

has examined morphological overdispersion at a scale that is likely to exhibit the type 

of competitive interactions that might be expected to structure an assemblage. They 

found that introduced finches which persisted in sugarcane fields on Oahu were not 

overdispersed as a subset of surviving introduced finch species. However, they 

disregarded this result as a Narcissus effect (Colwell and Winkler 1984), based on the 

notion that if the pool of introduced finches is itself competitively structured and 

morphologically overdispersed it becomes very difficult to detect overdispersion in 

subsets of species drawn from that pool. 

In the majority of studies that have addressed competition as a potential 

influence for structuring the assembly of non-native avifaunas, the observational unit 

has either been a habitat type (e.g. Moulton and Pimm 1987; Moulton and Lockwood 

1992), an island (e.g. Lockwood et al. 1993; Moulton 1993), or an entire archipelago 

(e.g. Keitt and Marquett 1996; Moulton, Sanderson and Labisky 2001). These are not 

the scales at which interactions among species are most likely to operate (Lawton 

1999). Individual introduction attempts occur within regions (based on 

acclimatisation societies and individual human effort), such that during population 

establishment there is no reason to expect interspecific interactions among propagules 

of different species. Neither the factor of scale, nor the role of the recipient avifauna, 

is explained by any of these studies and therefore the influence of competition in 

structuring morphological overdispersion in the assembly of an introduced avifauna 

remains questionable at best. In fact, Duncan (1997) noted that the same pattern of 

morphological overdispersion could arise if individuals put greater effort into 

introducing species that differed from those that had already successfully established. 

In New Zealand, for example, the desired species were selected to fill a range of 

perceived vacant niches (Druett 1983). Rather than concentrating on introducing 

several species of the same type, it may be that societies put greater effort into 

successfully establishing a variety of species representative of several morphological 

types (Duncan 1997). 
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Although many of the results presented here are intuitively appealing, it 

remains suspect to generalise from them because they are based largely on studies 

from a very few localities and in a number of cases use repeated analyses on the same 

dataset (i.e. pseudoreplication sensu Hurlbert (1984)). In New Zealand for example, 

subsets of the data of Veltman et al. (1996) have been re-analysed by Sorci et al. 

(1998), Legendre et al. (1999), and Forsyth and Duncan (2001), while Sol and 

Lefebvre (2000) included all the variables used by Veltman et al. (1996) and Sorci et 

al. (1998), plus introduction effort following Green (1997)). 

As with all ecological methods (McArdle 1996), the worldwide ‘experimental’ 

introduction of bird species has limitations. For example, both introduced species and 

recipient locations are unlikely to be random subsets of all possible taxa or all 

available regions (Blackburn and Duncan 2001b). Clearly the global data set of bird 

introductions is a valuable resource for studying the factors underlying establishment 

success and failure. However, it needs to be noted that because most historical bird 

introductions involve common, widespread species introduced to relatively few 

locations, conclusions about the factors affecting introduction success based on these 

historical records may not apply to introductions of species in other less conspicuous 

and less well-documented taxa (Blackburn and Duncan 2001b) 

Only very recently have studies quantitatively examined establishment success 

in the worldwide introduction of non-native bird species (e.g. Case 1996; Lockwood 

1999; Lockwood et al. 2000; Brooks 2001; Blackburn and Duncan 2001a). This is 

despite the comprehensive publications of Long (1981) and Lever (1987), which 

summarised global avian introductions, now dating back two decades. No study has 

used phylogenetic approaches to examine eco-physiological correlates of introduction 

success across multiple regions. These analyses present an unique opportunity for 

studying quantitative differences in the worldwide transfer and successful 

establishment of non-native birds. 

1.4 Thesis structure 

The following chapters are the result of a chronological development of 

hypotheses and methods. They all address the comparative analysis of the 

relationships between quantitative characteristics of land bird species and successful 

establishment of non-native populations. Chapter 2.0 describes the construction of 
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my database for the records and analysis on global attempts to introduce land bird 

species outside their naturally occurring geographic ranges. My review of the recent 

literature has highlighted many useful relationships for analysis. Chapters 3.0 to 7.0 

explore a subset of the characteristics that have been proposed as influences on the 

regional and global success of introduced avian species. The introduced land bird 

species that are used in all analyses are listed in Appendix 1.0 (see Chapter 2.0 for a 

description of the species and their life history and ecological information). 

It is important to define the aims of the research that is presented in the 

following chapters. Firstly, it has been proposed that if the fates of species are 

determined in part by heritable characteristics (e.g. Bennett and Owens 1997; 

McKinney 1997) then the traits that are associated with extinction vulnerability, 

introduction success, and population persistence may in fact be similar, although 

different in sign (Lockwood 1999). Chapter 3.0 presents an analysis of this 

hypothesis for a case study of New Zealand land birds. This chapter necessarily takes 

advantage of the considerable knowledge available for the addition and deletion of 

vertebrate species in this region. In Chapter 4.0 I test the relation between body size 

(as an easily measurable and comparable surrogate for species ecology and life 

history) and the successful establishment of introduced birds. I then further examine 

the relations between a series of direct eco-physiological attributes and the successful 

establishment of non-native populations among introduced avian taxa (Chapter 5.0 

and 6.0). In Chapter 6.0 I test the use of an across-species model as a predictive tool 

for the outcome of non-native bird introductions. 

While the previous hypotheses are devoted to identifying whether eco-

physiological attributes are associated with establishment success, it is equally 

important to identify environmental factors in the recipient location that potentially 

influence the establishment of non-native bird species. In Chapter 7.0 I test the 

empirical hypothesis proposed by Elton (1958) that island ecosystems should be 

more susceptible than mainland regions to the successful establishment of non-native 

species. 

In the cases where the research that is relevant to this thesis has resulted in the 

publication of manuscripts, citations are presented in Appendix 1.0. 

 19



Chapter 2.0  Data sources and analytical methods 

 

 2.0 

Data sources and analytical methods 

Researchers have adopted many terms in the expanding study of introduced 

species: exotics, invaders, colonists, immigrants, naturalised species, non-native 

species. This has led to considerable confusion and misuse of existing terminology 

(Groves and Burdon 1986; Richardson et al. 2000), especially within syntheses of 

introductions across varied taxa (e.g. birds, mammals, fish, plants, insects, pathogens, 

and viruses; all documented in a single volume (Kornberg and Williamson 1986)). 

Following Frank and McCoy (1990), I have dichotomised recent non-native land bird 

species into introduced species, which are deliberately transported by humans, and 

immigrant species, which arrive on their own (even if inadvertently aided by 

humans). By land birds, I mean avian species that are considered to maintain long-

term terrestrial populations and are not dependent on the ocean for feeding. I have 

defined an introduced species as one that is recorded to have been transported and 

introduced free-living outside its naturally occurring geographic range. Introductions 

were only considered if they were recorded as occurring between the years 1600 and 

1980. A species was considered successfully established if it is recorded as 

maintaining a persisting population within its recipient region as listed in either the 

most recent record of its introduction, or the latest regional text. Each ‘introduction 

attempt’ was defined by the introduction of a single species to a single mainland 

state/territory or oceanic island regardless of the number of events or the outcome. 

Introduction success was predicted by dividing the number of successful introduction 

attempts by the total number since proportions provide an intuitively obvious basis 

for comparison. 

2.1 The use of comparative methods 

Experimental ecology offers obvious advantages for studying the success of 

introduced species. The manipulations can occur when and where the researcher 

decides, involve species that are chosen randomly, systematically, or as taxonomic 

pairs; and include matched controls. Yet, it is frequently impractical to design 

experiments that test whether different species succeed when introduced to novel 

environments. This is because the experiments we would like to conduct are limited 

 20



Chapter 2.0  Data sources and analytical methods 

 

by methodological scale (Pimm 1991), international laws (Errizoe 1993), and ethical 

constraints (Diamond and Case 1986). Instead, researchers are able to observe the 

trajectories of species that have been previously introduced (either intentionally or 

accidentally). The resulting outcomes can then be correlated with variables that are 

predicted to influence the probability of species establishing persisting populations 

outside their natural geographic ranges. 

Comparative studies identify evolutionary trends by comparing the values of 

life history and ecological variables across a range of different taxa (Harvey and 

Pagel 1991). In this thesis, it is my goal to identify the variables that are responsible 

for the observed variation in establishment success among introduced land birds. The 

life history and ecological variables that I have concentrated my analyses on have 

previously been predicted as conceptually important for the successful introduction of 

vertebrate species (e.g. see Table 1.1). In addition, they are variables for which a 

great deal of observation, measurement, and analysis has focussed and are therefore 

unlikely to be biased by a paucity of information or scientific rigour. 

It is hypothesised that closely related taxa are likely to be more similar with 

respect to introduction success than would be expected by chance (Lockwood 1999; 

Williamson 1999; Kolar and Lodge 2001). Notably, it is known that phylogenetic 

constraints manifest themselves in a non-random taxonomic pattern of extinction 

vulnerability among avian taxa (Bennett and Owens 1997; McKinney 1997). 

Conversely, recent hypotheses have suggested that the heritable traits determining the 

fate of avian species may be similar although different in sign for the establishment 

of non-native populations. Therefore, those avian taxa with a lower risk of extinction 

will be pre-disposed to a greater chance of successful introduction (Lockwood et al. 

2000). 

For example, if the biological relationships that are shared through ancestral 

descent are different from those accumulated through adaptive evolution, across 

species analyses will not be independent of phylogeny (Harvey and Pagel 1991; 

Garland et al. 1992; Maddison 2000). I followed the methods of Barraclough et al. 

(1995) to test a series of null hypotheses concerning the relationship between 

introduction success and each of the independent variables.  
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All phylogenetic tests used non-nested sister comparisons because they do not 

require a complete phylogeny, and, nested comparisons lose strict independence if 

the model adopted for character evolution is inappropriate (Harvey and Purvis 1991). 

These techniques for non-directional analysis work at the level of making pairwise 

comparisons between closely related taxa. This allows for a quantitative and 

phylogenetically independent assessment of the number of times that evolutionary 

relationships between establishment success and specific life history and ecological 

variables have evolved. 

Families were classified using the molecular phylogeny of Sibley and Ahlquist 

(1990), based on DNA-DNA hybridisation data, and assuming that the phylogenetic 

distances between taxa were approximated by their genetic distances ∆T50H; the 

temperature when 50% of hybridisable DNA has melted. Although I am aware of the 

criticisms of this phylogeny (e.g. Houde 1987; Sarich et al. 1989; Harshman 1994), it 

is the most extensive avian phylogeny available (Mooers and Cotgreave 1994) and 

relatively uncontentious for the species that have been introduced globally. 

Furthermore, it is well supported and widely applied in the comparative analysis of 

ecological and evolutionary patterns (e.g. Cotgreave and Harvey 1991; Fjeldså 1994; 

Mönkkönen 1995; Blackburn et al. 1996; Böhning-Gaese et al. 2000). Phylogenetic 

hypotheses below the level of Tribe were constructed based on the most recent 

published information from molecular phylogenies. I did not have consistent 

estimates of species branch lengths because the data came from different studies 

using different methods. As a result, all species branch lengths were considered equal 

for these analyses (Garland et al. 1992). 

The greatest advantage of so-termed ‘comparative methods’ is that they allow 

ecologists to accumulate data across timeframes that are impossible to implement 

during experiments (Nee et al. 1995). In this thesis, for example, I report the 

introduction of 416 land bird species from 44 families. The 1 920 introduction 

attempts occurred over four centuries (1600-1980; Figure 2.1) and included 125 

mainland regions and 218 oceanic islands. Without the recorded information from 

hundreds of individuals and numerous acclimatisation societies the analyses that I 

present here would never have been possible. 
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Figure 2.1 Recorded dates for introduction attempts. Hatched bars represent the 

contribution of European colonists in their attempts to acclimatise bird species in New 

Zealand, Australia, North America, and Hawai’i. 

2.2 Data sources 

The data investigated in this thesis was based solely on published information, 

and all conclusions drawn from the quantitative analyses must be made taking into 

account the highly variable quality and accuracy of these sources. Although the 

estimates of introduction success and the explanatory variables were obtained from as 

many studies as could be found in the primary literature, the data will undoubtedly 

contain sources of error, and introduction success will likely be overestimated 

(Diamond and Case 1986; Brown 1989). 

The independent traits have been measured across a wide variety of regions, 

observers, and times. In many cases the measurements have been made from 

observations of the species in captivity. Although it would be ideal to have a large 

number of repeated measurements from the same observer on numerous individuals 

or reproductive pairs this information is frequently unavailable. Many life history and 

ecological traits will also vary with both geography and habitat. Confidence in the 

data as representative of a true central tendency will be reduced for those taxa 

represented by fewer studies. Information was therefore collected across taxa from as 

many studies as could be obtained in the lifetime of a PhD candidature. I have 

assumed that any biases are distributed randomly across taxa such that statistical 

noise is increased and observable correlations must be robust and conservative. Of 

course, comparisons among taxa cannot determine causation, but the correlations do 

provide insight into causes, and highlight potential evolutionary influences that are 

related to variability in introduction success. 
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Access to the primary literature on the introduction of bird species was greatly 

facilitated by the comprehensive summaries of Long (1981) and Lever (1987). From 

their accumulated references it was possible to obtain original sources that were 

consulted and supplemented by recent accounts in the primary literature. Because 

both Long (1981) and Lever (1987) are now dated and contain a number of 

acknowledged errors (e.g. Brooks (2001)), it was necessary to construct a database 

(Filemaker Pro 4.1) that recorded the introduction of land bird species that I found to 

be introduced outside their natural geographic range. The most useful sources were 

original citations either dealing with an individual account of an introduction (e.g. the 

eurasian skylark on Vancouver Island Scheffer (1935)), or records of introductions 

for a specific region (e.g. New Zealand (Thomson 1922), North America (Phillips 

1928), Australia (Newsome and Noble 1986), Japan (Eguchi and Amano 1999)). 

Additionally, recent reviews of regional non-native species at varying scales assisted 

in confirming the persistence of introduced species (e.g. continental introductions 

(Johnston and Garrett 1994), country introductions (Mendelssohn and Yom-Tov 

1999), state introductions (James 1997), archipelago introductions (Moulton, Miller, 

and Tillman 2001), and island introductions (Simberloff 1992)). In total over 800 

references were consulted to confirm introduction records, establish new accounts, 

and provide taxa-specific data for statistical analyses. 

There is no formal method for recording introduction attempts and the 

information is widely distributed and not always easy to locate. Brown (1989) noted 

that the literature on the introduction of vertebrate species is so vast that ‘one would 

have to devote one’s entire career in order to become a real expert on this subject’. 

Even if all the publications were available for consultation, I suspect that information 

would still be lacking simply because it was never gathered. This is especially true 

for failed introductions, and accounts will most likely underestimate the true success 

of land bird introductions to varying degrees (Diamond and Case 1986). Although 

Lockwood (1999) showed that analysis of introduction success was robust to the 

classification of Long (1981), I have only considered species to be successfully 

introduced if they were recorded as extant in the most recent available checklists for 

that introduction attempt or individual region. There is no reason to believe that 

errors do not apply equally across the divisions of my data and I have assumed they 

will not lead to biases. 
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As I have attempted to determine what affects the variability in introduction 

success between taxa, the ‘number of introductions’ is of considerable importance. 

Some species, such as Passer domesticus, Gallus gallus, and Columba livia have 

been introduced almost worldwide, whereas 44% of introduced birds have only been 

attempted once. My quantification of the number of introductions reflected the 

geographic regions of introduction effort, which today constitute the species’ 

introduced range. For continents this was defined by regional state boundaries (e.g. 

the failed introduction of Pterocles exustus to North America was composed of 

introduction attempts to the states of Oregon, Washington, Nevada, and New Mexico 

(Gottschalk 1967; Chambers 1965)). For islands this constituted either a single main 

island or a well defined archipelago (e.g. the successful introduction of Sturnus 

vulgaris to New Zealand derived from introduction attempts to both the North and 

South islands and the Chathams (Thomson 1922)). Only intentional introductions 

were considered, therefore reports of accidental or occasional releases of aviculturist 

species were not included (e.g. Wingate 1985). Species that have changed their 

distribution as a direct result of human activities were also not included (e.g. the 

successful natural-introduction of Circus approximans into New Zealand was only 

possible following the widespread habitat modification that accompanied human 

occupation (Holdaway 1989)). The actual number or locations of releases within a 

region was often poorly reported and, although I recorded them where available, they 

are not considered in quantifying introduction effort. 

Introduced bird species were classified in NOMINA (Andrews 1998) using the 

taxonomy of Sibley and Monroe (1990, 1993). 

2.3 Species life history and ecological variables 

When more than one study provided information for a trait, or if a range of 

values was given, the data were averaged across studies and the arithmetic mean was 

used. Body mass is likely the most useful univariate measure of avian body size 

(Rising and Somers 1989; Freeman and Jackson 1990; although see Piersma and 

Davidson 1991). Subsequently, my index of body size was the average female body 

mass (measured in grams) for the species. Because of its obvious relationship to the 

rate of physiological processes, body size subsumes much of an organism’s biology 

and therefore acts as an easily measurable and comparable surrogate for species 

ecology and life history (Blackburn and Gaston 1994; Gardezi and da Silva 1999). It 
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was predicted from studies on colonising species that successfully established non-

native land birds would be of small individual size and of large body size compared 

to closely related species (Lodge 1993b). 

Additional species-typical indices included modal female age at first breeding 

(months), annual fecundity (the product of modal clutch size and average number of 

broods), incubation and fledging period (days), and the range of breeding in equally 

good months (EGM). The EGM as developed by MacArthur (1964), ranges from 1 

when all nests are started in the same month, to 12, when an equal number of nests 

are started each month. EGM was estimated from the information given about species 

breeding seasons in available texts. It is predicted that species which can lower their 

‘cost of reproduction’, while still reproducing over a longer period, will ultimately 

have a greater chance of successfully establishing non-native populations. It is known 

that species that decreases in annual fecundity can be strongly related to increases in 

adult survival even with phylogenetic corrections (Martin 1995). Similarly, period of 

incubation can vary inversely with both increased nest predation and adult 

survivorship (Owens and Bennett 1994). 

Dietary generalism was based on the number of major food types included in 

the diet of a species from 1-7 (in no particular order): grasses and herbs; seeds and 

grains; fruits and berries; pollen and nectar; vegetative material; invertebrate prey; 

and vertebrate prey and carrion. Generalism with respect to habitat type was based on 

the number of major habitat types included in a species range from 1-7 (in no 

particular order): mixed lowland forest; alpine scrub and forest; grassland; mixed 

scrub; marsh and wetland; cultivated and farm lands; and urban environs. It is 

predicted that the behavioural and geographical amplitude of taxa in their native 

range can be a robust predictor of introduction success (Daehler and Strong 1993). 

Specifically, high behavioural flexibility could indicate species that are adapted to 

having a greater chance, relative to groups of more specialised species, of 

encountering ecological conditions that are suitable for establishment (Williamson 

1996; Sol and Lefebvre 2000). 

Migratory tendency was characterised in a species index of year-round 

occupancy of a site: 0, sedentary (population does not move away from breeding 

grounds at any time of the year); 1, nomadic (moves sporadically to find suitable 
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breeding and feeding grounds); 2, local movement (moves short distances including 

altitudinal migration); 3, partial migrant (part of population is migratory, part is 

sedentary); 4, migrant (whole population is migratory). It is predicted that highly 

migratory species will be less likely to successfully establish non-native populations 

than sedentary species. Migratory species in highly isolated populations will have a 

higher proportion of unpaired males than resident species with the same degree of 

isolation (Dale 2001). When demographic stochasticity is then added to the 

probability of finding a mate it further reduces the average reproductive success and 

increases the probability of extinction (Legendre et al. 1999). Additionally, 

translocated populations that remain ‘programmed’ to disperse will not only find it 

harder to find mates but are also prone to getting ‘lost’, frequently at sea (Veltman et 

al. 1996). 

For consistency, native geographic range was approximated by scanning range 

maps from Long (1981) and compiled using ArcView Image Analysis (ArcView 

3.2). Species range maps were scaled to the size of Australia to standardise for 

differences in the map sizes of Long (1981) following the method developed by 

Moulton and Pimm (1986b). Following Green (1997), latitude diversity was derived 

from the Shannon Index and calculated as: 

∑
=

−
9

0
)(log

i
iei RR  

Where Ri are the proportions of the total range area in each 10° band of latitude from 

0° to 90°. Areas were allocated to latitude bands regardless of hemisphere. I was 

unable to control for altitudinal effects owing to the paucity of the data. Nesting habit 

was scored according to the index: 0 = ground, 1 = bush, 2 = bush and tree, 3 = sub-

canopy/canopy. The risk of nest failure is much greater in ground nesting species and 

this has been shown to be closely associated with variation in life history patterns in 

avian species (Matin 1988). 

Following McLain et al. (1999) the occurrence of sexual dichromatism was based on 

any differences in the color and/or pattern scored for nine delimited regions on 

Pettingill’s (1970) line-drawn house sparrow (following McLain et al. 1999). Where 

data had not previously been published (Sorci et al. 1998; McLain et al. 1999), and 

museum specimens were unavailable (V. Olsen unpublished data), species were 
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scored from published photographs and illustrations. Measures of realised mating 

success are strongly correlated with plumage dichromatism (Møller and Birkhead 

1994). It has been found that sexually dichromatic species are less likely to be 

introduced successfully than monochromatic species even when the number of 

individuals introduced was controlled statistically (Sorci et al. 1998). 

Indices typical of the family taxonomic level included the frequency of social 

polygamy and ‘degree of safeness’ within a family. Following Owens and Bennett 

(1994, 1997) species were considered regularly socially polygamous if more than 5% 

of either sex paired with more than one member of the opposite sex during a single 

reproductive bout (I. P. F Owens unpublished data). It has been shown that 

phylogenetic constraints manifest themselves in a non-random taxonomic pattern of 

extinction vulnerability among taxa (Bennett and Owens 1997; McKinney 1997). 

Conversely, recent hypotheses have suggested that avian families with a lower risk of 

extinction will be pre-disposed to a greater chance of successful introduction 

(Lockwood et al. 2000). Degree of safeness was measured as the proportion of extant 

species in each family not listed as threatened by Collar et al. (1994). Collar et al. 

(1994) use the IUCN categories developed by Mace and Stuart (1994) to classify 

species with respect to the probability that they will go extinct over a specified 

period. 

2.4 Randomisation tests 

One of the best established ways to increase confidence in statistical methods is 

to test models on sets of data in which it is known exactly what is occurring (Hilborn 

and Mangel 1997). A useful method in evolutionary ecology for generating such data 

is the method of stochastic simulation (Ripley 1987; see examples in Lockwood et al. 

2000; Cassey and King 20011). To determine whether the variability in introduction 

success was randomly distributed among taxa, I conducted a Monte-Carlo simulation 

of the random distribution of successful introductions from the 1 920 introduction 

attempts (see Bennett and Owens 1997; Lockwood et al. 2000). A computer program 

to conduct these simulations was written in SAS procedure IML (SAS Institute Inc. 

1996). At the end of each simulation I noted from which taxa the introduction 

                                                 
1 Cassey, P. and King, R. A. R. 2001. The problem of testing the goodness-of-fit of stochastic resource 

apportionment models. Environmetrics 12, 691-698. 
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attempts were chosen, and calculated the proportion of successful introductions that 

had been picked in this way. Individual taxa were characterised by the total number 

of introductions attempts in each. I repeated the simulations 50 000 times and drew 

histograms of the relative frequency of the average number of species in each 

proportion class across all 50 000 simulations (see Figure 2.2). Observed 

distributions are frequency histograms for the proportion of successful introduction 

attempts for each species. Predicted distributions are the results from my simulations 

of the proportion of each taxa that would be introduced successfully if introduction 

attempts were randomly distributed. The null hypothesis that the observed 

distributions were not significantly different from random was tested using ordered 

χ2 tests (Zar 1999). Following Lockwood et al. (2000) these simulations were also 

used to generate test statistics for each family (Chapter 5.0) and species (Chapter 6.0) 

in order to judge two-tailed statistical significance. Individual P values were 

compared to a sequentially derived Bonferroni critical value to judge statistical 

significance at the α = 0.05 level (Hommel and Bernhard 2000). 

For taxa that included all introduction events the observed distributions were 

not significantly different from random (Figure 2.2a (families) and 2.2b (species); 

chi-square tests with categories grouped above the proportion of 0.1; χ2 = 6.58, d.f. = 

4, p = 0.16; and χ2 = 3.56, d.f. = 4, p = 0.47 respectively). However, for taxa that 

included at least 5 introduction events the observed variation in introduction success 

was significantly different from that predicted by a random distribution (Figure 2.2c 

(families) and 2.2d (species); chi-square tests with categories grouped above the 

proportion of 0.1; χ2 = 8.15, d.f. = 3, p = 0.04; and χ2 = 59.97, d.f. = 3, p < 0.01 

respectively). 

The proportion of successful introductions in a given taxon is biased toward a 

small number of possible outcomes in taxa with very few introduction attempts. This 

result is not unique, and was previously illustrated by Moulton and Sanderson (1997). 

These authors showed that the probability of a mixed outcome in introduction success 

was greatest for more than four separate introduction events. Because I am primarily 

interested in describing the non-random pattern of introduction success, ‘novelty’ 

taxa (i.e. those taxa with less than five introduction events) were excluded, and 
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analyses in the following chapters are restricted to taxa with a record of repeated 

introduction attempts. 

The evidence presented shows that the variability in establishment success 

among introduced land bird taxa is distributed in a manner significantly different 

from a random process. Most notably, for families and species with a repeated history 

of introduction attempts, taxa are distributed more evenly, with respect to their 

probability of introduction success, than expected by chance mechanisms alone. 

Figure 2.2c and 2.2d show that the observed distributions have moved away from the 

geometric means of the random model and that more taxa, than expected, have a 

greater and a lower observed probability of establishment success. 
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Figure 2.2 Frequency histograms of the proportion of introduction attempts among land 

bird taxa that are recorded as successful. Observed (shaded) and predicted (clear) frequency 

distributions for (a) all families and (b) all species of introduced land birds, and (c) for 

families and (d) species with at least five separate introduction attempts. Histogram bars 

represent the proportion of successful introductions in n taxa based on 50 000 simulations. 

Error bars on the predicted distributions are ±S.D. 

Following previous studies (e.g. Simberloff and Boecklen 1991; Moulton 1993; 

Brooke et al. 1995), I have adopted the convention of excluding those introduction 

attempts where five or fewer individuals were known to have been released; the odds 

of these introductions leading to non-native populations being greatly reduced. 
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2.5 Data analyses 

All data analyses were conducted in SAS Release 6.12 (SAS Institute Inc. 

1996). Resampling tests, non-parametric statistics, and generalised linear models 

were used to test the outcome of an introduction attempt (a binary variable; 0 = 

failed, 1 = successful) against the influence of predicted life history, ecological, and 

environmental variables. 

As well as considering taxa as independent points, I used sister-taxa 

comparisons to identify evolutionarily independent contrasts (Felsenstein 1985). The 

method of independent contrasts calculates the differences between trait values at 

different nodes on the phylogenetic tree. Trait values at each hypothetical node in the 

phylogenetic tree were estimated as ∆x = xtaxa(a) – xtaxa(b), and were always calculated 

in the same direction as the independent contrasts in introduction success (∆y), where 

∆y is the positive difference of the two proportions (each given by: No. of 

successes/total No. of introductions). Wilcoxon rank sign tests (following Purvis and 

Rambaut (1995), Cotgreave and Pagel (1997)) and least squares regression through 

the origin (e.g. Garland et al. (1992)) were used to test for significant relationships in 

the ranked magnitudes of introduction success among predictor variables. These 

techniques for non-directional analysis work at the level of making pairwise 

comparisons between closely related taxa. This allows for a quantitative and 

phylogenetically independent assessment of the number of times that evolutionary 

relationships between establishment success and specific life history and ecological 

variables have evolved. 
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Chapter 3.0  Success of New Zealand land birds 

 

 3.0 

Determining variation in the success of New Zealand 

land bird species2

The New Zealand biota is well known for its equally high proportions of extinct 

native, and successfully introduced, land bird species (Wilson 1997). Evolving in the 

absence of mammalian predators, the avifauna experienced a dramatic period of 

extinction following the colonisation of humans less than 1000 years ago (Holdaway 

1989; Atkinson and Cameron 1993; Holdaway and Jacomb 2000). Today, New 

Zealand has the world’s highest proportion of threatened bird species and, with the 

exception of the Hawaiian Islands, more attempted avian introductions than any other 

region (Long 1981; King 1990). 

Compared with other land areas equal in size and closer to continental land 

masses, New Zealand has relatively few species of terrestrial birds (McDowall 1969; 

Cooper and Millener 1993). Although researchers are aware that the avifauna has 

changed considerably since the arrival of humans, there have been few attempts to 

quantify these changes other than with species lists and estimates of diversity (e.g. 

Holdaway 1990; Wilson 1997) Ecological studies that have examined the broad co-

evolutionary changes in New Zealand’s environment have been largely limited to 

reviews of charismatic species and/or the role that humans have played in their 

extinction and introduction (e.g. Diamond and Veitch 1981; Caughley 1989; 

Holdaway 1989; Atkinson and Cameron 1993; Holdaway and Jacomb 2000). The 

large number of avian introductions has been used in efforts to elucidate the roles of 

human management (Veltman et al. 1996; Green 1997), species competition (Duncan 

1997), the intensity of sexual selection (Sorci et al. 1998), and the role of behavioural 

flexibility (Sol and Lefebvre 2001) for predicting introduction success. 

It has been suggested that the fate of bird species are determined in part by 

heritable characteristics (e.g. Bennett and Owens 1997; Mckinney 1997). Therefore, 

                                                      
2 Cassey, P. 2001. Determining variation in the success of New Zealand land birds. Global Ecology 

and Biogeography 10, 161-172. 
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the traits that are associated with extinction vulnerability, introduction success, and 

geographic distribution may in fact be similar, although different in sign (Lockwood 

1999). This chapter presents a novel regional analysis of this hypothesis. Thanks to 

the efforts of acclimatisation societies (McDowall 1994) and the extensive 

palaeological knowledge of Pleistocene-Holocene extinctions (e.g. Holdaway and 

Worthy 1997), the addition and deletion of New Zealand vertebrates have been 

extremely well recorded. This information, along with the distribution of extant 

species (Bull et al. 1985), provides a unique opportunity to examine the role of 

predicted traits in structuring an assemblage of land bird species through the 

extinction, successful introduction, and persistence of extant species. 

First, I tested whether the variation in the extinction of land birds in New 

Zealand was associated with increasing species’ body sizes. It is predicted from 

previous studies that there will be a tendency for large-bodied birds to be more at risk 

from extinction than small-bodied species (Gaston and Blackburn 1995; Bennett and 

Owens 1997). Second, I used both across-species and within-taxon analyses to test 

proposed life history and ecological correlates of the variation in success of 

introduced land bird species while controlling for the effects of phylogeny. It is 

predicted from conceptual models (e.g. see Brown 1989; Lodge 1993b) that 

successful species will be those with traits that promote the survival of the 

establishing adult propagule. These traits include large body size and long generation 

times (Pimm 1991). In addition species that are behavioural generalists with wide 

geographic ranges and dietary needs are predicted to have established with a greater 

success (Sol and Lefebvre 2000). Human effort is known to be an important influence 

of introduction success (Forsyth and Duncan 2001) and it is predicted that species 

that have been introduced in greater numbers, with more events, and over shorter 

distances will be more successful. Third, I tested whether life history and ecological 

variables are correlated with the variation in geographical distributions of extant New 

Zealand land bird species. It is predicted that the species with large geographic 

distributions will be those that are behavioural generalists (Daehler and Strong 1993) 

with small body sizes and high rates of fecundity (Duncan et al. 1999). 
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3.1 Methods 

3.1.1 Data sources 

New Zealand land birds are defined here as those species considered to have 

stable, long-term, mainland populations (i.e. occurring only in the North, South, and 

Stewart Islands) and are not dependent on the ocean for feeding. This includes rails 

and freshwater species (Holdaway 1990). Species nomenclature follows Sibley and 

Monroe (1990) and Holdaway (1991). 

Extinct species 

Extinct species were identified from Holdaway (1989), Atkinson and Millener 

(1991), and Gill and Martinson (1991). I used mass as my measure of species body 

size. Published estimates of body mass were available for all 53 extinct New Zealand 

land bird species. Where more than one estimate was available, or a range of masses 

was given instead of a mean mass, I used the arithmetic average of the values. 

Following Gaston and Blackburn (1995), all species’ body masses were log10 

transformed for these analyses. 

Introduced species 

Land bird introductions to New Zealand were collated from Thomson (1922), 

Long (1981), Lever (1987), and Veltman et al. (1996). Data on life history traits 

included body mass, clutch size, and age of females (in months) at their time of first 

breeding. Where possible, data were obtained from the country where species 

originated or, alternatively, the closest country for which the information was 

available. Dietary generalism and native geographic range were estimated following 

the methods presented in Chapter 2.0. Great circle distance, the shortest distance 

beween two points along the surface of the globe, was calculated from either the 

recorded point of translocation, or the closest point in a species’ native range, to the 

district of recorded acclimatisation in New Zealand. Two measures of human effort, 

the maximum size of a single introduction attempt and the total number of releases, 

were estimated from Thomson (1922) and Long (1981). 

Extant species 

Extant species were identified from Turbott (1990) and Heather and Robertson 

(1996) and data on their geographical distribution (the number of 9.14 x 9.14 km grid 

squares occupied) were taken from the distribution maps of Bull et al. (1985). Life 
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history and ecological information for native New Zealand species were collated 

from Soper (1984), Robertson (1985), and Heather and Robertson (1996). Times for 

fledgling and incubation period were the reported average number of days for New 

Zealand species in the wild. Longevity was the longest recorded life-span, in years, 

for species in the wild. Although average life-span may have been preferable, for too 

many species this information was unavailable. Habitat generalism was estimated 

following the methods described in Chapter 2.0. 

3.1.2 Phylogenetic constraint 

Independent contrasts were constructed using the taxonomic classifications of 

Sibley and Monroe (1990, 1993) and Holdaway (1991) where Sibley and Ahlquist 

(1990) did not resolve phylogenetic groups to species. I followed the methods of 

Purvis and Rambaut (1995) and Cotgreave and Pagel (1997) to test a series of null 

hypotheses concerning the relationship between each independent variable and the 

differing success of New Zealand land birds. Sister species comparisons were 

estimated as the ratio of the larger over the smaller independent value of sister taxa 

below that node and assigned a positive or negative sign depending on the direction 

of change in the dependent variable. In cases where higher taxon groups contained 

more than one possible contrast (i.e. more than two sister taxa), comparisons were 

chosen from the extremes of the independent variable (see Harvey and Pagel 1991). 

Contrasts that did not differ with regard to either the independent or dependent 

variable were discarded from the analysis as they were uninformative for testing the 

null hypothesis. The informative contrasts were tested as independent comparisons 

using both binomial sign tests and Wilcoxon signed-rank tests. Because in each case 

there are clear a priori predictions for the direction of the relationship between 

species success and the independent variables, one-tailed probabilities are reported 

throughout (following Barraclough et al. 1995; Owens et al. 1999). 

3.1.3 Data analyses 

Extinct species 

To find out if the variation in extinction has been randomly distributed among 

New Zealand land birds, I simulated a random distribution of the 53 extinct species 

from the total 107 native species. I then noted which families the randomly assigned 

extinctions were from, and calculated the proportion of species in each family that 

had been picked in this way. I repeated this simulation 10 000 times and drew a 
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relative frequency histogram of the average number of families in each proportion 

class across all 10 000 simulations. The null hypothesis that the observed distribution 

was not significantly different from random was tested using an ordered χ2 test (Zar 

1999). 

I tested for differences in body masses between extinct and non-extinct groups 

of species using non-parametric statistics (Wilcoxon 2-sample tests, Zar (1999)), 

which are more appropriate than standard parametric significance tests when the data 

are not normally distributed. Because it has been predicted that the risk of extinction 

among species will change through time with different sources of threat (Pimm et al. 

1988; McKinney 1997; Owens and Bennett 2000), I used contingency analyses to test 

for differences in the extinction frequency across three categorical indices of 

extinction pressure. These indices examined the change in extinction frequency 

across time (pre- and post-European arrival), as well as body size classes (less than 

and greater than 1000 gms) and flight ability (flight or flightless). Additionally, I 

compared the relationships between body size and extinction using independent 

contrasts to control for phylogenetic relatedness among species (within-taxon 

analyses). In the case of extinct New Zealand land birds, the a priori prediction was 

that increases in extinction were associated with increases in body size. 

Introduced species 

Records indicate that 118 land bird species have been intentionally introduced 

to New Zealand during the last 160 years (Thomson 1922; Long 1981; Lever 1987). 

Because the success of introduced species may not be independent of their 

phylogenetic relatedness (Lockwood 1999; Williamson 1999), I performed two types 

of analyses testing for both across-species and within-taxon correlations between 

introduction success and predicted variables. First, I used the success of introduction 

events, categorised as success or failure, as the response variable in fitting multiple 

logistic regression models (Hosmer and Lemeshow 1989; Crawley 1993). At all 

stages, control of the models was manual (i.e. an automated stepwise procedure was 

not implemented). Second, I constructed phylogenetic independent contrasts for eight 

life history and ecological variables that have been predicted to influence the success 

of introduced land bird species. In most cases the a priori prediction was that 

increases in introduction success were associated with increases in the independent 

variables (e.g. increases in body size, generation time, clutch size, native geographic 
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range, dietary generalism, maximum propagule size, and the number of release 

attempts). In a single case (great circle distance) the a priori prediction was that 

increases in introduction success were associated with decreases in the independent 

variable. 

Extant species 

Mainland New Zealand currently supports naturally occurring populations of 

91 extant land bird species (Turbott 1990; Heather and Robertson 1996). I used 

species geographic distribution as a surrogate measure of the successful persistence 

of extant land bird species following the comparative methods of Cotgreave and 

Pagel (1997). First, I compared correlations between species geographic distribution 

and nine predicted life history and ecological traits across all species. Second, I 

compared correlations using phylogenetic independent contrasts to control for 

relatedness within taxa. In most cases the a priori prediction was that increases in 

geographic distribution were associated with decreases in the independent variables 

(e.g. decreases in body size, longevity, generation time, fledgling time, egg mass, and 

incubation time). However for three of the independent variables (clutch size, dietary 

generalism, and habitat generalism), the a priori prediction was that increases in 

geographic distribution were associated with increases in the independent variable. 

To test whether the geographic distributions of the 29 endemic New Zealand 

land birds represents a random subsample of the extant species geographic 

distributions, 29 species distributions were sampled at random and without 

replacement from all species, and the average of this sample was calculated. This 

procedure was repeated 10 000 times. The null hypothesis that the overall frequency 

of geographic distributions of endemic species is not significantly different from a 

random sample of geographic distributions from all species, was falsified if the 

endemic species average was more extreme than 97.5% of the random sample 

averages (two-tailed test). 

3.2 Results 

Extinct species 

Extinct New Zealand land bird species were, on average, larger bodied than 

extant species. The geometric mean body mass of extinct species (1091g) was over 

seven times that of non-extinct species, and this difference was significant (Wilcoxon 
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2-sample test, z = -3.73, P < 0.01). Even excluding the moa (11 species of extinct 

ratite - Aves: Dinornithiformes), extinct species were significantly larger than extant 

natives (Wilcoxon 2-sample test, z = -2.33, P = 0.02). Excluding the moa and 

including successfully introduced species, prehistoric species were on average no 

different in mass from extant New Zealand land birds (Wilcoxon 2-sample test, z = -

1.45, P = 0.15). 

Variation in extinction risk across species did not change with the arrival of 

mammalian predators (χ2 = 0.87, d.f. = 1, P = 0.35). Rather, contingency analyses 

revealed a significant interaction between body size and the ability of flight in 

changing the extinction frequency of land bird species (χ2 = 8.37, d.f. =1, P < 0.01). 

Larger bodied flightless species have been significantly more prone to extinction than 

small flight able species. 

The variation in extinction risk among families was significantly different from 

a random distribution (Figure 3.1; χ2 = 10.12, d.f. = 4, P = 0.04). Results of my 

within-taxon analyses showed that there was a significant positive relationship, 

independent of phylogenetic relatedness, between land bird extinctions and 

increasing species body size (Wilcoxon 2-sample test, z = -1.91, P = 0.03). 
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Figure 3.1 Frequency histogram of the proportion of extinct species in each New 

Zealand land bird family. The observed (shaded) and predicted frequency distributions 

(clear) for 32 families, based on 10 000 simulations. Error bars on the predicted distribution 

are ± 1 S.D. 
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Introduced species 

Approximately one quarter (26%) of non-native land birds introduced to New 

Zealand have successfully established naturally occurring populations. In the first 

step of the across-species analyses when the effects of each of the independent 

variables was examined on its own, the effects of native geographic range (χ2 = 2.61, 

d.f. = 1, P = 0.10), dietary generalism (χ2 = 8.08, d.f. = 1, P < 0.01), great circle 

distance (χ2 = 3.13, d.f. = 1, P = 0.07), number of releases (χ2 = 20.99, d.f. = 1, P < 

0.01), and maximum propagule size (χ2 = 26.11, d.f. = 1, P < 0.01) were all 

significantly associated with changes in introduction success (significance level α = 

0.10). Following model selection, I established a minimal adequate model which 

included positive effects for the number of releases (χ2 = 5.16, d.f. = 1, P = 0.03) and 

the maximum propagule size (χ2 = 4.14, d.f. = 1, P = 0.04), and a negative effect for 

great circle distance (GCD) (χ2 = 4.73, d.f. = 1, P = 0.02). The model is : 

Logit(prob(success)) = -1.94 – 3.54*(log(GCD) + 3.28*(log(no. of releases) 

 + 2.10*(log(maximum propagule size) 

Results for my within-taxon analyses of the relationship between introduction 

success and eight predicted life-history and ecological variables are presented in 

Table 3.1. I found comparisons in body size (positive), generation time (positive), 

and maximum propagule size (positive) to be associated with significant increases in 

introduction success. Additionally, sign tests showed that contrasts in clutch size, 

dietary generalism, number of releases, and great circle distance, although not 

significant in their magnitude, were more likely to vary in the predicted direction (all 

positive except great circle distance) than was expected by chance alone. 

Extant species 

Endemic land birds have, on average, significantly smaller geographic 

distributions than is expected by chance (randomisation test P < 0.05, 10 000 

iterations). The results of my across-species correlations between predicted traits and 

the geographic distribution of land birds are presented in Table 3.2. 

 39



Chapter 3.0  Success of New Zealand land birds 

 

Table 3.1  Within-taxon analyses of the relationship between the successful 

introduction of land birds to New Zealand and eight independent variables. Supportive nodes 

are the number of comparisons in which an increase in introduction success is associated 

with the predicted ‘direction’ of change in the independent variable relative to the total 

number of informative comparisons. 

  Supportive 

nodes 

 Probabilities 

Independent variable direction number % sign test  Wilcoxon test 

Body size + 13/15 0.87 < 0.01**  0.04* 

Generation time + 6/8 0.75 0.11  0.05* 

Clutch size + 8/10 0.80 0.04*  0.40 

Geographic range + 5/9 0.56 0.25  0.11 

Dietary generalism + 8/9 0.89 0.02*  0.22 

Great circle distance - 9/11 0.82 0.03*  0.17 

Maximum propagule + 13/15 0.87 < 0.01**  0.03* 

Number of releases + 8/9 0.89 0.02*  0.06 

*P < 0.05, ** P < 0.01 

 

Table 3.2 Across-species analysis of the relationship between the geographic 

distributions of extant New Zealand land birds and nine independent variables. 

Independent variable direction  r n    P 

Body size - -0.26 81  0.03* 

Longevity + 0.12 52  0.53 

Generation time + 0.08 64  0.60 

Fledging time - -0.21 62  0.11 

Clutch size + 0.12 72  0.33 

Egg mass - -0.15 57  0.27 

Incubation time - -0.28 72  0.02* 

Dietary generalism + 0.16 80  0.19 

Habitat generalism + 0.62 80 < 0.01** 

(Symbols: r, correlation coefficient; n, number of species; P, two-tailed probability). 

*P < 0.05, ** P < 0.01 
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Table 3.3 Within-taxon analyses of the relationship between the geographic distributions 

of extant New Zealand land birds and nine independent variables. Supportive nodes are the 

number of comparisons in which an increase in geographic distribution is associated with the 

predicted ‘direction’ of change in the independent variable relative to the total number of 

informative comparisons. 

  Supportive 

nodes 

                        

Probabilities 

Independent variable direction number        % sign test  Wilcoxon test 

Body size - 24/33 0.73  <0.01**     0.11 

Longevity - 4/8 0.50    0.27     0.39 

Generation time + 5/9 0.56    0.25     0.31 

Fledging time - 21/24 0.88  <0.01**     0.02* 

Clutch size + 17/22 0.77  <0.01**     0.02* 

Egg mass - 11/18 0.61    0.12   <0.01** 

Incubation time - 14/24 0.58    0.12   <0.01** 

Dietary generalism + 8/11 0.73    0.08     0.08 

Habitat generalism + 14/17 0.82  <0.01**     0.03* 

*P < 0.05, ** P < 0.01  

The significant correlations included body size (negative), incubation time 

(negative), and habitat generalism (positive). Within-taxon analyses show that 

comparisons for fledgling time (negative), clutch size (positive), egg mass (negative), 

incubation time (negative), and habitat generalism (positive) were all significantly 

associated with increases in species geographic distributions within New Zealand 

(Table 3.3). Additionally, sign tests showed that contrasts in body size, although not 

significant in magnitude, were more likely to be negative than was expected by 

chance. 

3.3 Discussion 

As predicted by earlier studies (e.g. Maurer et al. 1991; Pimm et al. 1994; 

McKinney 1997), I have found strong evidence to suggest that the observed variation 

in the success and persistence of bird species is not simply a consequence of random 

processes. Rather, there have been specific influences in the life history and 

ecological traits of New Zealand land birds that have promoted their success (or lack 

thereof) and these traits have often been shared through a common ancestry. 
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The variation in extinction risk among native New Zealand avian families was 

not distributed in a random manner. Rather, I found that there were many more 

families without any species extinctions than would be expected from chance 

mechanisms alone (Figure 3.1). This implies that the extinction of land bird species 

in New Zealand was not independent of phylogenetic relatedness. It has been 

suggested that human disturbance, the principal cause of current species extinctions, 

does not affect all species equally (Bennett and Owens 1997). Instead, there is a 

genuine tendency for large-bodied birds to be more at risk from extinction than 

small-bodied species (Gaston and Blackburn 1995; Bennett and Owens 1997). 

All the results of my across-species and within-taxon correlations between 

body size and the frequency of extinction in native New Zealand land birds supported 

the idea that larger bodied species were more likely to suffer from extinction than 

smaller bodied species. Maurer et al. (1992) showed that the skewed distributions of 

log body masses seen for many taxa implied that directional selection on body size 

within lineages was coupled with high rates of extinction in large-bodied taxa and 

high rates of speciation in small-bodied taxa.  

Extinction is the consequence of sustained, negative population growth and is 

greater for smaller populations that are appreciably subject to a multitude of 

demographic and environmental accidents (Pimm et al. 1988; Burgman et al. 1993). 

If, as it has been suggested, larger bodied species are generally less abundant, have 

larger territories, and tend to occupy higher trophic levels (Gaston and Blackburn 

1995, 1996), then any one of these may explain the correlation between large body 

size and the increased risk of extinction. Alternatively, for some of the species it is 

likely that body size, while serving as a correlate of rate of reproduction (Gaston 

1994), has simply been more important in the probability (or susceptibility) of being 

hunted by humans (Martin 1984). 

Extinction risk need not be constant in ecological time but rather, is more likely 

to vary with different sources of extinction threat (McKinney 1997; Owens and 

Bennett 2000). However, in New Zealand land birds, the rate of Polynesian-induced 

extinction between small and large bodied species did not significantly change 

following the arrival of Europeans and their arsenal of mammalian predators. Instead 

the frequency of extinction remained constant with small flight able species still 
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being significantly more likely to persist (although definitely not resistant) than large 

flightless species. 

Caughley (1989) proposed that the largest of the New Zealand land birds, the 

eleven species of extinct moa, had ecological roles more similar to those now taken 

by species of introduced mammals (specifically the browser-grazers Capreolus 

capreolus, Dama dama, and Cervus elaphus) than by birds. Interestingly, when the 

moa were excluded from the analyses I found that although surviving land birds 

(extant native and successfully introduced species) were still significantly smaller 

than extinct species, there was no significant difference in the body sizes of 

prehistoric land birds and extant species. This suggests that the successfully 

introduced species may overlap in their eco-physiological niche space with extinct 

(non-Dinornithiforme) New Zealand land birds. World-wide, including New Zealand, 

most native avian extinctions occurred before the majority of species introductions 

(Pimm 1991; Case 1996). If successfully introduced species are indeed occupying a 

‘vacant niche’, it is therefore pertinent to test for life history and ecological correlates 

to determine which combination of traits has allowed some introduced species to 

succeed over their relatives. 

Worldwide, it has been suggested that introduced birds have not been chosen to 

represent a random subset of all species from all avian families (Lockwood 1999), 

and that the variation in their succeess is distributed in a significantly non-random 

manner (see Chapter 2.0). Within taxa introduced to New Zealand, increases in both 

body size and generation time were correlated with significant increases in 

introduction success. Pimm et al. (1988) showed that for bird species on British 

islands large-bodied species are less prone to extinction at low population densities 

than are small-bodied species. Additionally, increases in generation time have been 

correlated with decreases in adult mortality in avian families (Owens and Bennett 

1995). Other things being equal, it is predicted that a population of a long-lived 

species will have a lower risk of extinction from demographic accidents per year than 

will a short-lived species (Pimm 1991). For example, Legendre et al. (1999) found 

that for introduced passerine species demographic uncertainty imposed higher 

extinction probabilities on short-lived species as compared with long-lived species. 
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Both clutch size and dietary generalism were significantly more likely to vary 

in the predicted direction (both positive) than by chance alone. Although the 

magnitudes of their comparisons were not significant, this indicates that, in the 

majority of cases, the species with larger clutch sizes and greater number of food 

types have been more likely to be introduced successfully. Larger clutch sizes could 

promote a higher rate of population increase and enable introduced species to persist 

longer in novel environments if mortality factors were equivalent among species 

(Ehrlich 1986). Dietary generalism allows species to invade new environments with 

greater ease and potentially increases their individual health while providing an extra 

safe-guard against population mortality. 

Similar to the results of Veltman et al. (1996), Duncan (1997), and Green 

(1997), I found that human effort has been strongly significant in increasing the 

success of introduced land birds to New Zealand. Although the modern comparative 

techniques I have used to identify evolutionarily independent comparisons differ 

from the previous studies, the overall conclusions remain the same. Across-species 

and within-taxon analyses showed that the successful introduction of land birds was 

significantly associated with increases in both my indices of human effort (i.e. the 

number of individuals released (maximum propagule size), and the number of 

introduction events (number of releases)). 

It has beeen suggested that the lack of repeated introduction attempts may be 

the principal reason that species fail to establish (Ehrlich 1989; Daehler and Strong 

1993). In theoretical studies, there often exists a critical population size such that if 

the initial size is above this level, the population is bound to colonise (Richter-Dyn 

and Goel 1972). Increasing the number of times a species is introduced to a region 

may also have a ‘rescue effect’, increasing the rate of colonisation and decreasing the 

chance of local extinction (Griffith et al. 1989). It is therefore intuitive that the larger 

the initial size of the propagule and the greater the number of introductions the better 

the chance of successful establishment. Indeed in nature where small propagule sizes 

and individual introductions are common, the cumulative probability of successful 

introduction changes dramatically (Daehler and Strong 1993; Williamson 1999).  

In the case of great circle distance, as the distance between the species native 

range and the point of introduction has decreased, the success of introduced birds has 
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significantly increased. Distance is most likely a surrogate for a variety of stresses 

associated with the transport and handling of individuals. For example, in land birds 

introduced to New Zealand, great circle distance was significantly correlated 

(negatively) with the maximum propagule size (r = -0.21, P < 0.05). Intuitively, if 

great circle distance is a measure of human effort, it has been easier to introduce to 

New Zealand large numbers of individuals when the distance travelled during 

transport was reduced. 

Previous studies have reported an increase in the proportion of exotic species 

with increasing habitat modification (McLay 1974; Diamond and Veitch 1981; Case 

1996). Assuming that the pre-human avifauna of New Zealand was dominated by 

forest species (Holdaway 1990; Worthy 1990), it is likely that the high rate of 

extinction during human settlement was in part related to the characteristics of the 

forests which were removed during that period (Wardle 1986). Today, forest covers 

less than 23% of mainland New Zealand (Ministry for the Environment 1997) and it 

is improbable that forest species could remain representative of the distribution of 

existing land birds (Turbott 1961). Instead, I found that of the ten species with the 

greatest geographic distribution across mainland New Zealand, six have been 

recently introduced during European colonisation. Two of the exceptions, Zosterops 

lateralis and Circus approximans, were both natural-introductions from Australia 

during the widespread habitat modification that accompanied human colonisation 

(Holdaway 1989; Heather and Robertson 1996). Of the ten most widespread species 

this leaves only two, Gerygone igata and Rhipidura fuliginosa, that were native to 

New Zealand before the arrival of humans. Native species are conspicuously rare, 

and the traits that have enabled them to survive extinction are clearly not promoting 

greater geographic distributions. Given that rare species are more likely to be under 

threat, it is of inherent interest to examine what combination of traits is allowing 

these recent arrivals to persist so successfully. 

It is not surprising that in both across-species and within-taxon analyses, 

species that were reported to have a high degree of habitat generalism were also those 

with significantly larger geographic distributions. What is interesting is that the suite 

of traits significant in promoting the successful persistence of extant species are 

different from those that were significant in the initial success of introduced species. 

The general pattern I found was that species with traits associated with high 
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population growth rates (small, rapidly developing species, with high fecundity) have 

been able to establish larger geographical distributions in New Zealand. Fast 

developing species with high fecundity should have a greater chance of establishing 

new populations, and consequently have a larger geographic distribution. Because 

these are species that will be faster to recover if populations are reduced to small 

numbers, and are therefore more resilient to external forces, they are also less 

vulnerable to local extinctions (Holt et al. 1997). 

Not only are the species with the greatest geographic distributions able to 

exploit the widest variety of habitats, they are also the species with the highest 

intrinsic rate of increase. Atkinson and Millener (1991) found that the endemic 

species that had survived extinction were still undergoing range contractions 

following the extensive habitat modifications of colonised New Zealand. My 

resampling tests showed that the geographic distributions of endemic species are, on 

average, significantly smaller than would be expected by chance. This will not 

surprise the conservation managers who work to save the remnants of New Zealand’s 

distinctive avifauna (Wilson 1997). However, unless these species change their 

biology, my analyses suggest they will remain inherently unprepared to avoid 

extinction. 
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 4.0 

The implications of body size for globally introduced 

land birds3

Within the ecological literature there are substantially more conceptual models 

regarding the factors that influence the success of introduced species than there is 

empirical evidence (Lodge 1993a; Williamson 1999). One relationship that has 

attracted considerable theoretical attention is the importance of intrinsic rate of 

natural increase r, as a predictor of introduction success. The idea that high values for 

r favour the colonisation of new environments by organisms has been well 

documented, and can be traced to the seminal papers of both Pianka (1970) and 

MacArthur and Wilson (1967) (see also Lawton and Brown 1986; Pimm 1989; 

Williamson 1996). Theoretically, there is expected to be a positive relation between r 

and a population’s short-term recovery from low numbers. This is especially 

important in populations of introduced species which, more often than not, start with 

small numbers of both individuals and propagules (Daehler and Strong 1993). 

In the majority of studies, body size has been used as a correlate of r. This is 

based on the established relationship that across widely disparate organisms, r is 

inversely correlated with body size (Fenchel 1974; Southwood 1981). Within genera 

or families however, it now seems apparent that the relationship can in fact be 

positive or humped, with the highest r at the largest or intermediate body sizes, or 

even just random (e.g. Gaston 1988; Williamson 1989). Collectively, these findings 

have led some researchers to suggest that successful colonists should have small 

individual body size but large body size compared to related species (Lodge 1993b).  

Ecologists have reviewed extensively the implications of animal body size for a 

number of decades (Peters 1983). Because of its obvious relationship to the rate of 

physiological processes, body size subsumes much of an organism’s biology and 

therefore acts as an easily measurable and comparable surrogate for species ecology 

                                                      
3 Cassey, P. 2001. Are there body size implications for the success of globally introduced land birds? 

Ecography 24, 413-420. 
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and life history (Blackburn and Gaston 1994; Gardezi and da Silva 1999). For avian 

species in particular, body size has been invoked as an important correlate of 

taxonomic diversity (Brown 1999; Brown and Maurer 1989; Maurer et al. 1992), 

with there being a genuine tendency for large-bodied birds to be more at risk from 

extinction than small-bodied species (Bennett and Owens 1997; Gaston and 

Blackburn 1995). 

In this chapter I present an analysis of the relationships between body size and 

the success of globally introduced land birds. Using comparative phylogenetic 

methods I examine the across species and within taxa relationships among the global 

regions for which the introduction of bird species has been attempted. It is predicted 

that the characteristics of successful colonists being of small individual size and of 

large body size compared to related species will be upheld among globally introduced 

land birds. 

4.1 Methods 

Records of land bird introductions were collated from the primary literature 

(see Chapter 2.0), and compared with references from Long (1981) and Lever (1987). 

All of the phylogenetic analyses were conducted either within or among families. I 

assumed that the relative ages of nodes in the phylogeny are approximated by the 

∆T50H values for the nodes given by Sibley and Ahlquist (1990). Subsequently, the 

length of each branch in the phylogeny was estimated as the difference in the age of 

the nodes connected by each branch. 

I identified 19 global regions that have experienced introductions of at least ten 

species (i.e. Alaska, Australia, British Isles, Canada, Caribbean West Indies, Fijian 

Islands, France, Hawaiian Islands, Hong Kong, Japan, Mascarene Islands, New 

Zealand, St Helena, Singapore, South Africa, Tahiti, mainland North America, 

USSR, Virgin Islands). Within these regions there were eleven avian families with at 

least five species introductions in any particular region (i.e. Anatidae, Columbidae, 

Corvidae, Fringillidae, Muscicapidae, Odontophoridae, Passeridae, Phasianidae, 

Psittacidae, Sturnidae, Sylviidae). 

I used mass as the measure of species body size. Published estimates of body 

mass were available for all 416 gloablly introduced land birds. Where more than one 

estimate was available, or if a range of masses was given instead of a mean mass, the 
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arithmetic average of the values was used. Primary sources for avian body size data 

included Long (1981), Dunning (1993), and del Hoyo et al. (1992-ongoing). 

Following Gaston and Blackburn (1995), all species masses were log10 transformed 

for these analyses. The frequency distributions of introduced bird body masses are 

skewed to the right even when logarithmically transformed. I therefore tested for 

differences in body masses using resampling tests (Manly 1997) and non-parametric 

statistics (Conover 1999), which are more appropriate than standard parametric 

significance tests when the data are not normally distributed.  

To test whether the body masses of the species with a repeated record of 

introduction (i.e. introduction attempts to at least five different regions) represented a 

random subsample of all introduced species, their body masses were sampled at 

random and without replacement from all species, and the average of this sample was 

calculated. This procedure was repeated 10 000 times. The null hypothesis that the 

average body mass of species with at least five introduction events is not significantly 

different from a random sample of body masses from all introduced species, was 

falsified if the observed species average was more extreme than 97.5% of the random 

sample averages (2-tailed test). 

Across species relationships were examined using the frequency of species 

introduction success (categorised as success or failure) as a response variable in 

fitting logistic regression analyses (Hosmer and Lemeshow 1989). Relationships 

were examined for all species introductions as well as for species with introduction 

attempts to at least five different regions. Across the 19 global regions, a binomial 

(sign) test (Zar 1999) was used to determine whether the directions of the logistic 

parameter estimates (positive or negative) between introduction success and body 

size were significantly biased. The relationships between the proportion of successful 

species introductions per higher taxa and their average body size were examined 

using Pearson product-moment correlations (Zar 1999). 

It has been predicted that for closely related species the relationships between 

introduction success and life history traits (including body size) may differ from 

those observed across all species (Lockwood 1999; Williamson 1999). If for example 

the relationships that are shared through ancestral descent are different from those 

accumulated through adaptive evolution, across species analysis will not be 
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independent of phylogeny (Felsenstein 1985; Garland et al. 1992; Harvey and Pagel 

1991; Maddison 2000). I controlled for the effects of phylogenetic relatedness by 

considering the relationships between body size and introduction success among 

species within families, within pairs of sister families, and across higher family 

nodes. The relationship between variables is subsequently less affected by phylogeny 

since the taxa within each comparison are more closely related to each other than to 

any other taxa. 

Trait values at higher nodes were estimated as the average of the introduced 

species within the node for a particular region. I conducted comparisons between 

sister families using a model (Comparative Analysis by Independent Contrasts 

(CAIC); Purvis and Rambaut (1995)) which applies the approach of Felsenstein 

(1985) to datasets for which hypothetical phylogenies are available. Independent 

contrasts in body size were calculated as ∆x = log10 (xa) – log10 (xb), and then scaled 

by their respective branch lengths so that they would receive equal weighting in the 

subsequent analyses (Garland et al. 1992). Independent contrasts in introduction 

success (∆y) were always calculated in the same direction as the contrasts in body 

size. The absolute value of each standardised independent body size contrast was 

plotted versus its standard deviation (i.e. the square root of the sum of its branch 

lengths) to verify that the scaling effects of the branch lengths were effectively 

removed. The relationship between the set of contrasts was then analysed using 

ordinary least squares regression, with the regression line forced through the origin 

(Garland et al. 1992). 

4.2 Results 

Figures 4.1a and 4.1b show the distributions of body mass for all globally 

introduced land birds (mean body mass of 116.6 g) and those with repeated 

introductions to at least five different regions (mean body mass of 127.2 g). 
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Figure 4.1   The frequency distributions of log10 transformed body masses (in gra

(a) all globally introduced bird species (mean body mass of 116.6 g) and (b) 

introduced to at least five different regions (mean body mass of 127.2 g). 

Both distributions were detectably right skewed with average body sizes tha

significantly larger than the estimated average (50.5 g; (Gaston and Blackburn 

of global land bird species (Wilcoxon 1-sample tests; all species z = -13.27, P 

and at least five introductions z = -5.95, P < 0.01). The mean body mass of s

with introduction attempts to at least five different regions was not signif

different from a random sample of all introduced species (resampling test; P = 0

Across globally introduced land birds there was a significant ne

relationship between body size and whether or not a species has ever

successfully introduced (logistic regression analyses; χ2 = 92.64, d.f. = 1, P <

Similarly, across species that have been introduced to at least five different r

there was a significant negative relationship between body size and their prop

of successful introductions (logistic regression analyses; χ2 = 8.25, d.f. = 1, P <

The success of species smaller than 1000 g, which have been introduced to a

five regions, is significantly greater than that for species larger than 1000 g (F

exact test; χ2 = 10.38, d.f. = 1, P < 0.01). 

Across the global regions with at least ten species introductions there w

significant association in the direction of the across-species relationships (posi

negative) between body size and introduction success (sign test; n = 19, P =

However, I found that for the eleven families (with at least five species introdu

to a given region) there was a significant within-family association be

increasing body size and introduction success (Table 4.1). Within individual fa
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this association was only significant for the Psittacidae (after Bonferonni adjustment 

for 12 multiple comparisons (Rice 1989; Cabin and Mitchell 2000)). 

Table 4.1 Directions of logistic regression parameter estimates for within-family 

relationships between the probability of introduction success and body size in avian families 

with at least five introduction events in the 19 global regions containing at least ten species 

introductions. Results are presented for ‘popular’ families only (i.e. families that have been 

introduced to at least four regions). 

 Number of Number of Number of  

 occurences -ve relationships +ve relationships  Sign test

All Families 56  14  42  < 0.01

       

Phasianidae 13  2  11  0.01

Passeridae 11  5  6  0.50

Fringillidae 8  2  6  0.15

Psittacidae 8  0  8  < 0.01

Anatidae 5  1  4  0.19

Columbidae 4  1  3  0.31

 

Across avian families with at least five introduction events there was a 

detectable negative relationship between body size and the probability of introduction 

success (Figure 4.2).  
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Figure 4.2 Bivariate scatterplot of the relationship between introduction success and 

log10 body mass across the globally introduced avian families that have included at least five 

introduction events. Pearson product-moment correlation; r = -0.37, slope = -0.08, n = 26 

families, two-tailed P = 0.05. 
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Between sister-family contrasts, the positive relationship in introduction 

success and standardised independent contrasts in log10 body mass was highly 

significant (Figure 4.3).  

1.0 

es
s

Standardized contrast in log10 body mass 

0.150.10 0.05

0.5 

0.0 

-0.5 

Pr
op

or
tio

n 
su

cc

 
Figure 4.3 Bivariate scatterplot of the relationship between independent contrasts in 

introduction success and standardised independent contrasts in log10 body mass for sister 

family comparisons in the 19 global regions for which at least ten land bird species have been 

introduced. Body mass contrasts are standardised by their respective branch lengths. The 

least-squares linear regression slope is estimated through the origin. Ordinary least squares 

regression; slope = 5.61, r2 = 0.56, n = 23 contrasts, P < 0.01. 

There was no significant relationship for body mass between the standardized 

contrasts and their standard deviations (Pearson product-moment correlation; r = -

0.16, n = 23 contrasts, two-tailed P = 0.46). Analysis of the higher nodes between 

sister families revealed a significant relationship between their introduction success 

and decreasing body size (Figure 4.4).  
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Figure 4.4   Bivariate scatterplot of the relationship between introduction success and 

log10 body mass for the standardised nodes (between sister family contrasts) in the 19 global 

regions for which at least ten land bird species have been introduced. Pearson product-

moment correlation; r = -0.47, slope = -0.07, n = 23 nodes, two-tailed P = 0.03. 

4.3 Discussion 

Blackburn and Gaston (1994) documented the frequency distribution of body 

masses for two-thirds of extant land bird species. They reported that species are 

highly skewed on a logarithmically transformed body mass axis with a mean body 

mass of 50.5 g (Gaston and Blacburn 1995). On average, the body size for land bird 

species that have been chosen for introduction is significantly larger than that 

calculated from the global dataset of Gaston and Blackburn (1995). This is not 

unexpected, as the avian species which humans have selected for introduction do not 

constitute a random taxonomic sample of all bird species from all avian families 

(Lockwood 1999). My analyses have further shown that the success of introduced 

land birds has been significantly correlated with body size and that the relationships 

between introduction success and body size differ with taxonomic comparisons. 

Successfully introduced land bird species are significantly smaller bodied than 

would be expected by chance alone. Across taxa, decreasing body size has been 

significantly correlated with introduction success. This is unlikely to be due simply to 

differences between specific taxa, as I found that the relationship was consistent 

across changing taxonomic levels. Additionally, the relationship is strong enough that 

it masks the positive association between introduction success and body size within 

taxa. 
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The observed relationship between introduction success and body mass across 

taxa could arise from factors relating to either increased knowledge, intrinsic success, 

or human effort. 

4.3.1 Increased knowledge 

Collectively, we may have a better knowledge of the successful introduction of 

smaller bodied species. This could result in smaller bodied species being recorded 

with a greater rate of success than larger bodied species. This over-representation 

may occur if smaller bodied species are more likely to be introduced into human 

dominated habitats or have been easier to observe in avifaunal surveys. There is some 

evidence that smaller species such as seed and insect eaters have been widely 

introduced to mainly modified and urban habitats (Case 1996). Nevertheless, this 

explanation seems improbable. It is generally expected that larger-bodied species will 

be easier to observe and enumerate (Seber 1982). Of the families with at least five 

introduced species, those with the largest average body sizes (e.g. the Anatidae, 

Numididae, Cracidae, Odontophoridae) were all introduced primarily as game 

species. It is therefore unlikely that the success of these species, that were in some 

instances heavily stocked and were always well reported, has been continually 

overlooked. 

4.3.2 Intrinsic success 

Smaller-bodied species may be genuinely more able to successfully establish 

non-native populations than larger-bodied species. There are several plausible 

reasons why this might be so. Smaller-bodied species have higher population 

resilience than larger-bodied species because they have shorter generation times and 

are able to increase faster from breeding season to breeding season (Peters 1983). 

Additionally, it has been suggested that the number of eco-physiological niches is 

potentially greatest for smaller-bodied taxa (Gardezi and da Silva 1999). If smaller-

bodied species are reproducing faster with a greater propensity for key innovations 

(Futuyama 1986), then the ease with which they fit into their new niches could be 

greatly enhanced. 

By their nature, initial populations of introduced species are small and are 

appreciably subject to a multitude of demographic and environmental accidents 

(Burgman et al. 1993; Soulé 1987). A species that can ‘recover’ faster from its initial 
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propagule size is therefore more likely to succeed in its new environment. If, as has 

been suggested, smaller bodied species can recover faster, establish larger breeding 

populations, occupy lower trophic levels, and have smaller home or geographic range 

requirements, then any of these traits could explain the correlation between small 

body size and introduction success across taxa. 

This explanation is definitely plausible, but relies on the generality of the 

somewhat tenuous relationships between body size and the different ecological 

factors (Bennett and Owens 1997; Gaston and McArdle 1994; Lawton 1999). There 

is, however, evidence of this pattern in the introduction of groups other than birds. 

Lawton and Brown (1986) showed that for various orders of insects introduced into 

the British Isles there was a significant negative correlation between mean body size 

and the probability of successful establishment. Yet, the authors were primarily 

interested in the role of r, and were only able to conclude that r alone was not 

obviously the main, or even an important determinant of introduction success.  

Evidence against the generality of the across taxa relationship between body 

size and introduction success resides in the fact that I found no significant bias in the 

direction (positive or negative) of the relationships within the 19 regions which 

comprise the majority of land bird introductions. It is worth noting that out of the 19 

relationships, only Hawaii was significant (logistic regression analyses; χ2 = 6.42, d.f. 

= 1, P = 0.01), and the parameter estimate was negative. 

The lack of significant pattern could arise if the relationships within individual 

regions are being masked by the effect of small sample sizes and highly variable 

regional differences. One obvious difference is that two-thirds of the study regions 

are archipelagos of oceanic or continental shelf islands. If the relationships are 

examined separately, for island and mainland regions, there is still no significant bias 

in the direction (positive or negative) of the across species relationships between 

introduction success and body size within the different categories of land mass. This 

supports recent evidence that suggests we should not expect a difference in the 

frequency of introduction success among land birds between island and mainland 

regions (Sol 2000; Blackburn and Duncan 2001a). 

One of the problems researchers have had interpreting the relationships 

between body size and ecological factors, is that they have been shown to change 
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with phylogenetic level (Nee et al. 1991; Williamson 1996). Similarly, I have found 

that within taxa the success of globally introduced birds has increased significantly 

with increasing body size. For example, within families introduced to 19 regions, the 

relationships between body size and introduction success were significantly more 

likely to be positive than is possible due to chance alone. Thus among related species, 

it would appear that larger body size has repeatedly conferred an advantage to 

introduced land birds. It is possible that the significant within family association 

between increasing body size and introduction success is an artefact of human effort 

where one or a couple of ‘influential’ families have been introduced to a greater 

number of regions than any of the others. However, Table 4.1 clearly shows that the 

result is supported by the introduction of all the ‘popular’ families. If there is an 

exception, it is in the family Passeridae, which only serves to weaken the relationship 

rather than strengthen it. 

Further evidence of the positive within taxa relationship between body size and 

introduction success comes from my analysis of sister family contrasts. Bennett and 

Owens (1997) suggested that the majority of the variability in the body sizes of bird 

species occurs among families. Figure 4.3 reveals a strong significant association 

between increasing body size and introduction success between sister families. 

Pimm et al. (1988) showed that for bird species on British islands, large-bodied 

species were less prone to extinction at very low population densities than were 

small-bodied species. Additionally, correlated increases in body size and generation 

time have been associated with decreases in adult mortality among avian families 

(Owens and Bennett 1995). For the same conditions, a population of a long-lived 

species is predicted to have a lower risk of extinction from demographic accidents 

per year (but not per generation) than will a short-lived species (Pimm 1991). 

Concordantly, Legendre et al. (1999) found that for passerine species introduced into 

New Zealand, demographic uncertainty imposed higher extinction probabilities on 

short-lived species as compared to long-lived species. 

Interestingly, the change of relationship with taxonomic rank has also been 

found to apply to bird abundance (Nee et al. 1991; Nee et al. 1992). The authors 

suggested that phylogenetically isolated tribes experience stronger interspecific 

competition among themselves than those tribes which do not represent complete 
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physio-ecological guilds (Cotgreave and Harvey 1991; Nee et al. 1991; Nee et al. 

1992). Cotgreave (1994) analysed a North American riparian bird community dataset 

which appeared to support this hypothesis. If smaller land bird species have an 

inherently greater probability of introduction success but within taxa interspecific 

competition favours larger-bodied species then this may in part explain the observed 

patterns in the current dataset. 

My analyses provide good circumstantial evidence for genuine relationships 

between introduction success and decreasing body size across taxa, and increasing 

body size within taxa. However, it is not certain whether this is because different 

sized species have an inherent and comparable tendency to succeed as introductions, 

or have simply been easier to transport and more worthwhile to introduce among 

regions. 

4.3.3 Human effort 

Globally, small-bodied species may actually have been introduced with a 

greater effort than large-bodied species. The current observed relationship between 

body mass and introduction success could therefore be the combined result of 

extrinsic human effort rather then intrinsic biological factors. At least for birds 

introduced into New Zealand, it is well known that the one of the strongest 

determinants of success across non-native species are different measures of human 

effort (i.e. number of releases, maximum propagule size, and great circle distance; 

Veltman et al. 1996; Green 1997; Forsyth and Duncan 2001; Chapter 2.0). 

Admittedly, this extrinsic view requires a certain faith in the preference of 

humans for choosing the ‘right sized’ species, though it may infer that these species 

were simply easier to find, breed, and introduce than their related counterparts. For 

birds introduced into Australia geographic range is significantly correlated with the 

number of introduction events, the total number of individuals introduced, and the 

number of introduction sites (Duncan et al. 2001). In this case, widespread species 

are more readily available for capture and may therefore be introduced at a greater 

rate increasing the probability of population success. I have already noted that larger-

bodied families were predominantly introduced and stocked as game species and the 

flip-side of the previous argument is that in cases where species were not being re-

stocked they were simply hunted out of ‘success’. This has certainly been the case for 
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many naturally occurring land bird species (Diamond and Case 1986; Holdaway and 

Jacomb 2000; McKinney 1997; Pimm et al. 1994) and has been noted for introduced 

species (Long 1981; Duncan et al. 2001). 

However, these arguments should be treated cautiously until we know for 

certain the across-species and within-taxa relationships between body size and 

introduction effort. It seems unlikely that humans could have, either knowingly or 

otherwise, consistently introduced larger-bodied species by way of increased effort 

within taxa. Nevertheless, it would be interesting to look at the measures of human 

effort and test whether they correlate with any of the biological and ecological traits 

that are predicted to enhance introduction success. 

4.4 Conclusion 

There is a growing need to establish accurate analyses of the variables 

associated with the success of introduced species (McKinney and Lockwood 1999; 

Vitousek et al. 1997). My analyses have demonstrated that at a global scale, and for 

land birds at least, there are general patterns with which the success among and 

within introduced taxa follow. Because of the relationship with intrinsic species 

traits, body size is a contentious variable. Also, the change of relationship with 

taxonomic rank means that body size itself does not give a probability that any 

certain species may establish. The development of simple tests for determining 

variability in the success of introduced species is essential for informing policy and 

management decisions even if the specific role of individual mechanisms remains 

elusive. It has been shown that eco-physiological traits are significant predictors of 

introduction success for island (e.g. Chapter 3.0), and mainland (e.g. Duncan et al. 

2001) analyses. It remains to be seen whether direct life history and ecological traits 

are correlated with variability in global introduction success and whether statistical 

models can be used to predict the outcome of introducing non-native land bird 

species. 
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  5.0 

Life history and ecology influences introduction 

success among avian families 

The study of introduction biology has focused historically on single-species and 

has been biased by the paucity of information regarding introduction failures (Lodge 

1993a). It has subsequently been inferred that, although related species might behave 

similarly, in the final outcome species differences could be more important to the 

result of introductions than their similarities (Ehrlich 1989). These types of 

conclusions are based on summaries of anecdotal studies and conceptual models 

(Lodge 1993b) and it is essential to establish robust analyses of taxonomic groups 

with repeated records of introduction attempts (Williamson 1999). The extensive 

record of land bird introductions presents a unique opportunity to test for correlates 

of introduction success among and within taxa for a globally distributed group. 

Lockwood (1999) showed that the success of introduced birds is not distributed 

randomly among higher taxa and that taxonomic affiliation is a significant predictor 

of introduction success among avian families. For families that have included at least 

five introduction attempts, the observed variation in introduction success was 

significantly different from that predicted by a random distribution (Figure 2.2c). 

Similarly, in a number of regional analyses it has been suggested that taxonomy is a 

function of introduction success among bird species, e.g. Hawai’i (Simberloff and 

Boecklen 1991), Mascarenes (Simberloff 1992), Tahiti (Lockwood et al. 1993), New 

Zealand (Green 1997; Chapter 3.0), and Australia (Duncan et al. 2001). 

It is clear from these studies that some species have been successful nearly 

everywhere they have been introduced and that other species are expected to fail no 

matter where they are introduced (Simberloff and Boecklen 1991; Duncan and 

Young 1999). This pattern has been used to suggest that taxon-specific attributes are 

a major determinant of introduction success and that the outcome of an introduction 

can be inferred with reasonable certainty from the outcome of previous introductions. 

Methods that control for the non-independence of phylogenetic relatedness are 

necessary to determine whether taxon-specific traits are correlated with the observed 
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differences in establishment success among non-native taxa (Williamson 1990; Kolar 

and Lodge 2001). 

This chapter is concerned with directly testing the finding of Lockwood (1999) 

that the distribution of establishment success among introduced avian families is ‘far 

from random’. First, I used permutational phylogenetic regressions to assess and 

quantify phylogenetic effects for thirteen independent traits at different phylogenetic 

levels. Second, I explicitly tested whether the observed variation in introduction 

success among land bird families was significantly different from a random process 

of introduction attempts. Third, I used across-family and sister-family comparisons to 

examine a collection of avian life history and ecological traits that have been 

predicted to influence introduction success while controlling for possible effects of 

phylogenetic non-independence. Following the findings of Chapter 3.0 and 4.0 it is 

predicted that successful avian families will be smaller bodied taxa that possess a 

detectable tendency for behavioural generalism. 

5.1 Methods 

Life history and ecological traits are quantitative properties of a species that 

determine major events over the lifetime of individuals (Daan and Tinbergen 1997). 

Estimates of avian traits (Appendix 2.0) were obtained from as many studies as could 

be found in the primary literature and supplemented from taxon-specific publications 

as well as references therein and unpublished data (Chapter 2.0). All data analyses 

were conducted in SAS 6.12 (SAS Institute Inc. 1996). 

5.1.1 Phylogenetic effects 

To assess and quantify phylogenetic effects for 12 independent traits at 

different phylogenetic levels (Harvey and Pagel 1991), I used permutational 

phylogenetic regressions working with plain dissimilarity matrices (Lapointe and 

Legendre 1992; Legendre et al. 1994). Using this method, for each pair of species 

their dissimilarity in a certain trait was compared with their phylogenetic distance. 

Thus, for each trait introduced birds were characterised by two matrices: the first 

matrix described the dissimilarity in the independent trait and the other the 

phylogenetic distance among the species. The trait dissimilarity was then regressed 

on the phylogenetic distance matrix and tested for significance using Mantel tests 

(Mantel 1967; Legendre et al. 1994). The regression of the individual values in the 
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matrix yielded the regression coefficient b, the t-value, and the r2-value. The 

significance of the t-value was tested against a null distribution of t-values 

constructed by stochastic simulation, whereby the phylogenetic distance matrix was 

held constant and the species in the trait matrix were permutated randomly. This 

approach kept the phylogenetic tree fixed while randomly reshuffling the traits, an 

approved method for tests of phylogenetic inertia (Maddison and Slatkin 1991). 

Following Böhning-Gaese and Oberrath (1999), 2 000 randomisations were used to 

construct the null distribution of t-values. A computer program to conduct these 

simulations was written in SAS procedure IML (SAS Institute Inc. 1996). 

To compare the dissimilarity in traits between two species, the same procedure 

was used for all traits. A trait dissimilarity index, d, was calculated by subtracting the 

species with the lower value from the species with the higher value. Typical female 

body mass was log10 transformed before analysis. This assumes that the similarity 

between two species weighing 100 g and 10 g, for example, is the same as between 

two species weighing 1 000 g and 100 g. The phylogenetic distance between each 

pair of species was defined as their genetic distance ∆T50H according to the 

molecular phylogeny of Sibley and Ahlquist (1990); see discussion in Chapter 2.0. 

Note that by defining phylogenetic distance as genetic distance, I do not compare the 

similarity between two species in a certain trait with the true phylogenetic distance of 

these species but with their genetic distance. However, as long as there is a linear 

relationship between true phylogenetic distance and genetic distance, and there is no 

reason to believe there is not, then this does not confound the results. Some of the 

species and genera that have been introduced are not represented in the phylogeny of 

Sibley and Ahlquist (1990). Following Böhning-Gaese and Oberrath (1999) I 

estimated the genetic distance values for these species by calculating the average 

distance value of the other species or genera in the same genus or tribe, respectively. 

5.1.2 Introduction success 

Following Lockwood et al. (2000) the Monte Carlo simulations from Chapter 

2.0 (Figure 2.2c) were used to generate test statistics for each family in order to judge 

two-tailed statistical significance. Individual family P values were compared to a 

sequentially derived Bonferroni critical value to judge statistical significance at the α 

= 0.05 level (Rice 1989; Hommel and Bernhard 2000). 
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Logistic regression analyses were used to test the outcome of introduction 

success (a binary variable; 0 = failed, 1 = successful) against the influence of 13 

predicted traits. Each dependent variable was first included alone in a logistic 

regression model and then sequential stepwise deletion tests were used manually to 

assess and remove non-significant terms until no further terms could be removed 

without reducing the model’s explanatory powers (Olden and Jackson 2000). 

As well as considering taxa as independent points, I used sister-taxa 

comparisons to identify evolutionarily independent contrasts (Felsenstein 1985). All 

phylogenetic tests used non-nested sister comparisons because they do not require a 

complete phylogeny and nested comparisons lose strict independence if the model 

adopted for character evolution is inappropriate (Harvey and Purvis 1991). I assumed 

that the relative ages of families in the phylogeny are approximated by their genetic 

distance ∆T50H values for the nodes given by Sibley and Ahlquist (1990). 

Subsequently, the length of each branch in the phylogeny was estimated as the 

difference in age of the nodes connected by the branches. 

The magnitudes of all the trait variable differences were distributed with 

variances that were independent of the observed number of outcomes (Garland et al. 

1992). Least squares regression through the origin was used to test for significant 

relationships in the ranked magnitudes of introduction success among the 13 

predictor variables. In order to satisfy the properties of multiple linear regression 

differences in the proportion of introduction success were logit transformed as 

log(∆y/(1 - ∆y)) (Hosmer and Lemeshow 1989).  

5.2 Results 

Within families, phylogenetic effects appeared to be weak as they accounted 

for only an average of 2.1% and a maximum of 8.9% of the variation in trait values 

(Table 5.1). Among families, phylogenetic effects were relatively strong, with an 

average of 4.7% and a maximum of 24.0% of the variation explained by relatedness 

(Table 5.2). Six of the seven significant traits were positive whereas migratory 

tendency was significantly negative (Table 5.2). This means that species belonging to 

closely related families were more dissimilar in migratory tendency than species from 

distantly related families. 
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Table 5.1 Within-family relationships between phylogenetic distance and dissimilarity 

for life-history and ecological traits of introduced birdsa. 

Trait  b   | t |  P  r2 (%) 

Female body weight 0.05 7.86 <0.01  8.9 

Age at first breeding -0.40 3.95 N.S.  2.4 

Annual fecundity -0.01 4.29 <0.05  2.8 

Incubation period 0.31 6.63 <0.01  6.5 

Fledging period 0.19 1.86 N.S.  0.6 

Breeding period 0.04 0.99 N.S.  0.2 

Diet generalism -0.02 1.36 N.S.  0.3 

Habitat generalism -0.03 2.21 N.S.  0.8 

Migratory tendency 0.03 1.39 N.S.  0.3 

Geographic range -0.08 3.46 N.S.  1.9 

latitude diversity 0.02 2.51 N.S.  1.0 

Sexual dichromatism 0.01 0.79 N.S.  0.1 
aSignificance was calculated from Mantel tests with 2000 randomisations. 

 

Table 5.2 Among-family relationships between phylogenetic distance and dissimilarity 

for life-history and ecological traits of introduced birdsa. 

Trait b  | t |  P  r2 (%) 

Female body weight 0.46 38.58 <0.01  24.0 

Age at first breeding 0.22 10.19 0.02  2.1 

Annual fecundity 0.01 10.85 0.01  2.1 

Incubation period 0.04 30.07 <0.01  16.9 

Fledging period 0.43 12.28 <0.01  3.2 

Breeding period 0.02 2.98 N.S.  0.1 

Diet generalism -0.00 1.02 N.S.  0.2 

Habitat generalism 0.01 2.74 N.S.  0.8 

Migratory tendency -0.02 5.99 <0.01  1.2 

Geographic range -0.01 2.39 N.S.  0.3 

latitude diversity 0.05 3.25 N.S.  1.1 

Sexual dichromatism 0.00 3.26 0.02  1.4 
aSignificance was calculated from Mantel tests with 2000 randomisations. 
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Table 5.3 Introduced land bird families ordered by introduction success (No. of 

successful attempts / No. of introduction attempts). All families include at least five 

introduction attempts and were included in the analysis of life history and ecological traits. 

Asterisks denote families with observed rates of success that are significantly different from 

those predicted by a random model (P - values were compared to a sequentially derived 

Bonferroni critical value to judge statistical significance at the α = 0.05 level). 

 No. of No. of No. of Observed 
Family Common species introduced introduction introduction 
name name in family species attempts success   

Zosteropidae White-eyes 96 4 9 0.78  

Tytonidae Barn & grass owls 17 2 9 0.78  

Pycnonotidae Bulbuls 137 4 22 0.77  

Sturnidae Starlings & mynas 148 12 82 0.73* 

Ardeidae Herons 65 3 9 0.67  

Halcyonidae Halcyonid kingfishers 61 1 6 0.67 

Alaudidae Larks 91 3 25 0.60  

Columbidae Pigeons & doves 309 30 167 0.59* 

Passeridae Sparrows & allies 386 57 287 0.59* 

Corvidae Crows & allies 647 15 45 0.58  

Strigidae Typical owls 165 4 7 0.57 

Psittacidae Parrots & allies 357 55 171 0.55  

Anatidae Water fowl 148 23 87 0.53 

Odontophoridae New World Quails 31 8 52 0.50  

Sylviidae Warblers 552 11 28 0.46  

Rallidae Rails & coots 142 4 10 0.40 

Megapodiidae Megapodes 19 2 5 0.40  

Turnicidae Buttonquails 17 2 5 0.40 

Numididae Guineafowls 6 1 39 0.38  

Fringillidae Finches & allies 993 62 171 0.38  

Phasianidae Pheasants & quail 177 54 487 0.35* 

Muscicapidae Thrushes 449 16 56 0.29* 

Paridae Chickadees & allies 65 3 7 0.29  

Cracidae Chachalacas 49 6 9 0.22  

Tinamidae Tinamous 47 4 8 0.13  

Pteroclidae Sandgrouse 8 4 13 0.08  

Charadriidae Plovers and allies 89 3 5 0.00 
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Table 5.4 Correlations between 9 of the 13 independent life history and ecological traits across introduced bird families (Pearson correlation 

coefficients, r, that are significant at P < 0.05). 

 Age at first  Annual  Incubation  Fledging  Diet Habitat  Geographic Latitude

               

        

breeding fecundity period period  generalism generalism range diversity

Female body weight 0.54 N.S.   0.81* 0.42 N.S.   -0.48 N.S.   N.S.   

Age at first breeding   N.S.   N.S.   0.57  

  

               

                 

                    

                   

               

N.S.   N.S.   N.S.   0.49*  

Annual fecundity     N.S.   N.S.   0.58* N.S.   N.S.   N.S.   

Incubation period N.S. N.S. -0.39 N.S.   N.S.   

Fledging period N.S. N.S. 0.67* 0.51*  

Diet generalism N.S. N.S. N.S.

Habitat generalism N.S. N.S.

Geographic range 0.88*  

* Significance after sequential Bonferroni adjustment. Migratory tendency, breeding period, sexual dichromatism, and social polygamy were not 

included in the table as none of their correlations with any of the other independent variables were significant at P < 0.05. 
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The families Muscicapidae and Phasianidae have experienced significantly 

lower rates of success than are predicted from random (Table 5.3). In contrast, the 

families Sturnidae, Columbidae, and Passeridae have all experienced significantly 

higher rates of success (Table 5.3). Altogether, 27 land bird families (13 sister-family 

comparisons) were available for testing the influence of life history traits on 

introduction success. 

Across land bird families, my taxonomic index for not currently being 

threatened by extinction (degree of safeness; see Chapter 2.0) was a significant 

positive predictor of the observed variation in introduction success (Wald χ2 = 23.85, 

P < 0.01). There was no significant association between the evolutionary age of 

introduced land bird families and successful establishment (Wald χ2 = 0.80, P = 

0.35). 

Note that some of the independent variables were intercorrelated (Table 5.4). 

Four of the correlation coefficients remained significant following Bonferroni 

adjustment for multiple comparisons (Table 5.4). Although it could be interesting to 

test for interactions between the independent variables, I had no a priori reason to test 

any terms other than the main effects. Because it would be impossible to include (or 

interpret) the 69 two-way interactions and many more higher-order interactions, they 

were omitted from the analysis. 

Female body weight, annual fecundity, migratory tendency, social polygamy, 

breeding period, and habitat generalism were all highly significant predictors of 

introduction success across land bird families (Table 5.5; P < 0.01). Additionally, 

incubation period, sexual dichromatism, and diet generalism were significantly 

associated, but not as strongly, with the variability in success across families of 

introduced birds (Table 5.5; P < 0.05). Female body weight and migratory tendency 

were significant predictors of introduction success among families having controlled 

for phylogenetic independence (Table 5.5). Together, these two variables  explained 

76% of the variability in the difference in introduction success among families.  

∆y = 0.08*(∆female body weight) – 0.12*(∆migratory tendency) 

where ∆y is the positive difference of the two proportions among sister species (each 

given by: No. of successes / total No. of introductions). 
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Table 5.5 Across-taxa and phylogenetically independent predictors for the introduction 

success of global land bird families. The results of the across-taxa analysis are Wald statistics 

for the change in deviance from adding each predictor to a logistic regression model with 

introduction outcome (success or failure) as the response variable. The results for analyses of 

phylogenetically independent contrasts are least squares regression tests through the origin of 

the tendency for differences in life history and ecological traits to be associated with 

introduction success. 

Family-level analysis Across-taxa  Independent contrasts  

 estimate  Wald  estimate  | t |  

Trait       

Female body weight -0.23  11.84 ** 0.11  4.53 * 

Incubation period -0.03  9.90 * 0.02  1.74  

Fledging period 0.01  3.62  0.00  0.93  

Annual fecundity -0.10  44.98 ** -0.01  0.85  

Age at first breeding 0.02  2.37  0.02  1.37  

Migratory tendency -0.32  13.55 ** -0.17  4.37 * 

Social polygamy 0.40  44.28 ** 0.07  0.03  

latitude diversity 0.01  2.73  0.00  0.54  

Sexual dichromatism -0.94  10.98 * -0.78  0.47  

Breeding period 0.17  25.45 ** 0.22  0.22  

Diet generalism 0.29  10.48 * 0.03  0.42  

Geographic range 0.03  0.12  -0.06  0.69  

Habitat generalism 0.86 53.80 ** 0.20  1.38  

*P < 0.05, ** P < 0.01 following sequential Bonferonni adjustment. 

 

Following manual selection through multiple logistic regression a reduced 

model was discovered that predicted introduction success adequately across land bird 

families. The standardised residual plot indicates no pattern between the residuals and 

their predicted values. For example, there is no indication of heterogeneity of 

variance, presence of outliers, or non-linear trends (Figure 5.1a). The distribution of 

the standardised residuals is clearly not overdispersed and there is no evidence that 

they do not belong to a logistic distribution (Kolmogorov-Smirnov Z - test = 0.64, P 

= 0.81; Figure 5.1b). 
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Monroe (1990) there are 9 672 extant species of birds distributed among 145 

taxonomic families. Of these species, 213 or just over 2% are known to the author to 

have been successfully transported and introduced by humans outside their naturally 

occurring geographic ranges. I have presented evidence that the variability in success 

among introduced land bird families is distributed in a manner significantly different 

from a random process. Most notably, for families with a repeated history of 

introduction attempts, taxa are distributed more evenly, with respect to their 

probability of introduction success, than expected by chance mechanisms alone. 

Figure 2.2c shows that the observed distribution has moved away from the geometric 

mean of the random model and that more families, than expected, have a greater and 

a lower observed probability of introduction success. This pattern implies that taxon-

specific attributes are an important determinant of introduction success. For at least 

five of these families (the Muscicapidae, Phasianidae, Passeridae, Columbidae, and 

Sturnidae) the observed probabilities of success are significantly different from those 

predicted by the random model (Table 5.3). These findings support the idea that it is 

worth seeking correlates of introduction success among bird families. 

The traits that are predicted to be associated with introduction success are often 

related to either direct or indirect increases in adult survival (Williamson 1996), and 

the probability of lowering the initial risk of propagule extinction (e.g. Chapter 3.0). 

Thus it has been suggested that the avian families with a low propensity for global 

extinction might also have an increased introduction success (Lockwood 1999). 

These families are the potential ‘winners’ of the human activities that are driving 

taxonomic homogenisation (Lockwood et al. 2000). Indeed, my analysis showed that 

increases in introduction success were significantly associated with the proportion of 

species in a family that are not listed as threatened by Collar et al. (1994). It is well 

known that the probability of extinction varies among avian families (Bennett and 

Owens 1997; McKinney 1997), and it appears that the variation in extinction risk 

may indeed be negatively related to the variation in introduction success. Lockwood 

et al. (2000) emphasised that although evolutionary age appears to increase the 

probability that higher avian taxa will be considered threatened (Gaston and 

Blackburn 1997), it does not necessarily translate into an overall force of 

homogenisation. Similarly, I found no association between the evolutionary age of 

introduced bird families and their success of establishing non-native populations. 
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Across land bird families, nearly two-thirds of the life history and ecological 

traits that I tested for associations with introduction success were significant. Overall, 

the results of my attempts to assess and quantify phylogenetic effects among 

introduced land bird species are similar to the findings of previous studies that have 

examined life-history variation among living birds (Harvey and Mace 1982; Owens 

and Bennett 1995; Böhning-Gaese and Oberrath 1999). The correlated nature of the 

independent traits highlights the difficulty that researchers have had previously when 

predicting the outcome of an individual introduction event (e.g. Newsome and Noble 

1986). On their own, the significant traits are all plausible predictors of introduction 

success across land bird taxa. 

For example, habitat and diet generalism were, on their own, positively 

associated with increases in introduction success across land bird families. This 

corroborates the claim by Daehler and Strong (1993) that the amplitude of taxa in 

their native geographic range can be a robust predictor of introduction success. 

Specifically, high behavioural flexibility within a family could indicate species that 

are adapted to having a greater chance, relative to groups of more specialised species, 

of encountering ecological conditions that are suitable for establishment (Williamson 

1996; Sol and Lefebvre 2000). Perhaps, therefore, it is surprising that increases in 

native geographic range did not predict introduction success significantly across 

families. However, of all the traits I considered, the variability that was least 

explained by relatedness among families was for differences in geographic range 

(Table 5.2). If geographic range does influence introduction success it could be that 

the effect is not detectable among higher taxonomic levels. Interestingly, the 

evidence does not support wide-ranging species being generalists or having wide 

niches (Hanski et al. 1993). Regional studies have suggested that the influence of 

widespread geographic range derives from correlates with other traits (such as 

behavioural flexibility) rather than as a direct predictor of introduction success 

(Duncan et al. 1999; Duncan et al. 2001; Sax 2001). 

Individually, my indices of sexual selection, mating system, and migratory 

tendency were significantly associated with changes in introduction success across 

land bird families. Regional studies have found that sexually dichromatic species are 

less likely to be introduced successfully than monochromatic species (McLain et al. 

1995; McLain et al. 1999) even when the number of individuals introduced was 
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controlled statistically (Sorci et al. 1998). Measures of realised mating success are 

strongly correlated with plumage dichromatism (Møller and Birkhead 1994), which is 

currently the most reliable indicator of the occurrence of female choice among bird 

species (Owens and Hartley 1998). Although most of the variation may be accounted 

for by random demographic factors due to small population sizes (an inherent feature 

of introduction attempts (Legendre et al. 1999)), the additional variation is likely 

associated with the general observation that females provided with restricted choice 

have, on average, lower reproductive success than females with free choice (Møller 

and Legendre 2001). 

Demographic stochasticity is strictly dependent on population size and results 

from the random fate of individuals which, among introduced propagules, can never 

be avoided. In small populations, monogamous mating is predicted to lead to a higher 

extinction risk than polygynous mating (Legendre et al. 1999; Dale 2001). The 

consequence of monogamous mating is that it decreases the likelihood of finding a 

mate. When demographic stochasticity is then added to the probability of finding a 

mate it further reduces the average reproductive success and increases the probability 

of extinction (Legendre et al. 1999). Migratory taxa in highly isolated populations 

will have a higher proportion of unpaired males than resident taxa with the same 

degree of isolation (Dale 2001). Additionally, translocated populations that remain 

‘programmed’ to disperse will not only find it harder to find mates but are also prone 

to getting ‘lost’, frequently at sea (Lever 1987; Veltman et al. 1996). 

By definition the ‘cost of reproduction’ is paid for in either reduced survival or 

fecundity (Lessells 1991). In many species the commonest clutch size is smaller than 

the most productive (Murton and Westwood 1977), and this has been associated with 

the effect of adult survival on rearing young (in nidicolous birds) and with sufficient 

energy resources (in nidifugous species). It has been found that decreases in annual 

fecundity can be strongly related to increases in adult survival even with phylogenetic 

corrections (Martin 1995). Similarly, period of incubation may vary inversely with 

both increased nest predation and adult survivorship (Owens and Bennett 1994). If 

the probability of demographic accidents is increased for small populations of 

introduced taxa then those families that can lower their ‘cost of reproduction’, while 

still reproducing over a longer period, may ultimately have a greater chance of 

succeeding. 
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Among families, there is a genuine tendency for larger bodied birds to be more 

at risk from extinction than small-bodied species (Gaston and Blackburn 1995; 

Bennett and Owens 1997). Because body size subsumes much of an organism’s 

biology it remains a highly contentious variable (Southwood 1981). However, an 

observed relation between adult survival and body size has been reported for bird 

species on islands (Pimm et al. 1988) and in Australia (Yom-Tov et al. 1992). My 

analysis across avian families showed that successfully introduced land birds are 

significantly smaller bodied than would be expected by chance alone. Additionally, 

this relationship is strong enough that it masks the positive association between 

introduction success and body size among phylogenetically independent families. 

This result is, unsurprisingly, the same as was found in Chapter 4.0. 

When analysing real datasets, the use of independent contrasts or cross-taxa 

analyses needs to be justified (Harvey and Purvis 1991). It is feasible, for instance, to 

describe a model of character evolution in which cross-taxa analyses perform better 

than independent contrasts (Price 1997). When there are fewer independent niche 

dimensions than there are adaptive traits, some traits will be correlated with others 

(Harvey and Rambaut 2000). Within the environments that humans have introduced 

birds, those taxa that are successful will likely be previously well adapted to them 

and thereby able to produce viable populations that establish more successfully than 

other species (i.e. ‘environmental matching’ e.g. Daehler and Strong (1993)). If we 

assume that these environments are not independent (e.g. largely human-dominated 

urban and agricultural landscapes), then the responses  of closely related taxa should 

also tend to be more similar to each other (i.e. ‘phylogenetic niche conservatism’ 

sensu Harvey and Pagel (1991)). 

It has been suggested previously that cross-taxa analyses are more appropriate 

for studies in evolutionary ecology (Ricklefs and Starck 1996), especially when so 

little is known about the robustness of comparative tests when phylogenies may be 

incorrect (Donoghue and Ackerly 1996). Additionally, Harvey and Rambaut (2000) 

developed a model of ‘phylogenetic niche conservatism’ in a series of statistical 

simulation studies that found cross-taxa relationships generally performed better than 

independent contrasts, and often had acceptable statistical properties. 
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It is possible that the family level associations between the independent traits 

and introduction success are wholly due to phylogenetic similarity (e.g. 40% of 

introduced families belong to a single order (Passeriformes)). However, this does not 

explain the significant relationships between introduction success and both body size 

and migratory tendency among land bird families. Among families, the variability 

explained by relatedness for the traits age at first breeding, habitat generalism, diet 

specialisation, and migratory tendency was relatively small (with an average of 1.1% 

and a maximum of 2.1%; Table 5.2). It is possible, therefore, that if the relationships 

between introduction success and these traits are genuine, and not a result of 

‘phylogenetic inertia’ (Harvey and Purvis 1991), then they may not be discernible 

among higher taxonomic levels. Without the introduction of more avian families (i.e. 

less than 20% of all bird families have been introduced at least five times), the lack of 

correlations among sister-families could simply be because the relationships are not 

strong enough for my tests to discern with the existing data. 

The aim of this chapter was to test directly the finding of Lockwood (1999) that 

the distribution of successful introduction attempts among avian families is ‘far from 

random’. Despite the correlated nature of the independent life history and ecological 

traits, I found strong evidence, through multiple logistic regression, that age at first 

breeding, habitat generalism, diet specialisation, and a lack of migratory tendency 

have together explained significant variation in introduction success across land bird 

families. This result contrasts strongly with previous studies and syntheses that have 

concluded that the variability in introduction success cannot be described adequately 

by taxonomic correlates of life history and ecology (Crawley 1989). 
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 6.0 

Variation in the success of introduced land birds: 

predictive power of species traits 

In the study of introduced species it is a frequent requirement to identify 

accurately the variables that influence the probability of establishing non-native 

populations (Vitousek et al. 1997; Kolar and Lodge 2001). Indeed, the failure to 

predict the probability of successful establishment of non-native species from any 

one situation to another is considered to be a major shortcoming of studies in 

introduction biology (Williamson 1999). Although we may know the attributes likely 

to increase the success of non-native species, Ehrlich (1989) concluded that the 

introduction attempt itself would always be subject to the sort of random influences 

that make it impossible to predict individual cases with absolute certainty. There is 

undoubtedly considerable evidence to support conclusions of this nature (Mooney 

and Drake 1989). The difficulty that researchers have had predicting how the success 

of introduced species varies from any one situation to another has led to suggestions 

that the stochastic component of species introductions may overshadow any emerging 

patterns of introduction success (Crawley 1989; Mooney and Drake 1989; Simberloff 

1989). However, virtually all of the studies to criticise the lack of predictive 

resolution across introduction biology do not consider either empirical or statistical 

predictability. Instead, they are concerned with anecdotal comparisons between as 

few as two species (Vermeij 1996). Perhaps the best cited example being that of the 

genus Passer discussed in Chapter 1.0 (Ehrlich 1989; Simberloff 1990; Williamson 

1996). 

The traits that I have identified as correlates of introduction success in previous 

chapters provide an interesting explanation of the observed non-random pattern in the 

variability among avian taxa. The predicted traits are those that are expected to lower 

the risk of population extinction among the founding adult propagule (e.g. see Table 

1.1 and 1.2). The significant eco-physiological traits include increased body size 

among related species (Chapter 4.0 and 5.0), increased longevity across families 

(Chapter 5.0), behavioural generalists across species and families (Chapter 3.0 and 
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4.0), and a tendency for non-migratory behaviour (Chapter 5.0). However, I have not 

yet tested the predictability of the significant traits for the future introduction of land 

bird taxa. Prediction involves the validation of a model with data that are independent 

from that which was used to construct the model (Olden and Jackson 2000). The 

variability in introduction success that has been described by life history and 

ecological traits (Chapter 5.0) was across a very small number of taxa (27 families 

with at least five introduction attempts). For the majority of the traits examined in 

Chapter 5.0 phylogenetic effects among families were relatively weak (Table 5.2). 

Additionally, introduction attempts do not consist of avian families (FC James 

personal communication) and it is therefore more relevant to examine whether 

predictions in the outcome of introduction success of land birds can be reliably made 

at the species level. 

Regional studies of introduced bird species (including my own investigation of 

New Zealand land bird species in Chapter 3.0) have examined the entire record of 

introductions in an attempt to explain variability rather than test the predictive power 

of the empirical models they construct. As I have already noted in Chapter 1.0 these 

studies are seriously biased towards oceanic islands and especially Hawai’i (e.g. 

Moulton and Pimm 1983; Simberloff and Boecklen 1991; Moulton, Miller, and 

Tillman 2001) and New Zealand (e.g. Veltman et al. 1996; Green 1997; Duncan et al. 

1999; Forsyth and Duncan 2001). However, exceptions do exist (e.g. the Duncan et 

al. (2001) study of model validation across introductions of bird species to Australia). 

The present study is concerned with describing the variability in the worldwide 

introduction of non-native land bird species. I have shown that the introduction of 

land bird species was significantly different from a random process of introduction 

attempts (Figure 2.2d). In this chapter I determine which individual species have 

observed rates of success that are significantly different from values predicted by a 

random model. I then use across-species and sister-species comparisons to test 

directly the predicted correlates of introduction success while controlling for possible 

effects of phylogenetic non-independence among species. It is predicted that the eco-

physiological traits that correlate significantly with introduction success among 

species will be similar to those that were found for avian families (i.e. large bodied 

and long lived species, habitat generalists, and non-migratory species; Chapter 5.0). I 

expect that the predicted traits with weak phylogenetic effects among families (e.g. 
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fecundity and behavioural generalism; see Table 5.2), that did not predict 

introduction success across families (see Chapter 5.0), are more likely to be 

significant correlates across-species. Following the selection of a minimum adequate 

model, for introduction success across land bird species, I test the use of the model as 

a predictive tool for the outcome of ‘novelty introductions’. 

6.1 Methods 

6.1.1 Data analyses 

Introduced bird species were classified using the taxonomy of Sibley and 

Monroe (1990; 1993). Estimates of life history and ecological variables (Appendix 

3.0) were obtained from as many studies as could be found in the primary literature 

and supplemented from taxon-specific publications as well as references therein and 

unpublished data (Chapter 2.0). All data analyses were conducted in SAS 6.12 (SAS 

Institute Inc. 1996). 

Following Lockwood et al. (2000) the Monte Carlo simulations from Chapter 

2.0 (Figure 2.2d) were used to generate test statistics for each species in order to 

judge two-tailed statistical significance. Individual species P values were compared 

to a sequentially derived Bonferroni critical value to judge statistical significance at 

the α = 0.05 level (Rice 1989; Hommel and Bernhard 2000). 

Logistic regression analyses were used to test the outcome of introduction 

success against the influence of 13 predicted life history and ecological variables 

across species. Each predictor variable was first included alone in a logistic 

regression model and then three selection methods were used to assess and remove 

non-significant terms manually until no further terms could be removed without 

reducing the model’s explanatory powers (Olden and Jackson 2000). The selection 

methods were forward selection (FS), backward elimination (BE), and stepwise 

selection (SS). Miller (1990), Sokal and Rohlf (1995), and Olden and Jackson (2000) 

present detailed descriptions of the three selection methods. The final model was 

chosen using two commonly employed selection criteria: smallest adjusted deviance 

(∆Dev); and minimum Akaike’s information criterion (AIC), both of which account 

for the number of model parameters in the model. 
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Among introduced birds it has become apparent that closely related taxa can be 

more similar with respect to their outcome upon introduction than would be expected 

by chance alone (Lockwood 1999; Chapter 5.0). Accordingly, as well as considering 

species as independent points, I used sister-species comparisons to identify 

evolutionarily independent contrasts (Felsenstein 1985). The phylogenetic hypotheses 

were constructed based on the most recent published information from molecular 

phylogenies. I did not have consistent estimates of species branch lengths because the 

data came from different studies using different methods. As a result all species 

branch lengths were set to be equal for these analyses (Garland et al. 1992). Least 

squares regression through the origin was used to test for significant relationships in 

the ranked magnitudes of introduction success among 13 life history and ecological 

traits. In order to satisfy the properties of multiple linear regression, differences in the 

proportion of introduction success were logit transformed as log(∆y/(1 - ∆y)) 

(Hosmer and Lemeshow 1989). 

6.1.2 Model prediction 

It is recognised that using the same data to construct both the model and 

estimate its predictive performance could bias the estimate of model-prediction error 

(Mosteller and Tukey 1977; Chatfield 1995). This is because the model has been 

optimised to deal with the ‘noise’ in the data and has consequently lost predictive 

generality outside the original data. To obtain a more realistic estimate of prediction 

error, it is best to validate the model with data that are independent of the data used to 

construct the original model. Therefore, to test the predictive ability of the adequate 

minimum model I analysed available species life-history and ecological trait 

information for ‘novelty introductions’ (i.e. species with less than five introduction 

attempts), using species that had been introduced in either one or three attempts. 

Introduced species were categorised as having either predominantly succeeded or 

predominantly failed. The model was assumed to have predicted the correct outcome 

if species that were observed to have predominantly succeeded had a predicted 

outcome ≥ 0.5 and species that were observed to have predominantly failed had a 

predicted outcome < 0.5. 

6.2 Results 

For species that have included at least five introduction attempts the observed 

variation in introduction success was significantly different from that predicted by a 

 78



Chapter 6.0  Introduction success of land bird species 

 

random distribution (Figure 2.2d). In particular four species (Columba livia, Geopelia 

striata, Acridotheres tristis, and Passer domesticus) have experienced significantly 

higher rates of success (Table 6.1). In contrast, three species (Lophura nycthemera, 

Melopsittacus undulates, and Coturnix coturnix) have experienced significantly 

lower rates of success than are predicted from a random model (Table 6.2). 

Table 6.1 Introduced land bird species ordered by introduction success. All these 

species had observed rates of success that were significantly greater than values predicted by 

a random model (P < 0.05). Asterisks denote species that remained significant following 

sequential Bonferroni adjustment. 

 Propn. of No. of  Observed 

Family Species introductions introduction introduction

name name in family attempts  success 

Greater than expected success   

Columbidae Columba livia 0.17 29  1.00 * 

Pycnonotidae Pycnonotus jocosus 0.50 11  1.00

Columbidae Streptopelia senegalensis 0.05 9  1.00

Passeridae Foudia madagascariensis 0.03 8  1.00

Anatidae Cygnus olor 0.17 15  0.93  

Columbidae Geopelia striata 0.13 22  0.91 * 

Columbidae Streptopelia chinensis 0.13 21  0.90

Sturnidae Acridotheres tristis 0.48 39  0.87 * 

Passeridae Passer domesticus 0.19 54  0.81 * 

Psittacidae Psittacula krameri 0.17 29  0.79

Phasianidae Phasianus colchicus 0.06 31  0.71

Passeridae Padda oryzivora 0.12 34  0.71
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Table 6.2  Introduced land bird species ordered by introduction success. All these 

species had observed rates of success that were significantly lower than values predicted by a 

random model (P < 0.05). Asterisks denote species that remained significant following 

sequential Bonferroni adjustment. 

 Propn. of No. of  Observed 

Family Species introductions introduction introduction

name name in family attempts  success 

Lower than expected success   

Odontophoridae Colinus virginianus 0.65 34  0.26

Phasianidae Alectoris barbara 0.04 19  0.26

Phasianidae Gallus gallus 0.06 27  0.22

Phasianidae Chrysolophus pictus 0.03 14  0.14

Phasianidae Coturnix coturnix 0.07 35  0.11 * 

Columbidae Lopholaimus antarcticus 0.07 11  0.09

Psittacidae Melopsittacus undulatus 0.09 16  0.06 * 

Phasianidae Lophura nycthemera 0.03 14  0.00 * 

Muscicapidae Erithacus rubecula 0.16 9  0.00

Phasianidae Tetrao tetrix 0.02 9  0.00

Muscicapidae Luscinia megarhynchos 0.14 8  0.00

Fringillidae Carduelis cannabina 0.04 7  0.00

Fringillidae Pyrrhula pyrrhula 0.04 7  0.00

Phasianidae Syrmaticus soemmerringii 0.01 7  0.00

Phasianidae Tetrao urogallus 0.01 7  0.00

Phasianidae Tympanuchus cupido 0.01 7  0.00

Columbidae Geopelia humeralis 0.03 5  0.00

Columbidae Leucosarcia melanoleuca 0.03 5  0.00

Fringillidae Carduelis spinus 0.03 5  0.00

Passeridae Stagonopleura guttata 0.02 5  0.00

Phasianidae Coturnix pectoralis 0.01 5  0.00

 

Altogether, 103 land bird species (44 sister-species comparisons) were 

available for testing the influence of life history and ecological traits on introduction 

success. It is apparent that some of the independent variables were intercorrelated 

(Table 6.3). Eight of the correlation coefficients remained significant following 

Bonferroni adjustment for multiple comparisons (Table 6.3). 
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Table 6.3 Correlations between the 13 independent life history  and ecological traits predicted to influence the introduction success of land bird species 

(Pearson correlation coefficients, r, that are significant at P < 0.05). 

Age at first Annual Incubation Fledging Breeding Diet Habitat Migratory Geographic Latitude Nesting Sexual 

breeding        

      

fecundity period period period generalism tendency range diversity habit dichromatism

Female body wt 0.40* N.S. 0.85* 0.41* -0.28* 0.30* -0.26* N.S. N.S. N.S. -0.30* N.S. 

Age at first breeding  -0.28*          

     

      

    

   

   

   

             

            

0.51* 0.62* -0.23* N.S. N.S. N.S. N.S. N.S. N.S. N.S.

Annual fecundity   N.S. N.S. N.S. 0.29* N.S. N.S. N.S. N.S. -0.38* 0.20* 

Incubation period    0.64* -0.29* N.S. -0.28* N.S. N.S. N.S. N.S. N.S.

Fledging period     N.S. N.S. N.S. N.S. N.S. N.S. 0.25* N.S. 

Breeding period      N.S. 0.24* -0.31* 0.20* 0.23* 0.24* N.S. 

Diet generalism       N.S. N.S. N.S. N.S. N.S. 0.21* 

Habitat generalism        N.S. 0.28* 0.18* 0.31* -0.21* 

Migratory tendency         0.32* 0.26* N.S. N.S.

Geographic range         0.62* N.S. N.S.

Latitude diversity N.S. N.S.

Nesting habit -0.28* 

* Significance after sequential Bonferroni adjustment for multiple comparisons. 
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Age at first breeding, incubation period, fledging period, breeding period, habitat 

generalism, migratory tendency, geographic range, nest habit, and sexual 

dichromatism were all highly significant predictors of introduction success across 

land bird species (Table 6.4; P < 0.01). Additionally, female body weight and diet 

generalism were significantly associated, but not as strongly, with the variability in 

success across introduced land bird species (Table 6.4; P < 0.05). Female body 

weight, habitat generalism, and sexual dichromatism were significant predictors of 

introduction success among sister-species following control for phylogenetic 

independence (Table 6.4). 

Table 6.4 Across-species and phylogenetically independent predictors for the success 

of introduced land bird species. The results of the across-species analysis are Wald statistics 

for the change in deviance from adding each predictor trait to a logistic regression model 

with introduction outcome (success or failure) as the binary response variable. The results for 

analyses of phylogenetically independent contrasts are least squares regression tests through 

the origin of the tendency for differences in life history and ecological traits to be associated 

with introduction success. 

Species-level analysis  Across-species  Independent contrasts 

  estimate  Wald  estimate  | t |  

Trait        

Female body weight  -0.23  10.39 * 0.24  3.76 * 

Age at first breeding  0.03  14.27 ** 0.01  2.08  

Annual fecundity  -0.16  0.48  0.01  0.44  

Incubation period  -0.04  21.75 ** -0.00  0.05  

Fledging period  0.02  12.47 ** 0.48  2.69  

Breeding period  0.16  58.75 ** 0.00  0.19  

Diet generalism  0.15  9.30 * 0.08  1.70  

Habitat generalism  0.79  166.49 ** 0.18  4.68 * 

Migratory tendency  -0.18  19.69 ** -0.02  0.46  

Geographic range  0.16  23.45 ** 0.09  2.10  

Latitude diversity  0.18  3.74  0.04  0.39  

Nest habit  0.37  71.15 ** -0.12  1.68  

Sexual dichromatism  -0.68 39.66 ** -0.83  3.15 * 
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Together, the two variables, female body weight and sexual dichromatism, 

explained only 18% of the variability in the difference in introduction success among 

species.  

∆y = 0.20*(∆female body weight) – 0.59*(∆sexual dichromatism ) 

where ∆y is the positive difference of the two proportions among sister species (each 

given by: no. of successes / total no. of introductions). 
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periods, occupy a greater number of habitat types, are non-migratory, occupy a larger 

native geographic range, occur over a smaller range of latitudes, and are sexually 

monochromatic. A non-significant change in deviance (∆Dev = 7.78, df = 5, P > 

0.10) confirmed that adding any of the subsequent model terms failed to increase the 

predictive power of the reduced model. 

Life history and ecological information for ‘novelty introductions’ (i.e. species 

with less than five introduction attempts) were entered into the reduced model for 

167 species with a single introduction attempt and 33 species with three introduction 

attempts. In the cases of single introduction attempts the model predicted the correct 

outcome (i.e. ‘Succeed’ ≥ 0.5, ‘Fail’ < 0.5) for 126 (75%) species (Figure 6.2a). The 

arcsine transformed means for the distribution of failed and successful predicted 

outcomes were significantly different from each other (t = 13.63, P < 0.01) and both 

means were significantly different from a probability of 0.5 (Failed; t = -9.42, P < 

0.01 and Succeeded; t = 4.18, P < 0.01). For species with three introduction attempts 

the model predicted the correct outcome for 31 (94%) species (Figure 6.2b; Appendix 

4.0). The arcsine transformed means for the distribution of failed and successful 

predicted outcomes were significantly different from each other (t = 8.23, P < 0.01) 

and both means were significantly different from a probability of 0.5 (Failed; t = -

4.02, P < 0.01 and Succeeded; t = 4.47, P < 0.01). 

 
(a) (b) 

 

1.0 

Pr
ed

ic
te

d 
ou

tc
om

e

0.8 
0.6 
0.4 
0.2 
0.0 

Failed Failed Succeeded Succeeded 

Figure 6.2 Scatter plots of the predicted outcome from a reduced adequate model for 

introduction success across land bird species. To test the predictive ability of the adequate 

minimum model I analysed available species life-history and ecological trait information for 

‘novelty introductions’ (i.e. species with less than five introduction attempts), using species 

that had been introduced in either one (a) or three (b) attempts. 
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6.3 Discussion 

Like the higher order avian taxa from which introduction attempts have been 

made, the outcome of non-native species introductions are not distributed randomly 

compared with all introduction attempts. Most notably, and similar to the pattern for 

introduced families (Chapter 5.0), species with a repeated history of introduction 

attempts, taxa are distributed more evenly, with respect to their probability of 

introduction success, than expected by chance mechanisms alone. Figure 2.2d shows 

that the observed distribution has moved away from the geometric mean of the 

random model and that more species than expected have a greater and a lower 

observed probability of introduction success. This supports my examination of the 

record of non-native species for correlates of introduction success across and among 

species. The four species that have experienced highly significant success, greater 

than expected by a random model, are distributed between two orders (Passeriformes 

and Columbiformes). They are species that share a long history of commensalism 

with humans and are widely distributed across developed land (i.e. either urban or 

agricultural landscapes (Brooke and Birkhead 1991)). Since their introduction, they 

have become successfully established across the six inhabited continents and on 

numerous continental and oceanic islands (Long 1981). 

The three species that have experienced highly significant lack of success, 

lower than expected from a random model, are distributed between two orders 

(Galliformes and Psittaciformes). They are species that, anecdotally at least, have 

individual characteristics that in retrospect can be linked to their lack of success as 

non-native species. Coturnix coturnix, compared with other introduced Phasianidae, 

is a small bodied and highly migratory species. In North America, where hundreds of 

thousands were released, it was widely believed that the majority of individuals 

drowned during attempts to complete their autumn migration (Lever 1987). Their 

successful establishment and natural spread on the islands of the Mascarenes and 

Hawai’i is thus attributed to their abandonment of the instinct to migrate; one of the 

prime requirements for the successful naturalisation of a migratory species 

(Williamson 1996). In contrast, Lophura nycthemera is so rare in its native range, in 

southern China, that it appears to exist chiefly as an aviary bird (Del Hoyo et al. 

1992-ongoing). Melopsittacus undulatus are nomadic birds, they are gregarious at all 

seasons, and form enormous highly variable breeding flocks (Macdonald 1978). 
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Their introduction from ornamental cage bird stocks has meant that in many cases 

they were domesticated and could have suffered from the probable loss of wild 

vigour (Buckley 1987). 

6.3.1 Introduction success 

Considering that over 70% of the introduced bird species contained in my 

analyses belong to only two orders (Passeriformes and Galliformes) it is likely that 

most of the species level correlations are due to phylogenetic similarity. This is 

apparent, for example, from the high number of significant correlations among the 

life history traits (female body weight, age at first breeding, annual fecundity, 

incubation period, and fledging period) in Table 6.3. Life history traits are more 

likely to be constrained by adaptive changes and the high correlations across species 

may therefore reflect varying phylogenetic effects (Böhning-Gaese et al. 2000; 

Chapter 5.0). 

Among sister species, for example, the relationships of female body weight, 

habitat generalism, and sexual dichromatism were individually associated with 

significant changes in introduction success. An observed positive relationship 

between adult survival and body size has been reported for bird species on islands 

(Pimm et al. 1988), and in Australia (Yom-Tov et al. 1992). Within taxa it has been 

shown that interspecific competition favours larger species (Cotgreave and Harvey 

1991; Nee et al. 1992). This may favour the establishment of a non-native population 

against either other introduced propagules (e.g. Moulton 1993) or the native 

assemblage in the recipient environment (Ebenhard 1988). Among sister species of 

introduced land birds, increases in female body weight were significantly correlated 

with increases in both age at first breeding (Pearson correlation coefficient, r = 0.56, 

P < 0.05) and fledging period (Pearson correlation coefficient, r = 0.67, P < 0.05). 

Both increases in generation time (of which age at first breeding is an index) and 

fledging period have been correlated with significant decreases in adult mortality 

among avian families (Owens and Bennett 1995; Martin 1995). Other things being 

equal, it is predicted that a population of a long-lived species will have a lower risk of 

extinction from demographic accidents per year than will a short-lived species (Pimm 

1991). 
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Studies across a number of different taxa have found positive relationships 

between indices of habitat and behavioural generalism in their native range and 

introduction success (Moulton and Pimm 1986; Crawley 1987; Hanski and 

Cambefort 1991; Duncan et al. 2001; Chapter 3.0 and 5.0). Flexible or generalist 

species may have a higher chance of success because they are more likely to 

encounter habitat conditions that are suitable for establishment of non-native 

populations, than a related specialist species (Williamson 1996). Habitat generalism 

was not strongly correlated with geographic range (Table 6.3) so suggestions that 

introduction success could arise because generalist species are more abundant and 

therefore easier to catch and introduce in large numbers (Duncan et al. 2001) are not 

supported. 

From the across species analyses I have identified a number of key life history 

and ecological traits that are associated with an increase in the probability of 

successful establishment of introduced bird species. Despite the correlated nature of 

the independent traits, I found strong evidence, through multiple logistic regression, 

that decreased female body weight, shortened incubation period, lengthened fledging 

period, habitat generalism, a lack of migratory tendency, widespread geographic 

range, decreased latitude diversity and the presence of sexual monochromatism have 

together explained significant variation in introduction success. Although a large 

number of traits were retained in the model (8 out of 13), model validation confirmed 

that all of these traits were important for explaining the variability in the outcome of 

introduction attempts across land bird species. 

An individual introduction attempt is likely to be subject to the sorts of random 

influences that make it difficult to predict individual cases with certainty. It remains 

evident, however, that the more attempts that are made to introduce a species the 

easier it is to predict its overall outcome. This suggests that, despite the influence of 

environment- and introduction-specific variability, land bird species have an inherent 

probability of establishing successful non-native populations. This result is 

unsurprising considering the strength of taxon-specific attributes for determining 

introduction success among avian families (Chapter 5.0). 

My results could be regarded as a continuum of the All-Or-None (AON) 

pattern that Simberloff and Boecklen (1991) proposed for avian introductions to 
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Hawai’i and has been suggested for introductions to New Zealand (Duncan 1997), 

Mascarenes (Simberloff (1992), and oceanic islands (Duncan and Young 1999). 

Simberloff and Boecklen (1991) described a quantitative pattern for introduction 

outcome where species that were introduced successfully to Hawai’i tended to 

succeed in other introductions around the globe. Those species that failed to establish 

in Hawai’i tended to fail at other locations. The authors ranked correlated success rate 

elsewhere with success rate on Hawai’i and found a highly significant relationship. 

This led Simberloff and Boecklen (1991) to conclude that, despite the random 

element to successful establishment, species seemed likely to succeed or fail 

independently of extrinsic influences. 

6.3.2 Model prediction 

Williamson (1999) claimed that in the study of successful non-native species, 

‘quantification explains nothing’. In his view, all that the quantification of 

introduction success does is order the empirical data to allow explanation and to 

challenge prediction. Consequently, having quantified introduction success across 

land bird species I have attempted to explain the significant variability among species 

outcomes using differences in life history and ecological traits for repeated 

introduction attempts. Of course, explanation does not imply prediction (Lawton 

1996), and any prediction that does not include all the variables in the case to be 

predicted is unlikely to be useful (Williamson 1999). The difficulty is that each new 

non-native species has its own novel set of characteristics. Thus predicting the 

outcome of introducing individual species has been likened to trying to predict which 

molecule of water will boil off next as we ‘heat our coffee’ (Rosenzweig 2001). 

It was a very positive result that my preliminary model, that estimated the 

probability of introduction success, performed so consistently. For both my validation 

groups, the predicted average outcomes of introduction success were significantly 

greater than a probability of 0.5 for species that have predominantly succeeded, and 

significantly less than a probability of 0.5 for species that have predominantly failed. 

For one of my validation groups (i.e. three introduction attempts; Figure 6.2b) the 

probability of correctly assigning introduction outcome approximated standard 

statistical significance (i.e. α = 0.05). The two cases for which the model failed to 

assign introduction outcome correctly were the species Phaps chalcoptera and Passer 

hispaniolensis. 
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Phaps chalcoptera is a large bodied Columbid species. It is semi-nomadic, 

consistently uses at least three of my seven habitat type categories, and its native 

range includes most of Australia. It has a fledging period longer than its incubation. 

All of these characteristics would imply that it should be a successful non-native 

species. Yet it has failed when introduced to both New Zealand and Hawai’i 

(countries that are both known for high numbers of successful non-native species). 

Anecdotally, at least, I note that these introductions all consisted of small propagule 

sizes and numbers (i.e. <5 introductions and <20 individuals). It is possible, 

therefore, that a term for introduction effort, if significant, would improve the 

probability of correctly assigning outcome probability for this species. Passer 

hispaniolensis is a small bodied Passerid species that migrates south in winter from 

southern Europe to North Africa, northern Arabia, parts of south-western Asia and 

north-western India. It has been introduced successfully on Madeira, and the Canary 

and Cape Verde Islands. Although considerable information exists to suggest that the 

introductions were intentional (Summers-Smith 1997), there remains doubt as to 

when they first arrived and whether the populations could have originated and 

maintained themselves through self-introduction (Bannerman 1965). If this were to 

be the case then it is not necessarily surprising that the outcome for this species is 

poorly predicted by a model constructed from intentional introductions of non-native 

species. 

I regard my model as preliminary because it lacks a number of key features that 

need to be tested, if not included, before it can be treated as a complete explanation of 

the variability in introduction success among land bird species. First, by including 

only introduction attempts of greater than five individuals in the analyses I have tried 

to factor out the influence of low human effort. There is, however, also the influence 

of increased human effort which is known to explain significant variability in 

regional introductions (e.g. New Zealand (Veltman et al. 1996; Forsyth and Duncan 

2001; Chapter 3.0) but see Moulton, Sanderson, and Labisky (2001)). Second, 

although the appropriate use of phylogenetic corrections are still disputed (Ricklefs 

and Starck 1996), an analysis of  non-native species that does not allow for 

relationships among taxa is likely suspect (Williamson 1999). However, without 

‘correct phylogenies’ (e.g. see Donoghue and Ackerly 1996) for avian species there is 

currently no robust method for including phylogenetic terms in the model. I recognise 
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that among introduced species phylogenetic associations in female body weight and 

sexual dicromatism do explain a very small proportion (< 20%) of the variability in 

introduction success. It remains to be seen whether phylogenetic models can predict 

introduction outcome with similar efficiency to across species models. I doubt they 

can. Third, my analyses have assumed that the ‘noise’ associated with introduction 

attempts in different environments and habitats is stochastic, and this is undoubtedly 

false (e.g. Blackburn and Duncan 2001a, Duncan et al. 2001). 

Nevertheless, my statistical model, which is based entirely on eco-physiological 

differences across species, correctly assigned the average introduction outcome for 

both failed and successful ‘novelty introductions’. In fact, for species that have 

experienced three introduction attempts the model correctly assigned introduction 

outcome, regardless of region or habitat, in 94% of cases. Considering many authors 

have suggested that predicting the ecological behaviour of a species in a new 

environment may be effectively impossible (Lever 1987; Williamson 1999) this is an 

encouraging result. 
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 7.0 

The relative success of introduced birds on islands 

and mainland 

A large number of conceptual models exist that predict varying degrees of 

species-level, community-level, and environmental-level properties that influence the 

outcomes of species introductions (Mooney and Drake 1989; Lodge 1993; 

Williamson 1999). Fundamental to many of the empirical hypotheses associated with 

the success of non-native species are the natural history observations and writings of 

Elton (1958). Elton argued that ‘the balance of relatively simple communities of 

plants and animals is more easily upset than that of richer ones; that is more subject 

to destructive oscillations in populations … and more vulnerable to invasions’. He 

supported this argument with observations that islands are simple ecosystems that 

frequently exhibit high vulnerability to biological invasions. 

Unfortunately, these observations have proven difficult to test (Levine and 

D’Antonio 1999). A consistent pattern that has emerged from syntheses of global 

introductions is that the number of non-native species established on oceanic islands 

is generally greater than for continental islands and mainland regions (Drake et al. 

1989; Williamson 1996). However, this pattern may have been caused simply by 

more species being introduced to oceanic islands than other regional landforms 

(Pimm 1991; Simberloff 1995). 

The geographic isolation of islands can present great dispersal difficulties to 

naturally colonising species and which act as a screening effect on what can reach an 

island (Mueller-Dombois et al. 1981). In evolutionary and ecological terms this 

results in islands being characterised by both ‘impoverishment’ and ‘disharmony’; 

having fewer species than their mainland counterparts and higher degrees of 

endemism (Williamson 1981). These features, which are a result of isolation, are 

generally greater for oceanic islands that have not been influenced by continental 

processes. Island systems are also exposed to much higher rates of global disturbance 

and perturbation, of which human colonisation has most recently become the 

dominant factor (Chown et al. 1998). In addition, islands have been subject to a 
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greater effort in the introduction of non-native species (Simberloff 1995). For 

example, of nearly 2 000 recorded land bird introduction attempts less than a third 

have been to mainland regions, whereas the five archipelagos of Hawai’i, New 

Zealand, Mascarene, Society, and West Indies together received > 40% of all 

introduction attempts, including 75% of all land bird species that are known to have 

been introduced. 

The aim of this chapter is to test the relative success of establishment for land 

birds introduced to island and mainland regions. The first question I address is 

whether the global success of introduced land birds has been significantly greater for 

oceanic islands than for continental islands and mainland regions. It is predicted that 

there has been no difference in the successful establishment of non-native land bird 

populations on islands and the mainland. Second, I examine whether patterns of 

successful establishment within biogeographic regions are correlated with observed 

increases in the introduction success of taxonomic families. Third, I use statistical 

models to test whether the variation among global islands in establishment success 

can be explained by chance alone, or whether potential correlates of island 

characteristics are associated with the successful introduction of land birds. 

7.1 Methods 

7.1.1 Data definitions 

To examine the differential success of introduced land birds, I compared global 

introduction attempts of species to oceanic and continental islands versus continental 

mainland regions. Less than 5% of all land bird introductions are of species which 

breed only on islands (Long 1981). Hence, for comparability, all analyses were 

conducted using the remaining ‘mainland’ species.  

To control for the confounding influence of taxonomic effects (e.g. Chapter 

5.0) and biogeographic effects (Blackburn and Duncan 2001b), introductions were 

pooled within avian families as well as within the biogeographic regions to which 

they were introduced. Biogeographic regions and landforms were classified into the 

following categories (following Wallace (1876) and Ebenhard (1988)): Nearctic 

(including Alaska, Northern America and Canada, Eastern Pacific and Hawai’i, West 

Indies); Neotropical (including Central America, Southern America, Western 

Antarctic, Northern Pacific); Australasia (including Australia, Central Pacific and 
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New Zealand, Western Pacific, Southern Antarctic); Oriental (including Indian 

subcontinent, Wallacea, Japan); Ethiopia (including Southern Africa, Central 

Atlantic, Central Antarctic Seas, West Indian Ocean); Palaearctic (including Europe, 

Northern Atlantic Ocean, Mediterranean Sea, Northern Africa). Analyses were 

restricted to taxonomic families, biogeographic regions, and major landforms that 

have experienced at least five introduction attempts. 

Data were collected from the literature for the 55 islands that have experienced 

at least five introduction attempts and are inhabited annually by human populations. 

My indices of island characteristics were island size (ln[square kilometres]), isolation 

from nearest mainland region (ln[kilometres]), human density (population per square 

kilometre), and human environment (developed land as a share of total land area). 

Great circle distance (GCD) between donor and recipient regions for each 

introduction attempt (ln[kilometres]) was measured as an approximate index of 

introduction effort (see Chapter 3.0). My indices of assemblage integrity were based 

on a subset of the biotic measures used by Case (1996) which included number of 

extant native species (indigenous land birds excluding historical and prehistorical 

extinctions and self-introduced birds during the last 100 years), number of extinct 

land bird species (historical and prehistorical extinctions during the late Holocene), 

and mammalian predator category (0-5 following Case (1996)). For analyses, I refer 

to the proportion of extant native species (no. of extant native species / [No. of extant 

native species + No. of extinct land bird species]) as the variate of interest for 

comparing relative changes in the land bird assemblages across global islands. 

7.1.2 Data analyses 

All data analyses were conducted in SAS 6.12 and used the procedures IML, 

NESTED, or GENMOD (SAS Institute Inc. 1996). Logistic regression analyses were 

used to test whether the outcome of introduction success has varied significantly 

between land bird introductions to mainland regions, and oceanic and continental 

islands. Introduction success was predicted by the number of successful introduction 

attempts divided by the total number since proportions provide an intuitively obvious 

basis for comparison. Significance of differences between landforms was assessed 

through investigation of planned orthogonal contrasts. 
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Independent contrasts were constructed between mainland and island 

introductions to calculate the differences between introduction success and the 

proportion of introduction attempts that have occurred between biogeographic 

regions across separate taxonomic families. Differences in the proportion of 

introduction attempts which have occurred between biogeographic regions were 

estimated as ∆P = P(i) – P(j), where if P(i) is the proportion for island introductions 

then P(j) is the proportion for mainland introductions, and vice versa. Contrasts were 

always calculated in the same direction as introduction success (∆Y), where ∆Y is the 

positive difference of the two proportions (each given by: no. of successes / total no. 

of introductions). Arcsine square-root transformations were used to normalise the 

residuals of proportion data (Sokal and Rohlf 1995).  

To examine whether the variability among introduction attempts has been 

randomly distributed among global islands, I reallocated the 562 successful 

introduction attempts randomly from the 1 068 introductions that have occurred on 

islands with at least five introductions. At the end of each simulation I noted from 

which islands the randomly assigned successful introductions originated, and 

calculated the proportion of introduction attempts to each island that had been picked 

in this way. The simulations were repeated 10 000 times and a relative frequency 

histogram was drawn of the average number of islands in each proportion class 

across all 10 000 simulations. The null hypothesis that the observed distribution was 

not significantly different from random was tested using an ordered χ2 test (Zar 

1999). 

Logistic regression analyses, with a logit link function and binomial errors 

(McCullagh and Nelder 1990), were used to investigate how well the putative 

variables predicted the introduction success of land birds to global islands. I used 

sequential stepwise deletion tests to assess and remove non-significant terms 

manually until no further terms could be removed without reducing the model’s 

explanatory powers (Olden and Jackson 2000). F-tests are presented to account for 

both sources of random variation in introduction success: within and between islands, 

thus avoiding possible pseudoreplication and the underestimation of type I error 

(Elston 1998; Littell et al. 1999). 
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7.2 Results 

The success of land bird species has been significantly greater for introductions 

to islands than for mainland regions, and there has been no difference in the success 

of introduction attempts between continental and oceanic islands (Figure 7.1). 

Introduction success varied significantly with the interactions between taxonomic 

family and landform (Table 7.1; F22, 1643 = 3.47, P < 0.01), and between 

biogeographic region and landform (Table 7.2; F10, 1732 = 2.49, P = 0.01). 

Introduction attempts that have occurred within the same biogeographic region have 

been significantly more successful than those that have occurred between two 

different biogeographic regions for all mainland and island introduction attempts (F1, 

1746 = 32.35, P < 0.01). 
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igure 7.1 Predicted mean proportion of successful land bird introduction attempts for 

ainland regions, and oceanic and continental islands. Mean proportions and 95% 

onfidence intervals are estimated from logistic analyses using the procedure GENMOD 

SAS Institute Inc. 1993). 

Independent contrasts between mainland and island introductions showed a 

trong negative relationship for the proportion of introduction attempts that occurred 

mong biogeographic regions and their resulting success (Figure 7.2a). However, 

cross taxonomic families, the success of mainland introductions is much more 

trongly associated with a decline in the proportion of introduction attempts that have 

ccurred between biogeographic regions (Figure 7.2b), than for the success of island 

ntroductions (Figure 7.2c). 
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Table 7.1 Successful (failed), and proportion of successful land bird introduction 

attempts for mainland regions, and oceanic and continental islands, by taxonomic family. 

Data are for the 12 families with at least five introduction attempts to each of mainland 

regions, and oceanic and continental islands. These 1 679 introduction attempts constitute 

87% of all recorded land bird introductions known to the author. Proportions in bold indicate 

the landform with the greatest introduction success for each family. 

Introduction attempts of land bird families    

Family name Common name  Mainland regions   Oceanic islands Continental islands 

Passeridae Sparrows 38 (10) 0.79 40 (34) 0.54 93 (74) 0.56

Corvidae Crows and allies 12 (4) 0.75 3 (2) 0.60 11 (12) 0.48

Columbidae Pigeons and doves 23 (10) 0.70 13 (8) 0.62 37 (50) 0.43

Pycnonotidae Bulbuls 2 (3) 0.40 8 (1) 0.89 8 (2) 0.80

Sturnidae Starlings 14 (6) 0.70 16 (4) 0.80 34 (13) 0.72

Anatidae Ducks and geese 20 (11) 0.65 12 (5) 0.71 13 (23) 0.36

Psittacidae Parrots 34 (38) 0.47 30 (14) 0.68 30 (26) 0.54

Fringillidae Finches 15 (46) 0.25 15 (8) 0.65 37 (51) 0.42

Numididae Guineafowl 2 (5) 0.29 3 (9) 0.25 13 (10) 0.57

Odontophoridae New World Quails 5 (14) 0.26 12 (19) 0.39 17 (16) 0.52

Muscicapidae Flycatchers 5 (23) 0.18 1 (4) 0.20 13 (14) 0.48

Phasianidae Pheasants 43 (166) 0.21 34 (63) 0.35 74 (101) 0.42

 

Table 7.2 Successful (failed), and proportion of successful land bird introduction 

attempts for mainland regions, and oceanic and continental islands to biogeographic regions. 

Data are for the 6 biogeographic regions with at least five introduction attempts to each of 

mainland regions, and oceanic and continental islands. These 1 755 introduction attempts 

constitute 91% of all recorded land bird introductions known to the author. Proportions in 

bold indicate the landform with the greatest introduction success for each region. 

Introduction attempts to biogeographic regions     

Biogeographic region Mainland regions   Oceanic islands  Continental islands

Oriental 7 (2) 0.88 26 (12) 0.68 53 (36) 0.60

Australasian 51 (64) 0.46 140 (173) 0.45 13 (27) 0.33

Palaearctic 47 (37) 0.58 7 (0) 1.00 30 (45) 0.40

Neotropical 15 (14) 0.59 11 (4) 0.73 9 (9) 0.50

Nearctic 59 (213) 0.22 141 (130) 0.52 74 (82) 0.47

Ethiopian 24 (16) 0.65 90 (69) 0.57 20 (5) 0.80
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Figure 7.2. Bivariate scatterplots of the relationship between the proportion of 

introduction attempts occurring among biogeographic regions and introduction success for 

(a) independent contrasts across land bird families with at least five introduction attempts to 

either mainland regions or global islands. The least-squares linear regression slope is 

estimated through the origin (r2 = 0.56, slope = -0.39, n = 8, P = 0.02), (b) families with at 

least five introduction attempts to mainland regions (r2 = 0.81, slope = -0.93, n = 8, P < 

0.01), and (c) families with at least five introduction attempts to global islands (r2 = 0.26, 

slope = -0.52, n = 11, P = 0.11). 

 

The successful introduction of land bird species on islands has differed 

significantly from a random allocation of introduction attempts to islands (Figure 7.3; 

χ2 = 29.34, P < 0.01). Notably, there is a higher frequency of observed islands with 
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greater proportions of successful introduction than expected by chance processes 

alone. 
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Figure 7.3 Frequency histogram across global islands of the proportion of introduction 

attempts to an island that are recorded as successful (N = 55 islands). Observed (closed bars) 

and predicted (open bars) frequency distributions based on 10 000 simulations. Error bars on 

the predicted distribution are ± 1 S.D. 

Following manual selection through multiple logistic regression, a reduced 

model was formulated that predicted island introduction success adequately (Table 

7.3). Introduction success was associated significantly with decreased island size, 

increased human population density, and decreased great circle distance between the 

donor and recipient regions.  

7.3 Discussion 

As expected from natural history observations (Darwin 1845; Elton 1958), the 

success of land bird species introductions has been significantly greater for islands 

than for mainland regions. This result is contrary to my predictions that introduction 

success would not differ among islands and mainland and is independent of the fact 

that there have been twice as many introductions to islands as there have been to 

mainland regions. Is this therefore evidence for the hypothesis that island biotas are 

more vulnerable to the successful establishment of introduced species than mainland 

biotas? Introduction attempts, among taxonomic families and biogeographic regions, 

do not support consistently this pattern of greater success on oceanic islands. 

Accordingly, the proof that global islands are less resistant than mainland regions to 

the successful establishment of non-native species is definitely not universal 

(Simberloff 1995; Levine and D’Antonio 1999; Sol 2000). 
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Table 7.3 Results of multiple logistic regression analysis comparing global island 

variables between introduction attemptsa for both the maximal model and reduced adequate 

model. The resulting non-significant change in deviance (∆Dev = 6.88, df = 5, P = 0.23) 

confirms that the predictive power of the reduced model is not increased by adding any of the 

subsequent model terms (N = 55 islands).

Variable   Coefficient Standard error Type III, F 

Maximal Model    

Island size  -0.11 0.07 3.12 

Human density  0.20 0.06 6.44 

Human environment  0.10 0.24 1.89 

Isolation -0.49 0.51 2.37 

Great circle distance -1.88 0.72 6.42 

Extant native species -0.01 0.03 1.93 

Mammalian predators -0.05 0.10 0.19 

Reduced Model    

Human density   0.20 0.03 5.34 

Great circle distance -2.38 0.62 7.38 
a Introduction outcome; 0 = failed; 1 = successful 

Instead, the frequency of introductions occurring among different 

biogeographic regions was a significant predictor of the observed differences in 

introduction success between islands and mainland regions (see also Blackburn and 

Duncan 2001a). In my analyses, the percentage of introductions occurring within a 

biogeographic region ranged from 63% for mainland introductions of Columbidae to 

12% for island introductions of Pycnonotidae. Bird species are largely distinguished 

by their ability to disperse (Lack 1969). Between biogeographic regions, related 

species are characteristically discrete and widely separated (Maurer 1999). In 

addition, environmental as well as ecological and evolutionary differences are more 

extreme and often strongly contrasted across biogeographic boundaries (Cox and 

Moore 2000). It is therefore likely that non-native species from within a single 

biogeographic region have combinations of traits which are better suited to the 

variability of the environment than non-native species from another region (Sax and 

Brown 2000). For land bird introductions, there is also a significant reduction in the 

human effort required to transport species numbers and propagules between donor 

and recipient regions with decreasing distance (Long 1981).  
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It is possible that the success of individual families on different landforms is 

associated with differences in life history or the introduction effort of humans. 

However, this interaction seems unlikely given that taxonomic variability between 

landforms was explained significantly by differences in the proportion of 

introductions that have occurred between biogeographic regions. However, when the 

landforms are separated, the same relationship is only significant among mainland 

regions. This result indicates that similarities within a single biogeographic region 

(and differences between different biogeographic regions) may be greater, and less 

variable, for mainland regions than they are for mainland regions compared with 

global islands. It also means that the variability among introduction success for 

islands cannot be explained adequately by introduction patterns among biogeographic 

regions. 

I found strong evidence that the observed variation in introduction success 

among global islands is not simply a result of chance processes alone. Most notably, 

there were far too many islands for which success has been significantly greater than 

expected for introduction attempts to be distributed randomly among islands. These 

results support the idea that it is worth seeking correlates of introduction success 

among global islands. Although there was no difference in the success of land birds 

introduced to oceanic versus continental islands, my analysis of the variability in 

introduction success between islands confirms that indices of island characteristics 

and introduction effort are influential in determining the success of introduction 

attempts. 

In the case of introduced land birds, island size and human density were 

important as predictors of introduction success. Importantly, both of these variables 

are correlated with the degree of human modified environment in the same direction 

as their relationships with introduction success. However, when either island size or 

human density is entered into the model, human environment fails to be a significant 

predictor of introduction success, and only human density is significant in the 

reduced model. 

It might be expected that larger islands, which support greater species richness 

(MacArthur and Wilson 1967) and have higher capacity for habitat heterogeneity 

(Brown 1995), could also maintain an increased number of successful introductions. 
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Instead, islands with the smallest areas, which are annually inhabited by humans, 

tend to be more prone to the successful introduction of land birds. Smaller islands 

have a much greater ratio of coastline/unit area and because human populations tend 

to cluster around the coast, the degree of human perturbation is likely greater for 

smaller islands. Perturbation includes both increased human population density and a 

tendency for habitat modification through the development of the natural 

environment. Like other taxa, successful land bird introductions may be characteristic 

of disturbed and human dominated habitats (Sax and Brown 2000). 

Decreasing great circle distance was the other significant predictor of 

introduction success among global islands in the reduced adequate model. This result 

reflects the previous trend that species that are transported and released close to their 

native range are more likely to establish than those that are transported to more 

distant locales and released. I have shown that great circle distance can be strongly 

correlated with the maximum size of propagules released (Chapter 3.0). This finding 

is especially useful when a large amount of information regarding introduction 

attempts is either missing or contradictory (SL Pimm personal communication). In 

this case, as the distance between the recipient and donor regions is reduced, the 

effort with which species can be transported and released is potentially much lower 

and their individual health increases. Over half of the land bird introductions to 

global islands occurred before 1914 and the survival of propagules, transported by 

ship and in different stages of development, was extremely poor with instances of 

complete mortality not uncommon (e.g. Thomson 1922). 

Previous studies have reported negative relationships between changes in the 

species richness of recipient land bird biotas on islands and the success of introduced 

species (Diamond and Veitch 1981; Case 1996; Chown et al. 1998). The suggestion 

is that the influence of either smaller numbers of indigenous species, or higher rates 

of indigenous extinctions, could lead to situations where ‘empty niches’ (Crawley 

1987) are available. My indices of assemblage integrity (including mammalian 

predators) were not important as predictors of introduction success among global 

islands. Interestingly, although Case (1996) found native species extinctions to be the 

most important correlate of success, he concluded that this reflected the degree of 

human activity and ‘habitat destruction and deterioration’ rather than any increased 
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advantage for establishing non-native populations through the release of avian 

competitors. His conclusion is supported by the results presented here. 

The disparity in introduction success hypothesised for island and mainland 

landforms was not confirmed in my analyses. Instead, my results showed that the 

proportion of introduction attempts occurring among different biogeographic regions 

was a significant predictor of the observed difference in introduction success. There 

is an urgent need to identify the variables associated with the success of introduced 

species (Vitousek et al. 1997; McKinney and Lockwood 1999; Kolar and Lodge 

2001). I found that introduction success among islands was significantly associated 

with decreased island size, increased human population density, and decreased great 

circle distance between the donor and recipient regions. 
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 8.0 

Concluding remarks: lessons from the introduction 

of land bird species 

‘it was not good work bringing those birds out here; they eat all the 

potatoes and the oats; they are not good birds to bring out … were 

there not plenty of good birds in New Zealand that eat no man’s 

food?’ 

Te Whiti of Parihaka in 1883 

 

It is widely recognised that a major component of human-induced global 

change is the deliberate translocation of species from their native ranges to novel 

environments (Soulé 1990; Vitousek 1997). The majority of introduction attempts 

fail to establish populations outside the natural geographic ranges of species and, of 

those that succeed, most have a low environmental and economic impact. However, 

the cumulative negative effect of non-native species introductions has been and will 

continue to be large (Williamson 1999; Kolar and Lodge 2001). Ecological interest in 

non-native species has developed because the characteristics and impacts of 

introduced species may provide insights into long-standing questions concerning the 

assembly of communities and the persistence of populations (Lodge 1993a). 

Furthermore, range expansions are inextricably related to global environmental and 

economic issues of increasing importance – climate change, habitat fragmentation, 

declining biodiversity, and genetic introgression (Vitousek et al. 1997). 

8.1 Studies of introduction success 

Several introduction attempts have been studied in great detail, and useful 

generalisations have been made from these studies (Ehrlich 1986; Brown 1989; 

Pimm 1989; Lodge 1993a). On the whole, however, the particulars of individual 

cases have largely obscured broader patterns. This has led to doubts being raised 

about the existence of general patterns, or the wisdom of looking for them, in the 

study of non-native species  (Ehrlich 1986). Even the most recent analyses of 

establishment success among introduced birds claim, rather uncertainly, that most of 

the variability in the distribution of non-native species is likely to be due to the 
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number of species introduced at various locations rather than the intrinsic ability of 

species to establish successfully in novel environments (Blackburn and Duncan 

2001a). 

Historical records of land bird introductions provide one of the richest sources 

of data for testing hypotheses regarding the factors affecting the successful 

establishment of non-native populations. However, despite comprehensive 

summaries of global avian introductions dating back two decades (Long 1981; Lever 

1987), only very recent studies have examined the successful establishment of non-

native bird species worldwide (i.e. Case 1996; Lockwood 1999; Lockwood et al. 

2000; Brooks 2001; Blackburn and Duncan 2001a). 

Any attempt to classify patterns in the introduction of bird species is more 

likely to be based on the psychology of humankind than the biology of bird species 

(Chapter 1.0). Typically, bird species have been released indiscriminately in the hope 

that populations would become established and persist (Lockwood 1999). In some 

cases, species with larger geographic ranges tend to have been introduced more often 

and in greater numbers, probably because they were more readily available for 

introduction (Blackburn and Duncan 2001b). There is a clear non-random pattern in 

the types of species that have been chosen by humans to be introduced outside their 

native range. Out of the 44 avian families from which land bird species have been 

chosen for introduction almost 70% of introduction attempts have been from just five 

families (Phasianidae, Passeridae, Fringillidae, Columbidae, Psittacidae). Notably, 

these families include game species, insectivorous song birds, and species for the pet 

trade. 

Blackburn and Duncan (2001b) suggested that any pattern of successful 

establishment that exists for introduced bird species may be confounded by the fact 

that introduction attempts have not been randomised with respect to taxonomy. It is 

clear that non-random patterns of successful establishment do exist for taxa with a 

repeated record of introduction attempts (Chapter 2.0; see also Moulton and 

Sanderson 1997). If researchers are primarily interested in analyses of the non-

random component of introduction success then I recommend strongly that ‘novelty’ 

introductions (i.e. those introductions with less than five introduction attempts) are 

excluded from analyses (especially for the construction of explanatory and predictive 
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models; see for example Chapter 5.0 and Chapter 6.0). This prevents the analyses 

being constrained by taxa with few introduction attempts which, consequently, are 

biased toward a very small number of possible outcomes. 

Because introduction biology, like extinction biology, has emerged largely to 

study a phenomenon that is perceived, justifiably, to be important in the human-

dominated environment, there is a tendency to divorce the field from the larger 

discipline of evolutionary ecology (Vermeij 1996). It has even been suggested that 

the study of non-native species has suffered dissociation from other major sub-

disciplines of ecology (Davis et al. 2001). My analyses have used current 

comparative methods to contribute to a greater ecological understanding of the 

processes that correlate with the successful establishment of non-native land bird 

species. 

8.2 Patterns of introduction success 

Despite the influence of environment- and introduction-specific variability, 

land bird species have an inherent probability of establishing non-native populations 

successfully (Chapter 2.0). In the cases of introduced land bird families and species, 

taxa are distributed more evenly, with respect to their probability of introduction 

success, than expected by chance mechanisms alone. This can be considered part of a 

continuum with an all-or-none (AON) pattern (Simberloff and Boecklen 1991; 

Simberloff 1992) in the sense that species have an inherent likelihood of either 

succeeding or failing (Duncan and Young 1999). 

A number of taxa have experienced introduction outcomes that are significantly 

different from those predicted by random models (Chapter 2.0). Notably, the taxa that 

had greater success were the families Sturnidae, Columbidae, and Passeridae, and the 

species, Columba livia, Geopelia striata, Acridotheres tristis, and Passer domesticus. 

The families Muscicapidae and Phasianidae, and the species, Coturnix coturnix, 

Melopsittacus undulatus, and Lophura nycthemera experienced significantly lower 

rates of success than predicted from random models (Chapter 5.0 and 6.0). 

It has been hypothesised that the heritable traits determining the fate of avian 

species (e.g. Bennett and Owens 1997; Lockwood et al 2000) may be similar, 

although different in sign, for associations with extinction vulnerability, introduction 

success, and population persistence. For New Zealand land birds, historical changes 
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in the assemblage of New Zealand’s species have been correlated with both life 

history and ecological traits (Chapter 3.0). Notably, extinct species are larger bodied, 

whereas extant species possess traits associated with high population growth rates 

(small-bodied, rapidly developing species, with high fecundity). Non-native species 

that have established successfully are larger bodied and have been introduced in 

greater numbers. Selection pressures have changed significantly since the arrival of 

human colonists in New Zealand and these changes have favoured different types of 

land birds, to the general detriment of endemic species. 

8.3 Eco-physiological correlates of introduction success 

Of the eco-physiological traits that are correlated significantly with the fate of 

New Zealand land bird species, the changing effect of body size was detectable 

among extinct species, successful non-native species, and geographically widespread 

extant species (Chapter 3.0). Body size subsumes much of species biology and is an 

easily measurable and comparable surrogate for species biology. Body mass is likely 

the most useful univariate measure of body size and it is well documented for 

introduced land bird species (Chapter 2.0). The hypothetical relationship between 

body size and the successful establishment of introduced species is largely based on 

studies of intrinsic rate of increase in what have been termed ‘colonising’ species (see 

Lawton and Brown 1986; Pimm 1989; Williamson 1996). From these studies it has 

been predicted that introduction success should be correlated negatively with body 

size across taxa but correlated positively with closely related taxa. Introduced land 

birds are on average larger bodied than a random subset of extant bird species 

(Chapter 4.0). Across species, families, and higher family nodes, the successful 

establishment of globally introduced land birds is inversely related to body size. 

However, within taxa, there is a significant positive relationship between introduction 

success and body size. The most plausible explanation for the observed relationship 

is that an indirect but genuine relationship exists between the successful 

establishment of introduced bird species and their body size. 

Despite the highly correlated nature of the independent eco-physiological traits, 

I have strong evidence, through multiple logistic regression, that age at first breeding, 

habitat generalism, diet specialism, and a lack of migratory tendency have explained 

significant variation in introduction success across avian families (Chapter 5.0). 

Although I acknowledge that it is possible that family level associations between the 
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independent traits and introduction success are due to phylogenetic similarity, this 

cannot explain the significant relationships between both increasing body size and 

decreasing migratory tendency among the land bird families chosen for introduction. 

It should be noted that all of the statistical tests used in previous analyses were 

conservative in terms of their statistical power. Firstly, in the case of phylogenetic 

contrasts the number of non-nested comparisons that are available for analysis is 

much less than the total sample of introduced avian taxa. In addition, the life history 

and ecological data were taken from a wide variety of sources and the conclusions 

that I have drawn from the quantitative analyses have accounted for the highly 

variable quality and accuracy of these sources. Because the traits vary with the 

accuracy in which they were recorded the confidence in the data needed to be 

approximately representative of a true central tendency. Information was therefore 

collected across taxa from as many studies as could be obtained in the lifetime of a 

PhD candidature. I have assumed that any biases that arose were distributed 

randomly across taxa such that statistical noise was increased and observable 

correlations were both robust and conservative. 

Among sister species, changes in female body weight, habitat generalism, and 

sexual dichromatism are all associated significantly with consistent changes in 

introduction success (Chapter 6.0). A number of key eco-physiological traits can be 

identified that contribute to the explained variability in the successful establishment 

of non-native populations across bird species. Despite the large number of traits that 

are retained in the model (8 out of 13), model validation confirmed that all of these 

traits are important for describing the variability in the outcome of introduction 

attempts across land bird species. 

The difficulty in defining a successfully introduced species has been a hallmark 

of introduction biology (Williamson 1999). A statistical model was developed that 

correctly assigned introduction outcome in 94% of cases (Chapter 6.0). The model, 

based on across-species eco-physiological traits for species that were subject to three 

introduction attempts, made successful predictions regardless of region or habitat. 

Several authors have suggested that predicting introduction success for non-native 

species may be effectively impossible (e.g. Lever 1987; Mooney and Drake 1989; 
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Williamson 1999), highlighting the importance of the model’s predictive success for 

introduction ecology. 

8.4 Locational correlates of introduction success 

Although some theoretical treatments consider the establishment of non-native 

species to be a wholly demographic matter (references in Williamson 1996) it would 

be remiss not to acknowledge the potential role of specific environmental traits in the 

success of introduced land bird species. In fact, many studies have concluded that 

locational circumstances extrinsic to non-native bird species are often the most 

important factor in their successful establishment and persistence (e.g. Newsome and 

Noble 1986; Blackburn and Duncan 2001a). 

Fundamental to many of the empirical hypotheses associated with the success 

of non-native species are the natural history observations of Charles Elton (Elton 

1958). In particular, Elton argued that oceanic islands are simple ecosystems 

characterised by ‘impoverishment’ and ‘disharmony’(see Williamson (1981)) and so 

are highly vulnerable to non-native and naturally invading species. However, it is 

now recognised that for avian introductions, the traditional perception that species-

poor islands are more susceptible to the successful establishment of non-native 

species is a reflection of the much greater number of introduction attempts at these 

locations, rather than an effect of biotic resistance (Sol 2000; Blackburn and Duncan 

2001a; Sax 2001; Chapter 7.0). 

Although, the successful establishment of non-native bird species has been 

greater on oceanic and continental islands than mainland regions this difference can 

be attributed largely to differences in the proportion of introductions that were made 

across biogeographic regions (Chapter 7.0). Introduction success has been 

significantly greater when species were introduced to locations within their native 

biogeographic region rather than between different biogeographic regions. This effect 

has been much more pronounced for mainland introductions than it has been for 

introductions to oceanic and continental islands. 

A number of environmental traits have been proposed as correlates of the 

successful establishment of non-native bird species on islands (Case 1996; Chown et 

al. 1998). Indices of environmental modification by humans are important as 

correlates of the successful establishment of introduced land birds. Increased 
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perturbation and disturbance of natural systems have been cited frequently as 

important factors in the success of non-native species (e.g. Sax and Brown 2000). 

Great circle distance between the recipient and donor regions for introduction is also 

significant as an explanatory term in describing the variability in introduction success 

across islands. This result supports the findings that species that are transported and 

released close to their native range are more likely to establish non-native populations 

successfully than those that are transported to more distant locales and released. 

The introduction paradigm has resulted in many species being liberated outside 

their limits of environmental tolerance (Lever 1987). It is possible therefore that 

taxonomic differences in the probability of introduction success could reflect not just 

individual differences (see Table 1.1) but also the effect of introducing the wrong 

bird in the wrong place. The majority of introduction attempts have been outside the 

latitudes with the greatest ice-free land (Blackburn and Duncan 2001b). This implies 

that the global introduction of avian species has been non-random with respect to 

recipient location. However, there is no reason to believe that environmental traits 

should correlate with species traits. The result, therefore, that life history and ecology 

are integral in explaining and predicting the variability in successful establishment 

across introduced bird species strongly reinforces the strength of taxon-specific 

effects. 

8.5 Where to from here? 

Introduction success is a probabilistic process (Crawley 1989). We are unable 

to quantify (or even know) all the variables affecting an introduction attempt. In 

many cases these variables will be different from any one specific introduction to any 

other (Williamson 1999). It is essential, therefore, for researchers to understand that 

the characteristics of an introduction will never render any introduction event 

successful or unsuccessful deterministically but, rather, they can influence the 

probability of its succeeding. With adequate eco-physiological information, and for 

introduced land bird species at least, this probability can be predicted for the 

successful establishment of non-native populations (Chapter 6.0). 

It is important that future studies of non-native bird species increase geographic 

coverage to include regions other than oceanic islands. In many cases the data are 

accessible for the global analysis of variability in the successful establishment and 
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invasibility of non-native species. In most studies, taxonomic comparisons are 

completely lacking and if the study of introduced species is to be taken seriously 

within predictive ecology then the evolutionary relationships between taxa have to be 

accounted for (or sensibly discounted for) in future quantitative analyses and models. 

The analyses of successful establishment in the predictive ecology of 

introduced birds that I have highlighted in this thesis, and in the published literature, 

are incomplete with respect to the introduction process (Figure 1.1).  In general, 

research has focussed on the transitions that are important for understanding 

introduction success and the management of exotic and pest species because they are 

the stages at which establishment can be determined and introduction most easily 

prevented. However, ecological theory also needs to know more about processes of 

invasion, range-abundance relationships in non-native species, assemblage structure, 

character release and phenotypic plasticity in non-native and insular populations, and 

the effects of habitat modification and competition. Research should be expanded to 

address later stages of the introduction process, especially in the development of 

comparative analyses and predictive models (e.g. see Duncan et al. 1999; Duncan et 

al. 2001).  

Finally, one of the major difficulties in the study of the biology of introduced 

species is the lack of information on the early stages of establishment (Barrett and 

Richardson 1986). For most successful introduction attempts no specific data are 

available on the founding populations. In the case of future introductions, biological 

control programmes, and colonisation events it may be possible to obtain this 

information.  

The introduction of foreign species is no longer in vogue, and the age of 

acclimatisation societies is past (Kitching 1986). For the large number of 

introductions (including those discussed in the previous chapters), only retrospective 

analyses of contemporary populations are possible. A particular deficiency is our lack 

of direct observation of the failure of non-native species to establish. We know the 

attributes likely to increase the probability of successfully introducing bird species, 

but the introduction attempt itself has been poorly studied and variability between the 

genetic and eco-physiological characteristics of the propagules is completely lacking. 

However non-native species will continue to appear (Simberloff 1996), albeit with a 
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frequency reduced by modern quarantine procedures. Quantitative analyses of the 

traits that influence the successful establishment and invasion of individual 

propagules may still, therefore, come from the future study of non-native species 

other than birds. This is particularly pertinent in studies of biological control, disease, 

and in the marine environment. 

Historical records of land bird introductions provide one of the richest sources 

of data for testing hypotheses regarding the factors that affect the successful 

establishment of non-native populations. Although much of the variability in 

introduction success can be accounted for by taxon-specific traits it remains essential 

to test for the role of environmental correlates to explain the remaining variation. If 

taxon-specific and environment-specific traits can be incorporated together then I 

believe that we are likely to discover that the stochastic elements of introduction 

success that have dogged the introduction biology literature are not as overwhelming 

as previously believed. It is important to examine the variability at the early stage of 

the introduction pathway. Notably, we need a better understanding of the effects of 

choosing species that are a non-random selection of all species possible for 

transportation. It is likely that this has seriously biased the generalities of taxon-

specific traits in the study of introduction and establishment success. We also need to 

consider the role that human effort has played and how the number of individuals and 

species propagules that are introduced specifically influences introduction attempts. 

The study of non-native species has an important role to play in addressing 

long-standing issues in the assembly of communities and the persistence of 

populations. I suggest that with the use of robust statistical models, such as those 

presented here, the proposed dissociation of introduction biology from evolutionary 

ecology (Davis et al. 2001) has no basis. 
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 Appendix 2.0  Family specific life history and ecological traits. 

 Female body Age at first Annual Incubation Fledging Diet Geographic Habitat Breeding Migratory Sexual

      

    

weight breeding fecundity period period generalism range generalism period tendency Dichromatism

Tinamidae 591.1 8.0 5.8 19.5 21.0 3.8 0.5 1.5 3.0 0.0 0.8

Cracidae   

    

   

   

    

   

   

   

   

   

  

    

  

    

   

    

1902.8 20.0 2.5 27.5 21.0 3.3 0.1 1.7 3.6 0.0 0.2

Megapodiidae 1965.0 12.0 19.5 48.0 0.0 3.5 0.1 1.5 6.5 1.0 0.2

Phasianidae 854.4 12.6 12.5 22.7 18.9 3.5 0.7 2.1 4.9 0.5 0.6

Numididae 1400.0 12.0 10.0 26.0 28.0 4.0 1.6 3.0 9.0 0.0 0.0

Odontophoridae 218.8 12.0 16.2 24.1 18.7 3.8 0.4 2.1 5.7 0.6 1.0

Anatidae 2440.4 23.7 9.5 28.7 55.0 3.0 1.4 1.8 4.9 1.3 0.7

Turnicidae 73.8 8.0 9.3 14.5 18.5 2.0 0.1 3.0 6.0 0.3 1.0

Halcyonidae 326.0 36.0 3.0 25.0 28.0 2.0 0.2 3.0 5.0 0.0 0.0

Psittacidae 224.8 21.0 4.7 23.7 46.7 3.1 0.2 2.5 4.6 0.9 0.5

Tytonidae 555.8 18.0 5.2 34.0 76.0 2.0 4.3 3.5 7.0 0.0 0.2

Strigidae 350.8 12.0 3.3 29.3 34.0 2.0 2.4 3.0 3.0 0.7 0.0

Columbidae 193.0 8.6 4.8 15.0 17.8 2.4 0.9 2.7 8.3 0.9 0.6

Rallidae 614.8 20.0 14.0 21.0 38.3 4.5 3.0 1.8 5.0 2.0 0.2

Pteroclidae 331.6 . 6.0 23.3 27.5 3.0 0.8 2.0 4.4 2.8 0.1

Charadriidae 183.5 12.0 3.9 27.0 30.7 2.3 1.4 2.0 2.7 3.7 0.5
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     Female body Age at first Annual Incubation Fledging Diet Geographic Habitat Breeding Migratory Sexual

      

  

weight breeding fecundity period period generalism range generalism period tendency Dichromatism

Ardeidae 622.9 30.0 3.8 23.0 31.7 2.0 2.4 1.7 8.0 0.0 0.2

Corvidae  

   

  

  

   

   

  

  

  

   

259.7 20.4 4.9 17.7 28.9 3.3 1.3 2.8 5.7 1.4 0.8

Muscicapidae 37.1 12.0 8.0 12.5 13.8 2.3 1.1 2.3 4.9 2.2 0.7

Sturnidae 99.9 12.7 8.2 16.8 23.8 3.7 0.9 3.6 5.1 0.6 0.3

Paridae 15.1 12.0 9.5 13.6 20.0 3.0 1.9 3.3 2.7 1.7 0.5

Pycnonotidae 41.9 12.0 8.0 12.5 12.5 3.8 0.3 3.5 7.5 0.0 0.0

Zosteropidae 62.0 12.0 6.0 12.0 11.0 3.3 0.2 2.7 5.3 0.0 0.1

Sylviidae 10.7 8.0 8.0 11.0 12.0 3.0 0.7 3.0 4.8 1.1 0.1

Alaudidae 35.2 12.0 6.7 12.0 15.0 2.3 1.5 2.3 4.3 0.8 0.2

Passeridae 28.6 12.0 7.0 12.6 13.4 2.5 0.8 2.6 7.5 0.5 0.5

Fringillidae 15.7 11.1 10.1 12.5 18.9 2.8 1.1 2.5 6.1 1.7 0.6

Notes: All definitions of family specific traits are given in Chapter 2.0. Missing data cases are indicated by a decimal point. Information is only presented for 

families that have experienced at least five separate introduction attempts. 
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 Appendix 3.0 Species specific life history and ecological traits. 

  Female body Age at first Annual Incubation Breeding Diet Habitat  Migratory Geo Nest Sexual

genera       

    

species weight breeding fecundity period period generalism tendency range habit dchm

Alectoris barbara 398.6 12 13 25 3 4 2 0 0.27 0 0

Alectoris    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

chukar 455.0 12 16 23 3 3 3 0 2.37 0 0

Alectoris graeca 695.0 12 11 25 5 5 3 0 2.37 0 0

Alectoris rufa 452.5 12 18 23 6 4 2 0 0.21 0 0

Bambusicola thoracica 271.0 12 12 18 . 4 3 2.5 0.35 0 0

Chrysolophus amherstiae 645.5 12 7 24 2 2 3 2 0.06 0 1

Chrysolophus pictus 875.0 12 12 22 2 5 1 2 0.09 0 1

Coturnix chinensis 49.9 12 16 20 7 3 2 0.5 0.82 0 1

Coturnix coturnix 86.0 12 12 18 3 2 2 4 3.16 0 1

Coturnix pectoralis 114.5 12 14 21 5 3 2 1 0.52 0 1

Coturnix ypsilophora 104.0 12 20 21 12 2 1 0.5 0.68 0 1

Francolinus erckelii 1350.0 12 10 19 3 3 2 0 0.10 0 0

Francolinus francolinus 398.6 12 12 19 8 5 2 0 0.65 0 1

Francolinus pintadeanus 340.5 12 10 19 3 3 3 2 0.28 0 1

Francolinus pondicerianus 270.0 12 37 19 5 4 4 0 0.72 0 0

Gallus gallus 850.0 12 10 21 6 4 4 0 0.79 0 1

Lophura leucomelanos 1100.0 12 7 21 9 5 2 2 0.12 0 1
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         Female body Age at first Annual Incubation Breeding Diet Habitat  Migratory Geogr Nest Sexual 

genera       

    

species weight breeding fecundity period period generalism tendency range habit dchm

Lophura nycthemera 1600.0 12 12 25 2 4 2 0 0.20 0 1

Meleagris    

  

  

    

    

    

    

    

  

    

    

    

    

  

    

    

    

    

    

gallopavo 4200.0 12 10 28 4 4 2 2 0.83 0 1

Pavo  cristatus 4300.0 12 6 28 10 4 2 0 0.51 0 1

Perdix  perdix 420.5 12 10 25 3 5 3 0 2.47 0 1

Phasianus colchicus 800.0 12 12 25 4 5 4 0 1.42 0 1

Syrmaticus reevesii 1300.0 12 10 24 4 4 2 0 0.14 0 1

Syrmaticus soemmerringii 907.0 12 12 28 5 4 1 0 0.03 0 1

Tetrao tetrix 1000.0 12 19 27 3 5 3 2 1.81 0 1

Tetrao urogallus 1800.0 24 8 25 3 4 2 0 1.23 0 1

Tympanuchus  cupido 1000.0 12 13 26 3 4 1 2 0.21 0 1

Numida meleagris 1400.0 12 10 26 9 4 3 0 1.56 0 0

Callipepla californica 168.5 12 21 23 7 4 3 0 0.31 0 1

Colinus virginianus 200.0 12 22 23 3 4 3 0 0.87 0 1

Oreortyx pictus 261.0 12 10 23 4 4 2 2 0.21 0 1

Aix  sponsa 734.5 12 23 30 4 4 2 4 0.94 3 1

Alopochen aegyptiacus 2000.0 24 9 29 6 3 1 0 1.29 0 0

Anas platyrhynchos 1300.0 12 10 28 6 4 2 3 4.10 0 1

Branta canadensis 3150.0 36 6 28 4 4 2 4 2.30 0 0

Cygnus atratus 6200.0 36 10 38 3 3 1 0.5 0.40 1 0
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         Female body Age at first Annual Incubation Breeding Diet Habitat  Migratory Geogr Nest Sexual 

genera       

    

species weight breeding fecundity period period generalism tendency range habit dchm

Cygnus olor 10250.0 48 6 36 3 4 4 3 0.50 1 0

Dacelo    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

novaeguineae 326.0 36 3 25 5 2 3 0 0.24 3 0

Agapornis canus 29.5 12 5 23 6 2 3 0 0.14 3 1

Amazona ochrocephala 428.5 36 3 25 5 4 3 2 0.11 3 0

Amazona viridigenalis 294.0 24 4 28 3 4 2 1 0.00 3 1

Brotogeris versicolurus 68.3 18 5 26 7 4 2 0 0.36 3 0

Cacatua galerita 892.0 36 3 30 6 5 4 2 0.37 3 0

Forpus passerinus 24.0 6 10 14 7 4 3 0 0.18 3 1

Melopsittacus undulatus 28.8 6 8 18 5 2 2 1 0.89 3 0

Myiopsitta monachus 101.0 24 18 23 3 5 4 2 0.28 3 0

Nandayus nenday 128.0 24 4 22 2 3 2 0 0.23 3 0

Psittacula krameri 127.5 36 4 22 5 3 4 2 0.66 3 1

Tyto alba 261.5 18 8 33 9 2 4 3 8.10 3 0

Columba livia 296.0 6 10 16 12 4 4 0 5.70 3 0

Columba picturata 122.5 6 2 15 5 2 3 0 0.15 2 0

Geopelia humeralis 114.0 6 2 15 10 2 1 0 0.29 2 0

Geopelia striata 54.0 6 6 13 6 3 4 0.5 0.56 1 0

Leucosarcia melanoleuca 390.0 12 2 17 4 3 1 0 0.08 3 0

Lopholaimus antarcticus 206.5 12 1 23 12 1 2 0.5 0.83 2 0



Appendix 3.0 

 168

         Female body Age at first Annual Incubation Breeding Diet Habitat  Migratory Geogr Nest Sexual 

genera       

    

species weight breeding fecundity period period generalism tendency range habit dchm

Streptopelia bitorquata 158.0 12 2 17 5 1 3 0 0.00 2 0

Streptopelia    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

chinensis 160.5 12 5 15 9 3 4 0 0.57 1 0

Streptopelia decaocto 147.0 12 7 14 12 3 3 2 1.12 3 0

Streptopelia senegalensis 99.0 12 14 15 12 1 4 0 2.97 2 0

Pterocles exustus 248.0 18 6 22 5 3 2 3 0.63 0 1

Bubulcus ibis 353.3 24 5 23 4 2 2 1 3.17 2 0

Corvus splendens 307.0 24 5 17 6 6 3 0 0.78 3 0

Gymnorhina tibicen 312.5 18 4 20 9 3 3 0 0.72 3 1

Erithacus rubecula 18.2 12 10 13 4 2 2 3 2.00 0 0

Luscinia megarhynchos 18.3 12 7 13 2 2 2 4 1.21 0 0

Turdus merula 90.7 12 9 13 5 3 4 3 2.35 2 1

Turdus philomelos 81.0 12 11 13 7 3 3 3 2.99 3 0

Acridotheres tristis 110.0 12 15 16 8 5 5 0 0.79 3 0

Gracula religiosa 209.5 12 8 15 5 4 3 0 0.62 3 0

Mimus polyglottos 48.9 12 5 17 6 4 4 3 1.13 2 0

Sturnus vulgaris 73.0 18 11 12 3 4 4 3 3.14 2 0

Pycnonotus cafer 35.5 12 8 12 9 5 3 0 0.43 3 0

Pycnonotus jocosus 32.5 12 8 13 8 4 5 0 0.49 3 0

Zosterops japonicus 10.0 18 6 12 4 3 3 4 0.27 2 0
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         Female body Age at first Annual Incubation Breeding Diet Habitat  Migratory Geogr Nest Sexual 

genera       

    

species weight breeding fecundity period period generalism tendency range habit dchm

Garrulax canorus 69.4 12 10 11 4 4 4 0 0.37 0.5 0

Leiothrix    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

lutea 22.5 12 10 11 7 4 3 0 0.32 1 0

Alauda arvensis 36.8 12 10 11 4 3 3 4 2.80 0 0

Cardinalis cardinalis 42.7 12 12 14 7 4 3 3 0.62 2 1

Carduelis carduelis 17.5 12 11 12 6 4 3 3 3.17 2 0

Carduelis chloris 31.0 12 10 13 5 6 4 3 1.71 1 1

Carduelis cannabina 20.3 12 9 12 5 4 3 3 1.62 1 1

Carduelis spinus 14.8 12 8 13 3 3 2 4 1.50 3 1

Emberiza citrinella 26.5 12 8 13 5 4 3 3 3.48 0.5 1

Fringilla coelebs 25.0 12 6 13 3 5 2 3 2.32 2 1

Pyrrhula pyrrhula 27.5 12 10 13 6 4 2 3 3.10 2 1

Serinus canaria 16.5 12 6 13 6 4 2 0 0.00 2 1

Serinus mozambicus 11.7 12 8 12 10 3 3 0 1.01 2 0

Sturnella neglecta 105.5 12 10 14 5 2 1 3 1.00 0 0

Amandava amandava 9.6 12 14 11 7 3 4 0 0.65 1 1

Estrilda astrild 7.5 12 8 11 9 3 5 0 0.67 0 0

Estrilda melpoda 6.9 12 10 12 8 1 3 0 0.64 0 0

Euplectes orix 24.5 12 7 12 6 2 2 3 1.33 0 1

Foudia madagascariensis 15.9 12 8 11 9 2 4 0 0.14 2 1
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         Female body Age at first Annual Incubation Breeding Diet Habitat  Migratory Geogr Nest Sexual 

genera       

    

species weight breeding fecundity period period generalism tendency range habit dchm

Lonchura castaneothorax 16.0 12 10 12 4 2 2 0.5 0.14 0 1

Lonchura    

    

    

    

    

    

    

    

    

malacca 12.5 12 17 12 11 2 3 2 0.98 1 0

Lonchura punctulata 13.5 12 12 16 7 3 4 0.5 0.63 2 0

Neochima temporalis 12.9 12 10 14 8 2 2 1 0.08 1 0

Padda oryzivora 24.8 12 15 13 4 3 3 0 0.22 3 0

Passer domesticus 31.0 12 16 12 12 6 5 0 6.49 3 1

Passer montanus 22.0 12 12 12 7 3 4 2 5.39 3 0

Ploceus cucullatus 36.6 24 4 13 9 3 3 0 1.74 1 1

Stagonopleura guttata 12.6 3 6 13 6 2 2 0 0.13 2 1

Uraeginthus angolensis 10.6 12 8 11 10 3 2 0 0.47 1 1

Notes: All definitions of species specific traits are given in Chapter 2.0. Missing data cases are indicated by a decimal point. Information is only presented for 

species that have experienced at least five separate introduction attempts. 
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 Appendix 4.0  Predicted outcome for non-native land bird species 
(with three introduction events) that were entered into the reduced across species 
model of Chapter 6.0. 

Family Genera Species Status Score  Outcome  

Rheidae Rhea pennata suceeded 0.748  0.679

Tinamidae Rynchotus rufescens failed -0.803  0.309

Tinamidae Northoprocta perdicaria failed -0.966  0.276

Phasianidae Ammoperdix griseogularis failed -0.727  0.326

Phasianidae Lophophorus impejanus failed -0.657  0.341

Anatidae Cairina moschata failed -0.175  0.456

Turnicidae Turnix nigricollis succeeded 0.418  0.603

Psittacidae Agapornis roseicollis failed -0.166  0.458

Psittacidae Brotogeris jugularis failed -0.190  0.453

Psittacidae Psittacula alexandri succeeded 0.122  0.530

Psittacidae Eclectus roratus succeeded 1.654  0.839

Psittacidae Amazona ventralis succeeded 0.779  0.686

Psittacidae Platycerus eximius succeeded 0.701  0.669

Psittacidae Vini kuhlii succeeded 2.094  0.890

Strigidae Athene noctua succeeded 0.537  0.631

Columbidae Geophaps plumifera failed -1.355  0.205

Columbidae Geophaps smithii failed -5.354  0.005

Columbidae Phaps chalcoptera failed 0.246  0.561 * 

Columbidae Chalcophaps indica failed -0.643  0.345

Meliphagidae Manorina melanocephala failed -0.203  0.449

Corvidae Corvus monedula failed -0.148  0.463

Corvidae Corvus frugilegus succeeded 0.571  0.639

Sturnidae Acridotheres fuscus succeeded 0.416  0.602

Pycnonotidae Pycnonotus aurigaster succeeded 0.919  0.715

Passeridae Taenyiopygia guttata failed -2.484  0.077

Passeridae Vidua macroura failed -1.118  0.246

Passeridae Lonchura malabarica succeeded 0.264  0.566

Passeridae Euplectes afer succeeded 0.070  0.517

Passeridae Prunella modularis succeeded 0.079  0.520

Passeridae Passer hispaniolensis succeeded -0.293  0.427 * 
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Family Genera Species Status Score  Outcome

Fringillidae Fringilla montifringilla failed -0.611  0.352

Fringillidae Emberiza cirlus succeeded 0.091  0.523

Notes: Introduced species were categorised (Status) as having either predominantly 

succeeded or predominantly failed. The model was assumed to have predicted the correct 

outcome if species that were observed to have predominantly succeeded had a predicted 

outcome ≥ 0.5 and species that were observed to have predominantly failed had a predicted 

outcome < 0.5. Asterisks indicate species that were misclassified by the across species 

model. 
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