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Abstract: We used five-minute bird counts to investigate whether introduced Australian magpies (Gymnorhina
tibicen) influence the abundance of other birds in rural New Zealand. Over 3 years, magpies were removed
from five c. 900-ha study blocks, one in each of Northland, Waikato, Bay of Plenty, Wellington and Southland.
Birds were counted in both the treatment blocks and paired non-treatment blocks for the 3 years of removal
and also 1 year before. To minimise problems raised elsewhere with index counts we (1) selected treatment
blocks and count stations using randomisation procedures, (2) used trained observers who spent equal time in
paired treatment and non-treatment blocks, and (3) counted all blocks at the same time of year and only in good
weather. On average, 548 magpies were removed from each treatment block each year, with magpie counts
reduced by 76% relative to non-treatment blocks. Our results suggest magpies may restrict the movements
of some birds (including kererti and tt1) in rural areas, but are less important than pest mammals at limiting
population abundance at a landscape scale. We submit that five-minute bird counts were appropriate for our
objectives, but that more research to examine their relationship to absolute densities is needed.
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Introduction

Here we present an example of the use of five-minute bird
counts (SMBCs) to determine the outcomes of a management
treatment. Specifically, we investigate whether intensive,
large-scale control of Australian magpies (Gymnorhina tibicen)
benefits other birds. We discuss behavioural interactions
between magpies and other birds, strengths and weaknesses
of the SMBC method, and circumstances in which such index
counts are (and are not) appropriate.

Magpies

Australian magpies were introduced to New Zealand in the
19th century to control pasture invertebrate pests and have
now spread throughout both main islands (Higgins et al.
2006). They are most abundant in pasture areas that have
tall trees nearby for roosting and nesting, and feed mainly
on ground-dwelling invertebrates with vertebrates and seeds
also occasionally taken (Higgins et al. 2006). They have a
complex social system in which individuals may occur in
non-territorial flocks or territorial groups or pairs; obtaining
and defending a territory is central to magpie social behaviour,

andis required for successful breeding (Carrick 1963; Veltman
1989). Magpies communally defend territories by singing,
aggressive posturing and fighting, with aggressive behaviour
also frequently targeted at other species including people
(Morgan et al. 2005).

In Australia and New Zealand, magpies attack and
occasionally kill other birds, including both threatening
(predatory) and benign species (Cilento & Jones 1999; Morgan
et al. 2005). In a South Island, New Zealand, survey of how
magpies are perceived, 52% of the 120 people surveyed
described incidents of magpie harassment of other birds, and
6% claimed to have witnessed birds being killed (McKay
1997). However, the impact of these attacks on target bird
populations has received little study. In New South Wales,
Australia, magpies actively excluded white-winged choughs
(Corcorax melanorhamphos) from preferred grassland habitat
by persistent attack (Cox & Bauer 1997). InNew Zealand there
is anecdotal evidence that native bird populations increased
after magpie numbers were controlled (Morgan et al. 2005).
While interactions between magpies and other birds have
been investigated by Morgan et al. (2005, 2006a, b, 2007),
the responses of other bird populations to magpie control have
never received serious investigation in New Zealand.
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Regional councils have statutory authority under the
Biosecurity Act 1993 to manage pests on private land in
New Zealand, but in the absence of research all regional
councils share the same uncertainty about the best strategy
to use for any particular pest species. In this project, nine
regional councils agreed to combine their resources toundertake
research to clarify whether and on what basis magpies should
be included in regional pest management strategies. We here
describe an experiment in which native bird populations were
indexed in treatment and non-treatment blocks before and
after magpie control.

Five-minute bird counts

Five-minute bird counts were designed by Dawson and Bull
(1975, p. 102) who °...sought simply an efficient index of bird
numbers, to measure bird populations accurately enough to
detect major differences in abundance’. Since then SMBCs
have been widely used in New Zealand, resulting in more
than 200 000 individual counts across more than 260 studies
(Hartley 2012).

Index counts are quick and efficient, but assume that the
counted sample represents a constant but unknown proportion
of the actual population (Bull 1981). Critics of them argue
that observer, environmental, and target species behaviour
effects can all change this relationship in unknowable ways,
undermining the reliability of resultant inferences (Barraclough
2000; Anderson 2001, 2003; Buckland et al. 2008). For
example, Anderson (2003, p. 290) wrote: ‘Without estimates
of detection probabilities, the use of index values is without
a scientific or logical basis.” However, supporters respond
that such observer and conspicuousness effects, if present,
would also bias other wildlife data collection procedures
(Engeman 2003; Johnson 2008). Rather, it is emphasised that
count techniques should primarily be valid for the particular
question being asked, which may not actually require estimates
of absolute density or abundance. For example, in most
New Zealand studies, SMBCs have been used either to assess
the effects of a treatment such as pest control (Spurr 1991;
Miller & Anderson 1992; Baber et al. 2009) or to compare
bird abundances in different habitats and/or over time (Spurr
et al. 1992; Smith & Westbrooke 2004; Fitzgerald & Innes
2009). In these situations, the key outcome is the difference
between two populations rather than their absolute abundances.

Methods

Study areas

Five study areas were selected between Northland and
Southland (Fig. 1; Appendix 1). Each study area consisted of
paired treatment (magpie removal) and non-treatment blocks.
Each block was c. 900 ha (3 x 3 km), with treatment and
non-treatment blocks at least 15 km apart; treatment versus
non-treatment designation was decided by coin toss. Pasture
represented 50-88% of each block, but the vegetation cover
making up theremaining 12-50% varied greatly (Appendix 1).

Magpie control

Three years of magpie control started in the second year of
the study, allowing one pre-treatment session of bird counts
(see below). Control was undertaken by regional councils,
using their own staff, contractors, or landowners. There
were no proven or best practice control regimes available

for magpies in New Zealand when this research started, so
each council developed its own approach. All the councils
used traps lured with food or call birds as their main control
technique, supplemented to varying degrees by shooting and
poisoning with alpha-chloralose (Appendix 2), with control
usually undertaken in winter and spring. In the Bay of Plenty
and Southland, magpies were also controlled on some farms
adjacent to the main study areas; we refer to these as ‘buffer
areas’ in Appendix 2.

Some control of mammal pests, particularly possums
(Trichosurus vulpecula), occurred in or adjacent to all study
blocks (Appendix 3); such control varied from low key and
sporadic to intensive and sustained, but with paired blocks
treated the same.

Bird counts

Bird populations in all 10 blocks were counted using point
SMBCs (Dawson & Bull 1975; Dawson 1981), which do not
enumerate populations absolutely but provide indices of bird
abundance that can be compared between treatments. Thirty-
six count stations per block were randomly selected from 81
possible locations on a 9 x 9 grid (200 m between locations)
in the centre of each 900-ha block.

Two trained observers from each regional council counted
all magpies observed from count stations, and counted other
species observed within 100 m of the count stations. The two
observers counted on the same day, one at all stations in the
treatment block and one at all stations in the non-treatment
block. The next day, the observers swapped to count the other
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Figure 1. Locations of paired magpie study blocks in New Zealand,
where five-minute bird counts were undertaken in November and
January 1999/2000-2002/03.
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block. Pre-treatment counts occurred between November
1999 and January 2000, and post-treatment counts in the
same months for the following three years. Each observer
counted each block three times per season, giving a total of
216 counts per block per season. Observers avoided strong
wind and rain conditions that would impede counting birds,
and counts occurred between about 0900 and 1600 hours
(New Zealand Standard Time); biases potentially arising from
observer, weather, and seasonal effects were thus minimised.

Statistical analysis

The effect of treatment was analysed separately for each
species, modelling each species’ counts in the three years
post-treatment using a generalised linear model with a log
link function and a Poisson distribution (McCullagh & Nelder
1989). Significance was assessed using F-ratios to allow for
counts being clustered rather than purely random. The null
model comprised categorical variables for every combination
of year and region, and a variable for sites within each study
area. This allowed for differences in bird counts between
regions and years, in addition to differences between each
pair of sites within each study region. The null model had 15
residual degrees of freedom from 5 study areas times 3 years.
The treatment effect was added to this base model as a (0,1)
variable indicating the magpie-controlled sites for Years 2—4.
Pre-treatment numbers were included as a covariate.

To investigate the relationship between the counts of
other bird species with those of magpies, the treatment
indicator variable in the above model was replaced by log
(magpie counts). This was to show whether there was any

linear correlation in the log of the ratio of the treatment to
non-treatment block counts of magpies and the other species,
calculated by taking the exponential of model coefficients.
S-Plus 6.1 for Windows, 2001 (Insightful Corporation, Seattle,
WA) was used for all analyses.

Results

Response of magpie counts to magpie control

Magpie counts varied greatly between areas. In Wellington,
where magpies were most abundant (averaging 3.06 and 2.40
per count in treatment and non-treatment blocks respectively in
Year 1), counts in the treatment block in the year immediately
after magpie control (0.63 per count) were greater than in
Southland before magpie control (0.57 per count).

Using Year 1 as a baseline to correct for differences
between paired blocks, the average reduction in magpie
counts in the treatment blocks in Years 2—4 was 76% (Table
1; Fig. 2). Reductions in individual regions varied from 85%
in Wellington to 22% in Southland. The smaller reduction in
Southland was due to an increase in the number of magpies
counted in the treatment block and a decline in the non-
treatment block in Year 2.

Inthe absence ofbanding, we did notknow what percentage
of birds counted on treatment blocks after control in any year
were survivors and what percentage were immigrants. We
also did not know the social status (territorial pair, territorial
group, non-territorial flock) of any magpies present either
before or after control.

Table 1. Test for change in ratio of bird counts in treatment (T) blocks over non-
treatment (NT) blocks post-treatment in relation to pre-treatment (for some species,
excluding data from !'Southland, 2Wellington, *both Southland and Wellington). See

Appendix 4 for scientific names.

Change in T/NT ratio post-treatment

Bird species % change F value P value Trend
Australasian harrier +19 0.385 0.547

Blackbird +75 19.700 0.001 Increase
Chaffinch —22 3.796 0.075

Eastern rosella' -36 2.191 0.173

Fantail —26 5.537 0.037 Decrease
Goldfinch +9 0.397 0.541

Greenfinch —-14 1.792 0.205

Grey warbler +17 0.768 0.398

House sparrow’ —6 0.219 0.651

Kerern +130 12.464 0.004 Increase
Kingfisher' 21 1.453 0.259

Magpie =76 35.790 <0.001 Decrease
Mallard duck —4 0.007 0.936

Myna® +77 15.634 0.003 Increase
Paradise shelduck -23 0.446 0.517

Pheasant® -16 0.094 0.767

Silvereye -13 1.194 0.296

Skylark +39 7.743 0.017 Increase
Song thrush +147 84.530 <0.001 Increase
Spur-winged plover +52 1.166 0.302

Starling +74 5.798 0.033 Increase
Tai' +122 2.622 0.140

Welcome swallow —23 1.705 0.216

Yellowhammer +4 0.135 0.720
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Figure 2. Mean numbers of birds (counted per five-minute count per annum for all blocks) whose counts increased or decreased

significantly after magpie control.
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Responses of other birds to magpie control

There were 53 bird species other than magpies detected in the
treatment and/or non-treatment blocks (Appendix 4; names
follow Gilletal. 2010). Thirty of the 53 species that were seldom
counted (averaging < 0.04 per SMBC), or were confined to
justone or two study areas, are not considered further here. Of
the 23 remaining species, one (fantail) decreased significantly,
and six (blackbird, kererii, myna, skylark, song thrush, and
starling) increased significantly over time in treatment blocks cf.
non-treatments (Table 1; Fig. 2; scientific names of all species
are in Appendix 4). TG1 counts more than doubled overall, but
the increase was not statistically significant, probably because
of the high variability between regions (Table 2); by Year 4
they had increased 30-fold in the Waikato, but only 2—3-fold
in Northland and Wellington, and to a lesser extent in the Bay
of Plenty. Very few tiit were counted in Southland; this area
was excluded from further analysis of this species.

Changes in the counts of all species that increased
significantly in treatment blocks, except for kererl, were
significantly inversely related to changes in magpie counts
(Table 3). Although kererii counts more than doubled, and
magpie counts more than halved, in the treatment blocks relative
to the non-treatment blocks during Years 2—4, the relationship
was only near significant because the actual number of times
kererti were counted was relatively small (Table 4).

Discussion

Responses of other birds to magpie control

Magpie control resulted in significant increases in counts of
five introduced bird species (ordered from highest to lowest
increase: song thrush, myna, starling, blackbird, skylark) and
the native kererd, and a near significant increase for the native
ta1 (Table 1, Fig. 2). Fantails declined, for reasons we cannot
explain. Three of the five introduced species that increased
significantly (blackbird, song thrush, and skylark) were among
the eight species (of 45) most attacked by magpies according
to the literature and public reports (Morgan et al. 2005), while
starlings were equal 13th, and the less widely distributed myna
was equal 30th. Kererii and tiit were equal 4th and equal 9th
most reported as being attacked.

The generally weak responses of other birds to regional
council magpie control are consistent with research that
shows that magpies chase other birds short distances but very
rarely kill them (Morgan et al. 2006a). Excluding predatory
harriers that may threaten magpies or their nests, only 8%
of birds observed flying within 50 m of territorial breeding
magpies near Hamilton (New Zealand) were chased, and none
were actually struck or killed. This suggests that published
accounts of magpie attacks (reviewed by Morgan et al. 2005)
are biased towards sensational events that are in fact rare.

Table 2. Numbers of i1 (Prosthemadera novaeseelandiae) counted at 216 count stations in each of the treatment (T) and

non-treatment (NT) blocks.

Northland Waikato Bay of Plenty Wellington Southland
Year NT T NT T NT T NT T NT T
1999 16 32 8 6 6 17 18 5 2 2
2000 9 17 12 21 9 58 25 7 0 0
2001 10 41 12 53 8 46 36 15 0 0
2002 5 32 5 112 17 40 25 14 2 0

Table 3. Test for proportional relationship between counts
of magpies and counts of bird species that increased after
magpie control. See Appendix 4 for scientific names.

Bird species F value P value Relationship
Blackbird 20.353 0.001 Inverse
Kerera 4.024 0.066 Inverse
Myna 16.386 0.002 Inverse
Skylark 5.855 0.031 Inverse
Song thrush 21.010 0.001 Inverse
Starling 8.007 0.014 Inverse

Table 4. Numbers of kererti (Hemiphaga novaeseelandiae) counted at 216 count stations in each of the treatment (T) and

non-treatment (NT) blocks.

Northland Waikato Bay of Plenty Wellington Southland
Year NT T NT T NT T NT T NT T
1999 13 13 6 6 5 4 9 2 9 1
2000 8 14 18 26 8 8 5 3 12 12
2001 7 13 9 30 18 17 22 14 7 3
2002 2 5 8 30 11 9 3 4 2 5
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Magpies are also very infrequent predators at bird nests in
rural New Zealand compared with ship rats (Rattus rattus),
harriers and cats (Felis catus) (Morgan et al. 2006b). If nest
predation and contact attacks by magpies on other species are
rare, the cost of magpie aggression for other pasture-feeding
species is either disturbance (involving movements of birds
for short distances) or exclusion from preferred feeding areas.
This could contribute to the death of birds if they consequently
succumbed to predation because of inadequate or risky
feeding, perhaps in combination with season, weather and
other factors. Also, the beneficial effects of magpie control
for some species may be offset by deleterious effects of other
increasing species. Disentangling such complex interactions
is difficult, and there are no current conservation concerns
for any of the introduced passerines that are most frequently
attacked by magpies. Most public concern about magpie
attacks in New Zealand is for native birds, especially tuT and
kererti, which may be declining and may have to move many
kilometres to the next nearest safe habitat (see below). Using
distance counts on South Island farms, Green et al. (2005)
found no evidence that abundance of magpies correlated
negatively with abundance of other species.

The absence of alikely mechanism by which magpies may
influence bird abundance, plus observations that birds avoid
foraging and sometimes flying near magpies (Morgan et al.
2006a), suggest that the count changes of passerines detected
in this research were due more to changes in behaviour (and
hence conspicuousness to observers) than abundance. Green
et al. (2005) found that skylark, song thrush and starling use
of open pastures declined where more magpies were present.

Magpie impacts on kererii and tax

Inourresearch, counts of both kererti and tii more than doubled
on average in magpie treatment blocks compared with non-
treatment blocks, although there was considerable variation
between study blocks (Tables 2 & 4; Fig. 2). Kerert and ta1
are both frequently reported to be attacked by magpies despite
being uncommon now inmostrural areas (Morgan etal. 2005).
Tu1 feed mainly on nectar and fruit, and kerert on fruit and
leaves, in both native forests and exotic gardens. Both species
are known to move many kilometres to seasonal food sources,
including across pasture in fragmented landscapes. Neither
species forages commonly on pasture on the New Zealand
mainland, and itis unclear why magpies attack such apparently
harmless species. Anecdotes that magpies can exclude these
species from some preferred feeding areas are common
(Morgan et al. 2005). In a fragmented rural landscape with
isolated native forest remnants, the nearest escape cover or
safe feeding site for chased ti1 and kererti may be several
kilometres away.

Cox and Bauer (1997) described such an exclusion
process for white-winged choughs in Australia. Magpies
repeatedly attacked feeding chough groups until the choughs
moved towards suitable cover. No choughs were killed, but
eventually chough territories were predominantly located in
forest that held significantly less invertebrate biomass than the
preferred grassland, whereas magpie territories were mostly in
grassland. Fragmentation of the forests apparently increased
the conflict between magpies (prefer grassland) and choughs
(prefer forest), as is probably true for magpies and tui and
kereri in New Zealand.

It is feasible that tG1 and kererti are chased from particular
food sources (e.g. a farmhouse garden) on farms, but not from
whole farms if other food sources are present. Our bird counts

were undertaken ata moderate (whole-farm, 256 ha) scale, and
our conclusions are whole-farm conclusions. Understanding
this may reconcile anecdotal comments such as ‘[magpies]
have displaced the tuis which previously frequented the garden’
(McCaskill 1945, p. 98) with the results of our study. Anecdotes
from landowners about this interaction are widespread, and it
deserves further research. We suggest introduced mammals
preying on nests in native forests are primarily likely to limit
tdT and kererti numbers in the wider landscape (Innes et al.
2004, 2005), but magpies may block access to key, perhaps
seasonal, resources for these birds at particular sites. Research
to see whether removal of territorial magpies from particular
sites where ti1 and kererti prefer to feed benefits the latter
species is reported by Morgan et al. (2012).

Control of magpies, non-targets and other pests

There is possibly a minimum threshold residual abundance of
magpies that may resultin large increases of other birds, which
regional councils did not meet. Removing territorial magpies
may reduce magpie attacks on other birds, but removing flock
magpies is unlikely to do so. Furthermore, magpie aggression
against other birds may be highly variable between individuals
for other reasons, as Cilento and Jones (1999) and Warne and
Jones (2003) found with urban Australian magpies that attacked
humans. Reducing magpie numbers further than achieved by
most councils in this project is unlikely to be economically
sustainable in practice. Two councils spent on average $30 per
hectare controlling magpies (inclusive of monitoring costs),
about the average per hectare cost of various possum control
programmes.

Magpies as ‘disturbers of other birds’ are conspicuous to
human observers because they are diurnal, black and white,
aerial and noisy, whereas pest mammals in New Zealand
are secretive, cryptic, nocturnal and arboreal. We suggest
that regional councils do not attempt to recover native bird
populations by controlling magpies in pastoral land at landscape
scales because it is expensive, and the benefits to both native
birds and other indigenous biodiversity are likely to be smaller
than when pest mammals are controlled in native vegetation
remnants (e.g. Gillies et al. 2003; Innes et al. 2004). However,
magpies should be retained in regional pest management
strategies and controlled experimentally at particular sites if
aggressive territorial magpies exclude native birds such as tiit
and kerert from key resources such as seasonal food. Maximum
enhancement of tiT and kererii populations in rural areas in
the future may involve a combination of pest mammal control
in forest remnants to protect nesting attempts and maximise
food (flowers, fruit and invertebrates), planting of marginal
pastoral land to increase food supply away from native forests,
and magpie control at particular local sites to maintain bird
access to this food.

Appropriateness of the count technique in this study

Anderson (2001) criticised index counts in general because
the probability of detection — and therefore the index count
value — is affected by variables associated with the observer,
the environment, the study animal’s behaviour, and time itself
operating via factors such as habitat change. He also queried
the reliability of data taken subjectively along roads and tracks
or near camp, and suggested that such ‘convenience sampling’
was worth little and prevented inference applying to larger,
more general environments. We understand these potential
shortfalls, but suggest that they can often be overcome by
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good design so that index counts can be appropriately used to
address certain questions. That s, studies can be designed so that
detectability can reasonably be assumed to be constant between
treatment and non-treatment blocks, or more specifically that
the contribution of detectability change to count changes is
much smaller than that of abundance change (Johnson 2008).
The advantages of indices are that they are time-efficient both
in the field and during data analysis, and they simultaneously
sample many species.

In our study, general inference is reasonable because: (1)
the treatment blocks were selected from study block pairs by
coin toss; (2) the 36 point-count locations in each block were
selected randomly from 81 possible sites; and (3) we counted in
fivereplicate pairs of blocks to raise the power of the experiment
(Weller2011). Having replicates was clearly beneficial because
some birds (e.g. tiT in the Waikato) apparently responded
strongly to magpie control in ways that did not occur in other
regions. Analysis of magpie impacts was determined using the
first pre-treatment year to derive abundance ratios between
blocks that were then subjected to perturbation, a BACI design.
Observer, weather, season, and habitat effects were overcome
primarily by using trained observers in reasonable weather at
the same time of year in all blocks and counting identically
in paired blocks with very similar habitats. At all five sites,
observers counted an equal number of times in both blocks
overall, and counts were undertaken in the two blocks on the
same days, so that if there was variation due to observers or
weather, it would apply equally to both blocks. Our counts also
applied standard (Dawson & Bull 1975) measures to minimise
repeat counts of the same individuals, with stations at 200-m
intervals and a 100-m cutoff for inclusion of individuals in
the count (Dawson and Bull used a 200-m cut-off).

Limitations of the SMBC method for this study were that
we do not know the absolute densities of any of the study
birds either before or after magpie control, nor the relative
magnitudes of abundance changes between species. Also, we
cannot separate abundance changes from conspicuousness
changes by our count data alone, but use other research about
the mechanisms of interactions with magpies to infer that
abundance change is less likely. Barraclough (2000) thought
that a distance-sampling snapshot count could be included at
the end of a SMBC, but we could not see how to achieve this
in our study in practice. Distance sampling required that birds
vacating the count site itself be noted, and that birds flying
over be excluded, whereas we included only those birds that
were detected in the SMBC period, and included birds flying
over if they were within 100 m. In this study we recorded the
distances to all birds noted, but since these were taken over 5
min rather than a snapshot in time, we never analysed these
data. However, Johnson (2008) suggested that variability
in detectability would influence all bird count techniques
including distance sampling, and that all should be treated
as indices anyway.

Questions and situations for which five-minute bird counts
are appropriate

Dawson (1981) suggests that frequency-of-occurrence counts
such as SMBC cannot be used to compare species with each
otherbecause indices measure each species on a different scale,
but they can reasonably be used to compare between years,
treatments and also habitats provided that habitats are similar.
Critics of index counts point out that conspicuousness can vary
greatly between habitats, but little evidence documents this in
situations where habitats are not clearly different. Blackbirds

were observed more frequently in subalpine scrub than valley
forest in a Tararua study, but based on near:far ratios as a
measure of sampling area were more abundant in the forest
(Moffat & Minot 1994). Seen:heard ratios — possible measures
of conspicuousness—varied between sheep and beef farms and
kiwifruit orchards (Blackwell et al. 2005). These compared
habitats are very different indeed, and conspicuousness
differences are to be expected. However, Blackwell et al.
(2005) also noted ratio differences between some clusters of
sheep and beef farms with smaller habitat differences.

Five-minute bird counts have often provided coherent
outcomes in relation to management perturbations, which
encourages further careful use. That is, when reasonable
samples are taken and observers are trained, index counts are
not characterised by fluctuating values or counter-intuitive
results that are difficult to interpret. For example, counts
of endemic birds are higher on pest-free islands compared
with sites where some or many mammal pest species remain
(Miskelly & Robertson 2002; Spurr & Anderson 2004; Harper
2009). Many endemic and native birds also increase during
mainland pest control, but grey warblers frequently decline
(Innesetal. 2004; Smith & Westbrooke 2004; Baberetal. 2009).
Counts collated between different study areas can also enable
general statements to be made about management treatments,
bird groups or habitats (e.g. Blackwell et al. 2005; Innes et al.
2010). Recently, SMBCs made at the same sites over many
years have suggested dramatic declines in previously common
native birds (Smith & Westbrooke 2004; Elliott et al. 2010).
The low cost of index counts has valuably facilitated such
projects, and will hopefully prompt more detailed analyses of
the trends and mechanisms involved. We suggest that SMBCs
are appropriate to compare between years, treatments, and
similar habitats provided that: (1) skilled, trained observers
are used; (2) each observer counts an equal number of times
in each one of paired treatment and non-treatment blocks, if
there is a treatment; (3) habitats in the blocks are similar in
terms of bird conspicuousness; and (4) an appropriate number
of counts are undertaken in relation to the magnitude of
difference required to answer the question at hand.

It is unfortunate that despite the frequent criticism of
SMBCs, so few opportunities have been taken to quantify their
perceived shortfalls, such as by comparing their results with
those of other techniques at the same time and place. Gill (1980,
p. 242) compared mean annual SMBC data for grey warbler
and South Island robins with estimates of density determined
by banding and territory mapping in two habitats, and found
that *... for both species the indices vary in proportion to the
densities in each habitat’. Further testing of the accuracy and
precision of SMBCs was recommended also by Blackwell
etal. (2005), while Johnson (2008) asked for broader research
into the relative importance of all sources of variation to
bird population estimates, the costs of all methods, and their
required sample sizes. Until such research is completed, we
support the ongoing careful use of SMBCs with particular
design settings and objectives.
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