
BDC334Biogeography & Global Ecology

Topic 5 
Uni!ed Accounting: Understanding Patterns in 

Diversity over Space and Time

• studies across all scales of live (“mammoth, mule, marmot, or microbe” 
sensu Shade et al., 2018) revealed patterns (of communities) across 
landscapes 

• species composition (richness), abundance per species 
• these pattens vary in space … 
• … and time 

• you will have already seen the distance decay relationships in 
seaweeds, and you now know how to calculate it

Patterns in space and time

Shade et al. (2018) Macroecology to unite all life, large and small. TREE.



• ecological patterns of multicellular organisms 
• since 2000s also in microbes 
• do studies across these two scale show similar patterns? 
• first evidence from metabolic scaling studies…

Patterns in space and time

* “bacteria and archaea reveal scaling coe!cient 
close to 2 (i.e., a quadratic increase of metabolic 
rate with body size” 
* “metabolic rate is assumed to be limited by 
number of genes and proteins involved in 
metabolism (so that bigger bacteria have a 
disproportionately higher number of molecules 
participating in metabolic reactions)”

* “metabolic rate in protists scale proportionally to 
body size (i.e., the scaling coe!cient is close to 1)” 
* “supposedly limited by the number of 
mitochondria within the cell, leading to 
approximate proportionality between cell size 
and metabolic rate”

* “multicellular organisms indeed reveal 3/4 
scaling” 
* “limited by their ability to provide resources to 
all metabolically active cells, so that their 
metabolic rate is constrained by the structure of 
their transportation system, which leads to 
sublinear scaling, with coe!cient close to ¾”



• Unified Currency: Individuals and Species 
• Glossary (specifically highlighted items) 
• Unified Accounting: Understanding Patterns in Diversity over Space and 

Time

Important concepts in paper

The fundamental role of the site by 
species matrix



Shade et al. (2018) Macroecology to 
unite all life, large and small. TREE.
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Species-abundance distribution 
(rank-abundance curves)

“the number of individuals (N) of each species in a sample, and is often expressed as a 
relationship between the logarithm of N plotted against species rank (from the most to 
the least abundant species)” 

• it describes the general tendency for communities to have a few highly abundant 
species and many species that are rare 

• it may be one of the true universal laws in ecology

most spp 
quite rare

few spp quite 
abundant



Occupancy-abundance distribution

“generally positive relationship between the mean abundance a species attains at 
individual sites, and the number or proportion of all sampled sites at which it is found” 

• occupancy: the number or proportion of sites in which a species is detected 
• i.e., species that tend to have high abundance within one site also tend to 

occupy many sites, … 
• …while those that are rare at a particular site tend to not be detected in many 

sites 
• deviations from a null hypothesis are suggestive of deterministic drivers of 

community structure

Species-area curves

generally an increase in the area covered by sampling (e.g. cumulative sum of 
representative quadrats representing the sampled contiguous ‘unit’) leads to an 
increase in species richness 

• “can be used to predict and compare changes in diversity over increasing 
spatial extent”



Distance-decay relationships

“assess how community similarity or beta diversity changes over space […] is 
used to address compositional turnover […] or shifts in relative abundance […] 
with distance from a reference community.” 

“The slope of the distance–decay relationship is interpreted as a rate of change 
over space, and there are macroecological studies as well as microbial-focused 
studies that have compared these rates.” 

E.g. see study by Smit et al. (2017)—next slide, and paper on iKamva… this 
leads directly onto environmental gradients

Smit et al. (2017)



“The first four features of diversity matrices we have described above are 
intrinsic to the matrices. Each of these features can, as we have shown, be 
calculated just as readily for microbes as for macrobes. Once these aspects 
of diversity are estimated, they can be compared along geographic (e.g., 
latitude and elevation) and [other] environmental (e.g., energy and 
disturbance) gradients ([to show] diversity gradients).”

Environmental gradients

Diversity gradients (e.g. with elevation)

these aspects of diversity are estimated, they can be compared along 
geographic (e.g., latitude and elevation) and environmental (e.g., energy and 
disturbance) gradients  

e.g. see study by Smit et al. (2017)—next slide, and paper on iKamva



Smit et al. (2017)



Knowledge: 
• recap α-, β-, and γ-diversity 
• focus on β-diversity 
• influences of β-diversity, i.e. 

• number of species remain constant, but species change (species 
turnover, βsim) 

• same species (pool A and pool B), but pool B a reduced subset i.t.o. 
number of species of pool A (nestedness-resultant, βsne) 

• environmental gradients 
• first mention of neutral processes 

Application: 
• in-depth understanding of how species and environment tables are made 

into (dis-)similarity matrices, of how α-, β-, and γ-diversity are calculated 
from the tables and matrices, how to interpret the (dis-)similarity matrices, 
and how the presence of gradients can be determined

Important concepts



Knowledge: 
• recap distance decay and gradients; how to determine these from 

matrices 
• distance decay resulting from i) niche difference model along 

environmental gradients; ii) the model of temporal and spatial constraint 
• ask questions about how species with different dispersal types/growth 

forms influence rates of compositional change (i.e. β-diversity) 
• scale dependence, i.e. grain and extent 
• models for distance decay: 

• environmental distance 
• the spatial template 
• niche breadth and overlap (ref. unimodal species distribution models 

and coenoclines) 
• dispersal ability

Important concepts

Application: 
• extend your understanding of environment and species tables and the 

derived distance matrices 
• apply your understanding to the kinds of knowledge that environmental 

and species dissimilarity matrices can provide 
• derive a mechanistic understanding of the assembly process behind 

community structure across landscapes

Important concepts



"Knowledge is not a resource we simply stumble upon. It’s not something 
that we pluck out of the air. Knowledge is created. It is coaxed into existence 
by thoughtful, creative people. It is not a free good. It comes only to the 
prepared mind”. 

—Frank H. T. Rhodes, Speed Bumps on the Road Ahead, Trusteeship, May/June 1999 


