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Abstract Accounting for differences in abundances
among species remains a high priority for community ecol-
ogy. While there has been more than 80 years of work on
trying to explain the characteristic S shape of rank-abun-
dance distributions (RADs), there has been recent conjec-
ture that the form may not depend on ecological processes
per se but may be a general phenomenon arising in many
unrelated disciplines. We show that the RAD shape can be
influenced by an ecological process, namely, interference
competition. The noisy miner (Manorina melanocephala)
is a hyperaggressive, ‘despotic’ bird that occurs over much
of eastern Australia (>10° km?). We compiled data for bird
communities from 350 locations within its range, which
were collected using standard avian survey methods. We
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used hierarchical Bayesian models to show that the RAD
shape was much altered when the abundance of the strong
interactor exceeded a threshold density; RADs consist-
ently were steeper when the density of the noisy miner
>2.5 birds ha~'. The structure of bird communities at sites
where the noisy miner exceeded this density was very dif-
ferent from that at sites where the densities fell below the
threshold: species richness and Shannon diversity were
much reduced, but mean abundances and mean avian bio-
mass per site did not differ substantially.
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Introduction

The quest to understand the reasons for the wide dispar-
ity in relative abundances in ecological communities has
continued for eight decades (Motomura 1932; Fisher et al.
1943; Preston 1948; McGill et al. 2007; Locey and White
2013). There have been many phenomenological expla-
nations, but mechanistic explanations for the form and
variation of the characteristic S-shaped curve shape of
rank-abundance distributions (RADs) remain elusive (e.g.
MacArthur 1957; Preston 1962; Sugihara 1980; Tokeshi
1993; Hubbell 2001; Ulrich et al. 2010; Yen et al. 2013).
Some recent work has attempted to explain RADs [or,
equivalently, species-abundance distributions (SADs)]
by using very few constraints, typically the total number
of individuals (N,) and the number of species (S;) (Harte
2011; White et al. 2012; Locey and White 2013). Once
N, and S are given, RADs are derived from either com-
binatoric calculations (Locey and White 2013) or from
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maximum entropy, or ‘maxent’, methods (Harte 2011),
although the latter also requires total metabolic rate (E;)
to be specified, but this is integrated out of the derivation
(White et al. 2012). The combinatoric methods involve the
calculation of the number of partitions of N, objects among
S, sets, or, in ecological terms, the partitioning of N, indi-
viduals among S, species. Each numerically distinct set is
a ‘macrostate’ consisting of multiple ‘microstates’ that are
ordered differently. The ordering is not important but the
expected shape is thought to be a macrostate near to the
centre of the distribution of feasible macrostates (Locey
and White 2013). The maximum entropy method generates
a log-series that is a function of N, and S, (Harte 2011).
RAD-like curves appear in many non-ecological guises,
suggesting that these curves may not be peculiar to ecologi-
cal communities per se (Nekola and Brown 2007). Several
recent papers have questioned whether there is an ecologi-
cal basis for the RAD shape (Sizling et al. 2009; White et al.
2012; Yen et al. 2013). Conformance with the most likely
macrostate or the most common microstate contingent on
given N, and S, does not necessarily mean that ecological
processes are not influential. Conversely, patterns that differ
substantially from the expected combinatoric state cannot be
attributed easily to ecological mechanisms (Locey and White
2013). The same arguments apply for the maxent derivations.
We think that there needs to be a distinction drawn
between two questions regarding RADs. First, are the
S-shaped RAD curves peculiar to ecological communities
or are these a statistical artefact commonly encountered in a
wide range of biotic, abiotic and human contexts? Second,
are the parameters of the S-shaped RAD curve influenced
by ecological processes given that the S-shaped curve is
the expected shape for reasons not specifically related to
ecological processes? Our results refer only to the second
question, namely, that ecological processes can modify the
values of RAD shape parameters; we cannot say whether
the S shape is of an ecological origin per se and it is unclear
how curve fitting could resolve this issue. Therefore, we do
not attempt to explain the near-ubiquitous S-shaped RAD
curve but to describe variation in the parameters of RAD
curves that are demonstrably due to an ecological process,
in this case, interference competition. We use the term
‘shape’ here in the sense of sets of parameters that describe
a fitted curve rather than different functional forms of the
shape. Therefore, for our purposes, shapes differ if the
parameter sets differ substantially rather than, for exam-
ple, that one of the many differing forms of RAD (Tokeshi
1993) better ‘explain’ the observed data (Mac Nally 2007).
Our focus is on ‘strong interactors’, which are species
that have a disproportionately greater effect on local com-
munity structure than would be expected given the interac-
tors’ abundances (Paine 1992; Mac Nally et al. 2012). Thus,
strong interactors would be expected to alter community
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characteristics, including RADs. Some human-assisted
invasive species are good examples of strong interactors
(Lowe et al. 2004; Green et al. 2011). The trophic cascade
is an ecological phenomenon where strong top-down inter-
actions control community structure (Shurin et al. 2002).
Most reports of strong interactors are for systems that are
relatively limited in area (e.g. individual islands or small
lakes), but there is evidence that strong interactors have
influence over much greater areas (Mac Nally et al. 2012,
2014). We have not been able find other instances linking
the effects of strong interactors to the structure of RADs.

One class of strong interactors is ‘despotic’ species,
which affect whole communities through aggressive, ago-
nistic behaviour (Mac Nally et al. 2000). Community
structure is much modified by the effects of interspecific
aggression in many taxonomic groups (Brown and Munger
1985; Robertson and Gaines 1986; Robinson and Terborgh
1995; Mac Nally and Timewell 2005). One despotic spe-
cies that has profound effects on whole bird communities
is a native Australian honeyeater, the noisy miner Mano-
rina melanocephala Latham (Maron et al. 2013). This
colonial, sedentary bird species exerts a powerful influence
on the occurrence and numbers of small-bodied bird spe-
cies (<50 g, mostly passerines; the noisy miner has a mean
body mass of ca. 63 g) over vast areas of eastern Australia
(1.3 x 10° km?; Fig. 1) by virtue of its intra-colonial coop-
eration and hyperaggression (Maron et al. 2013). In previ-
ous work, we established that the effects on small-bodied
birds increased sharply once the density of the noisy miner
exceeds a threshold (Mac Nally et al. 2012; Thomson et al.,
in review), so that we had expectations that there may be a
threshold effect on RADs too.

We used hierarchical Bayesian models to account for
possible spatial variation in effects and to allow the data to
‘select” whether there were different RAD shapes as a func-
tion of the density of noisy miners. The latter ranged from
0 to >20 birds ha™!, so there was ample scope to explore
whether this despotic species induces differences in the
parameter values of RADs. Our main questions were: (1)
are there one or more statistically derived density thresh-
olds of the noisy miner above which the noisy miner’s
influence causes a profound change in RAD shape? (2) If
such a threshold exists, what are the effects on avian com-
munity characteristics such as species richness, Shannon
diversity, abundance and biomass?

Materials and methods

Bird surveys

Surveys were conducted using the standard BirdLife Aus-
tralia 2nd atlas standard protocols (Barrett et al. 2003).
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Fig. 1 Main map: locations of
study districts across eastern
Australia (numbered ovals) with
the distribution of the noisy
miner on mainland Australia
shown in grey. Locations of D
other studies reporting negative

effects of noisy miners on avian y
communities are indicated by
closed circles; these are listed
elsewhere (Maron et al. 2011).

Inset Position of region on main
map of Australia

@  Other study locations
[ Noisy Miner distribution

Districts

1. Dalby/Chinchilla

2. Moree

3. Tara

4, Wimmera

5. Victorian box-ironbark
6. Carnarvons

7. Barakula

All 350 sites in the seven districts (a district is a survey
area covering tens of thousands of ha; Fig. 1) were vis-
ited between three and nine times and data were based
on means and SDs of bird abundances from these visits
(Online Resource 1).

Modelling: general strategy

RAD:s typically have a reverse-sigmoidal shape on the log
scale, with a steep decline in log relative abundance among
the first few most-abundant species, a shallower slope for
most of the species (intermediate abundances), and then
another steep slope for the rarest of species. The RADs
were modelled with multi-knot (here two knots or inflexion
points) splines to emulate the S shape of RADs (Botts and
Daniels 2008). We chose this approach because we did not
want the a priori selection of a form of RAD model (e.g.
the RAD corresponding to the log-normal, log-series, zero-
sum multinomial, etc.) to influence our inferences. Thus,
the RADs were flexible, fitted curves with no implicit
underlying model.

We statistically explored whether there was evidence for
one or two thresholds by comparing three sets of models
based on the densities of noisy miners: no threshold, one
threshold, and two thresholds. These amounted to having
only one group (i.e. no effects of noisy miners), having
two groups of sites in which densities of noisy miners were
above or below a data-driven threshold, or having three

0 250 500 km
1 )

groups, where sites were grouped into low densities, mod-
erate densities and high densities of noisy miners, again
driven by the data.

Fitting RADs

All densities were the mean species-specific values cal-
culated over all visits to a site. The site-specific species’
densities were scaled relative to the most abundant spe-
cies at the site. Species’ values were sorted from the most
to least abundant for each site. All curves were anchored
at 0 [=In(1)] on the ordinate for the first species. We used
a hierarchical Bayesian model that concurrently modelled
all site-specific, two-knot splines. The model accounted for
district-specific variation and differences between above-
and below-threshold sites. We describe the model for the
one-threshold case, but the adjustments for the zero-thresh-
old or two-threshold versions are straightforward. The
model (1) was:

Rsjy ~ N (l/fsj(k), UI%sj(k))I 0, 1);

Vsjto ~ N0y 07)1(0,1); 0, ~ U(0, 1)
log (psjtk)) = gy + Bumks + Bamk (s — kim) 4 + Bami (s — kam)+

‘N()’ means normally distributed and ‘U()’ means
uniformly distributed. The model consists of an obser-
vation model (1st line, accounting for uncertainties
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in species’ relative abundances) and a process model
(in brace). Here, s is the sth most abundant species
in site j, and site j is nested in district k. Ry, is the
ratio of the sth most abundant species in site j to the
most abundant species at that site [constrained to (O,
1)], and Ul%xi(k is the corresponding observed variance
in values from the multiple surveys. The ‘I/(minimum,
maximum)’ construction enforces bounds; for example,
0 < ¥4 =< 1. Uncertainty is propagated by modelling
the ratio with each species’ site-specific SD, scaled by
the mean of the most abundant species at that site. ¥,
is assumed to be a realization of the true ratio for the
sth most abundant species in site j, which is modelled
on the log scale [pg] as a function of species posi-
tion on the RAD (s). For each site j, the model is esti-
mated from s = 1...S;), which is the number of spe-
cies observed in that site. The key parameters are the
intercepts [o;,], three slopes per curve (f;.3) and two
knots per curve (k;.,). The m index signifies whether
the site is a below-threshold (m = 1) or above-thresh-
old (m = 2) site. The form (.), means O if the argu-
ment is <0, and 1 if the argument >1. Therefore, the
three regression coefficients (8;.;) apply to those
parts of the curve in which s < k1,61 <5 < k2,5 > K2,
respectively (Botts and Daniels 2008). The hierarchi-
cal structure is implemented through the priors for the
model parameters. These are:

ap ~ N (aregion» ag.region) s Oregion ™ N(@0,9);

Oq.region ™~ U(0.001,2); k1m ~ U1, k2m);

kom ~ Ulkim, M =25);m € 1,2; Bim region ~ N(0,91(,0);
Olmyegion ~ U(0.001,2);1 € 1,2,3;m € 1,2.

The knots are constructed such that the first is less than the
second, and the second is given a maximum possible value
of 25. The latter is a high number but is not the maximum
number of species in any one site.

How many thresholds (zero, one or two)?

We undertook a series of analyses to establish whether the
sites differed in their RADs with respect to the densities of
noisy miners. First, we fitted just one model (i.e. m = 1 for
all sites) to determine whether having a threshold is justi-
fied statistically. Second, we allowed for two sets of sites
differing in being above and below a threshold of noisy
miner densities, and we conducted a sensitivity analysis
with sites partitioned into two groups based on the differ-
ent mean densities of the noisy miner. The threshold densi-
ties used were: 0, 0.4, 0.8, 1.6, 2, 2.5, 3, 3.5, 4.25, 5, 7.5,
10 and 15 noisy miners ha~!. We fitted model 1 using each
of these thresholds and obtained a measure of model fit,
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the deviance information criterion (DIC) (Spiegelhalter
et al. 2002). We used the Ando correction (Ando 2007) to
DIC (Bayesian predictive information criterion; BPIC)
to account for possible overfitting. The threshold value
associated with the lowest BPIC value is the best fit to
the data. To distinguish among values, we used the rela-
tive probability of minimizing information loss of model
k compared to the model with minimum BPIC, namely
Pr (model k) = ¢PICrinimum —DIC,)/2 (Burnham and Ander-
son 1998). Third, we considered the possibility of two
thresholds and hence three groups of sites. We computed
the BPIC scores for the 78 combinations of 0, 0.4, ... 15
noisy miners ha~!, which have more estimable parameters
that the zero- or one-threshold models so BPIC is necessary
for discrimination.

All models were fitted by using WinBUGS (Spiegel-
halter et al. 2003) Parameters were estimated from three
Markov chain Monte Carlo (MCMC) chains of 30,000
iterations after 10,000 iteration burn-in periods (results dis-
carded). We checked MCMC mixing and convergence by
examining chain histories, auto-correlation plots and Gel-
man-Rubin-Brooks statistics (Brooks and Gelman 1998).

Community composition

We first omitted the data for noisy miners from the com-
munity matrix of mean bird densities. The matrix was con-
verted into a distance matrix using the Bray-Curtis index,
which was used in a non-metric multidimensional scaling
ordination using metaMDS in the vegan package in R
(Oksanen et al. 2006). The resulting ordination was corre-
lated with the density of noisy miners using envfit in the
vegan package in R (Oksanen et al. 2006) with 9,999 per-
mutations. Once a threshold was identified (see "Results"),
sites were allocated to sets in which the density of the noisy
miner was below and above the threshold. Comparisons of
these sets for species richness, Shannon diversity indices,
abundances and biomasses were by standard t-tests with
random effects for districts and assuming Gaussian error
distributions.

Results

There was compelling statistical evidence for at least
one threshold; the information criterion score for the no-
threshold model was 71 units more than the minimum
for a threshold model (at 2.5 noisy miners ha_l), corre-
sponding to a probability of <107'. The threshold at 2.5
noisy miners ha~! had a score 4.6 units less than the next
smallest score (2.0 noisy miners ha™'), so that the 2nd-
best model had a probability relative to the best of ca. 0.1
(Online Resource 2). There were two ‘best’ two-threshold
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Fig. 2 Rank-abundance distri-
butions (RADs) illustrating the
influence of the noisy miner on
entire communities. a RADs for
all sites with mean noisy miner
density <2.5 birds ha™! (pale
grey); solid line is the median
computed two-knot spline,
dashed line is the mean com-
puted two-knot spline. b RADs
for all sites in which the mean
noisy miner density >2.5 birds
ha~! (pale grey); long-dashed
line is the median computed
two-knot spline and the dotted
line is the mean computed two-
knot spline. Median (solid lines)
and mean (short-dashed lines)
for sites with sub-threshold
densities of noisy miners (a) are
shown for reference
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models (with threshold pairs at 2.5 and 4.0, and at 2.5 and
10 noisy miners ha~'; Online Resource 3). The models
with these pairs of thresholds had information-criterion
scores that were ca. 2.1 units less than the best one-thresh-
old model, which differ little statistically from the one-
threshold model (probability ca. 0.35). For parsimony, we
used a one-threshold model with a threshold of 2.5 noisy
miners ha=!.

The mean and median RADs for sites with fewer than
2.5 noisy miners ha~! (Fig. 2a) were substantially shal-
lower than the corresponding mean and median RADs for
sites with >2.5 noisy miners ha~! (Fig. 2b). Details of
the mean fitted splines for the sites below and above the
threshold of 2.5 birds ha™! are listed in Table 1. The ini-
tial slopes from the anchored point (1, 0) were substantially
shallower for the below-threshold sites (mean —0.149 vs
—0.337), and the first knot point was 1.27 vs 6.17. The 2nd
(—0.015 vs —0.026) and 3rd (—0.037 vs —0.581) slopes
were steeper for the above-threshold sites.

The composition of the bird communities was strongly
correlated with the density of noisy miners (0.52, P < 1074
(Fig. 3). There was little overlap between sites in ordina-
tion space with <2.5 noisy miners ha~! and sites with >2.5
noisy miners ha™!, and there was a very pronounced differ-
ence between sites from which noisy miners were absent
and those with high densities of noisy miners (Fig. 3).

Species richness (3,3 = 5.23, P < 0.001; Fig. 4a) and
Shannon diversity indices (#3,3 = 12.12, P < 0.001; Fig. 4b)
were significantly higher in below-threshold sites than in
above-threshold sites, but the total bird abundance (birds

15 20 25 30 35 0 5 10
Rank order

T T T T T T T T T T T
15 20 25 30 35

Rank order

Table 1 Statistics (mean £ SD) for the parameters of the two-knot
splines for sites with <2.5 noisy miners ha~! and for >2.5 noisy min-
ers ha™!

Parameter <2.5 Noisy miners ha™! >2.5 Noisy miners ha™!
Slope 1 (B,,)  —0.149 £ 0.066 —0.337 £ 0.083

Slope 2 (B,,)  —0.015 % 0.007 —0.026 £ 0.016

Slope 3 (B;,)  —0.037 £ 0.036 —0.581 £ 0.424

Knot 1 (xy,,) 1.27 £ 0.25 6.17 £3.12

Knot 2 («y,,) 24.11 £ 0.86 22.87 £2.01

m index signifies whether the site is a below-threshold (m = 1) or
above-threshold (m = 2) site

ha™") (t34 = —1.1, P ~ 0.23; Fig. 4c) and total avian bio-
mass (kg ha™") (3,3 = —0.53, P ~ 0.6; Fig. 4d) did not dif-
fer greatly. Data for the noisy miner were included in these
calculations.

Discussion

Ecological processes appear to be able to influence the
parameter values of RADs and a suite of characteristics
of avian communities over vast areas of a continent. The
RADs were much steeper when the density of the com-
petitive despot, the noisy miner, exceeded 2.5 birds ha™!
(Fig. 2). The highly coordinated and persistent interspe-
cific aggression of the noisy miner appeared to induce
profound shifts in community composition, both in the
occurrence of species and in their relative abundances.
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At sufficiently high densities, the despotic species had a
marked effect on the parameters of the RADs of individ-
ual sites.

1.5

0.5

0.0

Second axis

-0.5

-1.55 ] ] ] ] ] ]
-1.0 -0.5 0.0 0.5 1.0

First axis

Fig. 3 Ordination of bird communities (excluding the noisy miner)
with sites coded by size and greyscale [>2.5 noisy miners ha~' (large
mid-grey circles), <2.5 noisy miners ha~! (medium-sized darker grey
circles), no recorded noisy miners (small open circles with central
dots)]. Thick arrow indicates the correlation between the ordination
and the density of noisy miners (+ = 0.52, P < 10~* by permutation)

Fig. 4 Notched box plots of
contrasts between sites with
below-threshold densities [<2.5
noisy miners ha™!; abscissa (A)]
and above-threshold densi-
ties [>2.5 noisy miners ha™l;
abscissa (B)] of noisy miners
for: a species richness, b Shan-
non diversity index, ¢ total bird
abundance (birds ha™'), and d
total avian biomass (kg ha™').
Notches are the median values,
grey bars are the interquartile
ranges (25-75 % of values),
dashed lines are &= 2 SD, and
small circles are points lying
outside =+ 2SD (outliers). Data
for the noisy miner are included
in these calculations
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Shannon diversity

The similarity in mean abundances and mean biomass
showed that the despotism of the noisy miners at densities
>2.5 birds ha~! threshold appeared to drive a ‘reconstruc-
tion’ of the bird communities, with a mean loss of 25 %
of species (a marked reduction of mean S) but with little
change in mean total abundance, N (Fig. 4). Shannon diver-
sity was depressed above the threshold, but the mean total
biomass differed little. These results suggest that the effects
of the noisy miner were not artefacts of differences in pri-
mary productivity among sites because the supported avian
biomasses were not consistently different in the above- and
below-threshold communities. Other systematic differences
in site characteristics do not appear to account for the dif-
ferences in community statistics (Maron et al. 2011).

The importance of interspecific behavioural interactions,
such as agonistic dominance, for the structuring of animal
communities has been described for many years (Mur-
ray 1981; Schoener 1982; Mac Nally 1983; Robinson and
Terborgh 1995; Jankowski et al. 2010; Peiman and Rob-
inson 2010). The noisy miner affects the capacity of small
(<63 g) nectarivorous birds from tracking variation in nec-
tar availability at regional scales (>10,000 kmz), but does
not inhibit large (>63 g) nectarivorous birds from doing so
(Bennett et al. 2014b). The despot also had a similar body-
size-specific effect on breeding success: breeding activity
and success of birds smaller than the miner are depressed
by its occurrence while larger birds are unaffected or even
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appear to benefit from the presence of the noisy miner
(Bennett et al. 2014a). The noisy miner greatly perturbs the
guild structure of avian communities when it establishes
colonies of sufficient numbers (Howes et al. 2014).

The noisy miner is a profound example of a perturber
of bird communities over an immense area (Maron et al.
2013), but is the effect of the noisy miner a rogue phenom-
enon? Are other species capable of having such profound
effects over such large areas, albeit through other mecha-
nisms? The black-tailed prairie dog Cynomys ludovicianus
indirectly controls small-mammal communities by modi-
fying habitats over >400 000 km? of the North American
prairie (Cully et al. 2010). The herbivorous white-tailed
deer Odocoileus virginianus controls much of the native
vegetation across eastern North America with concomitant
effects on the biota (Horsley et al. 2003; Rooney and Waller
2003). Two of the congeners of the noisy miner have simi-
lar perturbative effects on avifaunas to the noisy miner. The
largely allopatric bell miner Manorina melanophrys (Loyn
et al. 1983) and the yellow-throated miner Manorina flav-
igula (Mac Nally et al. 2014) influence avifaunas in simi-
lar ways to the noisy miner. None of these examples has
yet been linked to RADs, but it seems clear that single,
strongly interacting species are more common than may be
appreciated, and that their influence can extend to at least
sub-continental scales (hundreds of thousands to millions
of square kilometres).

The influence of the noisy miner probably is the most
extreme example yet to be reported of the numerical non-
equivalence of species; just 2.5 noisy miners ha~! were
sufficient to induce stark changes in entire avian commu-
nities. This hearkens back to the distinctions between the
interpretation of food webs by using energy and nutrient
flows compared with how one might represent food webs
through interspecific dynamics (i.e. per capita competition
or predation coefficients in the community matrix) (Paine
1992). Expressing communities as vectors of numbers of
different species, or even of their biomasses, provides lit-
tle information on dynamics, which clearly is shown by the
changes in community structure induced by interspecific
competition exerted by the noisy miner. This implies that
the recent combinatoric and maxent approaches to RADs
might need to be modified to account for the numerical
non-equality of species in assemblages, especially in their
different dynamic effects.

An issue that we think needs to be considered more
carefully in RAD and SAD literature is the circumscrip-
tion of a ‘local community’. There appears to be a lack of
critical attention to the spatial and temporal extent of what
constitutes a local community. For birds, many commu-
nities on continents at any point in time [e.g. a standard
North American Breeding Bird Survey route (Sauer et al.
2005)] are relatively temporary assemblages of species,

with each species having its own idiosyncratic spatial and
temporal dynamics (Mac Nally 1995). Even closely related
congeners may be quite dissimilar, ranging from seasonal
migrants to regional nomads to year-round residents within
the one genus (e.g. the Australian whistlers Pachycephala
spp.) (Griffioen and Clarke 2002). A consequence of this
range of dynamics is that the communities change ‘kaleido-
scopically’ over landscape to regional scales at sub-annual
time frames (Mac Nally and McGoldrick 1997), which
are much shorter than the lifetimes of the birds (Yom-tov
1987). While birds collectively are likely to be the most
absolutely mobile of terrestrial organisms, similar kinds of
heterogeneous dynamics occur for other organisms com-
mensurate with their levels of mobility (Bonnet et al. 1999).

A more complete understanding of RADs would explain
how the numbers of species and Shannon diversity could
change so dramatically due to a despot’s influence yet leave
the total numbers of individuals and total biomass of birds
in local communities essentially unchanged. While the
despotic miner almost certainly is a beneficiary of freed
resources, it is not a very large bird (ca. 63 g) so that its
numerical increase alone does not explain the near parity in
biomass among the sites in the below- and above-thresholds
sets. There appears to be some equilibrating process(es)
involving many species becoming redistributed over large
scales (landscapes to regions) coupled with in situ popula-
tion dynamics. Broadly speaking, the unified neutral theory
of biodiversity and biogeography (Hubbell 2001) treats the
local communities as being embedded within a meta-com-
munity, and allows for transmission of individuals among
local communities. It seems hard to reconcile this theory
with profoundly different RAD shapes in nearby locations
that differ mainly in the abundance of a single species.

Our approach was based on general curve fitting rather
than fitting as a way to assess conformance with the many
models that have been proposed. Attempting to infer pro-
cess or mechanism by conformance with different distribu-
tions does not provide a critical advance in our understand-
ing of why abundance distributions are as they are (McGill
2003). Numbers alone do not appear to be sufficient and
the topic could be more closely aligned with other areas of
ecology. Differences in abundances need to be understood
in terms of landscape and regional context (e.g. meta-com-
munity dynamics), differences in energy and nutrient use,
and as functions of species-specific interaction rates given
the effects we have described here.

Acknowledgments Funding support came from the Austral-
ian Research Council grant nos. A19531268, LP0775264 and
DP120100797, Land and Water Australia grant nos. DUV2 and
USQI2. Michiala Bowen, Alison Howe and Gregory F. B. Horrocks
assisted with field-data collection. Jim R. Thomson, Jian Yen, Brian
McGill and Rampal Etienne provided advice on this and related
manuscripts. We thank Hannu Poyséd, Ken Locey and an anonymous

@ Springer

www.manaraa.com



856

Oecologia (2014) 176:849-857

reviewer for comments that much improved the manuscript. This
research was conducted with Animal Ethics Committee approval
from Monash University and the University of Queensland. Field
research was carried out under permit for the Wildlife Act 1975 and
the National Parks Act 1975.

References

Ando T (2007) Bayesian predictive information criterion for the
evaluation of hierarchical Bayesian and empirical Bayes models.
Biometrika 94:443-458

Barrett G, Silcocks A, Barry S, Cunningham R, Poulter R (2003) The
new atlas of Australian birds Birds Australia (Royal Australasian
Ornithologists Union), Melbourne

Bennett JM, Clarke RH, Thomson JR, Mac Nally R (2014a) Fragmen-
tation, vegetation change and irruptive competitors affect recruit-
ment of woodland birds. Ecography. doi:10.1111/ecog.00936

Bennett JM, Clarke RH, Thomson JR, Mac Nally R (2014b) Variation in
abundance of nectarivorous birds: does a competitive despot interfere
with flower-tracking? J Anim Ecol. doi:10.1111/1365-2656.12245

Bonnet X, Naulleau G, Shine R (1999) The dangers of leaving home:
dispersal and mortality in snakes. Biol Conserv 89:39-50

Botts CH, Daniels MJ (2008) A flexible approach to Bayesian mul-
tiple curve fitting. Comput Stat Data Anal 52:5100-5120.
doi:10.1016/j.csda.2008.05.008

Brooks SP, Gelman A (1998) General methods for monitoring conver-
gence of iterative simulations. ] Comput Graph Stat 7:434-455

Brown JH, Munger JC (1985) Experimental manipulation of a desert
rodent community: food addition and species removal. Ecology
66:1545-1563

Burnham K, Anderson D (1998) Model selection and inference.
Springer, New York

Cully JF, Collinge SK, VanNimwegen RE, Ray C, Johnson WC, Thia-
garajan B, Conlin DB, Holmes BE (2010) Spatial variation in
keystone effects: small mammal diversity associated with black-
tailed prairie dog colonies. Ecography 33:667-677

Fisher RA, Corbet AS, Williams CB (1943) The relation between the
number of species and the number of individuals in a random
sample of an animal population. J Anim Ecol 12:42-58

Green PT, O’Dowd DJ, Abbott KL, Jeffery M, Retallick K, Mac Nally
R (2011) Invasional meltdown: invader—invader mutualism facili-
tates a secondary invasion. Ecology 92:1758-1768

Griffioen P, Clarke M (2002) Large-scale bird-movement patterns evi-
dent in eastern Australian atlas data. Emu 102:97-123

Harte J (2011) Maximum entropy and ecology. Oxford University
Press, Oxford

Horsley SB, Stout SL, DeCalesta DS (2003) White-tailed deer impact
on the vegetation dynamics of a northern hardwood forest. Ecol
Appl 13:98-118

Howes A, Mac Nally R, Bowen M, Loyn RH, Kath J, McAlpine CA,
Maron M (2014) Foraging guild perturbations and ecological
homogenization driven by a despotic species. Ibis 156:341-354

Hubbell SP (2001) The unified neutral theory of biodiversity and bio-
geography. Princeton University Press, Princeton

Jankowski JE, Robinson SK, Levey DJ (2010) Squeezed at the top:
interspecific aggression may constrain elevational ranges in tropi-
cal birds. Ecology 91:1877-1884

Locey KJ, White EP (2013) How species richness and total abundance
constrain the distribution of abundance. Ecol Lett 16:1177-1185

Lowe S, Browne M, Boudjelas S, De Poorter M (2004) 100 of the
world’s worst invasive alien species: a selection from the global
invasive species database. Invasive Species Specialist Group
(ISSG), Species Survival Commission (SSC) of the World Con-
servation Union (IUCN), Auckland

@ Springer

Loyn RH, Rummalls RG, Forward GY, Tyers J (1983) Territorial bell
miners and other birds affecting populations of insect prey. Sci-
ence 221:1411-1413

Mac Nally RC (1983) On assessing the significance of interspecific
competition to guild structure. Ecology 64:1646-1652

Mac Nally R (1995) On large-scale dynamics and community struc-
ture in forest birds: lessons from some eucalypt forests of south-
eastern Australia. Philos Trans R Soc Lond B 350:369-379

Mac Nally R (2007) Use of the abundance spectrum and relative-
abundance distributions to analyze assemblage change in mas-
sively altered landscapes. Am Nat 170:319-330

Mac Nally R, McGoldrick JM (1997) Landscape dynamics of bird
communities in relation to mass flowering in some eucalypt for-
ests of central Victoria, Australia. J Avian Biol 28:171-183

Mac Nally R, Timewell CAR (2005) Resource availability controls
bird-assemblage composition through interspecific aggression.
Auk 122:1097-1111

Mac Nally R, Bennett AF, Horrocks G (2000) Forecasting the impacts
of habitat fragmentation. Evaluation of species-specific predictions
of the impact of habitat fragmentation on birds in the box-ironbark
forests of central Victoria, Australia. Biol Conserv 95:7-29

Mac Nally R, Bowen M, Howes A, McAlpine CA, Maron M (2012)
Despotic, high-impact species and sub-continental scale control
of avian assemblage structure. Ecology 93:668—-678

Mac Nally R, Kutt A, Eyre TJ, Vanderuys EP, Mathieson M, Perry
1J, Ferguson DJ, Thomson JR (2014) The hegemony of the ‘des-
pots’: the control of avifaunas over vast continental areas. Divers
Distrib. doi:10.1111/ddi.12211

MacArthur RH (1957) On the relative abundance of species. Proc
Natl Acad Sci USA 43:293-295

Maron M, Main A, Bowen M, Howes A, Kath J, Pillette C, McAlpine
CA (2011) Relative influence of habitat modification and inter-
specific competition on woodland bird assemblages in eastern
Australia. Emu 111:40-51

Maron M, Grey MJ, Catterall CP, Major RE, Oliver DL, Clarke MF, Loyn
RH, Mac Nally R, Davidson I, Thomson JR (2013) Avifaunal disar-
ray due to a single despotic species. Divers Distrib 19:1468-1479

McGill BJ (2003) Strong and weak tests of macroecological theory.
Oikos 102:679-685

McGill BJ, Etienne RS, Gray JS, Alonso D, Anderson MJ, Benecha
HK, Dornelas M, Enquist BJ, Green JL, He F, Hurlbert AH,
Magurran AE, Marquet PA, Maurer BA, Ostling A, Soykan CU,
Ugland KI, White EP (2007) Species abundance distributions:
moving beyond single prediction theories to integration within an
ecological framework. Ecol Lett 10:995-1015

Motomura I (1932) On the statistical treatment of communities. Zool
Mag 44:379-383

Murray BG Jr (1981) The origins of adaptive interspecific territorial-
ism. Biol Rev 56:1-22

Nekola JC, Brown JH (2007) The wealth of species: ecological com-
munities, complex systems and the legacy of Frank Preston. Ecol
Lett 10:188-196

Oksanen J, Kindt R, Legendre P, O’Hara R (2006) Vegan: community
ecology package, 1.8-2 edn. R project for statistical computing.
http://cran.r-project.org/

Paine RT (1992) Food-web analysis through field measurement of per
capita interaction strength. Nature 355:73-75

Peiman KS, Robinson BW (2010) Ecology and evolution of resource-
related heterospecific aggression. Q Rev Biol 85:133-158

Preston FW (1948) The commonness, and rarity, of species. Ecology
29:254-283

Preston FW (1962) Canonical distributions of commonness and rarity.
Ecology 43:185

Robertson DR, Gaines SD (1986) Interference competition structures
habitat use in a local assemblage of coral reef surgeonfishes.
Ecology 67:1372—-1383

www.manaraa.com


http://dx.doi.org/10.1111/ecog.00936
http://dx.doi.org/10.1111/1365-2656.12245
http://dx.doi.org/10.1016/j.csda.2008.05.008
http://dx.doi.org/10.1111/ddi.12211
http://cran.r-project.org/

Oecologia (2014) 176:849-857

857

Robinson SK, Terborgh J (1995) Interspecific aggression and habitat
selection by Amazonian birds. J Anim Ecol 64:1-11

Rooney TP, Waller DM (2003) Direct and indirect effects of white-
tailed deer in forest ecosystems. For Ecol Manage 181:165-176

Sauer JR, Hines JE, Fallon J, Pardieck KL, Ziolkowski DJ Jr, Link
‘WA (2005) The North American breeding bird survey, results and
analysis 1966-2007. Version 6:2006

Schoener TW (1982) The controversy over interspecific competition.
Am Sci 70:586-590

Shurin JB, Borer ET, Seabloom EW, Anderson K, Blanchette CA,
Broitman B, Cooper SD, Halpern BS (2002) A cross-ecosys-
tem comparison of the strength of trophic cascades. Ecol Lett
5:785-791

Sizling A, Storch D, Sizlingova E, Reif J, Gaston KJ (2009) Species
abundance distribution results from a spatial analogy of central
limit theorem. Proc Natl Acad Sci 106:6691-6695

Spiegelhalter DJ, Best NG, Carlin BP, van der Linde A (2002) Bayes-
ian measures of model complexity and fit (with discussion). J R
Stat Soc B 64:583-640

Spiegelhalter D, Thomas A, Best N (2003) WinBUGS version 1.4.
Bayesian inference using Gibbs sampling. MRC Biostatistics
Unit, Institute for Public Health, Cambridge

Sugihara G (1980) Minimal community structure—an explanation of
species abundance patterns. Am Nat 116:770-787

Tokeshi M (1993) Species abundance patterns and community struc-
ture. Adv Ecol Res 24:111-186

Ulrich W, Ollik M, Ugland KI (2010) A meta-analysis of spe-
cies-abundance distributions. Oikos 119:1149-1155.
doi:10.1111/j.1600-0706.2009.18236.x

White EP, Thibault KM, Xaio X (2012) Characterizing species-abun-
dance distributions across taxa and ecosystems using a simple
maximum entropy model. Ecology 93:1772-1778

Yen J, Thomson JR, Mac Nally R (2013) Is there an ecological basis
for species-abundance distributions? Oecologia 171:517-525

Yom-tov Y (1987) The reproductive rates of Australian passerines.
Aust Wildl Res 14:319-330

@ Springer

www.manaraa.com

Ol LAC U Zyl_ﬂbl



http://dx.doi.org/10.1111/j.1600-0706.2009.18236.x

Reproduced with permission of copyright owner.
Further reproduction prohibited without permission.

www.manaraa.com



	The control of rank-abundance distributions by a competitive despotic species
	Abstract 
	Introduction
	Materials and methods
	Bird surveys
	Modelling: general strategy
	Fitting RADs
	How many thresholds (zero, one or two)?
	Community composition

	Results
	Discussion
	Acknowledgments 
	References


