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1.1 Selection of comparisons between island and mainland pr imates 

Our aim was to select independent instances of the evolution of island endemic primate 

populations. To this end, we needed to establish:  

(a) populations of primates living on islands that were reported to be distinct from their mainland 

relatives, indicating a sufficient degree of genetic isolation from the mainland population to permit 

the potential evolution of body size;  

(b) the closest mainland relative of each island endemic population, to act as a comparison for the 

evolution of body size; 

(c) comparable body size data for both members of each comparison. 
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(a) Island endemic pr imates 

We searched the literature and online databases and consulted experts to identify species, sub-

species or distinct populations of island endemic primates. Because there is no single accepted 

taxonomy for primates, we accepted any population reported to be consistently and recognizably 

different from the mainland populations, regardless of formal taxonomic status (which can vary 

between authors). For example, Ambrose (Ambrose, 2003) demonstrated that the Bioko Island form 

of the bushbaby Galago alleni differs from the Cameroon and Gabon populations on the basis of 

morphology, pelage, body size and variation in call use. These three populations of Galago alleni 

are represented as a single species in some sources and as separate species in other treatments, so 

here we simply report the taxon names as given in the source publication as “Galago alleni 1a” and 

“Galago alleni 1b” (Ambrose, 2003). As long as the island population is distinct from the mainland 

populations, it is not important for the purposes of this study what their current taxonomic status is.  

 

These selection criteria should not bias the current study. Firstly, selecting only distinct island taxa 

should not bias the test in favour of any particular body size change: if the island rule did not hold, 

then each island taxon should have an equal chance of being either smaller or larger than the 

mainland taxon. Comparisons were chosen before any body size data were recorded to avoid the 

possibility of taxon selection bias. Secondly, if the taxa included here do not represent truly isolated 

populations, then this should weaken the signal for any island effect, as island populations 

undergoing gene flow with mainland populations should have less chance of developing island-

specific characteristics. For example, if the Bioko Island Bushbaby is really a continuation of the 

Cameroon population, then we would expect gene flow to reduce the possibility of the Bioko Island 

population showing an insular shift in body size. 

 

(b) Mainland relatives 

We selected related pairs of island and mainland taxa with the aim of comparing phylogenetically 

independent instances of island endemism, such that each island endemic taxon in the data set is 

compared to a different closely-related mainland population. In this way, each comparison 

represents a separate test of the island rule, and can be used as independent points in a statistical 

analysis. Ideally, the comparisons should be chosen from a well-resolved phylogeny to ensure that 

they are phylogenetically independent (Felsenstein, 1985; Garland et al., 1992; Harvey & Pagel, 

1991; Harvey & Purvis, 1991). For the body mass dataset, we selected comparisons based on 

published phylogenies  (see references in Supplementary Table 1). However, there is no single 

accepted phylogeny of primates, and most of the island subspecies identified for this study are not 

included in any published phylogenetic studies. Therefore, to avoid biasing the dataset towards only 
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those groups with a published phylogeny, we used a combination of taxonomy, distribution data, 

and expert advice to select the most closely related mainland taxon for each of the island endemics 

in the body length dataset (see Supplementary Table 2 for sources). We made the assumption that 

taxonomic groups represented monophyletic groups, and chose no more than one comparison per 

genus or species-group. If phylogenies are later published for these groups we may have to revise 

our comparisons, however we are confident that we have made the best choices for independent 

pairs given the currently available data. 

 

(c) Body size data 

For both mass and length datasets, we preferentially chose taxa for which population averages for 

adult body size, or at least size measures for multiple specimens, were available. Where the range of 

size values was given, the midpoint was estimated using a geometric mean of the maximum and 

minimum of the range. Where there was more than one island endemic in a clade with available 

data, we chose the one with the most comprehensive body size data, or, if all had the same data 

availability, we chose the taxon restricted to the smallest or most remote island. Similarly, if there 

was more than one suitable mainland species, we chose the one with the most comprehensive 

available data or, if all had the same data availability, we selected the taxon with the widest 

distribution, or from the largest land area. We included only measurements from adults, not sub-

adults or juveniles. In general, the measurements of mass  are more reliable as they are commonly 

based on more specimens, however we have included length and skull measurements as well 

because they are available for a wider range of taxa (particularly because these measurements can 

be taken from museum specimens, unlike body mass). For some subspecies only the dimensions of 

the type specimen were available: these are marked in Supplementary Table 2. These taxa were 

included to avoid biasing the dataset towards large populations from well-studied islands 

(Lomolino, 2005). For the skull measurements, we aimed to compare only equivalent measures, 

usually taken from the same publication to ensure that the measurements were compatible. For two 

comparisons, we have used bizygomatic length rather than maximum length (marked in 

Supplementary Table 2). These comparisons were only used for analysis of the relative difference 

between island and mainland taxa, and were not included in the regression analyses. Where 

information was available, we recorded separate male and female sizes as well as the average body 

size. Male and female sizes are most likely to be reported for species with sexual dimorphism. 

While this ascertainment bias may reduce the power of the test, it should not bias this analysis as 

we compare relative degree of dimorphism only in comparisons for which data are available for 

both island and mainland taxa. Size dimorphism was calculated as the body size of the smaller sex 
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divided by the body size of the larger sex for each taxon for which separate male and female mass 

and head-body length were available. 

 

Because we could only include taxa for which we could obtain appropriate body size data, we could 

not include all island endemic primates nor could we always include the nearest mainland relative. 

For example, for the length dataset (Supplementary Table 2), we compared the Peleng Tarsier 

Tarsius pelengensis to the Spectral Tarsier Tarsius tarsier (also referred to as T. spectrum). 

However, we were unable to obtain comparable body mass measures for both T. pelengensis and T. 

tarsier, so for the body size dataset we had to compare the Peleng Tarsier to a more distant relative, 

the Phillipine tarsier Tarsius syrichta (Supplementary Table 1). Use of a more distant relative is 

unlikely to bias our analysis, as it more likely to obscure the signal of an island effect, rather than 

produce a spurious association.  

 

1.2 Statistical Analyses.  

We used a variety of statistical approaches to test for the existence and form of the island rule in 

primates.  Firstly, if there is no island effect, the proportion of island-mainland comparisons in 

which the island taxon is smaller should be approximately 50%. We used Sign Tests to test for 

significant deviations from this expectation. This is a conservative test for the island rule which 

makes minimal assumptions about the data or the processes of body size evolution. To take into 

account the magnitude as well as the direction of the changes in body size, we used Wilcoxon 

Signed-Ranks Tests. To measure the magnitude of body size change for each comparison, we 

calculated body size ratios by dividing the size of the smaller species by the size of the larger 

species, then scoring the comparison positive if the island species was smaller, negative if the 

mainland species was smaller. The island rule predicts a change in the direction of the body size 

shift between small- and large-bodied species. We therefore first carried out the above tests using 

all comparisons, then repeated the tests excluding small species. Following Lomolino (2005) we 

considered a species to be “small” if it fell below the value at which the ratio of island to mainland 

body size is predicted to be 1: for our data, this value is approximately 5kg, or 200mm in length, or 

50 mm skull length. 

 

In addition to the Sign and Wilcoxon tests, we performed reduced major axis (RMA) regressions of 

island against mainland body size, and tested whether the slope of the regression line was 

significantly different from one. A significant result indicates that island body sizes differ in a 

consistent direction from the mainland relatives. Most studies of the island rule use a different 

approach, calculating the ratio of island population to mainland population body size (termed Si: 
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Lomolino, 2005), then regressing this ratio against body size of the mainland taxon. This procedure 

has been criticized, because of the statistical problems associated with regressing a ratio against its 

denominator. We do not rely on that test here: our results stand on pairwise tests of island vs 

mainland size (for signs tests, Wilcoxon tests and regressions). However we include regression of Si 

against mainland body size in the supplementary information in order to provide a comparison with 

other studies of the island rule: see Supplementary Table 4 and Supplementary Figure 2.  

 

In addition to testing the significance of the association between mainland population size and Si 

using reduced major axis (RMA) regression, we test the robustness of this association by comparing 

t-values from the regression to a distribution of t-values obtained from a randomization test. This 

was done as follows: for each mainland taxon, an island taxon size was randomly chosen by 

sampling from a normal distribution with a mean equal to the mainland population body size, and 

standard deviation equal to a given proportion of the mean. These proportions were determined 

empirically for each comparison from the frequency distribution of published body size values for 

each primate family. For each set of random samples obtained in this way, we calculated the t-value 

from a linear regression, and used the distribution of 10,000 random regression t-values to obtain 

the significance of the observed t-value. This null model thus assumes only that when an island 

population becomes isolated from its mainland source, a body size shift in either direction is equally 

likely, and smaller shifts are more likely than larger shifts. We recognize that other models of body 

size evolution (e.g. directional selection) are possible, but they require extra assumptions to be 

made and we consider ours to be the most appropriate null model for the association between Si and 

mainland body size. See Supplementary Table 3 for results of these regressions.  

 

1.3 Comparison of Homo floresiensis to other  hominids 

This study was motivated by a desire to provide a comparative study of island primates against 

which claims for island dwarfing of hominids could be compared. While our data consist solely of 

non-human primates, we commented in the discussion on the inferred degree of dwarfism observed 

in Homo floresiensis. Here, we provide details of the data used to make this comparison, but we 

caution that these data are used for illustrative purposes only and were not used in any of the 

statistical analyses of island primates presented in the main text.  

 

In order to judge whether Homo floresiensis fits within the broader pattern of body size evolution in 

insular primates, we need to compare H. floresiensis to its nearest mainland relative. However, the 

closest relative of H. floresiensis is a matter of debate (Argue et al., 2006; Brown et al., 2004; Falk 

et al., 2005). Therefore, we have compared H. floresiensis to three different hominids, to represent 
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three different scenarios for the evolution of H. floresiensis: Australopithecus (Argue et al., 2006) 

here represented by A. afarensis due to data availability), Homo erectus (Brown et al., 2004; Falk et 

al., 2005), and Homo sapiens (Jacob et al., 2006; Richards, 2006).  This is not an exhaustive list of 

possible close relatives, but these three species were chosen to maximise data availability and to 

give a range of possible ancestral sizes for H. floresiensis. Because the dimensions of H. 

floresiensis are reported for a putative female specimen (LB1), and given that modern humans are 

sexually dimorphic, we would ideally compare LB1’s dimensions only to those from other female 

hominids to avoid the results being skewed by sexual dimorphism. However, most average skull 

and stature estimates in the literature are averages for all specimens. We should consider these 

measures to be an overestimate of the size difference between H. floresiensis and other hominids, 

making these figures conservative for testing for possible size reduction in the Flores hominids.  

 

Length measurements for other primate species are given as head-body length, which is not 

reported for hominids. It is difficult to obtain a comparable measure from hominid stature data. 

However, we have estimated sitting height for each of the hominid species from their predicted 

stature, using the formula provided by Bardeen (1923) and the co-efficient he gives for modern 

Javanese Homo sapiens. As a comparison, we calculated sitting height from an average sitting 

height to standing height ratio for a modern European population (Fredriks et al., 2005), and found 

that although absolute measures differed slightly, the relative size differences between taxa were 

similar. Note that these formulae may not accurately predict sitting height in extinct hominids 

which had different limb proportions than modern humans, however they are used here only to give 

a rough indication of relative size.  

A. Homo floresiensis (LB1: mass 27kg, head-body length 615mm, skull length 143mm) vs. 

Australopithecus afarensis (female mass 29kg, female head-body length 611mm, average head-

body length 697mm, average skull length 146mm) [Sources: Ref 1-3 (see below)] 

E. Homo floresiensis (as above) vs. Indonesian Homo erectus (average mass 51kg, Indonesian 

average head-body length 800mm, average head-body length 800mm,  female skull length 

187mm, average skull length 195mm). [Sources Refs 1, 4, 5] 

S. Homo floresiensis (as above) vs. Homo sapiens (Indonesian female mass 51kg, Indonesian 

female head-body length 800mm, Global average head-body length 834mm, global average skull 

length 180.1mm) [Sources: Refs 1, 3, 6-8] 

Data sources for these measurements are: (1) Brown et al. 2004. Nature 431, 1055-1061;  (2) 

Henry, M. M. 1991. Am. J. Physical Anthropol. 85, 149-158; 3.  McHenry, H. M. & Coffing, K. 

2000. Ann. Rev. Anthropol. 29, 125-146; (4) Anton, S. C. 2003 Yearbook of Physical 

Anthropology 46, 126-170; (5) Delson, E. et al. 2001. Anatomical Record 262, 380-397; (6) 
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Winkvist, A., Stenlund, H., Hakimi, M., Nurdiati, D. S. & Dibley, M. J. 2002. Am J Clin Nutr 75, 

1072-1077; (7) Ruff, C. B., Trinkaus, E. & Holliday, T. W. 1997. Nature 387, 173; (8) McHenry, 

M. H. 1992 Am. J. Physical Anthropol. 87, 407-431. 

 

1.4 Relative skull and body length 

Because one of the major controversies surrounding the interpretation of H. floresisensis is the 

relatively small skull size compared to the stature estimated from limb bones (Falk et al., 2005; 

Jacob et al., 2006; Martin et al., 2006), we have tested whether the relationship between skull size 

and body length undergoes a shift in island primate taxa. We could not use the commonly employed 

encephalization quotient (ratio of brain weight to body weight) as we did not have skull volumes or 

estimated brain weights for most of the primate species in our data set. Instead, we calculated the 

ratio of skull length to head-body length (sitting height for hominids, see above), to make the 

parameters comparable across all species. Data were available for 17 comparisons (see 

Supplementary Table 2). We have used average skull and body length where available, but female 

and male specific measurements where the average was unavailable. We used RMA regression to 

find the slope of the relationship between mainland and island skull length to head-body length 

ratios, and to test whether this slope differed significantly from one (using the set of all 

comparisons, and repeated on a reduced set with only average measures included to avoid 

combining separate male and female measures in the same analysis). As an additional test, we used 

a pairwise t-test to test for a significant difference in the mean skull length to head-body length 

ratios between island and mainland taxa: see Supplementary Table 4 for details of statistical tests. 

Note that the hominid data points are for illustration only. They were not included in the statistical 

analysis as this would introduce a circularity: we wish to assess whether the size of H. floresiensis 

is consistent with the pattern of island dwarfing seen in primates generally, so it would be 

inappropriate to use data from H. floresiensis to generate the relationship against which it will be 

tested. 


