
The resulting 15 focal taxa for the nonphylogenetic analyses included 339
(93%) of the 366 island populations analyzed above.

To test predictions of the island rule as traditionally defined (4), we examined
how the slope of the regression of body size vs. island species richness within
each genus correlates with mean body size across genera. For each genus with
sample n ≥ 10 and island populations n > 3, we performed a linear regression
between body size (PC1) and species richness (n = 19 genera). We regressed the
coefficient of the relationship between body size and species richness against
mean body size of the genus. We repeated the analysis with the slope set to
0 for taxa in which the linear regression of body size by species richness was not
statistically significant at P < 0.05. We performed this analysis for all taxa to-
gether, and also for Columbidae and Passeriformes separately. If the taxa in our
study follow the island rule, we would expect the relationship to be positive:
Small-bodied species should have negative relationships between island species

richness and body size, whereas large-bodied taxa should become smaller as
island species richness decreases (SI Appendix, Fig. S11).
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Supplemental Text 
Supplemental materials and methods 
 We analyzed three distinct datasets. Analysis 1: species means of relative flight 
muscle mass; Analysis 2: means of skeletal characters for each island population (i.e., 
one value for each species on each island); and Analysis 3: skeletal measurements of 
individuals. 

Analysis 1: We tested whether island-restricted species have evolved smaller 
flight muscles than their continental relatives by conducting phylogenetic generalized 
linear models (PGLS) in R with packages ape and nlme (1-3) using a phylogenetic tree 
for birds (4) and species averages of relative flight muscle sizes. Species found on both 
continents and islands (including migrants) were coded as continental. We coded species 
as “island-restricted” if they were not regularly found on any continent or island larger 
than 200,000km2. We chose this cutoff because large islands are continent-like in their 
ecology (e.g., New Guinea has roughly the same landbird species richness as Australia) 
and because this was a natural break point in the data: our dataset included species 
restricted to islands larger than 450,000km2 and smaller than 200,000km2, but none in 
between. We restricted analyses to landbirds only (i.e., excluded ducks, seabirds, 
shorebirds, and grebes). Our dataset included average relative flight muscle sizes for 868 
species. Only 59 of these are restricted to islands, and only 38 of these are restricted to 
islands smaller than 200,000km2. We determined which model among null, Brownian 
motion, Ornstein-Uhlenbeck, and Pagel’s lambda models best described the flight muscle 
data using AIC. In all cases Pagel’s lambda models were the best fit and thus were used 
for the correlation structure in PGLS analyses. 
 Analyses 2 and 3: To test whether flight muscle size and leg lengths are related to 
island species richness or area, we analyzed skeletal measurements multiple ways. First, 
we used principal component analysis on length measurements of the coracoid, humerus, 
femur, and tarsometatarsus to account for body size, as the first principal component 
(PC1) of this analysis included all four variables loading roughly equally and in the same 
direction. We used the residuals of a linear model of the skeletal element of interest (i.e., 
keel length and tarsometatarsus length) by PC1 as a body size-corrected estimate of the 



character. All results presented are these body size-corrected estimates rather than raw 
values. Because in most cases keel length and leg length were evolving in concert and 
were strongly negatively correlated (Fig. S1, Table S1), we created a shape index to 
characterize small flight muscles and long legs. This forelimb-hindlimb index was the 
second principal component (PC2) from a principal component analysis on keel length 
and leg length measurements. Both keel and leg length loaded equally and in the same 
direction in PC1, and in opposite directions in PC2. PC2 explained 25% of the variation 
when analyzed across the entire dataset.  

Analysis 2A: We conducted phylogenetic generalized least squares linear model 
(PGLS) analysis on the entire skeletal dataset, with island population as the unit for 
analysis, and island population means calculated from individual-level data. The PCA 
was conducted across all individuals, with PC1 and residual values averaged for each 
island population. This analysis required a phylogenetic tree that included relationships 
among island populations. Therefore, we grafted hypothesized phylogenies of island 
populations onto a species-level tree from Jetz et al. (4), largely derived in its major 
clades from Hackett et al. (5). We used published phylogeographic studies (6-12) as the 
basis for hypothesized relationships among island populations. For taxa without 
published phylogeographic studies, we hypothesized relationships based on subspecies 
limits, relationships among populations of similar species on the same islands, and 
geographic proximity of islands.  

While conducting phylogenetic comparative analyses across populations rather 
than species is not ideal, there is not a feasible alternative. We note that species taxonomy 
is currently under revision for many of our island taxa, and recent studies have suggested 
that many island populations that are currently considered to be conspecific actually 
comprise reproductively isolated, monophyletic lineages (7, 9, 12). Even island 
populations that have not yet reached biological species designation may be effectively 
isolated from related populations and experiencing independent evolutionary trajectories. 
Thus we analyzed each of the 366 island populations as an independent lineage.   

Analysis 2B: We conducted non-phylogenetic linear regression analyses with the 
character of interest by species richness and island area, respectively, on population-level 
data. We used the same methods as in analysis 2A for calculating island population 
means. We conducted these analyses within each genus, or, where sampling within any 
particular genus was limited, within a family (e.g., Trochilidae, Monarchidae, 
Meliphagidae). These analyses included most of the 366 island populations analyzed in 
Analysis 2A. A few taxa were excluded to allow for more clade-specific analyses (e.g., 
members of Alcedinidae outside of the genus Todiramphus). More inclusive but less 
clade-specific analyses (i.e., analyses including all members of a family) yielded very 
similar results to those presented.  

Analysis 3A: We conducted linear regression analyses with the character of 
interest by species richness and island area, respectively, with the individual specimen as 
the unit of analysis. We conducted PCAs separately for each taxon of interest. Sex and 
species were included as covariates in multiple regressions. We report the full model for 
each morphological character by species richness in Tables S4 and S5. As in analysis 2B, 
we conducted these analyses within each genus, or, in a few cases where sampling within 
one genus was limited, within a family. More inclusive but less clade-specific analyses 
yielded very similar results to those presented. 



Analysis 3B: To test predictions of the island rule, we examined how the body 
size of the focal taxon affected the relationship between body size and species richness 
and island area, respectively. For each genus with sample n≥10 and island populations 
n>3, we performed a linear regression between body size (PC1) and species richness. We 
regressed the coefficient of the relationship between body size and species richness 
against mean body size of the genus. We repeated the analysis with the slope set to 0 for 
taxa in which the linear regression of body size by species richness was not statistically 
significant at p<0.05. We performed this analysis for all taxa together, and also for 
Columbidae and Passeriformes separately. If the taxa in our study follow the island rule, 
we would expect the relationship to be positive: small-bodied species should have 
negative relationships between island species richness and body size, whereas large-
bodied taxa should become smaller as island species richness decreases (Fig. S11).  
 
Relationship between keel length and flight muscle mass 
 Individual-level analyses: We reduced our dataset to individual specimens for 
which we had both flight muscle masses and skeletal measurements. Keel length was 
strongly correlated with flight muscle mass across all individuals (p<0.001, adj. R2=0.81, 
df: 1 and 165). We conducted a PCA across this entire dataset to correct for body size, as 
described above. Body size-corrected keel length was positively correlated with relative 
flight muscle size (p<0.001, adj. R2=0.58, df: 1 and 165).  
 We then focused on within-lineage relationships between keel length and flight 
muscle size. In Coereba flaveola body size-corrected keel length was positively 
correlated with relative flight muscle size (p=0.004, adj. R2=0.22, df: 1 and 30; results 
were nearly identical when correcting for body size using PC1 from the PCA run above, 
or when a new PCA was conducted using only Coereba flaveola samples). Likewise, in 
the pigeon Macropygia mackinlayi keel length was positively correlated with flight 
muscle size (body size-corrected: p=0.0029, adj. R2=0.61, df: 1 and 9; raw length and 
mass values, uncorrected for body size: p=0.0049, adj. R2=0.56). These were the only 
two species for which we had at least 10 samples with both skeletal and flight muscle 
mass data. Looking across individuals in the fruit-dove genus Ptilinopus, we also found 
that keel length was positively correlated with flight muscle size (body size-corrected: 
p<0.001, adj. R2=0.63, df: 1 and 15; not body size-corrected: p<0.001, adj. R2=0.85). 
Similar results were found for the Zosterops white-eyes (body size-corrected: p=0.0019, 
adj. R2=0.50, df: 1 and 13; not body size-corrected: p<0.001, adj. R2=0.63) and the 
Rhipidura fantails (body size-corrected: p=0.14, adj. R2=0.12, df: 1 and 11; not body 
size-corrected: p<0.001, adj. R2=0.90).  
 Species average analyses: We calculated species averages of the skeletal 
measurements, including PC1 and body size-corrected characters, and combined this 
dataset with the dataset on species averages of flight muscle masses. We used 
phylogenetic generalized linear models (PGLS) as described in the methods above to test 
how keel length and flight muscle size were related across species in a phylogenetic 
context. Species averages of body size-corrected keel length were positively correlated 
with relative flight muscle sizes (PGLS: p<0.001, R2=0.47, df: 41). Likewise, keel length 
uncorrected for body size was strongly correlated with flight muscle mass (PGLS: 
p<0.001, R2=0.65, df: 41).  



 While skeletal proxies for flight muscle size such as keel length are highly 
correlated with flight muscle mass, measurements taken on skeletal specimens are more 
precise and accurate. Our flight muscle data were collected over the span of a decade by 
dozens of specimen preparators, often in less than ideal field conditions, whereas one 
investigator (N.A.W.) made all skeletal measurements in the comfort of museum 
collections. Additionally, flight muscle mass varies within an individual in response to 
body condition, migration, season, and breeding, but skeletal structures are less labile. 
These naturally occurring variations in flight muscle mass along with measurement error 
likely account for much of the variation left unexplained by keel length.  
 
Evolution toward flightlessness in island birds 
 Our findings that birds evolve smaller flight muscles and longer legs on smaller, 
species-poor islands are robust to analytic method, taxonomic scale, and island system. 
Our data come from populations on oceanic and continental islands in the Pacific and 
Caribbean. They include Old World kingfishers, Old World and New World doves and 
pigeons, hummingbirds (New World-restricted), and both Old and New World families 
of passerines. We reach the same conclusions whether testing the question across 
lineages in a phylogenetic comparative framework or when focusing on within-species or 
within-genera comparisons and whether we use island population means or individual 
values as the units of analysis (Tables S2-S4).  
 Analysis 1: Pagel’s lambda correlation structure best described the flight muscle 
mass data. Across all landbirds, island-restricted species had smaller flight muscles than 
their continental relatives (PGLS: p<0.001; df: 866). Relative flight muscle size is 
mechanistically tied to flight style and body plan, and displays high phylogenetic signal 
(Pagel’s λ = 0.89). Family alone explains 71% of the variation in relative flight muscle 
size across birds (p<0.001; df: 104 and 847). For family Columbidae (pigeons and 
doves), we had data on 59 species, 8 of which are restricted to islands smaller than 
200,000km2 (13.6%). This was the only family for which we had data on >4 island-
restricted species and >4 continental species. Within Columbidae, relative flight muscle 
mass exhibited less phylogenetic signal (Pagel’s λ = 0.23) and there was little 
difference between the fit of the null model and Pagel’s lambda correlation structure 
(AIC -222.6 and -222.0, respectively). Island-restricted columbids had smaller relative 
flight muscles than their continental relatives in both PGLS (p<0.001, df: 57) and non-
phylogenetic linear regression (p<0.001, adj. R2=0.26, df: 57). 
 Analysis 2: Pagel’s lambda correlation structure best described the keel length, 
tarsometatarsus length, and forelimb-hindlimb index data, with each exhibiting high 
phylogenetic signal (Pagel’s λ = 0.95, 0.98, and 0.97, respectively). Body size-
corrected keel length and the forelimb-hindlimb index correlated positively with island 
species richness and island area, while body size-corrected tarsometatarsus length 
correlated negatively with island species richness and island area. This was the case for 
phylogenetic generalized linear models and non-phylogenetic linear regressions of island 
population means (Tables 1, S2, S3).  
 We focus on only islands in this study, but when data from Australian populations 
are included, the results are similar. Australia’s landbird species richness similar to that 
of New Guinea, and morphological traits are similar for relatives on Australian and New 
Guinea.  



 
Testing the island body size rule  

Analysis 3B: There was no significant relationship between body size and the 
direction of body size change on islands (non-significant slopes set to 0: all taxa: p=0.65, 
R2=0.01, df: 1 and 17; Columbidae: p=0.73, R2=0.03, df: 1 and 4; Passeriformes: p=0.24, 
R2=0.19, df: 1 and 7; non-significant slopes included: all taxa: p=0.52, R2=0.02, df: 1 and 
17; Columbidae: p=0.74, R2=0.03, df: 1 and 4; Passeriformes: p=0.25, R2=0.19, df: 1 and 
7). Additionally, visual examination of the pattern reveals no trend, significant or 
otherwise (figs. S12-S14). The possible exception is passerines (fig. S14), which appear 
to exhibit a positive relationship between the change in body size with species richness 
and body size. This relationship is not statistically significant, however, and there are 
only 9 genera of sufficient sampling to include in analyses. We caution that the entire 
body size range for passerines in our dataset is not large: 5.5g (Tiaris bicolor) to 54.0g 
(Pachycephala pectoralis). Additionally, the differences in size between the small-bodied 
passerines which become larger on small islands of low species richness and the large-
bodied passerines which become smaller on these islands is not great. The genus 
Myzomela (6.6-17.9g, mean 11.4g) exhibits a significant negative relationship between 
body size and species richness, while the similarly sized genus Myiagra (9.8-24.1g, mean 
14.2g) exhibits a significant positive relationship (Table S5). Likewise, the closely related 
Coereba flaveola (mean 9.9g) and Loxigilla (mean 20.6g) tanagers change body size on 
islands in opposite ways (Table S5). Perhaps with more data we might find support for 
the island rule in passerines. When considered in sum, however, the taxa in our study do 
not follow the island rule.  
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Additional Supporting Figures 
 
Fig. S1. Keel length is negatively correlated with tarsometatarsus length within and 
across taxa. Relative lengths of the keel and tarsometatarsus are the residuals of a 
regression of keel and tarsometatarsus lengths, respectively, by the first principal 
component, an indicator of overall body size (see supplemental methods, section 
“analyses 2 and 3”). Each point is an individual sample.  
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Figs. S2-S10. Avian populations on islands of low species richness have repeatedly 
evolved smaller flight muscles and longer legs (Tables 1, S2). Colors of tree tips and 
boxes represent island landbird species richness. The positions of colored squares 
represent population means of the forelimb-hindlimb index. Gray box-and-whisker plots 
behind the colored squares show the first and third quartiles, with whiskers extending to 
1.5 times the inner quartile range or the outermost data point within that range. Dashed 
vertical lines represent clade means of the forelimb-hindlimb index. Grayscale circles and 
diamonds indicate the residuals of regressions of keel and tarsometatarsus lengths by 
body size (PC1), respectively. Darker points indicate smaller keels and shorter legs for a 
given body size, while lighter points indicate larger keels and longer legs. 
 
  



Fig. S2. Columbidae (pigeons and doves) 

 

Columbina passerina Grand Cayman
Columbina passerina Little Cayman
Columbina passerina Cayman Brac
Columbina passerina Jamaica
Columbina passerina Andros
Columbina passerina New Providence
Columbina passerina Grand Bahama
Columbina passerina San Salvador
Columbina passerina Middle Caicos
Columbina passerina Cuba
Columbina passerina Hispanola
Columbina passerina Puerto Rico
Columbina talpacoti Tobago
Chalcophaps indica Mindanao
Chalcophaps indica Camiguin
Chalcophaps indica Bohol
Chalcophaps indica Palawan
Chalcophaps indica Luzon
Chalcophaps indica Batan
Chalcophaps indica New Guinea
Chalcophaps stephani Guadalcanal
Chalcophaps stephani New Guinea
Ptilinopus occipitalis Leyte
Ptilinopus occipitalis Mindanao
Ptilinopus occipitalis Negros
Ptilinopus leclancheri Culion
Ptilinopus leclancheri Palawan
Ptilinopus leclancheri Batan
Ptilinopus leclancheri Sabtang
Ptilinopus porphyraceus Pohnpei
Ptilinopus porphyraceus Savaii
Ptilinopus hyogastrus Halmahera
Ptilinopus bernsteinii Halmahera
Ptilinopus greyii Santa Cruz
Ptilinopus melanospilus Sulawesi
Ptilinopus viridis Choiseul
Ptilinopus viridis Santa Isabel
Ptilinopus tannensis Espiritu Santo
Ptilinopus granulifrons Obira
Ptilinopus superbus Halmahera
Ptilinopus superbus New Guinea
Ptilinopus superbus Santa Isabel
Ptilinopus rivoli New Guinea
Ptilinopus solomonensis Kolombangara
Ptilinopus solomonensis Makira
Ptilinopus ornatus New Guinea
Ptilinopus iozonus New Guinea
Ptilinopus pulchellus New Guinea
Ptilinopus richardsii Rennell Island
Ptilinopus dupetithouarsii Fatu Hiva
Ptilinopus perlatus New Guinea
Ptilinopus monacha Halmahera
Ptilinopus insularis Henderson
Ptilinopus magnificus New Guinea
Ptilinopus purpuratus Toau
Gymnophaps albertisii New Guinea
Ducula zoeae New Guinea
Ducula perspicillata Halmahera
Ducula perspicillata Obira
Ducula oceanica Eil Malk
Ducula oceanica Pohnpei
Ducula rufigaster New Guinea
Ducula bakeri Espiritu Santo
Ducula mullerii New Guinea
Ducula melanochroa New Guinea
Ducula bicolor Halmahera
Ducula luctuosa Sulawesi
Ducula pinon New Guinea
Ducula aenea Culion
Ducula aenea Palawan
Ducula aenea Mindanao
Ducula aenea Negros
Ducula aenea Sulawesi
Ducula pacifica Atiu
Ducula pacifica Mauke
Ducula pacifica Mitiaro
Ducula pacifica Rarotonga
Ducula rubricera Santa Isabel
Zenaida aurita Hispanola
Zenaida aurita Grand Cayman
Zenaida aurita Andros
Zenaida aurita San Salvador
Zenaida aurita Puerto Rico
Zenaida aurita St. Kitts
Zenaida aurita Nevis
Zenaida aurita Anguilla
Zenaida aurita Antigua
Zenaida aurita Barbuda
Zenaida aurita Monserrat
Zenaida aurita Barbados
Zenaida aurita Dominica
Macropygia mackinlayi Santa Isabel
Macropygia mackinlayi Espiritu Santo
Macropygia nigrirostris New Guinea
Macropygia phasianella Leyte
Macropygia phasianella Mindanao
Macropygia phasianella Sabtang
Macropygia amboinensis Halmahera
Macropygia amboinensis Obira
Macropygia amboinensis New Guinea
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Fig. S3. Alcedinidae (kingfishers) 

Alcedo argentata Bohol
Alcedo argentata Leyte
Alcedo argentata Mindanao
Ceyx lepidus Guadalcanal
Ceyx lepidus Makira
Ceyx lepidus New Guinea
Ceyx melanurus Mindanao
Ceyx melanurus Luzon
Ceyx erithaca Palawan
Alcedo meninting Palawan
Actenoides lindsayi Luzon
Actenoides lindsayi Panay
Todiramphus chloris Sulawesi
Todiramphus chloris Sabtang
Todiramphus chloris Batan
Todiramphus chloris Luzon
Todiramphus chloris Negros
Todiramphus chloris Babeldaob
Todiramphus chloris Palawan
Todiramphus chloris Guadalcanal
Todiramphus chloris Saipan
Todiramphus funebris Halmahera
Todiramphus sanctus New Guinea
Todiramphus sanctus Grande Terre
Todiramphus sanctus South Island
Todiramphus sanctus North Island
Todiramphus sanctus Santa Isabel
Todiramphus sanctus Vella Lavella
Todiramphus sanctus New Georgia
Todiramphus sanctus Sulawesi
Todiramphus sanctus Halmahera
Todiramphus sanctus Obira
Todiramphus recurvirostris Upolu
Todiramphus cinnamominus Pohnpei
Todiramphus cinnamominus Guam
Todiramphus chloris Viti Levu
Todiramphus chloris Rennell Island
Todiramphus chloris Eua
Todiramphus tutus Mauke
Todiramphus tutus Atiu
Todiramphus ruficollaris Mangaia
Todiramphus leucopygius Guadalcanal
Todiramphus leucopygius Santa Isabel
Todiramphus macleayii Palawan
Syma megarhyncha New Guinea
Halcyon smyrnensis Luzon
Halcyon coromanda Luzon
Halcyon coromanda Palawan
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Fig. S4. Thraupidae (tanagers) 

Coereba flaveola Tobago
Coereba flaveola Trinidad
Coereba flaveola Bonaire
Coereba flaveola Anguilla
Coereba flaveola Barbuda
Coereba flaveola Antigua
Coereba flaveola St. Kitts
Coereba flaveola St. Barts
Coereba flaveola Nevis
Coereba flaveola Monserrat
Coereba flaveola Dominica
Coereba flaveola St. Vincent
Coereba flaveola Puerto Rico
Coereba flaveola Cayman Brac
Coereba flaveola Grand Cayman
Coereba flaveola Little Cayman
Coereba flaveola Jamaica
Coereba flaveola Hispanola
Coereba flaveola Andros
Coereba flaveola Grand Bahama
Coereba flaveola San Salvador
Coereba flaveola Middle Caicos
Tiaris olivaceus Puerto Rico
Tiaris olivaceus Vieques
Tiaris olivaceus Cuba
Tiaris olivaceus Grand Cayman
Tiaris olivaceus Hispanola
Tiaris olivaceus Jamaica
Tiaris canorus Cuba
Tiaris canorus New Providence
Tiaris bicolor Tobago
Tiaris bicolor Anguilla
Tiaris bicolor Barbuda
Tiaris bicolor Antigua
Tiaris bicolor St. Kitts
Tiaris bicolor Nevis
Tiaris bicolor Monserrat
Tiaris bicolor Dominica
Tiaris bicolor St. Vincent
Tiaris bicolor Puerto Rico
Tiaris bicolor Vieques
Tiaris bicolor Jamaica
Tiaris bicolor Hispanola
Tiaris bicolor Andros
Tiaris bicolor New Providence
Tiaris bicolor Grand Bahama
Tiaris bicolor San Salvador
Loxipasser anoxanthus Jamaica
Loxigilla noctis Anguilla
Loxigilla noctis Barbuda
Loxigilla noctis Antigua
Loxigilla noctis St. Kitts
Loxigilla noctis Nevis
Loxigilla noctis Monserrat
Loxigilla noctis Dominica
Loxigilla noctis St. Vincent
Loxigilla noctis St. Lucia
Loxigilla noctis Barbados
Loxigilla violacea Andros
Loxigilla violacea Eleuthera
Loxigilla violacea Grand Bahama
Loxigilla violacea Hispanola
Loxigilla violacea Jamaica
Loxigilla portoricensis Hispanola
Loxigilla portoricensis Puerto Rico
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Fig. S5. Meliphagidae (honeyeaters) 

 
  

Melilestes megarhynchus New Guinea

Meliphaga albonotata New Guinea

Meliphaga gracilis New Guinea

Meliphaga orientalis New Guinea

Meliphaga analoga New Guinea

Meliphaga mimikae New Guinea

Meliphaga aruensis New Guinea

Lichmera incana Efate

Lichmera incana Grande Terre

Phylidonyris notabilis Espiritu Santo

Xanthotis flaviventer New Guinea

Myzomela rosenbergii New Guinea

Myzomela eques New Guinea

Myzomela obscura Halmahera

Myzomela obscura Obira

Myzomela chermesina Rotuma

Myzomela cruentata New Guinea

Myzomela erythrocephala New Guinea

Myzomela lafargei Santa Isabel

Myzomela cardinalis Rennell Island

Myzomela cardinalis Espiritu Santo

Myzomela cardinalis Pohnpei

Myzomela sanguinolenta Grande Terre

Myzomela tristrami Makira
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Fig. S6. Zosteropidae (white-eyes) 

Zosterops xanthochroa Grande Terre

Zosterops sanctaecrucis Santa Cruz

Zosterops nigrorum Negros

Zosterops nigrorum Camiguin

Zosterops nigrorum Luzon

Zosterops everetti Mindanao

Zosterops atricapilla Borneo

Zosterops montanus Mindanao

Zosterops montanus Negros

Zosterops japonicus Batan

Zosterops japonicus Sabtang

Zosterops borbonicus Mauritius

Zosterops borbonicus Reunion

Zosterops olivaceus Reunion

Zosterops metcalfii Santa Isabel

Zosterops rendovae Makira

Zosterops lateralis Efate

Zosterops lateralis Espiritu Santo

Zosterops lateralis Grande Terre

Zosterops lateralis North Island

Zosterops conspicillatus Pohnpei

Zosterops conspicillatus Saipan

Zosterops rennellianus Rennell Island

Woodfordia superciliosa Rennell Island

Zosterops meyeni Batan

Zosterops meyeni Sabtang

Zosterops flavifrons Efate

Zosterops flavifrons Espiritu Santo

Zosterops atriceps Halmahera
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Fig. S7. Pachycephalidae (whistlers) 

 
  

Pachycephala soror New Guinea

Pachycephala simplex New Guinea

Pachycephala rufiventris Grande Terre

Pachycephala homeyeri Panay

Pachycephala homeyeri Negros

Pachycephala pectoralis New Guinea

Pachycephala pectoralis Santa Cruz

Pachycephala pectoralis Guadalcanal

Pachycephala pectoralis Santa Isabel

Pachycephala pectoralis Upolu

Pachycephala pectoralis Halmahera

Pachycephala pectoralis Espiritu Santo

Pachycephala philippinensis Mindanao

Pachycephala philippinensis Camiguin

Pachycephala philippinensis Bohol

Pachycephala philippinensis Luzon

Pachycephala hypoxantha Borneo

Pachycephala grisola Luzon

Pachycephala grisola Negros

Pachycephala grisola Palawan

Pachycephala albiventris Luzon

Pachycephala schlegelii New Guinea

Pachycephala caledonica Grande Terre
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Fig. S8. Monarchidae (Old World flycatchers) 

 
  

Myiagra alecto Halmahera

Myiagra alecto Obira

Myiagra alecto New Guinea

Myiagra galeata Halmahera

Myiagra hebetior New Guinea

Myiagra oceanica Pohnpei

Myiagra caledonica Espiritu Santo

Myiagra caledonica Grande Terre

Myiagra ferrocyanea Santa Isabel

Arses telescophthalmus New Guinea

Monarcha trivirgatus Halmahera

Monarcha trivirgatus Obira

Monarcha guttula New Guinea

Monarcha barbatus Santa Isabel

Monarcha manadensis New Guinea

Monarcha verticalis New Guinea

Monarcha axillaris New Guinea

Monarcha chrysomela New Guinea

Neolalage banksiana Espiritu Santo

Clytorhynchus hamlini Rennell Island

Clytorhynchus pachycephaloides Espiritu Santo

Monarcha castaneiventris Makira

Monarcha castaneiventris Santa Isabel

Monarcha pileatus Halmahera
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Fig. S9. Rhipiduridae (fantails) 

 
  

Rhipidura verreauxi Grande Terre

Rhipidura verreauxi Espiritu Santo

Rhipidura verreauxi Malekula

Rhipidura fuliginosa Espiritu Santo

Rhipidura fuliginosa Grande Terre

Rhipidura rennelliana Rennell Island

Rhipidura hyperythra New Guinea

Rhipidura albolimbata New Guinea

Rhipidura rufidorsa New Guinea

Rhipidura rufifrons Saipan

Rhipidura rufifrons Pohnpei

Rhipidura rufifrons Makira

Rhipidura rufifrons Guadalcanal

Rhipidura rufifrons Santa Isabel

Rhipidura dahli New Guinea

Rhipidura brachyrhyncha New Guinea

Rhipidura rufiventris New Guinea

Rhipidura cockerelli Santa Isabel

Rhipidura perlata Borneo

Rhipidura atra New Guinea

Rhipidura leucothorax New Guinea

Rhipidura threnothorax New Guinea

Rhipidura leucophrys Halmahera

Rhipidura leucophrys New Guinea

Rhipidura leucophrys Santa Isabel

Rhipidura javanica Borneo

Rhipidura javanica Luzon

Rhipidura javanica Camiguin

Rhipidura javanica Negros

Rhipidura albicollis Borneo

Rhipidura cyaniceps Luzon

Rhipidura cyaniceps Negros

Rhipidura cyaniceps Panay

Rhipidura superciliaris Mindanao

Rhipidura nigrocinnamomea Mindanao
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Fig. S10. Trochilidae (hummingbirds) 

  

Chlorostilbon ricordii Abaco

Chlorostilbon ricordii Andros

Chlorostilbon ricordii Cuba

Chlorostilbon swainsonii Hispanola

Chlorostilbon maugaeus Puerto Rico

Chlorestes notata Trinidad

Trochilus polytmus Jamaica

Chrysolampis mosquitus Tobago

Chrysolampis mosquitus Trinidad

Anthracothorax dominicus Hispanola

Anthracothorax dominicus Puerto Rico

Eulampis jugularis St. Kitts

Eulampis jugularis St. Vincent

Eulampis jugularis Dominica

Anthracothorax viridis Puerto Rico

Anthracothorax nigricollis Tobago

Anthracothorax nigricollis Trinidad

Anthracothorax mango Jamaica
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Fig. S11. Predictions of the island rule. Small-bodied taxa should become larger on 
islands of lower species richness, and thus exhibit a negative relationship between body 
size and species richness. Large-bodied taxa should become smaller on islands of low 
species richness, and thus exhibit a positive relationship between body size and species 
richness. If most taxa truly are evolving toward an idealized or equilibrium body size, 
body size changes should be greatest for taxa at the extremes of body size. Some taxa 
may not change body size consistently on islands, and thus have slopes of 0. These 
should be primarily medium-sized taxa. 
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Fig. S12. The relationship between body size and island species richness for each genus 
(y-axis) and mean body size for the genus (x-axis). The size of each point represents the 
R2 value for the linear regression model of body size by species richness for that genus. 
Clade is indicated by color.  
 

 
 
Fig. S13. The relationship between body size and island species richness for each genus 
(y-axis) and mean body size for the genus (x-axis) for Columbidae. The size of each point 
represents the R2 value for the linear regression model of body size by species richness 
for that genus.  
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Fig. S14. The relationship between body size and island species richness for each genus 
(y-axis) and mean body size for the genus (x-axis) for Passeriformes. The size of each 
point represents the R2 value for the linear regression model of body size by species 
richness for that genus.  
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Fig. S15. Legend for genera in Fig. 2 of main text.  

 
  

●

●

Chalcophaps
Columbina
Ducula
Gymnophaps
Macropygia
Ptilinopus
Zenaida

●

●

Actenoides
Alcedo
Ceyx
Halcyon
Syma
Todiramphus

●

●

Anthracothorax
Chlorestes
Chlorostilbon
Chrysolampis
Eulampis
Trochilus

● Arses
Clytorhynchus
Monarcha
Myiagra
Neolalage

●

●

Lichmera
Melilestes
Meliphaga
Myzomela
Phylidonyris
Xanthotis

●

Loxigilla
Loxipasser
Coereba
Tiaris

● Woodfordia
Zosterops

Columbidae Alcedinidae Trochilidae

Monarchidae
Meliphagidae Thraupidae

Zosteropidae



Supporting Tables 
 
Table S1: Keel and tarsometatarsus lengths are negatively correlated in most taxa. Linear 
models of body size-corrected keel length predicted by body size-corrected 
tarsometatarsus length for each focal taxon. 
 
taxon coefficient p-value adj. R2 df 
Ptilinopus -3.67 <0.001 0.64 1 and 112 
Ducula -7.32 <0.001 0.49 1 and 60 
Columbina -0.49 0.45 0.0 1 and 73 
Macropygia -4.20 <0.001 0.46 1 and 43 
Zenaida aurita -3.67 <0.001 0.31 1 and 37 
Coereba flaveola -0.62 <0.001 0.34 1 and 237 
Loxigilla -0.91 <0.001 0.22 1 and 195 
Tiaris -0.15 0.32 0.0 1 and 175 
Todiramphus -1.99 <0.001 0.78 1 and 87 
Zosteropidae -0.66 <0.001 0.59 1 and 126 
Trochilidae -6.26 <0.001 0.63 1 and 72 
Rhipiduridae -0.58 <0.001 0.55 1 and 116 
Meliphagidae -0.78 <0.001 0.49 1 and 54 
Monarchidae -0.88 <0.001 0.62 1 and 121 
Pachycephalidae -0.46 <0.001 0.60 1 and 82 
 
 
Table S2: Results for models predicting the relationship between the forelimb-hindlimb 
index and island characteristics in non-phylogenetic analyses. The dependent variable in 
each model is the forelimb-hindlimb index: the second principal component from a PCA 
of keel length and tarsometatarsus length. Greater values of the forelimb-hindlimb index 
indicate larger flight muscles and shorter legs. Island population means are the units of 
analysis (analysis 2B). Island area and species richness values are log-transformed. 
Models are linear regressions. 
 
taxon predictor 

variable(s) 
AIC coefficient model p-

value 
adj. 
R2 

df 

all taxa  richness 811.8 0.31 <0.001 0.04 1, 
364 

all taxa area 824.7 0.05 0.08 0.01 1, 
364 

all taxa richness + 
family 

252.0 0.40 <0.001 0.80 9, 
356 

all taxa family 356.9  <0.001 0.73 8, 
357 

Ptilinopus richness 31.1 0.68 <0.001 0.56 1, 31 
Ptilinopus area 44.6 0.23 <0.001 0.34 1, 31 
Ducula richness 28.0 0.74 <0.001 0.66 1, 20 
Ducula area 32.7 0.33 <0.001 0.57 1, 20 



taxon predictor 
variable(s) 

AIC coefficient model p-
value 

adj. 
R2 

df 

Columbina richness -33.9 0.16 0.17 0.09 1, 11 
Columbina area -32.5 0.01 0.39 0.0 1, 11 
Macropygia richness 4.8 0.15 0.46 0.0 1, 7 
Macropygia area 5.5 0.02 0.76 0.0 1, 7 
Zenaida aurita richness 1.9 0.19 0.60 0.0 1, 11 
Zenaida aurita area -0.82 0.11 0.11 0.14 1, 11 
Coereba 
flaveola 

richness -19.4 0.47 0.02 0.20 1, 20 

Coereba 
flaveola 

area -18.9 0.08 0.03 0.19 1, 20 

Loxigilla richness -24.9 -0.09 0.51 0.0 1, 15 
Loxigilla area -28.4 -0.05 0.06 0.16 1, 15 
Tiaris richness -61.0 0.22 0.006 0.26 1, 23 
Tiaris area -56.5 0.03 0.06 0.11 1, 23 
Todiramphus richness -15.9 0.26 <0.001 0.43 1, 30 
Todiramphus area -10.3 0.11 <0.001 0.32 1, 30 
Zosteropidae richness -2.8 0.42 <0.001 0.42 1, 27 
Zosteropidae area 4.6 0.13 0.003 0.26 1, 27 
Trochilidae richness -23.7 0.09 0.51 0.0 1, 16 
Trochilidae area -23.7 0.02 0.52 0.0 1, 16 
Rhipidura richness 34.5 0.17 0.20 0.02 1, 33 
Rhipidura area 34.5 0.07 0.20 0.02 1, 33 
Meliphagidae richness 30.7 0.17 0.27 0.01 1, 22 
Meliphagidae area 31.1 0.06 0.36 0.00 1, 22 
Monarchidae richness 8.9 0.28 0.02 0.18 1, 22 
Monarchidae area 11.8 0.09 0.10 0.08 1, 22 
Pachycephala richness 7.3 0.42 0.003 0.32 1, 21 
Pachycephala area 14.7 0.10 0.13 0.06 1, 21 
 
 
Table S3: Results for analyses predicting the relationship between body size and island 
characteristics. Island population means are the unit of analysis (analysis 2B). Island area 
and species richness values are log-transformed. Models are linear regressions. 
  
taxon predictor 

variable(s) 
AIC coefficient model p-

value 
adj. R2 df 

Ptilinopus richness 80.9 0.023 0.92 0.0 1, 31 
Ptilinopus area 80.9 -0.005 0.96 0.0 1, 31 
Ducula richness 54.1 0.52 0.022 0.20 1, 20 
Ducula area 54.7 0.23 0.030 0.17 1, 20 
Columbina richness -0.92 0.15 0.71 0.0 1, 11 
Columbina area -1.77 0.045 0.36 0.0 1, 11 
Macropygia richness 23.2 -0.43 0.43 0.0 1, 7 
Macropygia area 21.6 -0.25 0.18 0.13 1, 7 



taxon predictor 
variable(s) 

AIC coefficient model p-
value 

adj. R2 df 

Zenaida aurita richness 2.7 0.44 0.26 0.03 1, 11 
Zenaida aurita area 3.1 0.08 0.32 0.0 1, 11 
Coereba 
flaveola 

richness -12.1 -0.24 0.30 0.0 1, 20 

Coereba 
flaveola 

area -12.0 -0.04 0.32 0.0 1, 20 

Loxigilla richness 6.0 1.3 <0.001 0.50 1, 15 
Loxigilla area 4.0 0.29 <0.001 0.56 1, 15 
Tiaris richness -39.5 -0.16 0.16 0.04 1, 23 
Tiaris area -37.7 -0.01 0.57 0.0 1, 23 
Todiramphus richness 57.2 0.04 0.82 0.0 1, 30 
Todiramphus area 57.3 -0.01 0.85 0.0 1, 30 
Zosteropidae richness 35.5 -0.20 0.26 0.01 1, 27 
Zosteropidae area 33.9 -0.12 0.09 0.07 1, 27 
Trochilidae richness 8.2 -0.43 0.23 0.03 1, 16 
Trochilidae area 6.9 -0.13 0.11 0.10 1, 16 
Rhipidura richness 67.9 0.02 0.92 0.0 1, 33 
Rhipidura area 67.7 -0.03 0.67 0.0 1, 33 
Meliphagidae richness 64.9 0.29 0.34 0.0 1, 22 
Meliphagidae area 64.8 0.13 0.33 0.0 1, 22 
Monarchidae richness 38.8 -0.17 0.43 0.0 1, 22 
Monarchidae area 39.0 -0.06 0.52 0.0 1, 22 
Pachycephalidae richness 23.9 -0.54 0.007 0.27 1, 21 
Pachycephalidae area 24.7 -0.22 0.010 0.24 1, 21 
  



Table S4: Results for Analysis 3A, predicting shape with island species richness and 
area. The dependent variable in each model is the forelimb-hindlimb index: the second 
principal component from a PCA of keel length and tarsometatarsus length. Greater 
values of the forelimb-hindlimb index indicate larger flight muscles and shorter legs. 
Each data point is one specimen. Island area and species richness values are log-
transformed. Models are linear regressions. P-values for each parameter are from 
ANCOVAs. Area and richness were positively correlated with the shape variable unless 
“(-)” follows the term in the “predictor variable(s)” column, indicating a negative 
correlation between the shape variable and the predictor variable of interest.  
 
taxon predictor 

variable(s) 
model p-
value 

adj. 
R2 

p-values for each 
parameter 

df 

Ptilinopus richness <0.001 0.41  1, 
112 

Ptilinopus area <0.001 0.26  1, 
112 

Ptilinopus richness + 
species + sex 

<0.001 0.92 richness <0.001; species 
<0.001; sex: 0.07 

23, 
90 

Ducula richness <0.001 0.43  1, 60 
Ducula area <0.001 0.38  1, 60 
Ducula richness + 

species + sex 
<0.001 0.60 richness <0.001; 

species: 0.008; sex: 
0.004 

13, 
48 

Columbina richness 0.25 0.0  1, 73 
Columbina area 0.68 0.0  1, 73 
Columbina richness + 

species + sex 
0.03 0.08 richness: 0.23; species: 

0.07; sex: 0.03 
3, 71 

Macropygia richness <0.001 0.42  1, 43 
Macropygia area <0.001 0.30  1, 43 
Macropygia richness + 

species + sex 
<0.001 0.66 richness <0.001; species 

<0.001; sex: 0.48 
5, 39 

Zenaida aurita richness 0.008 0.15  1, 37 
Zenaida aurita area <0.001 0.27  1, 37 
Zenaida aurita richness + sex 0.01 0.18 richness: 0.007; sex: 

0.16 
2, 36 

Coereba 
flaveola 

richness <0.001 0.40  1, 
237 

Coereba 
flaveola 

area <0.001 0.61  1, 
237 

Coereba 
flaveola 

richness + sex <0.001 0.46 richness <0.001; sex 
<0.001 

2, 
236 

Loxigilla richness <0.001 0.08  1, 
195 

Loxigilla area 0.08 0.01  1, 
195 

Loxigilla richness + <0.001 0.17 richness <0.001; species 4, 



taxon predictor 
variable(s) 

model p-
value 

adj. 
R2 

p-values for each 
parameter 

df 

species + sex <0.001; sex: 0.11 192 
Tiaris richness <0.001 0.42  1, 

175 
Tiaris area <0.001 0.36  1, 

175 
Tiaris richness + 

species + sex 
<0.001 0.53 richness <0.001; species 

<0.001; sex <0.001 
4, 
172 

Todiramphus richness <0.001 0.60  1, 87 
Todiramphus area <0.001 0.51  1, 87 
Todiramphus richness + 

species + area 
<0.001 0.82 richness <0.001; species 

<0.001; sex: 0.10 
9, 79 

Zosteropidae richness <0.001 0.23  1, 
126 

Zosteropidae area 0.06 0.02  1, 
126 

Zosteropidae richness + 
species + sex 

<0.001 0.87 richness <0.001; species 
<0.001; sex: 0.02 

19, 
108 

Trochilidae richness <0.001 0.17  1, 72 
Trochilidae area <0.001 0.30  1, 72 
Trochilidae richness(-) + 

species + sex 
<0.001 0.77 richness <0.001; species 

<0.001; sex <0.001 
12, 
61 

Trochilidae area + species + 
sex 

<0.001 0.77 area <0.001; species 
<0.001; sex <0.001 

12, 
61 

Rhipidura richness 0.28 0.00  1, 
116 

Rhipidura area 0.77 0.00  1, 
116 

Rhipidura richness + 
species + sex 

<0.001 0.90 richness <0.001; species 
<0.001; sex <0.001 

22, 
95 

Meliphagidae richness <0.001 0.42  1, 54 
Meliphagidae area <0.001 0.38  1, 54 
Meliphagidae richness + 

species + sex 
<0.001 0.83 richness <0.001; species 

<0.001; sex: 0.001 
21, 
34 

Monarchidae richness  <0.001 0.28  1, 
121 

Monarchidae area <0.001 0.12  1, 
121 

Monarchidae richness + 
species + sex 

<0.001 0.82 richness <0.001; species 
<0.001; sex <0.001 

20, 
102 

Pachycephala richness <0.001 0.25  1, 82 
Pachycephala area 0.05 0.03  1, 82 
Pachycephala richness + 

species + sex 
<0.001 0.60 richness <0.001; species 

<0.001; sex: 0.89 
12, 
71 

 



  



Table S5: Results for Analysis 3A. Each data point is one specimen. Island area and 
species richness values are log-transformed. Models are linear regressions. P-values for 
each parameter are from ANCOVAs. “Keel” and “tarso” are the residuals of regressions 
of keel length and tarsometatarsus length, respectively, by PC1, to correct for overall 
body size. Unless otherwise noted, area and richness were positively correlated with keel 
length and negatively correlated with tarsometatarsus length. The relationship between 
richness or area and PC1 is indicated by (-) following area/richness for a negative 
correlation and (+) for a positive correlation.  
 
taxon model predictor 

variable(s) 
model 
p-value 

adj. 
R2 

p-values for each 
parameter 

df 

Columbidae       
Ptilinopus keel richness  <0.001 0.38  1, 

112 
Ptilinopus keel area  <0.001 0.24  1, 

112 
Ptilinopus keel area + species + 

sex 
<0.001 0.88 area <0.001; 

species <0.001; 
sex: 0.3 

23, 
90 

Ptilinopus keel richness + 
species + sex 

<0.001 0.88 richness <0.001; 
species <0.001; 
sex: 0.3 

23, 
90 

Ptilinopus tarso area <0.001 0.21  1, 
112 

Ptilinopus tarso richness <0.001 0.34  1, 
112 

Ptilinopus tarso area + species + 
sex 

<0.001 0.92 area: 0.99; species 
<0.001; sex: 0.4 

23, 
90 

Ptilinopus tarso richness + 
species + sex 

<0.001 0.92 richness: 0.97; 
species <0.001; 
sex: 0.4 

23, 
90 

Ptilinopus PC1 area(-) 0.40 0.00  1, 
112 

Ptilinopus PC1 richness(-) 0.41 0.00  1, 
112 

Ptilinopus PC1 area(-) + 
species + sex 

<0.001 0.92 area: 0.004; 
species <0.001; 
sex <0.001 

23, 
90 

Ptilinopus PC1 richness(-) + 
species + sex 

<0.001 0.92 richness: 0.005; 
species <0.001; 
sex <0.001 

23, 
90 

Ducula keel richness <0.001 0.60  1, 
60 

Ducula keel area <0.001 0.53  1, 
60 

Ducula keel richness + <0.001 0.74 richness: 0.42; 13, 



taxon model predictor 
variable(s) 

model 
p-value 

adj. 
R2 

p-values for each 
parameter 

df 

species + sex species <0.001; 
sex: 0.02 

48 

Ducula keel area + species + 
sex 

<0.001 0.74 area: 0.93; species 
<0.001; sex: 0.02 

13, 
48 

Ducula tarso richness <0.001 0.32  1, 
60 

Ducula tarso area <0.001 0.27  1, 
60 

Ducula tarso richness + 
species + sex 

<0.001 0.60 richness: 0.65; 
species <0.001; 
sex: 0.02 

13, 
48 

Ducula PC1 area(+) <0.001 0.20  1, 
60 

Ducula PC1 richness(+) <0.001 0.24  1, 
60 

Ducula PC1 richness(-) + 
species + sex 

<0.001 0.79 richness <0.001; 
species <0.001; 
sex: 0.002 

13, 
48 

Columbina keel richness 0.16 0.01  1, 
73 

Columbina keel area 0.06 0.03  1, 
73 

Columbina keel richness + 
species + sex 

0.02 0.09 richness: 0.43; 
species: 0.01; sex: 
0.1 

3, 
71 

Columbina keel area + species + 
sex 

0.009 0.11 area: 0.13; 
species: 0.009; 
sex: 0.09 

3, 
71 

Columbina tarso richness 0.27 0.00  1, 
73 

Columbina tarso area 0.35 0.00  1, 
73 

Columbina tarso richness + 
species + sex 

0.02 0.09 richness: 0.06; 
species: 0.02; sex: 
0.29 

3, 
71 

Columbina PC1 area(+) 0.01 0.07  1, 
73 

Columbina PC1 richness(+) 0.04 0.05  1, 
73 

Columbina PC1 richness(+) + 
species + sex 

<0.001 0.46 richness <0.001; 
species <0.001; 
sex: 0.03 

3, 
71 

Macropygia keel richness <0.001 0.37  1, 
43 



taxon model predictor 
variable(s) 

model 
p-value 

adj. 
R2 

p-values for each 
parameter 

df 

Macropygia keel area <0.001 0.22  1, 
43 

Macropygia keel richness(-) + 
species + sex 

<0.001 0.64 richness: 0.84; 
species <0.001; 
sex: 0.51 

5, 
39 

Macropygia tarso richness <0.001 0.34  1, 
43 

Macropygia tarso area <0.001 0.25  1, 
43 

Macropygia tarso richness + 
species + sex 

<0.001 0.52 richness: 0.13; 
species <0.001; 
sex: 0.11 

5, 
39 

Macropygia PC1 richness(-) 0.86 0.00  1, 
43 

Macropygia PC1 area(-) 0.26 0.01  1, 
43 

Macropygia PC1 richness(-) + 
species + sex 

<0.001 0.81 richness: 0.77; 
species <0.001; 
sex: 0.009 

5, 
39 

Zenaida aurita keel richness <0.001 0.28  1, 
37 

Zenaida aurita keel area <0.001 0.41  1, 
37 

Zenaida aurita keel richness + sex 0.001 0.27 richness <0.001; 
sex: 0.43 

2, 
36 

Zenaida aurita tarso richness 0.15 0.03  1, 
37 

Zenaida aurita tarso area 0.03 0.10  1, 
37 

Zenaida aurita tarso richness + sex 0.25 0.02 richness: 0.15; 
sex: 0.42 

2, 
36 

Zenaida aurita PC1 richness(+) 0.04 0.08  1, 
37 

Zenaida aurita PC1 area(+) 0.04 0.09  1, 
37 

Zenaida aurita PC1 richness(+) + 
sex 

<0.001 0.33 richness: 0.02; sex 
<0.001 

2, 
36 

Thraupidae       
Coereba 
flaveola 

keel richness <0.001 0.21  1, 
237 

Coereba 
flaveola 

keel area <0.001 0.38  1, 
237 

Coereba 
flaveola 

keel richness + sex <0.001 0.37 richness <0.001; 
sex <0.001 

2, 
236 



taxon model predictor 
variable(s) 

model 
p-value 

adj. 
R2 

p-values for each 
parameter 

df 

Coereba 
flaveola 

keel area + sex <0.001 0.52 area <0.001; sex 
<0.001 

2, 
236 

Coereba 
flaveola 

tarso richness <0.001 0.31  1, 
237 

Coereba 
flaveola 

tarso area <0.001 0.38  1, 
237 

Coereba 
flaveola 

tarso richness + sex <0.001 0.39 richness <0.001; 
sex: 0.06 

2, 
236 

Coereba 
flaveola 

tarso area + sex <0.001 0.46 area <0.001; sex: 
0.004 

2, 
236 

Coereba 
flaveola 

PC1 richness(-) <0.001 0.13  1, 
237 

Coereba 
flaveola 

PC1 area(-) <0.001 0.18  1, 
237 

Coereba 
flaveola 

PC1 richness(-) + 
sex 

<0.001 0.37 richness <0.001; 
sex <0.001 

2, 
236 

Loxigilla keel richness <0.001 0.12  1, 
195 

Loxigilla keel area <0.001 0.08  1, 
195 

Loxigilla keel richness + 
species + sex 

<0.001 0.32 richness <0.001; 
species <0.001; 
sex: 0.18 

4, 
192 

Loxigilla tarso richness  0.02 0.02  1, 
195 

Loxigilla tarso area 0.24 0.00  1, 
195 

Loxigilla tarso richness + 
species + sex 

<0.001 0.12 richness <0.001; 
species <0.001; 
sex: 0.14 

4, 
192 

Loxigilla PC1 richness(+) <0.001 0.62  1, 
195 

Loxigilla PC1 area(+) <0.001 0.56  1, 
195 

Loxigilla PC1 richness(+) + 
species + sex 

<0.001 0.87 richness <0.001; 
sex <0.001; 
species <0.001 

4, 
192 

Tiaris keel richness <0.001 0.25  1, 
175 

Tiaris keel area <0.001 0.23  1, 
175 

Tiaris keel richness + 
species + sex 

<0.001 0.40 richness <0.001; 
species: 0.003; 
sex <0.001 

4, 
172 



taxon model predictor 
variable(s) 

model 
p-value 

adj. 
R2 

p-values for each 
parameter 

df 

Tiaris tarso richness <0.001 0.12  1, 
175 

Tiaris tarso area <0.001 0.10  1, 
175 

Tiaris tarso richness + 
species + sex 

<0.001 0.28 richness <0.001; 
species <0.001; 
sex: 0.73 

4, 
172 

Tiaris PC1 richness(-) <0.001 0.07  1, 
175 

Tiaris PC1 area(-) 0.009 0.03  1, 
175 

Tiaris PC1 richness(+) + 
species + sex 

<0.001 0.37 richness <0.001; 
species <0.001; 
sex: 0.01 

4, 
172 

Alcedinidae       
Todiramphus keel richness <0.001 0.56  1, 

87 
Todiramphus keel area <0.001 0.46  1, 

87 
Todiramphus keel richness + 

species + sex 
<0.001 0.72 richness <0.001; 

species <0.001; 
sex: 0.32 

9, 
79 

Todiramphus tarso richness <0.001 0.62  1, 
87 

Todiramphus tarso area <0.001 0.52  1, 
87 

Todiramphus tarso richness + sex 
+ species 

<0.001 0.87 richness <0.001; 
species <0.001; 
sex: 0.03 

9, 
79 

Todiramphus PC1 richness(+) 0.18 0.00  1, 
87 

Todiramphus PC1 area(+) 0.54 0.00  1, 
87 

Todiramphus PC1 richness(-) + 
species + sex 

<0.001 0.83 richness: 0.001; 
species <0.001; 
sex: 0.71 

9, 
79 

Zosteropidae keel richness <0.001 0.11  1, 
126 

Zosteropidae keel area 0.29 0.00  1, 
126 

Zosteropidae keel richness + 
species + sex 

<0.001 0.74 richness <0.001; 
species <0.001; 
sex: 0.06 

19, 
108 

Zosteropidae tarso richness <0.001 0.30  1, 



taxon model predictor 
variable(s) 

model 
p-value 

adj. 
R2 

p-values for each 
parameter 

df 

126 
Zosteropidae tarso area 0.03 0.03  1, 

126 
Zosteropidae tarso richness + 

species + sex 
<0.001 0.91 richness <0.001; 

species <0.001; 
sex: 0.01 

19, 
108 

Zosteropidae PC1 richness(-) 0.02 0.03  1, 
126 

Zosteropidae PC1 area(-) 0.03 0.03  1, 
126 

Zosteropidae PC1 richness(-) + 
species + sex 

<0.001 0.94 richness <0.001; 
species <0.001; 
sex: 0.22 

19, 
108 

Trochilidae keel richness <0.001 0.14  1, 
72 

Trochilidae keel area <0.001 0.23  1, 
72 

Trochilidae keel richness(-) + 
species + sex 

<0.001 0.78 richness <0.001; 
species <0.001 
sex <0.001; 

12, 
61 

Trochilidae keel area + species + 
sex 

<0.001 0.79 area <0.001; 
species <0.001; 
sex <0.001 

12, 
61 

Trochilidae tarso richness 0.01 0.07  1, 
72 

Trochilidae tarso area <0.001 0.21  1, 
72 

Trochilidae tarso richness(+) + 
species + sex 

<0.001 0.57 richness <0.001; 
species <0.001; 
sex: 0.01 

12, 
61 

Trochilidae tarso area + species + 
sex 

<0.001 0.58 area <0.001; 
species <0.001; 
sex: 0.01 

12, 
61 

Trochilidae PC1 richness(-) <0.001 0.17  1, 
72 

Trochilidae PC1 area(-) <0.001 0.14  1, 
72 

Trochilidae PC1 richness(+) + 
species + sex 

<0.001 0.95 richness <0.001; 
species <0.001; 
sex <0.001 

12, 
61 

Rhipiduridae       
Rhipidura keel richness(-) 0.19 0.01  1, 

116 
Rhipidura keel area(-) 0.11 0.01  1, 



taxon model predictor 
variable(s) 

model 
p-value 

adj. 
R2 

p-values for each 
parameter 

df 

116 
Rhipidura keel richness(-) + 

species + sex 
<0.001 0.80 richness: 0.004; 

species <0.001; 
sex <0.001 

22, 
95 

Rhipidura keel area(+) + 
species + sex 

<0.001 0.80 area <0.001; 
species <0.001; 
sex <0.001 

22, 
95 

Rhipidura tarso richness 0.004 0.06  1, 
116 

Rhipidura tarso area 0.06 0.02  1, 
116 

Rhipidura tarso richness + 
species + sex 

<0.001 0.93 richness <0.001; 
species <0.001; 
sex <0.001 

22, 
95 

Rhipidura PC1 richness(+) 0.10 0.01  1, 
116 

Rhipidura PC1 area(-) 0.89 0.00  1, 
116 

Rhipidura PC1 richness(+) + 
species + sex 

<0.001 0.91 richness <0.001; 
species <0.001; 
sex 0.003 

22, 
95 

Meliphagidae keel richness <0.001 0.24  1, 
54 

Meliphagidae keel area <0.001 0.22  1, 
54 

Meliphagidae keel richness + 
species + sex 

<0.001 0.84 richness <0.001; 
species <0.001; 
sex <0.001 

21, 
34 

Meliphagidae tarso richness <0.001 0.52  1, 
54 

Meliphagidae tarso area <0.001 0.47  1, 
54 

Meliphagidae tarso richness + sex 
+ species 

<0.001 0.73 richness <0.001; 
species: 0.008; 
sex <0.001 

21, 
34 

Meliphagidae PC1 richness(+) 0.73 0.0  1, 
54 

Meliphagidae PC1 area(-) 0.71 0.0  1, 
54 

Meliphagidae PC1 richness(-) + 
species + sex 

<0.001 0.92 richness: 0.22; 
species <0.001; 
sex: 0.006 

21, 
34 

Monarchidae keel richness <0.001 0.24  1, 
121 



taxon model predictor 
variable(s) 

model 
p-value 

adj. 
R2 

p-values for each 
parameter 

df 

Monarchidae keel area <0.001 0.14  1, 
121 

Monarchidae keel richness(-) + 
species + sex 

<0.001 0.81 richness <0.001; 
sex <0.001; 
species <0.001 

20, 
102 

Monarchidae tarso richness <0.001 0.22  1, 
121 

Monarchidae tarso area 0.001 0.09  1, 
121 

Monarchidae tarso richness(+) + 
species + sex 

<0.001 0.88 richness <0.001; 
species <0.001; 
sex: 0.03 

20, 
102 

Monarchidae PC1 richness(-) 0.22 0.00  1, 
121 

Monarchidae PC1 area(-) 0.15 0.01  1, 
121 

Monarchidae PC1 richness(+)+ 
species + sex 

<0.001 0.89 richness <0.001; 
species <0.001; 
sex <0.001;] 

20, 
102 

Pachycephalidae       
Pachycephala keel richness <0.001 0.20  1, 

82 
Pachycephala keel area 0.01 0.06  1, 

82 
Pachycephala keel richness + 

species + sex 
<0.001 0.32 richness <0.001; 

species: 0.01; sex: 
0.18 

12, 
71 

Pachycephala tarso richness <0.001 0.37  1, 
82 

Pachycephala tarso area 0.001 0.12  1, 
82 

Pachycephala tarso richness + 
species + sex 

<0.001 0.82 richness <0.001; 
species <0.001; 
sex: 0.03 

12, 
71 

Pachycephala PC1 richness(-) 0.19 0.01  1, 
82 

Pachycephala PC1 area(-) 0.002 0.10  1, 
82 

Pachycephala PC1 richness(-) + 
species + sex 

<0.001 0.36 richness: 0.11; 
species <0.001; 
sex: 0.58 

12, 
71 

Pachycephala PC1 area(-) + 
species + sex 

<0.001 0.41 area <0.001; 
species <0.001; 
sex: 0.46 

12, 
71 



 
 
 
	


