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CHAPTER 1

GENERAL INTRODUCTION

The Rufous Scrub-bird Atrichornis rufescens is a small ground

dweller, at present confined to moist forests of north-eastern New South

Wales and far south-eastern Queensland (see Fig.1.1). Since its discovery

near Lismore in 1865, the species has evoked considerable scientific

interest.

The bird's taxonomic position has been the subject of a lengthy

controversy, most recently reviewed by Sibley (1974) and Feduccia and

Olson (1982). The only other member of the genus Atrichornis is the

very rare Noisy Scrub-bird A.clamosus, which is at present known to occur
only at Two Peoples Bay, in the south-western corner of Western

Australia (see Fig.1.1 and Smith and Forrester 1981). These two species

share several interesting anatomical abnormalities including the absence

of clavicles, and an unusual syringeal structure. The genus Atrichornis
is generally placed in its own family, Atrichornithidae.

Ames (1971), Sibley(1974), Smith (1976a) and Raikow (1978) have

presented anatomical, behavioural and ecological evidence suggesting

that the scrub-birds are closely related to the lyrebird family, Menuridae.

These two families are generally placed in their own suborder, Menurae,

a position first advocated by Garrod (1876). The affinities of the

Menurae are currently the subject of an unresolved debate. Sibley (1974)

postulated that, on the basis of egg-white protein studies, the lyrebirds

were allied with the bowerbird/bird of paradise group within the "corvine

assemblage". The lyrebirds and scrub-birds were therefore considered to

be unspecialized oscines (Sibley 1974, 1976; Feduccia 1975, 1976),

descendants of early immigrants from Asia (Cracraft 1976; Sibley 1976).

Prior to Sibley's analysis the lyrebirds and scrub-birds were usually

regarded as being most closely related to the New World suboscines, and

were therefore used as evidence for a Gondwanaland link between Australia

and South America (e.g. Cracraft 1973). Feduccia and Olson (1982) have

recently presented anatomical evidence supporting a modified version of

this earlier hypothesis. They argue that the Zilnurae and the South

American family Rhinocryptidae are among the most primitive of the
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FIGURE 1.1. Present distribution of the Rufous Scrub-bird
Atrichornis rufescens and the Noisy Scrub-bird

A.cZamosus.
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Passeriformes and are representative of the ancestral stock that gave

rise to both the oscines and the suboscines.

A speculative palaeohistory of the scrub-birds has been proposed by

Robinson (1977) and Smith (1977, 1979). An ancestral form of Atrichornis

is believed to have evolved in rainforest which was widespread throughout

southern Australia during the early and middle Tertiary. From the Miocene

onwards, contraction of rainforest due to climatic changes caused

Atrichornis to split into two isolated populations. These diverged to

become A.clamosus in the west, and A.rufescens in the east. Climatic

oscillations during the Pleistocene probably resulted in further local

extinctions and, by the advent of European man, both species possessed

relatively small relict distributions.

The Rufous Scrub-bird was described by Ramsay (1866a) from one of

two specimens collected by James Wilcox in rainforest beside the Richmond

River. Subsequently the recorded range of the species was extended

northward, first to the McPherson Range and later to the Main Range, and

southward, first to the Dorrigo area and later to the Chichester River

(Jackson 1899; Chisholm 1921, 1951, 1960). Chisholm (1951) and Smith (1977)

have suggested that the bird may have been moderately abundant within the

large areas of lowland rainforest once present in the Richmond-Tweed

district. However, by the 1920's most of this forest had been cleared

for farmland (Baur 1957; Frith 1977). Slater (1978) wrote:

"I recently stood in the area where it (the Rufous Scrub-
bird) was discovered and saw about me not rainforest but
dairy cows, munching in treeless meadows."

The species is usually considered to be now extinct in all lowland areas

(e.g. Smith 1977; Roberts 1979; Morris et al. 1981). Clearing of Rufous

Scrub-bird habitat also took place in upland areas, such as the Dorrigo

Plateau (Baur 1957). In 1977, Smith stated that the Rufous Scrub-bird

was at that time known to occur at only seven isolated montane localities,

and suggested that:

"Though no censuses have been carried out, the small areas
of suitable habitat and the widely dispersed territories
suggest that the population in any locality is not likely
to be greater than fifty pairs."

In recent years the Rufous Scrub-bird has generally been regarded as

a "rare and/or endangered" species. For example, it is included in the
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Red Data Book, compiled by the International Council for Bird Preservation

(King 1981), in the "rare" category (i.e. "taxa with small world

population that are not at present endangered or vulnerable, but are at

risk"). It also appears in the Endangered Species Schedule of the National

Parks and Wildlife Act (1974) for New South Wales (Hermes 1980), Slater's

(1978) list of "Rare and Vanishing Australian Birds" in Category E

(i.e. "birds that have vanished from much of their former range but appear

to be in no immediate danger of extinction"), and Ride and Wilson's (1982)

list of "Australian Animals at Risk", in the "vulnerable" category.

Very little formal research has been conducted on either the biology

or status of the Rufous Scrub-bird. Early descriptions of general biology,

such as those by Ramsay (1866b), Jackson (1899, 1907, 1911, 1920, 1921),

Campbell (1900), and Chisholm (1921, 1951) still provide the major basis

for recent review and textbook treatments of the species. Robinson (1974,

1975) has more recently studied the bird's vocal behaviour, as part of a

comparative investigation of vocal mimicry in the scrub-birds and lyrebirds.

The Noisy Scrub-bird has been the subject of an intensive long term study

(1966-1981) carried out by the CSIRO Division of Wildlife Research

(Smith 1976a, 1977, 1979; Smith and Robinson 1976; Robinson and Smith 1976;

Smith and Forrester 1981; Davies et al. 1982).

Both species of Atrichornis are extremely difficult to study. In

the case of the Noisy Scrub-bird, a lengthy period of intensive research

was required in order to reveal even the basic facts of its biology (Smith

and Robinson 1976; Davies et aZ 1982). Both are cryptically coloured and

remain hidden beneath dense ground cover, which is always a feature of

their habitat. This means that visual observation is usually confined to

fleeting glimpses. The only conspicuous attribute of scrub-birds is the

loud song produced by territorial males (Chisholm 1951; Smith 1976).

Smith (1976b) summarized the habits of the Rufous Scrub-bird in the

following way:

"It lives in dense undergrowth, where it is highly adept
at staying hidden even when approached closely. It is a
swift and powerful runner which rarely flies, spends most
of its time on the ground and seldom moves into the shrub
layer. It is best known for its distinctive song, and is
extremely difficult to see."

The visually cryptic nature of the Rufous Scrub-bird presents

difficulties not only in studying the bird's biology, but also in the
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assessment of its status. Previous estimates of population size and

distribution may be conservative due to the ease with which observers can

overlook the presence of the species (see Smith 1977; Bull 1981; Ride and

Wilson 1982).

The research described in this thesis was undertaken in order to

provide information necessary for the future management of the Rufous

Scrub-bird. The urgent need for this type of work has been championed by

Mountfort (1970), Zimmerman (1975), Halliday (1978), Holloway (1979),

McMichael (1982), and many others.

The approaches adopted in previous studies of "rare and/or endangered"

species have varied considerably. This is hardly surprising, as these

concepts cover such a diversity of species and circumstances (see, for

example, Drury 1974; Smith 1976; Tyler 1979; Soule and Wilcox 1980;

Groves and Ride 1982). However, in most such studies one or more of the

following phases of research can usually be recognized:

1. Assessment of status. This is discussed in some detail below.

The results of research on status provide a basis on which to

decide (a) whether or not management is needed and (b) what kind

of management might be most appropriate (Holloway 1979).

2. Development of management procedures. Halliday (1978) has made

a distinction between "passive" and "active" management. Passive

management entails the reservation of land and the prevention

of harmful influences (e.g. hunting) by legal and other social

means (Smith 1976; Holloway 1979). Active management involves

direct intervention in an effort to manipulate various elements

of a species' biology (e.g. the breeding of an endangered species

in captivity and their subsequent release into the wild). Martin

(1975), Zimmerman (1975), and Temple (1978) have collated

numerous examples of active management.

3. Monitoring of response to management. The success of any

management operation can only be assessed by monitoring changes

in status following its implementation. Good examples of this

procedure have been presented by Temple (1978) and Mills and

Williams (1979).

This thesis deals mainly with assessment of status.
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1.1 A Definition of Status

The "statueof a species can be viewed in many different ways.

Within the field of conservation biology, the term is generally used to

describe the proximity of a species to extinction (e.g. Holloway 1979).

Frankel and Soule (1981) defined extinction as:

.... the failure of a species or population to maintain
itself through reproduction. Extinction has occurred
when either (1) the last individual has died, or less
stringently, (2) when the remaining individuals are
incapable of producing viable or fertile offspring."

They go on to suggest that it is probably more useful to view extinction

as a process rather than an event. Although this definition of extinction

is generally operational and relatively unambiguous, it may not be

sufficiently exhaustive for the purposes of conservation. For example,

many would view the potential "loss" of a species through hybridization

with artificially introduced species as a process of extinction (see, for

example, Williams and Roderick 1973; Flack 1976; Frith 1979).

Why should we attempt to prevent a species from becoming extinct?

This is largely a philosophical question which I do not intend to pursue

in much depth here. Arguments for the preservation of species have been

ably reviewed by Passmore (1974), Smith (1976), Halliday (1978), and

Ehrlich and Ehrlich (1981).These are usually based on five lines of

reasoning - ethical, aesthetic, economic, scientific and ecological. One

of the more interesting arguments for the retention of rare species is that

put forward recently by Main (1982). He sums up his position by saying:

".... rare species are precious because they are
biologically important either as a record of the past,
or as alternative components of the ecosystem, or else
as insurance policies so that roles will be fulfilled
even though changes occur....

Their retention gives the ecosystem the possibility
of flexibility to respond to environmental change in the
future, thereby enabling roles to be filled from
indigenous organisms 	

Rare species that are relicts are important because
they enable us to look towards the past and interpret it."

At this point it is tempting to settle for the rather simplistic

view presented above; that the "status" of a species is simply its

proximity to extinction, and that the need for management of a species

is determined purely by its status. However, two further considerations
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seem important. First, it is necessary to decide which "taxonomic level"

should serve as the unit for assessment of status. Although the concepts

of status and extinction are mostly discussed at the species level,

Pattemore (1982) has pointed out that the focus of conservation policies

can range from the level of ecosystems right down to the level of individual

organisms. There is an obvious temptation to attempt preservation of all

the existing genetic diversity within a species. However, Frankel (1982)

has argued that this is an unrealistic aim:

".... the only concern is with the survival of the taxon -
the species, subspecies, or maybe a particular ecotype.
There is no reason for preserving genetic diversity
beyond the level of variance judged to be required
for the preservation of the taxon. The aim should be to
preserve the gene pool that is required for the survival
and continuing adaptation of the taxon rather than the
gene pool as a whole 	  The main emphasis should be on
economy of effort in the face of ever-growing demands for
ever-dwindling resources for preservation of ever-more
threatened biota."

Schodde (1979) has suggested that the basic biological unit for preservation

should be the "gene pool" and that, in birds, distinctive gene pools can

be equated with the taxonomic category of subspecies. The subspecies

appears to be the most generally accepted unit for assessing the status of

"endangered" animals (e.g. Holloway 1979; Mills and Williams 1979; King

1981; Ride and Wilson 1982). It serves as a useful compromise between the

practical advantages of a coarser unit (e.g. species) and the ideological

advantages of a finer unit (e.g. genetic variant or individual organism).

The view adopted in this thesis is that the subspecies is the optimal unit

for status assessment but that, all other things being equal, a monotypic

species should be given higher priority than a subspecies of a polytypic

species.

The second consideration concerns the extent of human responsibility

for the status and extinction of species. Main (1982) has contrasted two

extreme schools of thought on this subject. One view is that recent

extinctions, and the condition of "rare and endangered" species, are

results of human interference and therefore should be prevented and, in

appropriate cases, rectified. The other view is that extinction is a

"normal" biological process and therefore it is a waste of time and money

trying to save a rare species which is heading for extinction anyway.

In reality, recent extinctions and conditions of "endangerment" are

probably due to a mixture of human interference and normal biological
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phenomena. As Holloway (1979) and Frankel and Soule (1981) have pointed

out, extinction is an intrinsic facet of evolution, and therefore not

new. What is new is the increased rate at which extinctions are occurring,

as a result of human interference. The fact that these extinctions are

not being countered by the emergence of new forms suggests a growing

threat to the process of evolution itself. Although the majority of recent

extinctions appear to be man-induced (Smith 1976), the role of normal

biological processes should not be ignored. The view taken in this thesis

is that the relative influences of both human interference and normal

biological processes should be assessed when considering status. In terms

of the allocation of scarce financial resources to management programs,

those species endangered primarily by human interference should obviously

receive highest priority (all other things being equal). "Naturally"

endangered species present a difficult dilemma. Perhaps efforts should

also be made to conserve these, wherever feasible, in order to help

compensate for the overall loss of genetic diversity in the biosphere

(see Vida 1978).

1.2	 Approaches to the Assessment of Status 

How can status be assessed? As Holloway (1979) has observed, the

status of a species can be measured in many different ways. Where

priorities for management or research have needed to be determined for

many species on a regional or world-wide scale, the approach adopted has

usually been one of classification. Several different types of

classification are in use. The most commonly used type involves the

assignment of each species to one of three or more categories, defined in

terms of proximity to extinction (see, for example, Mills and Williams

1979; Ride and Wilson 1982). Probably the best known example of such a

classification is that employed by the International Union for Conservation

of Nature and Natural Resources (Holloway 1979). Three major categories

are used:

1. Endangered - taxa in danger of extinction and whose survival
is unlikely if the causal factors continue operating.

2. Vulnerable - taxa believed likely to move into the endangered
category in the near future.

3. Rare - taxa with small world populations that are not at
present endangered or vulnerable, but are at risk.

Sparrowe and Wight (1975) developed a slightly more sophisticated system

as an aid to determining priorities for the rehabilitation of vertebrate
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species in North America. Each species is evaluated by use of a standard

check-sheet, divided into sections and subsections. Graded values are

recorded for each of the subsections, and then combined to give a total

index of status. Species can then be ranked numerically. The four main

sections to the system are:

1. Populations status (evidence of indices of population size

and trend)

2. Vulnerability (imminence of reduction in amount or suitability

of critical habitat, speed of reduction; population

concentration and its pattern: reproductive rate of existing

animals; mortality factors)

3. Recovery potential (existing protection of habitat and

management of succession; potential for population growth

and for recovery)

4. The species (taxonomic classification; existence of

hybridization in species; evolutionary development of

subspecies; specialization; uniqueness; security of taxonimic

unit)

Terborgh and Winter (1980) have described a different approach to

the classification of status. Categories are designed not to differentiate

species by status as such, but rather by characteristics that render them

vulnerable to a common threat. The approach is essentially predictive

and is often based on the findings of island biogeographical studies

concerning patterns of extinction. Terborgh (1974) listed six main

categories of species prone to extinction: (1) species on the top trophic

rung and the largest members of guilds; (2) widespread species with poor

dispersal and colonizing ability; (3) continental endemics; (4) endemics

of ocean islands; (5) species with colonial nesting habits; and (6)

migratory species. In a study of "forest islands" in Brazil, Willis (1980)

concluded that certain guilds were especially prone to extinction, notably

large raptors, large canopy frugivores, large terrestrial insectivores

and small insectivores of forest thickets and tangles.

The main purpose of all the above forms of classification is to

establish priorities for action. They help identify those species to

which most attention should be given. As shown earlier, the Rufous
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Scrub-bird has already been identified in various classifications as a

species requiring further attention. However, the information on status

provided by classifications is only relative, and often species are

assigned to subjectively defined categories on the basis of little

knowledge. Once a species has been indicated by classification as

requiring further attention, a more detailed assessment of status should

be made in order to provide a sound basis for management.

The view adopted in this thesis is that the assessment of status

should primarily be an assessment of proximity to extinction. More

specifically, we need to predict, at least in probabilistic terms, future

trends in the total population size of a species (or subspecies). Such

predictions should provide an idea of the likelihood that extinction will

occur in the near future. How can predictions of this sort be made?

In the past, this problem has been approached in many different ways.

These approaches can generally be divided into four different types,

differing greatly both in terms of validity, and of applicability to the

Rufous Scrub-bird:

1. The simplest approach is to directly equate status with rarity.

The assumption is made that rarer species are more likely to become extinct

than more common species. In certain situations such an assumption is

probably justified (see Approach 3. below) Generally, however, rarity in

itself does not appear to be a particularly good predictor of proximity

to extinction (Drury 1974; Ride and Wilson 1982). To be of any value it

must be combined with other kinds of information (see below).

2. Species are sometimes considered to be in danger of extinction

purely because a human-caused process (e.g. hunting, habitat destruction,

competition with introduced species) is known to be operating. However,

as Frith (1979) has pointed out, it is probably over-simplification to

assume that such a process will necessarily lead to extinction, unless

detailed study is made of the effects of that process. For example, the

number of animals killed by hunting has little significance unless this

is related to the total number of animals in the population and their

rate of replacement.
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3. Mathematical population models can be used to predict the

likelihood of extinction occurring over a specified period. Shaffer

(1981) has classified factors leading to extinction into two categories:

systematic pressures and stochastic perturbations. Mathematical modelling

usually deals with only the latter (Terborgh and Winter 1980; Shaffer 1981;

Frankel 1982).The approach concentrates on stochastic phenomena that may

extinguish populations in an environment that is on average favourable for

the species. This assumption of ongoing environmental favourability is

probably rarely met in the real world. Most rare and/or endangered species

are not only subject to stochastic perturbations but also to systematic

pressures (e.g. habitat clearance, hunting, introduced predators). There

are several additional problems associated with the modelling approach.

Predictions obtained from certain types of models are difficult to apply

to an assessment of status. For example, genetic theory has been used to

formulate minimum population sizes necessary to maintain either short-term

fitness or long-term adaptability (e.g. Franklin 1980; Souls 1980; Frankel

1982). Franklin (1980) has calculated that a minimum population size of

50 randomly breeding individuals is required for the maintenance of short-

term fitness. But this estimate helps little in assessing the status of

real species which usually consist of more than one population, with

potential dispersal between populations, and non-random breeding within

each population. Similar problems are associated with predictions derived

from island biogeography (e.g. Diamond 1975; Diamond and May 1976; Connor

and McCoy 1979; Wilcox 1980). These predictions usually concern the

smallest island or habitat patch supporting a species or the proportion of

islands or habitat patches of a certain size class supporting that species.

Unfortunately these figures provide no clue as to the expected longevity

of populations confined to islands or habitat patches (see Shaffer 1981).

While predictions derived from genetics or island biogeography have proven

useful for establishing general conservation guidelines (e.g. large reserves

are better than small reserves), they are at this stage of little help in

assessing the status of particular species. Simulation models of

population dynamics have been successfully employed in studies of several

rare and/or endangered species (e.g. Miller and Botkin 1974; Miller 1978;

Shaffer 1981). Unfortunately such models demand extensive data. Shaffer

(1981) has listed the following as minimum requirements : mean and variance

of age and sex-specific mortality and fecundity rates, age structure, sex

ratios, dispersal, and the relationship of these various parameters to

density. In the case of the Rufous Scrub-bird these data would be
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extremely difficult to obtain due to the secretive nature of the species

and the difficulty of capture (described later in the thesis). These

problems preclude the application of simulation modelling to this species.

4. Another way of assessing proximity to extinction is by

extrapolation from previous changes in total population size. Ride and

Wilson (1982) wrote:

".... it is usual to interpret any serious population
decline (especially if observed over a long period) as
a decline likely to continue to extinction whether the
cause of the threat is known or not 	 t I

Extrapolation is only possible if we possess estimates of abundance made

at different points of time. This can be achieved either by comparing

present information on distribution and abundance with historical

information (e.g. Smith 1977; Mills and Williams 1979), or by planned

monitoring of population change (e.g. Smith and Forrester 1981; Brown and

Wilson 1982). Monitoring can detect changes resulting from both systematic

pressures and stochastic perturbations. The influence of systematic

pressures will appear as an overall trend in abundance. The influence of

stochastic perturbations may also contribute to an overall trend (e.g. the

effects of inbreeding) but is more likely to appear as random fluctuations

around that trend. A species' proximity to extinction will be a function

of both the overall trend in abundance and the magnitude of fluctuation

around the trend. To extrapolate directly from an overall trend it must

be assumed that causes responsible for that trend will continue operating

unchanged. Such an assumption is probably rarely valid. An extrapolation

can therefore be refined by elucidating these causes and by assessing

future changes in their influence on the species in question. Additional

refinement can be achieved by incorporating the probability of "stochastic

extinction" (Terborgh and Winter 1980) occurring as a result of random

population fluctuation. Gavin (1978) and McCullough (1978) have described

methods for calculating this probability based on estimates of fluctuation

magnitude derived from population monitoring.

1.3 Thesis Aims and Structure

I believe that the status of the Rufous Scrub-bird can be best

assessed using the last of the four approaches discussed above (i.e.

extrapolation from monitored changes in total population size). The

primary aim of the research described herein has been to solve three
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basic problems that have previously acted as barriers to the assessment

of status in this species:

1. The abundance of the Rufous Scrub-bird has always been difficult

to estimate (Smith 1977). The species occurs in generally rugged and

heavily forested areas, and is renowned for being extremely difficult to

observe visually. The loud and penetrating song produced by territorial

males provides the only useful means by which the species can be detected.

Previous estimates of abundance based on this song (e.g. Smith 1977) have

been of unknown accuracy due to an absence of information on the

detectability of the species. A study is therefore made of detectability

in relation to a variety of factors. This information is used to develop

a censusing technique for the species.

2. Although habitat destruction has generally been regarded as the

major cause of decline in the Rufous Scrub-bird (e.g. Chisholm 1951;

Smith 1977; Slater 1978; Hermes 1980; King 1981), the habitat requirements

of the species have never been precisely identified. This information is

needed for the planning and interpretation of population surveys. It is

also required to assess the influence of present and future land-use

practices on habitat suitability. A study is therefore made of the

habitat requirements of the Rufous Scrub-bird.

3. White (1920) claimed that the Rufous Scrub-bird consisted of

two subspecies. In recent years this subspecific division has met with

both acceptance (e.g. Chisholm 1951; Macdonald 1973) and rejection

(e.g. Keast 1961; King 1981; R. Schodde pers. comm. ). For the purposes

of status assessment it has not been clear whether the species should be

regarded as one unit or as two. A fresh study is therefore made of

geographical variation in the Rufous Scrub-bird.

The solutions to these three problems are intended to provide a

sound basis for future detailed assessment of the status of the Rufous

Scrub-bird. A secondary aim of the thesis is to provide a rough

preliminary assessment of the species' status. This is based largely on

the results of an exploratory survey interpreted within the context of

the intensive research findings.

The status of many other Australian birds is at present poorly known

compared to birds in areas such as Europe, North America, and New Zealand.
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Species traditionally placed in the "too hard basket" are usually those

sparsely distributed over large, often remote areas, and may also be

difficult to detect due to either secretive (or nocturnal) habits and/or

density of habitat. The status of these species is at present largely

a matter of individual interpretation based on limited information.

Differences in opinion as to the abundance of a particular species usually

stem from unanswered questions concerning detectability and habitat

requirements. For example, is a species rarely recorded simply because it

is difficult to detect even when present? Or, is a species, known at only

two localities, likely to occur in an area of intervening, unexplored

habitat? The poor agreement between current lists of rare and/or endangered

Australian birds reflects variation in individual interpretation of problems

such as these. This confusion can only be removed through detailed research.

In the past, methods for assessing the abundance and habitat requirements

of animals have most often been designed for relatively common and/or

easily detected species. In order to assess the status of species at

present placed in the "too hard basket", we need to develop new field and

analytical techniques tailored to suit animals characterized by low

detectability and low population density. An additional aim of this

thesis is that the approaches developed herein might serve as a basis for

assessing the status of other rare and/or secretive species.



15

CHAPTER 2

EXPLORATORY SURVEY AND STUDY AREAS

2.1 PREVIOUS RECORDS

During 1979 the known distribution of the Rufous Scrub-bird was

assessed on the basis of all available published records, museum specimens,

and replies to personal queries. The known distribution of the species at

that time is summarized in Fig.2.1 and Table 2.1. This information served

as a starting point for the exploratory survey described below.

2.2 EXPLORATORY SURVEY 

Most of the fieldwork conducted during 1979 and 1980 was devoted to

an exploratory survey. The survey was continued, at reduced intensity

(due to other research commitments), up until late 1983. The two main

aims of the survey were:

1. To assess the overall distribution and abundance of the Rufous

Scrub-bird.

2. To locate suitable study areas for intensive research.

The survey was conducted by walking along roads, fire trails and walking

trails. The locations of walked routes and all detected singing male

scrub-birds were recorded on 1:25,000 Topographic Maps. The date of each

walk was also recorded. The sampling strategy used was neither random

nor systematic. In an effort to fulfil both of the above aims, sampling

was biased towards areas satisfying one or more of the following conditions:

1. Relatively easy accessibility.

2. Existence of previous records (see Fig 2.1 and Table 2.1).

3. Presence of habitat judged to be potentially suitable for the Rufous

Scrub-bird.

This bias complicated the assessment of distribution and abundance.

Problems associated with bias were alleviated by applying the findings of

intensive research, described in Chapters 3, 4, and 5, to the analysis of

the survey results. Detailed presentation and analysis of these results

will therefore be postponed to Chapter 6.
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TABLE 2.1

Sources for pre-1979 distributional records depicted in Fig.2.1 (only

major sources are given).

10' Block	 Source

	

1	 Chisholm (1960), M.T. Goddard (pers. comm.)

	

2	 Storr (1973), I. Venables (pers. comm.)

	

3	 G.J. Ingram (pers. comm.)

	

4	 Smith (1977), H.S. Curtis (pers. comm.)

	

5	 Chisholm	 (1921), Jackson (1920,1921), Favaloro
(1931), Marshall (1935)

	

6	 Chisholm (1921, 1948), Jackson (1921), Wigan et al.
(1938), Robertson and McGill (1948)

	

7	 Aust. Museum Collection (1910, 1912)

	

8	 McGill (1961), M. Trudgeon (pers. comm.)

	

9	 C. Nicholson (pers. comm.)

	

10	 Robertson and McGill (1948), J.N. Hobbs (pers. comm.),
C. Nicholson (pers. comm.)

	

11	 Marshall (1935)

	

12	 Campbell (1900), Chisholm (1951)

	

13	 I. Venables (pers. comm.)

	

14	 Ramsay (1866), Jackson (1907), Chisholm (1951)

	

15	 Ramsay (1919)

	

16	 R. Paine (pers. comm.), G. Holmes (pers. comm.)

	

17	 G. Holmes (pers. comm.), M.T. Goddard (pers. comm.)

	

18	 R. Paine (pers. comm.), G. Holmes (pers. comm.),
P. Ellis (pers. comm.)

	

19	 Jackson (1907, 1911)

	

20	 N. Fenton (pers. comm.), G. Holmes (pers. comm.)

	

21	 N. Fenton (pers. comm.), M. Sawtell (pers. comm.)

	

22	 N. Fenton (pers. comm.), M.T. Goddard (pers. comm.)

	

23	 Warren (1928)

	

24	 R.A. Noske (pers. comm.), R. Rose (pers. comm.)

	

25	 N. Fenton (pers. comm.)

	

26	 Broadbent (1976)

	

27	 Bettington (1927), Chisholm (1951), L. Hyem (pers. comm.)



18

2.3. STUDY AREAS

2.3.1 Selection

The exploratory survey provided a basis for selecting study areas

to be used for the intensive research described in Chapters 3, 4, and 5.

An effort was made to select areas that were representative of the

geographical range and habitat types occupied by the Rufous Scrub-bird.

All selected areas supported relatively high densities of the species.

Two types of study area were employed in the research (see Fig. 2.2):

1. "Main study areas" were used for the study of detectability and

development of survey techniques (Chapter 3), the study of habitat

requirements (Chapter 4), and the study of geographical variation

(Chapter 5).

2. "Subsidiary study areas" were used primarily for the study of

geographical variation (Chapter 5).

2.3.2 Main Study Areas 

Wiangarie Study Area (153'7'E, 28025FS)

Location

The Wiangarie study area was located on the Tweed Range, about 20km

NNE of Kyogle. At the time of the study this area was included within

Wiangarie State Forest. Since the study, Wiangarie State Forest has been

incorporated into the Border Ranges National Park (Forestry Revocation and

National Parks Reservation Act, 1983).

Landform, Geology, and Soils

The topography of the Wiangarie study area is summarized in Fig.2.3.

The Tweed Range is formed from Tertiary volcanic rocks, predominantly of

basaltic composition (McElroy 1962; Stevens 1977). The range is part of

the rim of an eroded shield volcano centred on Mount Warning.

The soils of the study area are of a kraznozemic nature, weathered

from the Tertiary basalt (McGarity 1963; Northcote 1966; Beckmann and

Thompson 1977). The kraznozems are deep, highly clayey soils with red
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FIGURE 2.2. Location of study areas. Solid symbols represent main
study areas. Open symbols represent subsidiary study
areas.
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well-structured clay subsoils.

Climate

Climate has not been accurately recorded for the Wiangarie study

area. A rainguage installed by the Forestry Commission of New South

Wales has proved to be unreliable due to malfunction and suspected

interference by tourists (P. Maxwell pers. comm.). Average annual rainfall

in the study area has been estimated to be in the vicinity of 3,000mm

(Burgess et al. 1975). The best guide to the average monthly rainfall

pattern on the Tweed Range is provided by Springbrook rainfall station,

located about 20km northeast of the study area and at a similar altitude

(approx. 900m). Average monthly rainfall data for Springbrook are presented

in Fig.2.4. An indication of rainfall variation during the study period

(1979-1983) is provided by the monthly rainfall data summarized in Fig.2.9.

The data are averaged values from Meteorological Districts 58 and 60.

These two districts encompass the northern and southern distributional

limits of the Rufous Scrub-bird. The data presented in Fig.2.9 therefore

give an average picture of monthly rainfall variation throughout the

species' entire range and thus at all study areas.

Vegetation

The terminology used in this thesis to describe vegetation is based

on Baur (1965) and Specht (1970, 1981). The distribution of plant

formations within the Wiangarie study area is depicted in Fig.2.5. The

area consists almost entirely of closed-forest with a few small patches of

open-forest. Two types of closed-forest are distinguished in Fig.2.5.

Small areas of cool temperate rainforest dominated by Nothofagus moorei

(= microphyll fern forest according to Webb 1959) occur on the higher

ridges and along creeks in well sheltered gullies. The remaining closed-

forest is subtropical rainforest (= complex notophyll vine forest

according to Webb 1959). The composition of this forest varies with

altitude. The forest at low altitudes (below approx 800m) has been

classified as "warm subtropical rainforest" (McDonald and Whiteman 1979).

Some of the commonest canopy species in this type are Argyrodendron

trifOliolatum, Pseudoweinmannia iachnocarpa, and Argyrodendron

actinophyilum. The forest at high altitudes (above approx. 800m) has

been classified as "cool subtropical rainforest" (McDonald and Whiteman

1979). Some of the commonest canopy species in this type are Ackama
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FIGURE 2.5. Distribution of vegetation types in the Wiangarie
study area.
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paniculata, Cryptocarya erythroxyZon, and Geissois benthamii. The open

forest within the study area is generally dominated by either Eucalyptus

andrewsii (at higher altitudes) or Tristania conferta (at lower altitudes).

Detailed descriptions of the plant formations occurring at Wiangarie have

been given by Burgess et ai.(1975), Pattemore and Kikkawa (1975), Floyd

(1977), McDonald and Whiteman (1979), and Horne and Gwalter (1982).

The rainforest within the Wiangarie study area has been selectively

logged since the 1920's (Douglas 1977). In recent years a logging strategy

of "50 percent canopy retention" has been employed (C. Nicholson pers. comm.).

A detailed description of logging within the study area is given in Chapter

4.

Barrington Tops Study Area (151°35'E, 32°5'S)

Location

The Barrington Tops study area was located on the eastern edge of

the Barrington Tops plateau, about 30km west of Gloucester. This section

of the plateau is also known as "Gloucester Tops". The study area lay

partly within Barrington Tops National Park and partly within Barrington

Tops State Forest.

Landform, Geology, and Soils

The topography of the Barrington Tops study area is summarized in

Fig.2.6. The Barrington Tops plateau was formed by a mass of granodirite

that pushed through joints in Carboniferous sedimentary basement rocks.

Subsequently basalt flowed over much of the area as a result of Tertiary

volcanism (Fraser and Vickery 1937; Fairly 1978; Mason 1982). Although

the geology of the study area has not been satisfactorily mapped it

probably consists of a mixture of Tertiary basalt and undifferentiated

Carboniferous sediments (McMahon 1969; Elliott 1979).

The soils of the study area have not been mapped in detail. Broad-

scale mapping by Elliott (1979) suggests that two different soil types

occur within the area: kraznozems weathered from the Tertiary basalt and

yellow earths derived from the older sediments.
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FIGURE 2.6. The Barrington Tops study area.
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Climate

Climate has not been accurately recorded for the Barrington Tops

study area. By extrapolation, McMahon (1969) and Elliott (1979) have

estimated the average rainfall to be in the vicinity of 1,600mm. The

best guide to the average monthly rainfall pattern for the study area is

provided by Chichester Dam rainfall station, located about 15km south but

at a somewhat lower altitude (194m). Average monthly rainfall data for

Chichester Dam are presented in Fig.2.7. An indication of rainfall

variation during the study period (1979-1983) is provided by the monthly

rainfall data summarized in Fig.2.9.

Average minimum and maximum temperatures for the study area were

estimated by applying the lapse rate described earlier to temperature data

from Dungog climatic station, located about 35km southeast of the study

area at an altitude of 61m. These adjusted temperature data are included

in Fig.2.7.

Vegetation

The distribution of plant formations within the Barrington Tops

study area is depicted in Fig.2.8. Most of the area is covered by a

mosaic of open-forest and closed-forest, with one small area of woodland.

The closed-forest is cool temperate rainforest dominated by Nothofagus

moorei. Elements of subtropical rainforest are mixed with the cool

temperate rainforest in some of the lower parts of the study area (below

1000m). Most of the open-forest is dominated by Eucalyptus obliqua,

E.fastigata, and E.viminalis. At lower altitudes (below 900m) E.andrewsii

and E.punctata are also important dominants. The woodland is dominated

by E.pauciflora. Detailed descriptions of the plant formations occurring

in the Barrington Tops district have been given by Fraser and Vickery

(1937, 1938, 1939) and Turner (1976).

Logging within the Barrington Tops study area has been mostly

confined to the open-forest in Barrington Tops State Forest. Since 1970

the average sawlog volume removed from logged areas has been in the

vicinity of 40m3ha 1 (K. Carter pers. comm.). A detailed description of

logging within the study area is given in Chapter 4.
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2.3.3 Subsidiary Study Areas 

The subsiduary study areas were as follows (general references

describing the areas are given in brackets):

1. Mt. Barney study area (152°42'E, 28°17'S) located in the saddle between

the east and west peaks of Mt. Barney, in Mt. Barney National Park

(Stephenson 1959; University of Queensland Bushwalking Club 1977).

2. Lamington Plateau study area (153°11'E, 28°14'S) located on the

McPherson Range, in Lamington National Park (Monroe and Stevens 1977;

McDonald and Whiteman 1979).

3. Gibraltar Range study area (152°19'E, 29°32'S) located partly in

Gibraltar Range National Park and partly in Gibraltar Range State

Forest (Fairley 1978).

4. Point Lookout - Dorrigo Escarpment study area (152°25'E, 30°27'S)

located partly in New England National Park and partly in private

property (Warner 1963; Fairley 1978).

5. Killiekrankie Mountain study area (152°32'E, 30°32'S) located in,

and near, Killiekrankie Forest Preserve in Oakes State Forest.

6. Hastings Range study area (152°18'E, 31°10'S) located near Mt. Banda

Banda in the Mt. Boss State Forest (Forestry Commission of New South

Wales 1981).

An indication of rainfall variation at the subsidiary study areas

during the study period (1979-1983) is provided by the monthly rainfall

data summarized in Fig.2.9.
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CHAPTER 3

DETECTABILITY AND THE ESTIMATION OF ABUNDANCE 

3.1. INTRODUCTION 

In order to assess the status of the Rufous Scrub-bird we need to

predict future changes in total population size (see General Introduction).

To make such a prediction we require information on abundance. An

important distinction has often been made between relative and absolute

measures of abundance (e.g. Seber 1973; Caughley 1977; Shields 1979).

Relative measures (or "indices") can be used to detect trends in

population size and thereby provide a rough assessment of status. A more

accurate assessment can be achieved if changes in actual population size

are estimated using measures of absolute abundance.

Quantitative information of this kind does not exist for the Rufous

Scrub-bird. Several accounts have included qualitative descriptions of

a decline in relative abundance (e.g. Chisholm 1951; Smith 1976b, 1977).

Smith (1977) attempted a very rough estimate of absolute population size

for the species. He noted that, at that time, the bird was known to

occur at seven localities and suggested that the population in any

locality was not likely to be greater than fifty pairs; therefore a

maximum total of 350 pairs. Smith admitted that such an estimate was

probably conservative, due to the highly secretive nature of the species.

Difficulty in observing an apparently rare species can often complicate

the assessment of status (Ride and Wilson 1982). Abundance may be

severely underestimated if no compensation is made for such difficulties.

On the other hand, over-compensation may easily lead to over-estimation.

These problems can be solved only be careful development and implementation

of techniques specifically tailored to suit the nature of the species in

question.

A wide variety of techniques has been used to measure animal

abundance (see reviews by Kendeigh 1944; Emlen 1971; Overton 1971; Seber

1973; Caughley 1977; Johnson 1977; Norton-Griffiths 1978; Shields 1979).

Most attention has been given to methods based on either direct visual

counts or trapping. Both aerial surveys and ground surveys can be used

to obtain visual counts. Although aerial surveys have been widely used
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for counting large mammals (Caughley 1977; Norton-Griffiths 1978), visual

counts of birds are usually derived from ground surveys (Shields 1979;

Ralph and Scott 1981). The design and analysis of such surveys has

reached a high level of sophistication (Eberhardt 1978; Shields 1979;

Burnham et aZ. 1980; Ralph and Scott 1981) Trapping techniques, especially
those involving mark-recapture analysis, have been widely used for

estimating abundance in mammals, reptiles, and fish (Seber 1973; Caughley

1977; Otis et al. 1978; Begon 1979). These methods have not proved as
popular in studies of birds, probably due to the general conspicuousness

of this group, and the relative ease with which they can be directly

counted (see Karr 1981a; Nichols et al. 1981).

Unfortunately, neither direct visual counts nor trapping are

practicable with the Rufous Scrub-bird. Visual techniques are precluded

because the bird is highly secretive and occupies very dense habitat.

It is renowned for being extremely difficult to see (e.g. Smith 1976b).

As will be described later in this chapter, attempts were made early in

the study to develop techniques for trapping the species. Unfortunately

the bird proved even harder to catch than it was to see. However, there

are alternatives to the commonly used methods described above. Increasing

attention has been given recently to the development of "indirect" methods

for estimating abundance (see Seber 1973; Bull 1981). These are based

on counts of variables associated with an animal's presence. Examples

of such variables include auditory signals, nests, burrows, roost sites,

feeding sites, tracks and faeces.

This chapter deals with the development of an indirect survey

method based on male Rufous Scrub-bird auditory signals. These signals

provide the only feasible means by which the abundance of this species

can be assessed. The song produced by territorial males is distinctive,

loud, and penetrating (Chisholm 1951; Smith 1976b). Smith and Forrester

(1981) have already successfully used song to estimate the abundance of

the closely-related Noisy Scrub-bird in Western Australia.

Overton (1971) and Bull (1981) have reviewed previous applications

of avian auditory signals in the estimation of abundance. Many of these

studies have employed playback techniques in which tape recordings are

used to elicit vocal responses from birds (see Dow 1970; Johnson et al.

1981; Marion et aZ. 1981). Such techniques are only of value if the
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probability of a bird emitting vocalizations can be increased by

broadcasting a tape. Preliminary playback tests during the present

study indicated that tapes tended to inhibit, rather than stimulate,

singing in the Rufous Scrub-bird. Tapes of various scrub-bird

vocalization were played to approximately 20 territorial males at distances

ranging between 10 and 100 metres. The birds seemed to respond only if

they were already vocalizing. The typical response was as follows: a few

seconds after the broadcast was started the bird stopped vocalizing,

moved in to the source of sound, circled around the source of sound at

a distance of approximately 5 metres, resumed vocalizations after 5 to

10 minutes, and eventually moved away after approximately 20 minutes.

Individuals that were not vocalizing at the time of the broadcast gave

no apparent response. In other words, playback did not stimulate silent

individuals to sing. Subsequent research has therefore dealt solely with

unsolicited auditory signals.

In the Rufous Scrub-bird, vocalization is mainly restricted to

territory holding males (see Chapter 5, and Chisholm 1951; Smith 1976a,

1976b). I will refer to such birds as "singing males". These are the

only "countable" birds. Survey methodology can deal only with detectable

individuals. Mathematical adjustments may solve problems of low

detectability, but cannot account for individuals whose probability of

detection during a survey is zero. If we can count only singing males,

then the most we can hope to obtain from this information alone is an

estimate of the number of singing males present in the surveyed area.

No estimate can be made of the number of "non-countable" birds (i.e.

those with a survey detectability of zero). If we are to use a count of

singing males to estimate the abundance of all individuals, we require

additional information concerning the ratio of singing males to non-

singing birds such as females, "floaters", immatures or juveniles. An

estimated number of singing males is often converted to a total estimate

by doubling, assuming that both breeding and floating males are

detectable, and that there exists an equal sex ratio (e.g. Emlen 1971,

1977; Shields 1979). Mayfield (1981) has pointed out that such

assumptions are frequently unrealistic, and rightly argues that the

conversion of number of singing males to total number of birds should

only be made after intensive study of the species in question. In the

case of the Rufous Scrub-bird, information needed to make such a conversion
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is extremely difficult to obtain. The view adopted in this thesis is

that, for the purposes of assessing status, an estimate of the abundance

of singing males is almost as useful as an estimate of the abundance of

all birds, because number of males defending territories can be reasonably

equated with number of breeding units.

The primary aim of the research described in this chapter was to

develop a technique for estimating the abundance of singing male Rufous

Scrub-birds. Let us define the problem in greater detail. Say we want

to estimate the number of singing males present within a total area A
t

.

If this area is large we will probably be able to sample only a portion

of the area, say As . If As is a randomly selected sample of At then:

N
	 A

t
N
s

t	
A
s

where N
s
 = number of singing males in the sample area A.

N
t
 = number of singing males in the total area A

t
.

In order to estimate N t we must obviously estimate N
s
, the number of

singing males within the sample area. Let us assume that, owing to the

nature of the areas likely to be involved, the count itself will best

be conducted on foot. In a count of the number of birds heard during

a walk through As it is highly unlikely that all potentially detectable

males will be heard. The expected number counted will be:

n = NP

where n = number of singing males counted

N = number of singing males present

P = average detectability (the average probability of detecting
a singing male during the survey).

If average detectability is less than perfect (i.e. T<1.0), then the

number of birds counted will obviously be less than the number of birds

present. Similar problems are encountered in methods based on direct

visual observation or trapping. In fact, the influence of detectability

on counts is a major problem faced by most survey techniques.

Many different solutions to the problem of detectability have been

developed. The simplest solution is to assume that detectability is a
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constant for different samples, and thereby use the number counted as a

relative measure or index (Seber 1973; Shields 1979). This option will

be dealt with in greater detail below. In the past, measures of abundance

based on auditory signals have usually provided only relative information

(see Overton 1971; Seber 1973; Bull 1981). Much less attention has been

given to the development of absolute measures of abundance based on

counts of vocalizing birds. There are several ways of controlling,

adjusting for, or otherwise coping with detectability so as to derive

an absolute estimate of abundance. Such methods can be broadly classified

into two groups on the basis of how many samples are required to obtain

a single estimate.

Multiple sample methods 

"Multiple sample" methods require that an area is visited at least

twice, and that animals detected in one sample can be recognized in

subsequent samples. Probably the best known multiple sample method is

the mark-recapture technique (e.g. Seber 1973; Otis et al. 1978; Nichols
1981; Pollock 1981). Mark-recapture methodology has usually been applied

to situations in which animals are trapped and marked so as to facilitate

subsequent recognition. However, in recent years there has been

increasing application of the mathematics of mark-recapture to situations

in which animals are neither trapped nor marked. Most of these studies

have involved counts of stationary signs such as nests (e.g. Henny et al.
1977; Magnusson et al. 1978; Grier et al. 1981), although a few have
dealt with non-stationary animals (e.g. Hewitt 1967; Francis 1973;

Caughley and Grice 1982). Hewitt, for example, employed the Petersen

index in a roadside census of territorial male red-winged blackbirds.

Individuals were "marked" by describing their location, and were

"recaptured" if a subsequent detection was made in the same location.

A similar approach, specifically designed for birds, has been

developed within the context of the widely used territory or spot mapping

technique. Spot mapping uses data from several visits to a sample area,

on each of which the location of each detected bird is recorded as a

point on a map. After several visits these accumulated points should

hopefully form clusters corresponding to territories (Williamson 1964;

Slagsvold 1973; D.G. Dawson 1981b). The original reasoning behind the

method is that if a bird has a probability q of not being counted on

any one visit, then this is reduced to qn for n visits. If the

value of n is large enough, very few territorial birds should be missed.
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Accuracy depends not only on detectability but also on the identification

and interpretation of clusters. Best (1975) found considerable variation

between different people's interpretations of spot maps. This problem

has been partly overcome by the development of standardized rules for

interpretation (Williamson 1964; Svensson 1979; Oelke 1981). Ideally,

interpretation should be based on information derived from intensive

study of the spatial dispersion of the species in question (see Franzreb

1981; Mayfield 1981). The problem of detectability in spot mapping has

been partly overcome by the development of the "check" method (Sierstad

et al. 1970; Slagsvold 1973). The underlying principles of this method

resemble those for the mark-recapture method discussed above.

Multiple sample techniques require that individuals are either

trapped and marked, or can otherwise be recognized (e.g. by association

with a site). In birds, the latter usually means that individuals must

occupy distinct territories or home ranges. The Rufous Scrub-bird seems

to fulfil this requirement; singing males apparently occupy small, widely

dispersed territories (Chisholm 1951; Smith 1976b, 1977). Unfortunately,

the multiple sample approach is very time-consuming (see Emlen 1971, 1977;

Franzreb 1981). Sampling must be replicated in order to obtain a single

estimate for any one area. The locations of all detected birds must also

be mapped in detail. These characteristics render the multiple sample

approach unsuitable as a general survey technique for the Rufous Scrub-

bird. In order to assess the status of this species, we need to survey

relatively large areas of remote country. Desirably, we require a survey

technique that yields an estimate after only one visit to an area, and

does not necessitate detailed mapping of detected birds.

Single sample methods 

"Single sample" methods such as the line transect method (e.g.

Eberhardt 1978; Burnham et al. 1980) yield an estimate of abundance after

only one visit to an area. Temporal replication will increase the

accuracy of such estimates but is not an essential component of single

sample methods. The basic requirement of the single sample approach is

that we either already know P, the average detectability of animals in

the area being surveyed, or can estimate P from the sample itself. As

shown above, the number of animals we can expect to count during a single

survey is the product of N, the number of animals present, and P, their

average detectability. If we possess an estimate of P, we can then

estimate the number of animals present in the surveyed area as:
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n
N = P

The "surveyed area" usually consists of either:

1. Circular plots surveyed by a stationary observer at the centre of the

plot (e.g. Anderson and Ohmart 1981; Morrison et al. 1981).
2. Long strips surveyed by an observer moving along a median transect

line (e.g. Eberhardt 1978; Burnham et al. 1980).
In what follows I will be concentrating on the line transect approach,

although many of the principles dealt with are also of relevance to

circular plots.

Let us now assume that we want to estimate the number of singing

males in an area using a single sample line transect approach. Say we

walk along a line located at random in the area and count the number of

singing males heard within 150 metres either side of the line. In order

to estimate the number present from the number heard we need to correct

for the average probability of detecting a bird anywhere within 150

metres either side of the transect line. Factors considered likely to

influence the detectability of a male scrub-bird are listed in Table 3.1.

A distinction is made between the intrinsic characteristics of scrub-bird

vocal behaviour (i.e. how often and how loudly the bird sings), and the

extrinsic factors influencing detectability.

If all we required were a relative measure of abundance, we need

deal only with the extrinsic factors affecting detectability. Numerous

studies have demonstrated the influence of time of year, time of day,

weather, habitat, topography, and observer behaviour on relative indices
based on vocalizations (e.g. Robel et al. 1969; Laperriere and Haugen 1972;
Myrberget and Stromme 1974; Shields 1977, 1979; Weber and Theberge 1977;

Sayre et al. 1978; Best 1981; Ralph 1981; Robbins 1981a, 1981b; Rodgers
1981; Skirven 1981). This problem can be dealt with in two quite

different ways. First, we can exercise "experimental control" by

conducting all surveys under standard conditions; e.g. standard time of

year, time of day, weather, and walking speed (see Shields 1979; D.G.

Dawson 1981a). Alternatively, we can exercise "statistical control" by

using multiple regression, or related techniques, to adjust counts for

the influence of measured variables such as temperature or date (see

Robel et al. 1969; Russell 1981).



TABLE 3.1

Factors potentially influencing the detectability of a male Rufous

Scrub-bird.

1. Intrinsic song characteristics

(e.g. loudness, frequency)

2. Observer behaviour and experience

(e.g. walking speed)

3. Distance from transect

(i.e. cue attenuation)

Extrinsic
4. Habitat

Factors

5. Topography

6. Time of year

7. Time of day

8. Weather

38
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If we require an absolute measure of abundance, we must deal with

both the intrinsic and extrinsic factors influencing detectability. Two

main techniques have previously been used to estimate absolute abundance

from line transect surveys:

1. The most popular approach involves calculating detectability

from the transect sample itself. The lateral distance between the

transect line and each detected bird is estimated and these measurements

are then used to describe the frequency of detection as a function of

distance from the transect. If detectability directly on the transect

line is assumed to be perfect, this function can be used to calculate

the average probability of detection within a specified distance from

the transect, thereby allowing adjustment of counts (Seber 1973;

Eberhardt 1978; Burnham et al. 1980, 1981). The function can also be
used to estimate a distance over which the drop in detectability is

minimal, thereby defining a transect strip within which all birds present

are assumed to be counted (Emlen 1971; Ramsey and Scott 1981). Both

variations of the technique are based on the major assumption that birds

right on the transect line will never be missed. In other words,

detectability at zero distance from the line is assumed to be perfect.

Furthermore, this assumption must hold under all conditions (weather,

time of year, habitat type etc.). Variation in the detection function

is allowed only at distances greater than zero (Burnham et al. 1980, 1981).
The assumption of perfect detectability directly on the transect line is

probably reasonable if dealing with a visually conspicuous species in

open habitat. However for the Rufous Scrub-bird, in which we are forced

to rely on vocalizations for detection, even at very close range, the

assumption is severely violated. Another problem is that a detection

function must be estimated from the data obtained during each survey.

Due to the rarity of the Rufous Scrub-bird, samples obtained during

surveys may not be large enough to ensure accurate estimation of detection

functions.

2. An alternative approach involves using an independent estimate

of detectability obtained from intensive study of a sample of known

individuals (e.g. Gates and Smith 1972; Emlen 1977; Mayfield 1981; Smith

and Forrester 1981). This is basically the approach I have taken with

the Rufous Scrub-bird. In doing so I have tried to overcome two major

drawbacks previously associated with the method. The first problem
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concerns the selection of individuals used in estimating detectability.

Estimates of detectability may be biased if not based on a truly

representative sample of birds. There is a danger that those birds

selected will be good singers, and that relatively silent individuals will

either not be considered or not even located in the first place

(D.G. Dawson 1981b; Mayfield 1981). Such bias may result in overestimation

of detectability and subsequent underestimation of abundance (e.g. Smith

and Forrester 1981). The second problem is that detectability has usually

been estimated under a standard set of conditions; i.e. standard time of

year, time of day, weather and habitat (e.g. Emlen 1977). This means that

estimates of detectability can only be used to adjust transect counts

made under the same limited conditions. Unfortunately it is very difficult

to standardize survey conditions for a species such as the Rufous Scrub-

bird which occupies a variety of forest types, usually in remote areas,

characterized by relatively unpredictable weather conditions.

The survey technique described in this chapter was developed in

three stages:

1. Selection of representative individuals along trial transect lines.

2. Estimation of a model describing the detectability of these individuals

in relation to the factors listed in Table 3.1.

3. Prediction of probabilities of detection based on this model to be

used for adjusting transect counts obtained under a wide variety of

conditions.

For comparative purposes I also developed a relative index of

singing male abundance in the manner traditionally used for handling

counts of vocalizing birds.
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3.2. FIELD METHODS

3.2.1 Transects 

Following several exploratory visits to the Wiangarie and Barrington

Tops study sites (during 1980 and early 1981), transect lines were

established through areas of apparently high scrub-bird density. The

rugged terrain and dense vegetation characterizing both sites precluded

the use of straight transect lines (see D.K. Dawson 1981). All transects

followed established vehicular or walking trails. They were mapped by

the compass-traverse method using a hand-held compass and paced distances,

as described by Mosby (1971). Prior to the commencement of mapping, pace-

length was calibrated against three tape-measured lengths of trail. These

included an uphill trail, a downhill trail, and a level trail. Throughout

this chapter, distance along a transect line is ground distance rather

than horizontal map distance (see Mosby 1971).

"Reference points" were established along each line at intervals of

approximately 150 metres. Rather than marking these points with artificial

markers, which ran the risk of interference from passers-by, I chose to

use pre-existing objects, both natural (e.g. logs, streams) and man-made

(e.g. bridges, signs). These were described in detail when mapped and

subsequent recognition presented few problems. "Control points" were

established at intervals of approximately 1,000 metres. The length of

line between two adjacent control points is referred to as a "subsection".

A total of 18 subsections were mapped at each of the two study areas. The

total lengths of the transect lines were 18,088 metres at Wiangarie and

18,182 metres at Barrington Tops. The total transect at each study area

was divided into six "sections", each consisting of 2, 3, or 4 adjoining

subsections (see Figs. 3.1 and 3.2 and Table 3.2).

A section of transect was "walked" by travelling on foot along the

mapped line. The "observer" maintained a medium walking speed of

approximately 2.5km per hr. Walking speed was monitored using time-checks

at each reference point. The location of each detected male scrub-bird

was estimated by triangulation of compass bearings taken on the source of

sound (see Bell 1964; Schleidt 1980). Bearings were taken either from

mapped reference points or from intervening points defined in terms of a

paced distance along the transect line from the nearest reference point.



FIGURE 3.1. Sections of transect line in the Wiangarie
study area.
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FIGURE 3.2. Sections of transect line in the Barrington Tops
study area.
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TABLE 3.2

Sampling design for trial transects at Wiangarie and Barrington Tops

(a) Wiangarie
	 (a = first, b = second etc.)

Order in which sections were walked on each day
Transect No. of 2/9 3/9 4/9 1/10 7/10 9/10 29/10 30/10 22/12 18/3 23/3 25/3 28/6 29/6 30/6 7/9 8/9 9/9
section subsections 81 81 81 81 81 81 81 81 81 82 82 82 82 82 82 82 82 82

1 2 a* c b f d e a c b f d e a c b f d e

2 3 e b c d f a e b c d f a e b c d f a

3 3 f d a e c b f d a e c b f d a e c b

4 4 b f d a e c b f d a e c b f d a e c

5 3 c e f b a d c e f b a d c e f b a d

6 3 d a e c b f d a e c b f d a e c b f

* e.g. this entry means that Section 1 was the first section walked on 2/9/81

(b) Barrington Tops

Transect No.	 of 13/9 16/9 17/9 15/10 19/10 20/10 18/11 19/11 21/11 8/4 13/4 14/4 12/7 13/7 12/8 23/9 24/9 26/9
section subsections 81 81 81 81 81 81 81 81 81 82 82 82 82 82 82 82 82 82

1 4 a c b f d e a c b f d e a c b f d e

2 2 e b c d f a e b c d f a e b c d f a

3 4 f d a e c b f d a e c b f d a e c b

4 3 b f d a e c b f d a e c b f d a e c

5 3 c e f b a d c e f b a d c e f b a d

6 2 d a e c b f d a e c b f d a e c b f
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A minimum of two bearings was used to locate each bird (usually three or

four). Effort was made to maximize accuracy by taking bearings at

approximately right angles to each other and as close to the bird as

possible (see Macdonald and Amlaner 1980). The triangulation method works

well for this species as singing bouts are usually lengthy (see Chapter 5)
and individuals move little while vocalizing.

Triangulation yielded a horizontal map location for each detected

bird. In order to convert required distances (e.g. between two detections

or between a detection and the transect line) from horizontal distances to

ground distances, it was necessary to make adjustments for topography.

Topographic information was derived from enlargements of 1:25,000

topographic maps produced by the Central Mapping Authority of New South

Wales and the Forestry Commission of New South Wales. Standard geometric

calculations were used to adjust distances for slope (see Mosby 1971).

Such adjustments were usually only minor as slopes in the areas concerned

were rarely steeper than 20°.

Weather and time were recorded at each control point. The following

weather variables were measured:

1. Dry bulb temperature; measured in the shade, 1 metre above the

ground, with a Zeal whirling psychrometer. The mean of three

readings was recorded.

2. Relative humidity; obtained in the same way as dry bulb

temperature, with a Zeal whirling psychrometer.

3. Cloud cover; rated on a five point scale (0 = no cloud; 1 =

one quarter of sky covered; 2 = one half of sky covered;

3 = three quarters of sky covered; 4 = sky completely obscured

by cloud).

4. Wind speed; rated on a four point scale (0 = leaves of tall trees

virtually stationary; 1 = obvious movement of leaves; 2 = obvious

movement of upper branches of tall trees; 3 = obvious movement

of upper boles of tall trees).

5. Mist; rated on a four point scale (0= no mist; 1 = light mist,

little reduction in visibility; 2 = moderate mist, obvious

reduction in visibility; 3 = heavy mist, visibility reduced to

less than 20 metres).

6. Rain; rated on a three point scale (0= no rain; 1 = drizzle;

2 = light rain).
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7. Light intensity; measured with a Gossen Panlux light meter.

This variable was not included in subsequent analyses, as it

was suspected that the readings were unacceptably biased by

variation in canopy cover over the transect line.

Birds detected only while taking weather measurements, or while obtaining

bearings on another bird, were not counted. Recording temporarily ceased

with the commencement of either of these activities, and subsequently

resumed at the same point on the transect where it had stopped. In this

way I was able to closely simulate the conditions of a count conducted

by an observer travelling at constant speed.

Transect sampling followed the same design in each of the two study

areas. All six sections of transect in either study area were walked in

a single day. These walks were repeated 18 times between August 1981 and

October 1982 (see Table 3.2). Days with heavy rain or very strong wind

were avoided. The order in which sections of transect were walked on any

one day was randomized according to a latin square design (see Winer 1971).

A 6 x 6 square was repeated three times - on walks 1 to 6, walks 7 to 12

and walks 13 to 18 (see Table 3.2). The first section to be walked on a

particular day was commenced at sunrise. A short break for lunch was

taken after the third section. The first of the three remaining sections

was commenced at a time judged to allow the final section to be completed

at approximately sunset. The length of the midday break therefore varied

in accordance with day-length. Each transect section was always walked

in the same direction.

3.2.2 Trapping 

Efforts to develop a trapping technique for the Rufous Scrub-bird

were largely unsuccessful. All of the attempted techniques involved the

use of decoy playback recordings and a system of modified mist nets.

Three speakers were positioned around the perimeter of a central system

of two or three nets placed at various angles. Tape-recorded scrub-bird

vocalizations could be directed through any one of the three speakers by

means of a switch operated by a nearby observer. By switching the sound

from one speaker to another a bird was "guided" back and forth through the

system of nets. Although birds were coaxed into a net on several occasions,

they rarely became sufficiently entangled to allow capture. This appeared

to be due largely to the fact that birds entered the net at ground level
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and therefore failed to become suspended in a pocket of net. (The species

is also probably well adapted to cope with a dense, potentially tangling

environment.) Several modifications of the standard net arrangement were

tested. All nets consisted of only a single shelf (cut from a full net)

placed at ground-level along a narrow track cleared through dense ground

cover. Modifications included: (a) a narrow trench dug along one side of

net (intended to allow a bird to fall after entering the net and thus form

a pocket of net), (b) sandwiching of the mist net between two layers of

coarse 6cm mesh fishing net (intended to allow a bird to pass through one

layer of coarse net, pick up the mist net, and then pass through the second

layer of coarse net thus forming a pocket of mist net), (c) positioning of

an observer at each end of a net (the observers lifting the bottom rung

after a bird has entered the net thus forming a long pocket). While all

three methods met with little success, the third modification appeared to

have greatest potential.
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3.3. ANALYSIS AND RESULTS 

3.3.1 RELATIVE METHOD 

3.3.1.1 Raw Transect Counts

The number of singing males counted on each of the 18 replicate

walks of a transect (i.e. the total for all six sections walked in a

single day) varied greatly at both study sites. At Wiangarie the counts

ranged from 1 to 14 (mean = 7.17) with a coefficient of variation of 53.3%.

At Barrington Tops the counts ranged from 2 to 14 (mean = 9.17) with a

coefficient of variation of 38.7%. The "coefficient of variation" (CV)

is used throughout this chapter for comparing the amount of variation in

different samples. This coefficient, simply the standard deviation

expressed as a percentage of the mean, is independent of the unit of

measurement and is especially useful for comparing the variation of samples

differing greatly in their means (see Sokal and Rohlf 1969; Dow 1976).

Can we "explain" any of this variation in transect counts, and

thereby develop a less variable relative index of abundance? A variety

of extrinsic variables may influence relative counts of vocalizing birds

(see Table 3.1). I investigated correlations between several such

variables and the raw transect counts.

3.3.1.2 Extrinsic Variables

Time of year and weather 

Multiple regression procedures were used to analyse correlations of

transect counts with time of year and weather. The data for each study

site were initially analysed separately using computer programs from

the "Statistical Package for the Social Sciences" (SPSS), described by

Nie et al. (1975). The dependent variable was the raw transect count

obtained for a particular day, and the independent variables were date,

temperature, humidity, wind, rain, mist, and cloud. Transect counts were

related to date by means of a third-degree polynomial, with Date = 0 set

at 1st of July (see Alerstam 1978; Hussell 1981). The values used for the

weather variables were averages obtained from all control points on a

particular day. Simple scatter plots and partial residual plots

(described below) were used to check for deviations from linearity in the
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relationship between each independent variable and the transect count.

As no major deviations were detected, all subsequent analyses were

performed with untransformed variables.

The overall regressions were significant at both study sites

(Wiangarie: F = 10.6; df = 9,8; p<0.01. Barrington: F = 6.6; df = 9,8;

p<0.01). The squared multiple correlation coefficient (R 2 ) for a

regression can be used as an estimate of the proportion of variation in

the dependent variable "explained" by the independent variables. As the

sample sizes in the present analysis were rather small (n=18 for each

transect), I opted to use the adjusted R 2 recommended by Nie et al. (1975).
The adjusted R2 for the Wiangarie regression was 0.84, suggesting that 84%

of the variation in transect counts was explained by the date and weather

variables. At Barrington Tops these variables explained 75% of the

variation in counts. This information is presented in Table 3.3 along

with the values of the constant and the partial regression coefficients

for the regression equation at each site. Also presented are significance

levels for the contribution of each variable to these regressions. These

are based on F-tests of the increase in R 2 obtained by adding a variable

to an equation already containing all other variables.

Data from the two study sites were pooled to give a larger sample

size of 36 transect counts for further analysis. A dummy variable for

site was added. This was coded 0 for Wiangarie and 1 for Barrington Tops.

Tests were made for interactions between "Site" and the other independent

variables (see Nie et al. 1975). All interactions were found to be non-
significant (p>0.05), and therefore it was assumed that counts were

correlated with date and weather in the same way for both study sites.

The pooled regression was highly significant (F = 12.3; df = 10,25;

p<0.001) and explained 76% of the variation in transect counts (see

Table 3.3).

The tests for individual variables in the pooled regression suggested

that site and date were the only variables making significant contributions

to the overall regression (Table 3.3). However, it should be remembered

that these tests consider only the contribution made over and above the

contribution of all other independent variables. If a variable is highly

correlated with other independent variables its inclusion will probably

contribute little additional information if these other variables are



TABLE 3.3

Multiple regression equations relating transect count variation to
date, weather, and site variables.

Wiangarie	 Barrington	 Pooled	 Reduced
Regression	 Regression	 Regression	 Pooled

Regression

50

Date	 0.57**	 0.20*	 0.21***

Date 2	-0.0024**	 -0.0012	 -0.0012***

m	 Date 3	0.0000027**	 0.0000019	 0.0000017**
4.-1

0

.H	 Temp.	 -1.12	 0.17	 0.15
u

.1-I
t+-1
LH	 Humidity	 -0.087	 0.061	 0.12
a)
0
o Wind	 -0.10	 -2.43	 -0.65
0
0

.,1m	 Rain	 -0.34	 0.47	 -0.41
m
co
/D.o	 Mist	 0.30	 0.57	 -2.11
a)

c24

Cloud	 1.24	 -0.58	 -0.38

Site	 -	 -	 3.28**

Constant	 -2.64	 -1.23	 -10.51

R2	0.835	 0.746	 0.764

0.21***

-0.0011***

0.0000015**

0.077*

-2.40*

2.14**

-6.61

0.777

p<0.05

** p<0.01

*** p<0.001
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already in the equation. The computer programs BMDP6R and BMDP4M (Dixon

1981) were used to investigate correlations between the six weather

variables. Table 3.4 summarizes partial correlations between pairs of

weather variables after controlling for site and date. Several highly

significant correlations (p<0.001) existed between weather variables.

Principal component analysis (with Varimax rotation) was used to help

simplify this pattern of correlations (see Blokpoel and Richardson 1978).

Three components explained 92% of variation in the six weather variables

(see Table 3.4). The first component was characterized by positive

correlations with relative humidity and cloud cover, and a negative

correlation with temperature. The second component was positively

correlated with rain and mist. The third component was positively

correlated with wind. The weather at the two study sites could therefore

be simplified into three components: 1. Temperature, humidity, cloud

2. Rain, mist 3. Wind.

In order to overcome the problem of correlations between weather

variables masking their significance in explaining transect count variation,

I used stepwise regression procedures to reduce the number of independent

variables included in the equation (see Kerlinger and Pedhazer 1973;

Russell 1981). Backward elimination was performed with the SPSS "New

Regression" program. At each step the least significant variable was

removed, and the regression equation was then recalculated. This process

continued until all remaining variables were significant (p<0.05). Two

weather variables, relative humidity and mist, were retained along with

the site and date variables (see Table 3.3). The reduced regression was

highly significant (p<0.001) and explained 78% of the variation in counts

(see Table 3.3). The inclusion of two weather variables in this reduced

equation suggests that weather is significantly correlated with transect

counts after controlling for site and date. However, we are in no position

to say that either relative humidity or mist actually influence transect

counts more than the other weather variables. A more reasonable

interpretation would be that counts are correlated with weather components

1 (temperature, humidity, cloud) and 2 (rain, mist) described above.

In order to visually display relationships between transect counts

and each of the variables in the reduced equation, I produced partial

residual plots using program BMDP1R (Dixon 1981). This involved adjusting

transect counts for all independent variables except the variable of



TABLE 3.4

(a) Partial correlations between weather variables after controlling for
site and date variables. (b) Correlations of weather variables with first
three varimax-rotated factors derived from principal component analysis of
the partial correlation matrix. Percentage of total variance explained
by each factor is also indicated.

(a)

Humidity Wind Rain Mist Cloud

Temp.

Humidity

Wind

Rain

Mist

-.766*** .017

-.091

-.454**

.615***

.322

-.203

.590***

.243

.753***

-.715***

.876***

.022

.616***

.577***

* p<0.05

** p<0.01

*** p<0.001

(b)

Factor
1

Factor
2

Factor
3

Temp. -.97 -.04 -.05

Humidity .81 .50 -.16

Wind -.05 .15 .98

Rain .39 .77 .28

Mist .15 .96 .09

Cloud .79 .49 -.04

Variance 58.5 21.5 11.6
Explained (%)

52
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interest (see Power 1969; Larsen and McCleary 1972). Adjusted counts were

calculated in the following way:

Adjusted count = Raw count - Eb(X. - K.)i	 1	 1
where b. is the partial regression coefficient for an independent variable

X .for which adjustment is required. The adjusted counts were then plotted
a.

against the independent variable of interest. A partial residual plot for

date is presented in Fig.3.3. The regression line was calculated by

inserting the mean value for each adjusting variable into the reduced

regression equation. In this case the adjusting variables were site,

humidity, and mist. Note that counts increased sharply between July and

October, then dropped off gradually between November and June. A similar

plot for relative humidity is presented in Fig.3.4a. 	 Counts were

positively correlated with humidity. The plot for mist (Fig.3.4b) shows

a negative correlation between this variable and transect counts.

Time of day 

The use of a latin square sampling design (see Field Methods)

ensured that each section of transect was walked a total of three times,

at each of six "times of day" (defined in terms of the order in which the

six sections were walked on a particular day). The design also ensured

that the effects of date and day to day weather differences were

effectively controlled. The analysis of counts in relation to time of

day was therefore a relatively simple procedure. I used a two-way analysis

of variance without replication (see Sokal and Rohlf 1969), analysing

each study site separately. The two factors were "time of day" with six

categories and "section" with six categories (one for each section of the

transect line). Each cell contained the total count over three walks for

a given section at a given time of day. No significant differences

between times of day were found for either study site (Wiangarie: F = 0.25;

df = 5,25; p>0.05. Barrington: F = 0.33; df = 5,25; p>0.05).

Habitat

In order to test whether habitat influenced cue attenuation, thereby

possibly affecting relative counts, I compared patterns of attenuation

at the two study sites. The Wiangarie study area consisted almost entirely

of subtropical rainforest, whereas the Barrington Tops study area

consisted mostly of eucalypt open forest (see Chapter 2 for more detail).

If habitat was influencing attenuation we would expect the patterns of
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FIGURE 3.3. Partial residual plot of transect counts against date (see text for details). Open
symbols represent counts conducted in 1981 and closed symbols represent counts conducted
in 1982. Triangles represent Wiangarie counts and circles represent Barrington Tops counts.
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attenuation at these two sites to differ.

In Fig.3.5 I have presented percentage histograms of perpendicular

distances between the transect line and all detections for the 18 walks

combined. Not surprisingly, number of detections decreased with distance

from the transect line at both study sites. No birds were heard beyond

150 metres at either site. Following pooling of the three categories

between 120 and 150 metres, the two distributions were found to not differ

significantly (K 2 = 7.16; df = 12; p>0.05).

3.3.1.3 Adjusted Counts 

From the above analyses it appears that time of year and weather are

the major extrinsic variables influencing counts of singing male Rufous

Scrub-birds. How can we reduce the variation in counts apparently

"explained" by these factors? One solution would be to exercise

"experimental control" by conducting surveys only under a standard set of

conditions - i.e. at a standard time of year and in standard weather.

Unfortunately, however, it would be very difficult to conduct Rufous Scrub-

bird surveys under standard conditions. The areas in which the species

lives are usually relatively remote and characterized by unpredictable

weather. The alternative is to exercise "statistical control". Multiple

regression procedures can be used to adjust a dependent variable for the

influence of independent variables. For example, Robel et al. (1969)
refined quail call indices by adjusting route counts for variables found

in their study to affect calling. They employed an adjustment similar to

that described above for obtaining partial residual plots:

Adjusted count = Observed count - El). (X. 	 - X	 )1	 i(observed)	 i(standard)
where b. is the partial regression coefficient for independent

variable X.1
iX	 is the observed value for X.
(observed)	 1

i(X	
dard)stan	 1isthevalueforX.to which the count is to

be standardized.

This method was used to adjust scrub-bird transect counts for the influence

of date and weather, thereby yielding a "relative index" of abundance. The

regression coefficients were taken from the full pooled regression

equation in Table 3.3. All the independent variables except site were

included; i.e. three date variables and six weather variables. The standard
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value used for each variable was the mean of that variable over all 36

transect walks.

Following adjustment, the CV for the Wiangarie counts was reduced

from 53.3% to 18.3%. The test developed by Dow (1976) was used to compare

these CV's. The reduction in variation was highly significant (t = 3.73;

df = 34; p<0.001). Adjustment of the Barrington Tops counts also resulted

in a highly significant reduction in variation, from 38.7% to 11.6%

(t = 4.03; df = 34; p<0.001). The mean adjusted count of 12.57 ± 0.34

(S.E.) at Barrington Tops was significantly higher than the mean adjusted

count of 9.10 ± 0.39 at Wiangarie (t = 6.65; df = 34; p<0.001).

3.3.2 ABSOLUTE METHOD

There are several problems associated with the relative index

developed above. Although these will be discussed in detail later in the

chapter, two are worth noting at this point:

1. The relative index provides no indication of absolute abundance. It

may yield information on changes in the abundance of singing males

both in space and time, but cannot tell us how many singing males are

present in any particular area at any particular time.

2. We have no way of really knowing whether changes in counts over space

and time are the result of changes in abundance or of changes in

detectability. For example, adjustment has been made for the

correlation of counts with time of year, but is this correlation due

to changes in abundance or rate of calling? Similarly, are differences

in counts between sites (e.g. Wiangarie and Barrington Tops) due simply

to differences in abundance, or is such a comparison complicated by

differences in detectability?

In order to overcome either of these problems we must learn something

about both the intrinsic and extrinsic components of detectability. We

must estimate the detectability of singing males in different places and

at different times. To do this we first need to be able to recognize

individuals.
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3.3.2.1 Dispersion of Detections and the "Recognition" of Individuals 

Fig.3.6 depicts a small, but typical, portion of the Wiangarie

transect. The dots represent accumulated detections of singing males

over the 18 walks of the transect. Note that these detections form three

clusters. Within the context of the "spot mapping" technique these

clusters would be interpreted as representing the territories of three

individual birds (Williamson 1964; Svennson 1979; Oelke 1981). While

this is extremely difficult to prove, we can go some way towards showing

that clusters such as these probably represent individual territories.

I first used "nearest neighbour" techniques to test whether the

observed dispersion of detections was more "clumped" than would be expected

if these points were randomly distributed. A cumulative map of detections

over 18 walks was produced for all sections of transect, in the manner

shown in Fig.3.6. The distance from each detection to the nearest

neighbouring detection was measured. Due to problems associated with the

unusual shape of the transect area, I abandoned initial attempts to apply

traditional nearest neighbour tests (e.g. Clark and Evans 1954; Campbell

and Clarke 1971; Pielou 1977; Burgess et aZ. 1982). Instead, I compared

the sample of observed nearest neighbour distances with a sample from a

simulated random distribution of detections. Simulation of random

dispersion was achieved by plotting points at randomly selected locations

within 150 metres of the transect line. The number of points plotted for

each section of transect equalled the total number of detections recorded

for that section. At each study site the nearest neighbour samples from

all six sections were pooled in order to compare observed and random

patterns of dispersion.

Histograms of these pooled samples are presented in Fig.3.7. Note

that, for both sites, the observed nearest neighbour distances tended to

be much shorter than would be expected if the detections were located at

random. Following pooling of categories, in order to satisfy Fisher's

rule on expected frequencies (Brown 1981), the observed and random

distributions were found to differ significantly at both sites

(Wiangarie, X 2 = 191.2; df = 11; p<0.001; Barrington, X 2 = 174.8; df = 11;

p<0.001).

These results suggest that detections of singing males did in fact

form clusters. But did these clusters represent different individuals?
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FIGURE 3.6. Typical portion of the Wiangarie transect. The solid
line is the transect line and the broken lines define
an area 150 metres either side. The dots represent
detections of singing males, accumulated during 18
walks of the transect.
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Is it likely that one singing male could have been responsible for more

than one cluster, or that more than one singing male could have been

represented by each cluster? The data were reanalysed, this time treating

each cluster as a territory in the manner used for "spot-mapping"

(Williamson 1964; Svennson 1979; Oelke 1981). Three such territories are

delineated in Fig.3.6. For each detection I recorded the nearest point at

which a bird was heard singing "simultaneously" - i.e. on the same transect

walk. I noted whether this point was in the same territory, an adjacent

territory, or somewhere else. Two territories were defined as being

"adjacent" if the length of transect line between them passed no other

territories.

The observed sample was compared to a simulated sample in which

detections were randomly allocated to territories. A separate simulation

was generated for each transect walk. The number of random detections

allocated for each section on a particular walk equalled the number of

detections recorded for that walk of the section. The nearest neighbour

samples from 18 walks over the six sections were then pooled for

comparison of observed and random patterns. The results are summarized

in Table 3.5.

The observed and random patterns differed significantly at both sites

(Wiangarie: Overall X 2 = 30.37; df = 2; p<0.001; Barrington: Overall X 2 =

55.50; df = 2; p<0.001). Differences within each category were tested by

collapsing the other two categories (see Brown 1981). The results of

these tests are included in Table 3.5. At both sites, the observed

frequency in the "same territory" category was significantly less than that

expected for a random distribution (p<0.001). In fact, two males were

never heard singing simultaneously within the same territory. This suggests

that only one singing male occupied each cluster. If each of these birds

was responsible for more than one cluster we would expect the number of

observations in the "adjacent territory" category to be less than expected

for a random pattern. However, the observed frequency was greater than

expected in the "adjacent territory" category at both sites (not significant

at Wiangarie; p<0.001 at Barrington Tops).

These results suggest that clusters of detections probably represent

individual singing males. This interpretation was supported by a large

number of supplementary casual observations made while engaged in other



TABLE 3.5

Locations of nearest neighbouring individuals heard singing
simultaneously with each detected bird at (a) Wiangarie and
(b) Barrington Tops. The observed samples are compared with
simulated random samples. Results of X 2 tests between observed
and random frequencies in each category are presented. See text
for full details.

(a) Wiangarie

Same	 Adjacent	 Other
Territory	 Territory

Observed 0 39 90

Random 27 28 74

X 2 30.16 2.44 4.28
(df = 1) *** *

(b) Barrington Tops

Same	 Adjacent	 Other
Territory	 Territory

Observed 0 94 71

Random 44 53 68

X 2 50.77 20.62 0.11
(df = 1) *** ***

* p<0.05

** p<0.01

*** p<0.001
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aspects of the research, at both the main study sites and the subsidiary

sites. At no time were two or more males heard simultaneously within

150 metres of each other. However, birds in adjacent "clusters" were

frequently heard singing simultaneously. The only way of actually proving

that these clusters do represent individual singing males would be to

mark the birds. During 1980 and 1981 a large amount of effort was devoted

to developing techniques for capturing the species. Unfortunately, these

attempts met with very limited success. Only one bird was caught; a

singing male captured at Mt. Banda Banda (Hastings Range) in August, 1980.

The bird was banded with a single metal band. Because I knew from the

records of the CSIRO Bird Banding Scheme that no other Rufous Scrub-bird

had ever been banded, this individual could be easily recognized when

observed visually. The bird was subsequently observed, less than 50 metres

from the point of capture, by me 	 in October 1980, and by G. Holmes

(pers. comm.) in October 1981. Another search by me 	 in December 1982

failed to locate the bird.

The delineation of individual territories along the transects at

Wiangarie and Barrington Tops, was based on a combination of the results

outlined above. In addition, the "individuality" of each cluster was in

all cases confirmed by checking for simultaneous singing between the

cluster of interest and adjacent clusters (either during transect walks

or at other times). In the following analyses it is assumed that a cluster

of detections does represent an individual singing male. Further analysis

of dispersion, within the context of habitat, is presented in Chapter 4.

3.3.2.2 Selection of Representative Individuals 

In order to estimate the detectability of an "average" singing male

under various conditions, a detailed study was made of detectability in

selected individuals. As I pointed out earlier in the chapter, estimates

of detectability obtained in this way may easily be biased if not based

on a truly representative sample of individuals. There is a danger that

those birds selected will be relatively good singers, resulting in

overestimation of detectability and subsequent underestimation of abundance.

To help solve this problem I employed multiple sample estimation techniques

in the following way.



Application of multiple sample techniques 

As birds were heard up to, but no further than, 150 metres from the

transect line at both study sites, the "sampled area" was defined as that

area within 150 metres of the transect line. On each walk of a transect

an individual was either detected or not detected within this sampled area.

In what follows "detection" is considered to be equivalent to "capture" in

the context of mark-recapture analysis. A total of 23 individuals was

detected during the 18 walks at Wiangarie. A total of 25 individuals was

detected for the Barrington Tops transect.

Multiple sample techniques for estimating abundance are usually

based on one, or both, of the following assumptions:

1. Population closure; a population is assumed to be closed to both

additions (through birth or immigration) and deletions (through

death or emigration).

2. Equal catchability; all individuals within a population are assumed

to have an equal probability of being captured.

Simple multiple sample estimators, such as the Petersen Index, require

both assumptions. While more complex estimators have been developed,

allowing violation of one or the other of these assumptions, no technique

has yet been perfected to cope with the violation of both assumptions

simultaneously (Otis et al. 1978; Pollock 1981).

The assumption of population closure may easily have been violated

during my period of sampling. Singing males may have joined or left the

sampled population during this period. Several such instances were

suspected, but it was extremely difficult to prove that birds really did

join or leave, especially in the light of the "unequal detectability" problem

discussed below (also see Pollock 1981). Potential violation of the closure

assumption was handled by restricting the application of multiple sample

techniques to only a relatively short portion of the total sampling period.

This shorter period, September - December 1981, was sampled intensively

with 9 walks conducted at both study sites. For the purposes of analysis

it was assumed that no singing males either joined or left the sampled

populations during this period. Individuals with song territories

overlapping the boundary of the sampled area may also have contributed to

violation of the closure assumption. This is an unavoidable source of
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bias potentially resulting in overestimation of abundance. In the present

study such bias was probably only slight, as the width of the sampled area

was relatively large in comparison to the average dimensions of song

territories (see Fig.3.6 and Chapter 4).

A variety of techniques has been developed for testing the assumption

of equal catchability. Roff (1973) has shown that these tests cannot

distinguish between a population with truly equal catchability and one

comprising two or more classes of animals differing in mean catchability.

Therefore, as Caughley (1977) pointed out, while a significant result from

one of these tests indicates unequal catchability, a non-significant result

is inconclusive. The method developed by Orians and Leslie (1958) was used

to test for equal detectability of singing males in the sampled areas at

Wiangarie and Barrington Tops. This technique is based on the idea that

if catchability is constant, capture frequencies should form a binomial

distribution. The hypothesis is tested by comparing the observed variance

of capture frequencies with the expected binomial variance. Slight

improvements on Leslie's original test, as suggested by Carothers (1971),

were employed. The method utilizes data only from those individuals known

to be present throughout an entire sampling period. In my study these

were individuals detected both during, or before (i.e. in supplementary

observations), the 1st walk of a transect, and during or after the 18th

walk. These requirements were fulfilled by 19 birds at Wiangarie and 15

birds at Barrington Tops. The number of transect walks on which each of

these individuals was detected ranged from 1 to 14 (mean = 6.3) at Wiangarie,

and from 2 to 15 (mean = 9.6) at Barrington Tops (see Fig.3.8). Using

Leslie's test, the null hypothesis of equal catchability was rejected for

both sites (Wiangarie: X 2 = 53.10; df = 18; p<0.001). This test was

probably conservative, as by utilizing only those individuals detected both

at the start and finish of sampling there may have been a tendency to

exclude birds with low detectability. Therefore, detectability was probably

even more variable than the test result suggests.

As mentioned above, multiple sample estimation was restricted to 9

walks between September and December 1981, in order to approximate

population closure. During these 9 walks, 22 individuals were detected at

Wiangarie and 17 at Barrington Tops. The aim was to estimate the total

number of singing males present within each sampled area during this period.

This was equivalent to estimating the number of individuals not detected
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during the sampling. Such information was required to ensure the selection

of a representative sample of individuals for further analysis. Due to the

presence of unequal detectability, as demonstrated above, estimation needed

to be based on a technique allowing violation of the equal catchability

assumption. The majority of mark-recapture estimators (see Seber 1973;

Otis et al. 1978; Pollock 1981) and the check estimator (Sierstad et al.
1970) were therefore rendered unsuitable. Two special types of multiple

sample estimators were found to be most useful in coping with the problem

of unequal detectability: regression methods (Tanaka 1951; Marten 1970;

Seber 1973;) and frequency of capture methods (Eberhardt 1969; Overton 1971;

Seber 1973; North 1981). Both approaches were taken in analysing the

multiple transect samples.

Marten's (1970) regression method is based on the idea that even

though catchability may vary between individuals and between samples, the

average catchability of unmarked (undetected) individuals is in a constant

ratio to the average catchability of marked (detected) individuals. This

ratio is estimated using linear regression analysis, thereby leading to an

estimate of population size. The estimated number of singing males present

within the Wiangarie transect area was 23.10, with 95% confidence limits of

20.81 and 25.39. The estimated number of singing males for the Barrington

Tops transect was 18.16, with 95% confidence limits of 14.93 and 21.39.

Frequency of capture methods utilize the frequency distribution of

animals caught once, twice, three times and so on over several capturing

occasions, to estimate the frequency in the zero-class (i.e. the unknown

number of animals that were never caught). Three parametric frequency of

capture estimators were investigated; Poisson, negative binomial, and

geometric (see Eberhardt 1969; Seber 1973; North 1981). Unfortunately, the

small sample sizes involved led to difficulty in testing the fit of these

distributions to the data (see Caughley 1977). The parametric approach was

therefore abandoned in favour of the non-parametric frequency of capture

method developed by Overton (1971), which is based on the fundamental

theorem of probability sampling with inclusion probabilities estimated from

rate of capture. This technique yielded estimates of 24.16 singing males

for the Wiangarie transect, and 17.79 singing males for Barrington Tops

(the method does not include estimation of confidence limits).
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The results from the regression and frequency of capture analyses

agreed fairly well. The estimates for the Barrington Tops transect, 18.16

and 17.79, suggested that probably no more than one singing male was

missed during the period of sampling (i.e. over 9 walks). The estimates

for Wiangarie, 23.10 and 24.16, suggested that probably no more than two

birds were missed (assumed to be two for the purposes of subsequent

analysis).

Let us now assume that during the 9 transect walks there were 24

singing males present within the sampled area at Wiangarie and 18 singing

males present within the sampled area at Barrington Tops. The number of

walks on which a particular bird was detected provided a rough measure of

detectability for each individual. Birds probably missed, as indicated by

the multiple sample analyses described above, were each assigned a value

of zero. Histograms of the values for all individuals are presented in

Fig.3.9. This information provided a basis for ensuring that the sample

of individuals selected for further analysis was relatively unbiased in

terms of individual variation in detectability.

Only those individuals known to be present throughout the entire

sampling period (i.e. 18 walks) were considered in subsequent analysis.

These were the same individuals used for Leslie's test of equal catchability

described earlier; 19 birds at Wiangarie and 15 birds at Barrington Tops.

In Fig.3.9, histograms of "detectability" for these samples are compared

with the histograms for all singing males present during the 9 transect

walks discussed above. The samples from both sites were slightly biased

towards high detectability. This could result in slight overestimation of

detectability and subsequent underestimation of abundance. However, the

bias in the samples was relatively minor. At Wiangarie, the mean number of

detections over 9 walks was 3.37 for all 24 birds present and 3.84 for the

selected sample of 19 birds. The difference between these means was found

to be non-significant (Mann-Whitney U-test, 13.>0.05). At Barrington Tops

the mean of 5.94 for all 18 birds present was also found not to differ

significantly from the mean of 6.27 for the selected sample of 15 birds

(Mann-Whitney U-test, p>>0.05). The two selected samples were therefore

considered to be representative of singing males within the two study areas,

in terms of individual variation in detectability. We are now in a position

to estimate the detectability of an "average" singing male in relation to

a variety of factors.



U)

0
8-o

>-
> 7

w 6

(23 c5

cc 4- 4
u_ o 3

a) 2

-CIE 1=
0

=
77

>- 8-
L, 7-
w 6= c -

5
cc 4--
1L 0 4 -

L. 3 -
cl).0 2 -

1 3 4	 5 6 7 9

(A) WIANGARIE

70

NUMBER OF DETECTIONS

(B) BARRINGTON TOPS

U)

NUMBER OF DETECTIONS

FIGURE 3.9. Frequency histograms of the number of detections for
all singing males present during 9 transect walks
(September - December, 1981) at Wiangarie and Barrington
Tops. The shaded portion in each histogram represents
the sample of individuals selected for detailed
analysis of detectability.



71

3.3.2.3 Estimation and Prediction of Detectability 

Data

Each selected individual contributed 18 records (one for each

transect walk) to the analysis of detectability. A record consisted of

data on the following variables (one value each):

1. Detection; the bird was either detected (coded 1) or not detected

(coded 0 ) during a walk of the transect.

2. Site; coded 0 for Wiangarie and 1 for Barrington Tops.

3. Distance; the perpendicular distance (in metres) between the transect

line and the bird. In order to provide estimates for both detections

and non-detections, distance was considered to be a constant for each

individual and was measured from the "centre of activity" calculated

from all detections for that individual. See Chapter 4 and Koeppl

et al. (1975) for details on the calculation of centres of activity.
4. Date; as for the relative method, with Date = 0 set at 1st July.

5. Time of day; divided into seven categories: (1) less than 1 hour

after sunrise (2) 1-3 hours after sunrise (3) 3-5 hours after sunrise

(4) more than 5 hours from either sunrise or sunset (5) 3-5 hours

before sunset (6) 1-3 hours before sunset (7) less than 1 hour before

sunset.

6. Temperature

7. Relative humidity

8. Wind

9. Rain

10. Mist (categories 1 and 2 were pooled

in order to simplify the classification

for future observers)

11. Cloud

The Wiangarie sample consisted of 18 x 19 birds = 342 records and

the Barrington Tops sample consisted of 18 x 15 birds = 270 records,

giving a total sample of 612 records. Of these, 264 were detections and

348 were non-detections.

— Measured at nearest

control point, as

described in "Field

Methods".

Analysis 

These data were used to formulate a model describing the

realtionship between detectability and the other variables listed above.
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The model used was a logistic regression model (Cox 1970; Fienberg 1980;

Engelman 1981) of the following form:

eY

	

Probability of detection = 	
1 + eY

whereY=a+bX+bX+ .... +BX, (i.e. a multiple regression equation
1 1	 2 2	 k K

of the usual form in which b ,b .... b
k
 are regression

1	 2
coefficients and X , X .... Xk are the values of the independent

1	 2
predictor variables).

The model was fitted by the maximum likelihood method using the computer

program BMDPLR (Engelman 1981). This program allowed stepwise selection

of both continuous and categorical variables. Several preliminary

analyses were conducted in order to check for:

1. Non-linearity in the relationships between Y (defined above) and

each of the continuous independent variables. As a result of these

investigations "Distance" was subsequently treated as a second degree

polynomial with terms : (Dist./10) and (Dist./10) 2 . "Date" was

treated as a third degree polynomial with terms : (Date/50), (Date/50)2,

and (Date/50) 3 . "Relative humidity" was transformed to (R.H./10)2.

2. Interactions between the independent variables. In particular I

checked for two types of interactions: (a) Between "Site" and the

other variables. This was to check whether detectability was related

to these variables in the same way at both sites. (b) Between

"Distance" and the other variables, in order to check whether

detectability was related to distance in the same way under all

conditions. The only significant interaction (p<0.05) was between

"Site" and "Distance". This suggested that the relationship between

distance and detectability differed between the two sites. This

difference was probably due to differences in habitat (discussed in

greater detail later in the chapter). The interaction was dealt with

by including two multiplicative terms (see Engelman 1981) in

subsequent analyses : Site x (Dist/10), and Site x (Dist/10)2.

A full list of the independent variables used in the final analysis

is presented in Table 3.6. The "simple X 2 " values provide an indication

of the univariate significance of each variable in predicting the

probability of detection (i.e. without controlling for any other

independent variables). These values were calculated as the log of the



TABLE 3.6

Significance tests for independent variables used in logistic
regression analysis of detectability.

Variable D.F. Simple X 2 Partial X 2 -
full equation

Partial X 2 -
reduced equation

Site 1 20.52*** 0.09

Distance/10 1 26.71*** 0.001

(Dist/10) 2 1 31.36*** 1.49 18.39***

Site x (Dist/10) 1 1.85 3.37 15.12***

Site x (Dist/10) 2 1 0.38 2.56 6.38*

Date/50 1 29.95*** 35.29*** 34.19***

(Date/50) 2 1 46.43*** 23.47*** 23.96***

(Date/50) 3 1 53.06*** 11.37*** 12.94***

Time of day 6 1.28 7.77

Temperature 1 1.87 0.02

(Relative hum./10) 2 1 0.12 3.68 5.21*

Wind 3 3.78 12.32* 9.15*

Mist 2 4.97 7.50* 8.89*

Rain 2 1.60 2.03

Cloud 3 7.39 0.92

* p<0.05

** p<0.01

*** p<0.001
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ratio of the maximized likelihood functions with and without the variable

of interest (see Engelman 1981).

The logistic regression of detection on all of the independent

variables combined, was highly significant (X 2 = 168.8; df = 27;

p‹(0.001). The test of significance was that proposed by Efron (1978).

Figure 3.10 provides an indication of how closely the logistic regression

model fits the data on which it is based. Each of the 612 records is

plotted against the corresponding probability of detection predicted by

the model. There appears to be a good correlation between predicted and

observed proportions of detections versus non-detections. The "partial

Xi " values in Table 3.6 indicate each variable's contribution to the

regression over and above that of all other variables combined. As in

the linear regression analyses used earlier in this chapter, strong

correlations between independent variables in a logistic regression may

mask the predictive significance of those variables. In order to both

overcome this problem, and reduce the complexity of the predictive

equation, I applied a stepwise backward elimination procedure (see

Kerlinger and Padhazer 1973; Engelman 1981). At each step the least

significant variable was removed, and the logistic regression was

recalculated. This process continued until the partial X 2 values for

all remaining variables were significant (p<0.05).

Nine variables were retained in the reduced logistic regression:

all three Date variables, both Site x Distance interaction variables,

(Dist/10) 2 , Wind, Mist and Relative Humidity. This reduced regression

was highly significant (X 2 = 157.6; df = 13; p‹(0.001). Little

predictive power seemed to be lost through the removal of non-significant

variables. Regression coefficients for the reduced logistic regression

equation are presented in Table 3.7.

Detectability in relation to extrinsic variables.

Figures 3.11, 3.12, and 3.13 provide an indication of the relationship

between detectability and each variable in the reduced logistic regression.

These figures depict the change in detectability expected with change in

the variable of interest, while holding all other variables constant. As

the data were in binary form, adjusted values, such as those used in

partial residual plots, cannot be presented in these diagrams. The
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TABLE 3.7

Regression coefficients for the reduced logistic regression equation
relating detectability to independent variables.

Variable Coefficient Standard Error of
Coefficient

(Distance/10) 2 -0.013 0.003

Site x (Dist/10) 0.379 0.100

Site x (Dist/10) 2 -0.026 0.010

Date/50 2.969 0.544

(Date/50) 2 -0.803 0.167

(Date/50) 3 0.055 0.015

(Relative Hum./10) 2 0.013 0.006

Wind*
0 0.312 0.196

1 0.354 0.194
categories —

2 -0.214 0.153
3 -0.452 0.241

Mist*	 __
0 0.525 0.425

categories —
1
2) pooled 0.350 0.324

3 -0.875 0.525

Constant -3.805 0.763

* The coefficient for the desired category is multiplied by 1. The
other coefficients are multiplied by 0.
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relationship between detectability and time of year (Fig.3.11) closely

resembled that between transect counts and time of year (Fig.3.3). All

three weather components described in the "Relative Method" section were

represented by a variable in the reduced logistic regression. Relative

humidity (component 1) was positively correlated with detectability

(see Fig.3.12). Wind (component 3) and mist (component 2) were negatively

correlated with detectability (see Fig.3.12).

The inclusion of site x distance interaction terms in the reduced

regression suggested that the relationship between detectability and

distance from the transect line differed between the two sites. These

relationships are depicted in Fig.3.13. There was no significant

difference in detectability between sites over and above that explained

by differing distance-detectability relationships (see Table 3.6). This

difference can be attributed to differences in habitat between the two

sites (discussed in detail later in the chapter). The Wiangarie transect

area consisted almost entirely of rainforest whereas the Barrington Tops

transect area consisted mostly of open eucalypt forest with small patches

of rainforest. Most of the areas in which scrub-birds occur elsewhere

can be easily classified into one of these two habitat types (see Chapters

4 and 6). Differences in detectability between the two study sites

therefore need not preclude the application of the model to other sites.

Calculations for Wiangarie can be applied to other rainforest areas and

calculations for Barrington Tops can be applied to other areas consisting

mainly of open forest.

Individual variation in detectability.

Does detectability still vary between singing males even after

controlling for all of the above variables? In other words, is the

apparent variation in detectability demonstrated earlier simply due to

variation in factors such as distance from the transect line, or are

there intrinsic individual differences in the level of song output? In

order to answer these questions I carried out an additional logistic

regression analysis, this time including an extra variable, "Individuals",

consisting of separate categories for each singing male - 18 records in

each category. This variable made a significant contribution (p<0.001)

to the regression over and above that of all the other variables



81

(A)

1 .0 —

•9

• 8

F-
L.) q
F-
LUQ .6

U_
cp •5

1•••■1

-J

(20‹z
caq
CD
OC
0_	 .2

.1

0

INDIVIDUAL SINGING MALES

(B)                         

• 0--	 a- lr        
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

NUMBER OF DETECTIONS

FIGURE 3.14. (A) Predicted probability of detection for 34 singing
males at Wiangarie and Barrington Tops. Calculated from
logistic regression model holding other variables constant
(Date = 100, Distance = 0, Relative Humidity = 80%, Wind = 0,
Mist = 0).
(B) Frequency histogram of the adjusted number of detections
for the 34 singing males. Adjusted values were obtained by
multiplying the predicted probabilities by 18, and then
rounding off to the nearest whole number. The continuous
line connects expected frequencies for a binomial distribution.
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combined. This suggested that the detectability of individuals

differed even after controlling for all other variables. However, as

each bird contributed only 18 records, a more appropriate test was to

compare variation in adjusted detection counts with that expected for

a binomial distribution. This was achieved by holding all other variables

constant and using the regression coefficient for each individual to

calculate a predicted probability of detection for that bird (see Fig.

3.14a). Multiplying these probabilities by 18 gave an adjusted count

for each of the 34 birds over 18 transect walks (see Fig.3.14b). The

variance of these adjusted counts was then compared to that expected for

a binomial distribution using Leslie's test (described earlier). The

observed variance was found to be significantly higher than expected

(X 2 = 115.67; df = 33; p<0.001) suggesting that the level of song output

differed between individuals even after controlling for all other

variables.

I also investigated whether song output was correlated with either

habitat quality or the proximity of neighbouring males. A territory's

habitat score on the discriminant function described in Chapter 4 was

used as a measure of habitat quality. The correlation between adjusted

song output (derived above) and habitat quality for 33 territories was

not significant (r = 0.117; df = 31; p>0.05). Proximity of neighbouring

singing males was rated on a three-point scale: 1 = no neighbours within

human earshot, 2 = one or more neighbours within earshot but not audibly

conspicuous, 3 = one or more audibly conspicuous neighbours. The

correlation between adjusted song output and proximity of neighbours

for 34 territories was not significant (r = 0.075; df = 32; p>0.05).

3.3.2.4 Absolute Estimator of Singing Male Abundance 

The number of singing males within a specified sampled area can be

estimated as:

n
N =  P

where n = the number of singing males counted within the sampled
area.

P = the average probability of detecting a singing male
anywhere within the sampled area.
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If the sampled area consists of a transect strip surveyed by an

observer walking at constant speed (2.5 km per hr) along a median transect

line, then P can be estimated from the logistic regression equation

described above (see Table 3.7). To estimate P in this way we must

specify the date, prevailing weather conditions (relative humidity, wind

mist), and the type of habitat (i.e. predominantly rainforest or

predominantly open forest). If any of these vary during sampling then

mean values should be used. We must also specify the width of the

sampled transect strip and calculate the average detectability of a

singing male located anywhere between the transect line and the outer

boundary of that strip. This has traditionally been achieved by

numerical integration of the distance-detection function (e.g. Anderson

and Pospahala 1970; Burnham et aZ. 1980). However, in the case of the

Rufous Scrub-bird, where detectability is influenced by other factors

in addition to distance from the transect line, the integration approach

is rendered unnecessarily complex. I suggest the use of a much simpler

approach. The total distance between the transect line and the boundary

of the sampled strip (e.g. 150 metres) is divided into equal intervals

(e.g. three 50 metre intervals). The probability of detection is

calculated for the centre point of each interval, and then averaged to

give a probability for the entire transect strip. Predicted values of

P for a 200 metre wide transect strip (i.e. 100 metres either side of the

transect line) are tabulated in Appendix A.

The ability to calculate confidence limits for an estimate obtained

in the above manner seems highly desirable. Burnham et aZ. (1980) have

shown that the expected variance of such estimates is determined by the

variability of both the number of animals counted (in this case, n) and

the correction factor used (in this case, 1/17 ). I have adopted the

approach used by Ramsey and Scott (1981) in which the correction factor

is assumed to have been estimated without error, while the number counted

is treated as being variable. Gates (1981) has shown that if we assume

individuals produce detectable cues independently then n, the number

counted, should be binomial, with variance:

V(n) = NP(1-P)

where N = the number of animals present

P = the probability of detection
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As the expected value of n equals NP, the variance of n can be estimated

as:

V(n) = n(1-P)

Based on this relationship the standard error of N will be:

A A	 A (1-P) 
se (N) =

P

The 95% confidence limits for a single sample estimate of scrub-bird

abundance can therefore be calculated as :

n 1.96 in(1-P) +
95% confidence

limits for N

For 99% confidence limits 1.96 should be replaced by 2.58 (see Sokal and

Rohlf, 1969).

From the above it should be obvious that the expected variance

(and therefore confidence limits) of N will be influenced by both the

number of singing males present within the sampled area and the average

probability of detecting these birds. In Fig.3.15 I have plotted the

coefficient of variation for N expected under various combinations of

N and T. The precision of estimates can be improved both by increasing
the sample size and by increasing P, the probability of detection.

The basic estimator just described could be modified to suit a

variety of special needs. Let us consider two examples:

1. Repeated sampling. The precision of estimates will obviously

be increased by conducting more than one walk for each length of transect.

One way of handling such data would be to calculate a separate estimate

for each walk and then compute a mean estimate. However, for management

purposes we may also want to know the locations of territories.

Detections would therefore be mapped, allowing "recognition" of

individuals on subsequent visits. The probability of failing to detect

an individual over k walks would be:

(1-17 ) x (143 ) x 	  x (1-13
k

)
1	 2

where P
k 

is the average probability of detection for the k th walk.
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The number of individuals present within the sampled area could therefore

be estimated as:

n

1 - [0.43 ) x (1.-T ) x 	  x (1-Pk)]
1	 2

where n = the number of different individuals detected over k walks. The

number of individuals not located during the sampling would then be

estimated as N - n.

2. Zero counts. In dealing with a relatively rare species such

as the Rufous Scrub-bird, it is likely that a significant proportion of

surveys will detect no birds. This situation poses special problems for

the estimation of abundance. If n = 0, the equations described above are

of little value. However, an alternative approach can be adopted. The

probability of detecting zero out of N birds present within a sampled

area will be (1-P)
N 

. An upper 95% confidence limit, L, for the number

of individuals present can therefore be roughly estimated by solving:

(1-T) L = 0.05

For a 99% limit 0.01 should be used in place of 0.05.

If zero birds are detected after repeated walks of a transect then L can

be estimated by solving:

[(1-T ) x (1-1" ) x 	  x (1-Pk ) L = 0.05

It should be noted that information derived from either zero counts

or non-zero counts can only be properly interpreted within the context

of the size of the sampled area. The density of singing males within a

sampled area (i.e. transect strip) can be estimated as:

NA

D =
A
s

Where A
s
 = the area of the sampled transect strip.

If transects are located at random within a total area of interest, AT,

then the total number of singing males within that area, N T , can be

estimated as:
A	 A

N
T
 = D A

T

N =
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3.3.2.5 Trial Application of the Absolute Estimator 

The absolute estimator described above was applied to data from

the 18 transect walks conducted at Wiangarie and Barrington Tops. The

technique was first applied to total transect counts made within a 300

metre wide strip (i.e. 150 metres either side of the transect line).

In Fig.3.16 and Table 3.8 the results of this approach are compared to

results obtained using the raw count and relative index approaches

described earlier. The mean absolute estimate of 23.38 ± 1.29 (S.E.)

singing males at Wiangarie did not differ significantly from the mean

estimate of 20.29 ± 1.11 singing males at Barrington Tops (t = 1.81;

df = 34; p>0.05). The coefficient of variation for the absolute estimate

was significantly less than that for raw counts at both Wiangarie

(t = 3.08; df = 34; p<0.01) and Barrington Tops (t = 2.05; df = 34;

p<0.05).

Although the analysis of total transect counts provides a valuable

basis for comparison of survey techniques, it helps little in checking

for bias in the absolute estimator and associated confidence limits.

Such checks can only be made if the true size of the sampled population

is known. This requirement was fulfilled in later tests by restricting

estimation to a sub-sample of the total population. This sub-sample

consisted of individuals known to be present throughout the entire

sampling period. Initially I considered using the same set of individuals

employed in previous analyses, 19 birds at Wiangarie and 15 birds at

Barrington Tops. However, it, was found that these individuals were not

randomly distributed in terms of distance from the transect line. The

sub-samples were slightly biased towards short transect-bird distances.

This problem was solved by restricting the analysis to a 200 metre wide

strip (i.e. 100 metres either side of the transect line) within which

transect-bird distances were found to be relatively unbiased. This

reduced the sub-sample to 16 birds at Wiangarie and 13 birds at Barrington

Tops. Each of these sub-samples represented a singing male population

of known size. Single sample estimates of population size were derived

from 18 transect counts of these birds. The results are presented in

Fig.3.17. The mean of the Wiangarie estimates was 16.12 ± 0.95 (S.E.)

singing males. This did not differ significantly from the known

population size of 16 singing males (t = 0.13; df = 17; .13>0.05).
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TABLE 3.8

Means for three measures of abundance derived from 18
transect walks at Wiangarie and Barrington Tops. Coefficients
of variation are included in brackets.

Raw	 Relative	 Absolute
Count	 Index	 Estimator

Wiangarie 7.17 9.10 23.38
(53.3%) (18.3%) (23.4%)

Barrington 9.17 12.57 20.29
Tops (38.7%) (11.6%) (23.3%)

89



(A) WIANGARIE

90

60

58
56
54
52

50
48
46
44

42
40

38
36

34
32

30
28
26
24

22
20
18
16
14
12

10
8

6
4
2

36
34

32
30
28

26
24
22
20

18
16

14
12
10
8

6
4

(B) BARRINGTON

3
I
4

I
5

TOPS

1
6

1
7

I
8

TRANSECT

I

9 10

WALK

I

11
I

12 13 14	 15 16 17	 18

I	 I	 I	 I	 I	 I	 I	 I	 I I	 I I	 I	 I
1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	 13

	
14	 15	 16	 17	 18

TRANSECT WALK

FIGURE 3.17. Estimates of known singing male sub-samples at Wiangarie
and Barrington Tops. 95% confidence limits are indicated.
The horizontal line in each graph represents the known
population size.



91

The mean of the Barrington Tops estimates was 13.29 ± 0.61 singing

males. This also did not differ significantly from the known population

size of 13 singing males (t = 0.48; df = 17; pN>0.05).

Single sample confidence limits for the above estimates were

calculated in the manner described earlier. In order to check for

reliability, confidence limits were computed at four levels of

probability: 95%, 65%, 35%, and 5%. Sokal and Rohlf (1969) have shown

that if we repeatedly obtain samples from a population and construct say

95% confidence limits for each, we expect 95% of the intervals between

these limits to contain the true mean. Similar reasoning can be applied

to single sample estimates of population size; 95% of intervals between

95% confidence limits should contain the known population size. The

reliability of calculated confidence limits can therefore be tested by

comparing the proportion of intervals containing the known population

size with that expected for each specified probability level. These

comparisons are presented in Table 3.9. Comparisons were made for all

four sets of confidence limits. Data from the two sites were first

analysed separately and then combined to give a larger sample size of

36 estimates. Differences between observed and expected proportions

were tested by fitting binomial confidence limits to the observed

proportions (see Sokal and Rohlf 1973). No significant differences

between observed and expected were found in any of the tests (p>0.05).

The general conclusion drawn from the above tests is that the

proposed technique for estimating absolute abundance of male scrub-birds

yields relatively reliable results. However it should be noted that

these tests involved the same set of data that was used to develop the

model of detectability, and must therefore be regarded as conservative.

Further testing with an independent set of data (i.e. an intensively

studied population in another area) would be desirable.



TABLE 3.9

Number of estimated confidence intervals that included the known
population size for singing male sub-samples at Wiangarie and Barrington
Tops. Percentages are included in brackets. See text for full details.

Probability Level

95% 65% 35% 5%

Wiangarie
(n=18)

17 (94.4) 15 (83.3) 10	 (55.6) 2 (11.1)

Barrington Tops
(n=18)

18 (100.0) 14 (77.8) 5	 (27.8) 1 (5.6)

Total 35 (97.2) 29 (80.6) 15	 (41.7) 3 (8.3)
(n=36)
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3.4. DISCUSSION

3.4.1 Comparison of Relative and Absolute Methods 

Of the two methods developed in this chapter, the absolute

technique has several advantages over the relative technique. Obviously,

the absolute method provided an estimate of the actual number of singing

males present whereas the relative method only provided a comparative

index. The relative method also failed to compensate for differences

in detectability between the two sites, thereby leading to the false

conclusion that significantly more birds were present along the

Barrington Tops transect than were present along the Wiangarie transect

(see Table 3.8 ). In developing the relative method I tested whether

the different habitats at these two sites influenced cue attenuation,

by comparing histograms of transect-detection distances (see Fig.3.5).

However, this test was based on the assumption that singing males were

distributed in the same way at both sites. Later results showed that

this assumption was probably invalid. Singing males within the sampled

area at Barrington Tops tended to occur slightly closer to the line than

those at Wiangarie. For example, the mean transect-to-bird distance for

the selected sample of 15 individuals at Barrington Tops was 48 metres,

whereas the mean for the 19 individuals at Wiangarie was 57 metres.

This was probably because territories at Barrington Tops were frequently

associated with the ecotone between rainforest and open forest (see

Chapter 4). Both this ecotone and the trails used as trial transects

commonly followed the tops of ridges. The comparison of transect-to-

detection distributions (Fig.3.5) was therefore complicated by the presence

of different transect-to-bird distributions. This problem was solved by

"recognizing" individuals in the development of the absolute method,

thereby revealing differences in cue attenuation between the two sites

(see Fig.3.13). The relative method's failure to account for these

differences throws serious doubt on its usefulness in making comparisons

between sites. This example highlights a major, and widespread, problem

associated with relative measures, the danger of confusing differences

in abundance with differences in detectability.

While the development of the relative method has allowed interesting

comparisons with the absolute method, there seems to be no reason why the

former should ever be employed in favour of the latter. The absolute
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method is no more complex to use and yet provides substantially more

information, with greater reliability. The remainder of this discussion

will therefore deal solely with the absolute method.

3.4.2 Applicability to Other Sites and Other Years 

The development of the absolute estimator was based on sampling

conducted at two sites over a period of 13 months. Are the results

applicable to other sites and other years?

Other Sites

The two main study sites represented two extremes of both

distribution and habitat for the Rufous Scrub-bird. Wiangarie is

situated near the bird's northern limit and consists almost entirely of

subtropical rainforest. Barrington Tops is located near the bird's

southern limit and consists mainly of eucalypt open forest interspersed

with small patches of cool temperate rainforest.

I have shown that differences in detectability between these two

sites can be explained by a different pattern of detection in relation

to distance from the transect (see Fig.3.13). Several previous studies

have demonstrated relationships between habitat structure and cue

attenuation (e.g. Emlen 1971; Shields 1979; Best 1981; D.G. Dawson 1981a).

Can the differences in cue attenuation between Wiangarie and Barrington

Tops be reasonably attributed to habitat differences? I believe so. In

Fig.3.13 we see that, with increasing distance, detectability drops off

more rapidly at Wiangarie than at Barrington Tops. This is probably due

to the greater density of vegetation at Wiangarie (see Chapter 4). Why

does detectability at Barrington Tops increase slightly out to 50 metres

from the transect line before dropping off steeply beyond 50 metres? The

most likely explanation is that, due to the relative openness of habitat

at Barrington Tops, singing males close to the transect line can detect

an approaching observer relatively easily. Casual observations made

during my research have suggested that the approach of an observer tends

to inhibit singing in male scrub-birds. If we assume that inter-site

differences in detectability are caused by differences in habitat, the

survey technique can then be extended to other sites. Most of the

habitats in which the Rufous Scrub-bird occurs can be classified into
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one of two types: 1. rainforest, or 2. eucalypt open forest interspersed

with patches of rainforest (see Chapter 4). Probabilities of detection

predicted for Wiangarie can be used when sampling the former habitat

type, while probabilities predicted for Barrington Tops can be used for

the latter.

No significant correlation was found between an individual's

detectability and either habitat quality or proximity of neighbouring

singing males. This suggests that predicted probabilities of detection

are likely to be applicable to areas differing in either habitat quality

or scrub-bird density.

Other Years

Is the relationship between detectability and time of year,

demonstrated in this study, likely to vary in other years? This problem

can be approached in three ways. Firstly, in Fig.3.3 it can be seen

that, even though the data from 1981 and 1982 overlap for only one month

(September), the pattern of increasing counts in late 1981 appears to be

repeated in late 1982. Similar repetition was found for changes in

detectability of selected individuals. Secondly, casual observations

made by myself and others (e.g. Jackson 1911, 1920, 1921; Chisholm 1921,

1951; Robinson 1975; Smith 1976b; M. Goddard pers. comm.; G. Holmes pers.

comm.) in other years, conform with the described relationship between

singing activity and time of year. My own observations were made at a

number of sites during the period July 1979 to December 1983 (see

Chapter 2).

A third way of approaching the problem is to consider the likely

causes of seasonal variation in song output. Nests of the Rufous Scrub-

bird are extremely difficult to find and therefore very little is known

of the bird's breeding biology. However, available information suggests

that breeding takes place from September to December (Jackson 1899, 1920,

1921; Chisholm 1951; Smith 1976b; Beruldsen 1980; M. Goddard pers. comm.;

and personal observations). The peak of singing activity therefore

coincides with breeding (see Figs.3.3 and 3.11). Smith and Robinson

(1976) have postulated that although breeding in the Noisy Scrub-bird

of Western Australia coincides with the period of highest rainfall

(May to September), rainfall itself is unlikely to be the proximate
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factor stimulating breeding and/or singing in that species. They

suggest that day-length is the most likely proximate factor initiating

the breeding season (see also Murton and Westwood 1977). In the Rufous

Scrub-bird, breeding seems to take place just prior to the period of

highest average rainfall, which is from January to March throughout the

range of the species (see Chapter 2). It therefore appears unlikely that

the time of year at which the bird breeds, and therefore sings, is

determined proximately by short-term changes in rainfall.

Unfortunately, the possible influence of variation in rainfall

between years cannot be so easily dismissed. No information exists on

the relationship between long term weather patterns (e.g. droughts),

food supply, and breeding in the Rufous Scrub-bird. As rainfall at the

two study sites was close to average in both 1981 and 1982 (see Chapter 2)

the behaviour of the birds studied should be typical of that encountered

in other "average" years. Survey results obtained in climatically

unusual years may be unreliable. An ideal way of coping with the problem

of differences in detectability between years would be to sample song

output intensively in a randomly selected group of individuals each year,

thereby allowing adjustment for any variations.
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