
Improved phylogeny-integrated estimates of 

abundance and their potential uses in macroecology

Human activities have reduced the range and density of many animal 

species, and it is an important objective for ecological restoration to 

remedy these negative effects. Hence, estimates of natural densities are 

important for guiding restoration efforts. However, when trying to estimate 

these, we still use either loose guesses or often revert to allometric scaling, 

using a simple function that dates to 1981 with density as a function of 

body mass to the power of -0.75 [1]. 

Large databases of population densities [2] and modern high-resolution 

phylogenies [3] of mammalian families allows us to improve the 

allometric relationship, notably using interactions between phylogenetic 

divergence points and body mass to quantify clade-level differences in 

the density vs. body-mass relationship [4].

We improved the model fit significantly from R2=0.56 to R2=0.74 

(Fig 1), and found ten distinct slopes for different taxonomic clades (all 

ΔAICc > 4 and p < 0.01), ranging -0.71 to +0.45 (Table 1, mean family 

slope = -0.49).

These slopes are significantly different from what has previously been 

found, raising the question of what drives species-specific population 

densities. In follow-up research, we will address a related applied 

question, namely, what ecological impacts does it have that many 

species populations are now decreasing, falling below the mass-density 

relationship?
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Fig 1 Partial residual plot of species population density as a function of body mass 

including taxonomic divergence points as main effects and interaction terms.
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Allometric models of species specific 

population density were fitted on average 

adult body mass. From a complete phylogeny 

of all mammalian families [3] we located all 

divergence points and used these to make a 

list of all groups each mammalian family 

belonged to. All these groupings were used in 

model building investigating both interactions 

with body mass (i.e. slope) and main effects. 

We did this as a stepwise inclusion/exclusion 

process allowing only terms with ΔAICc > 4. To 

avoid overfitting groups with density estimates 

from less than 10 species were not allowed to 

vary on their own in the model. The final 

model would be based on groupings like the 

ones illustrated here in different colors 

including all phylogenetic subdivisions except 

ones that had their own slope or intercept. In 

this illustration we end up with five groupings 

14, 15, 5, 2, and the ones included only in the 

base.

Methods

Clade Intercept Slope
Monotremata* 3.15 -0.58

Marsupialia

Didelphimorphia 3.15 -0.58

Paucituberculata* 3.15 -0.58

Dasyuromorphia 3.15 -0.58

Diprotodontia 3.15 -0.38

Microbiotheria* 3.15 -0.58

Notoryctemorphia* 3.15 -0.58

Peramelemorphia* 3.15 -0.58

Afrotheria 3.15 -0.33

Xenarthra 3.15 -0.58

Euarchontoglires

Dermoptera* 3.15 -0.58

Lagomorpha: Leporidae 3.53 -0.58

Lagomorpha: Ochotonidae 3.53 -0.07

Primates: Galagidae,  Hominidae, Hylobatidae,  

Lorisidae, Tarsiidae, & Platyrrhini 3.15 -0.58

Primates: Cercopithecidae 3.15 -0.49

Primates: Daubentoniidae & Lemuriformes 3.74 -0.58

Rodentia: Castoridae* 2.13 -0.58

Rodentia: Geomyidae & Heteromyidae 2.13 0.44

Rodentia: Dipodidae* & Anomaluromorpha* 3.15 -0.58

Rodentia: Myomorpha 3.15 -0.18

Rodentia: Hystricomorpha & Sciuromorpha 3.84 -0.58

Scandentia* 3.15 -0.58

Laurasiatheria

Artiodactyla 3.15 -0.58

Carnivora: Mustelidae 1.05 -0.36

Carnivora: Felidae & Viverridae 2.13 -0.71

Carnivora: Canidae, Eupleridae, Herpestidae, 

Hyaenidae, Nandiniidae, & Ursidae 2.13 -0.58

Carnivora: Ailuridae, Mephitidae, & 

Procyonidae 2.13 -0.36

Erinaceomorpha* 3.15 -0.58

Perissodactyla 3.15 -0.58

Pholidota* 3.15 -0.58

Soricomorpha: Solenodontidae & Soricidae 3.15 -0.58

Soricomorpha: Talpidae 3.15 0.04

Table 1 Allometric model fit 

for species specific 

population density vs. 

average adult body mass 

for terrestrial mammals 

(See Methods). Results 

revealed ten distinct 

slopes, and six distinct 

intercepts. Taxonomy 

based on [3 and 5]. 

Marked (*) groups with 

density estimates from less 

than 10 species were not 

allowed to vary on their 

own in the model. 

Intercepts and slopes 

marked with bold are 

different from those of the 

base group.


