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Abstract 

Biodiversity is declining worldwide at a rate unprecedented in the recent era and this trend is 
expected to persist throughout the century. There is a broad consensus that in the absence of 
conservation action, biodiversity will continue to be lost, threatening the stability, functioning 
and sustainability of ecosystems and increasing the likelihood of ecological unexpected events 
with negative impacts on human well-being. 

Several indicators have been used to document this declining trend, including those focusing 
on the mean species abundance and genetic diversity. There is also evidence that the 
distribution of species on Earth is becoming more homogenous and a significant portion of 
well-studied higher taxonomic groups are currently threatened with extinction. One of these 
groups includes all of the currently living bird species, which have been grouped in the 
biological class Aves, according to Linnaean taxonomy, and in the crown group Neornithes, 
according to modern phylogenetic taxonomy. 

The main causes for biodiversity decline emerge from human activities and include the 
conversion of natural habitats, overexploitation or climate change, among several others. 
Globally, the most significant threat for bird species is the conversion of natural habitats to 
agricultural land. The impact of invasive alien species on many bird species is also well 
documented. However, there is high uncertainty regarding the direct and indirect ways 
through which climate change may be affecting birds. Recent empirical studies, using data 
collected over long periods of time, suggested that the effects of climate change on birds may 
lead to shifts in their potential distribution ranges or to actual changes in body size (mass and 
length). Some studies documented increases in body size while other studies described size 
declining trends throughout the last decades. 

Several authors have been highlighting the need to develop theoretical models that would 
relate metabolism to body size in order to assess the vulnerability of species under the effect of 
climate change. These models would also help to identify the proximate mechanisms that 
ultimately may determine size shifts. Recently, this need has also been stressed in order to 
allow the creation of general ecosystem models (GEM). 

Generally speaking, metabolism and the mechanisms of energy intake, assimilation, allocation 
and use, have rarely been explored and modelled for conservation purposes. Within the study 
of the life history of organisms this has also been the case. Research based on life history 
theory has been mostly aiming at the characterization of global patterns and of exogenous and 
endogenous drivers of life history variation. 

Studies searching for endogenous drivers of variation have been mostly focused on phylogeny. 
The existence of relevant processes taking place at the physiological and metabolic scales has 
been harder to study. Previous attempts to account for the metabolic costs associated with 
different life history traits focused mostly on reproduction. Few studies have tried to assess the 
trade-offs between reproduction and assimilation, growth, and other biological properties. 
However, in the last two decades, several authors stressed the need to research the existence 
of proximate mechanisms of variation in trait expression, mediating the effect of 
environmental selective pressures on life history traits and constraining their variation. 

Therefore, the need to develop explicit, mechanistic and individual-based models, linking the 
constraints of metabolism to life history evolution, in order to understand the evolution of life 
history strategies and to improve our future conservation strategies, seems to be paramount. 



In this context, the study of avian metabolism and energetics emerges as a field of considerable 
relevance. Different techniques are currently used for the study of avian energetics but most 
rely on experimentation. Theoretical modelling has been mostly performed through the 
application of allometry and Static Energy Budgets (SEB), which have several limitations. 
Alternatively, Dynamic Energy Budgets (DEB) follow how energy fluxes change during the life 
cycle of organisms. Currently, the DEB theory is the only metabolic theory that uses these 
models and complies with the Laws of Thermodynamics, unifying traits that are common to all 
organisms and linking different levels of biological organisation. 

The main hypothesis of this thesis considered that the properties represented by DEB theory’s 
parameters and functions could correspond to the proximate mechanisms that mediate the 
effect of external selective pressures on the evolution of birds. Ultimately, these endogenous 
properties, and their respective diversity, would constrain and determine the diversity and the 
trade-offs observed in the life history traits of modern bird species. 

For the purpose of testing this hypothesis, the standard model of the DEB theory was applied 
in order to model the life cycles of a representative collection of bird species. This collection 
corresponds to a sample of the existing diversity in terms of phylogeny, distribution and life 
history traits of modern birds. The input data consisted of single-point information regarding 
different life history traits related to growth, development thresholds and reproduction, as 
well as of growth curves, collected for every species of the collection. 

The parameterization procedure was undertaken using the covariation method, providing 
estimates for the core DEB parameters. The estimated DEB parameter sets allowed for 
accurate predictions of known life history traits and the von Bertalanffy growth pattern 
provided a very good adjustment for most species. 

The results allowed us to observe that the allocation of energy to somatic growth and 
maintenance is particularly high in birds, with a very low coefficient of variation, suggesting a 
high degree of phylogenetic inertia throughout the evolution of birds. Among other properties, 
birds seem to be characterized by parameter sets that promote rapid growth rates, prioritizing 
the development of soma. Some DEB parameters and functions that are not expected to scale 
with body size exhibited patterns suggesting otherwise. The diversity and scatter of values 
observed for several parameters may offer the necessary adaptive plasticity for birds to adjust 
to current global change scenarios. 

Through the ecological characterization of the sampled bird species, it was also possible to test 
a set of hypotheses relating the physiology of birds to their respective ecology and behaviour. 
Several theories and hypotheses proposed in the literature concerning specific aspects of the 
life history of birds were also discussed. Apparent trade-offs, between different life history 
traits, were shown to emerge from metabolic constraints. 

The patterns observed for many primary and compound DEB parameters were significantly 
explained by body size. Factors such as the hatchling development type, within the altricial-to-
precocial spectrum, or the capacity to fly and migrate, were also particularly relevant for that 
purpose. Strong positive correlations between several DEB parameters were consistent with 
the waste-to-hurry strategy, with somatic maintenance costs increasing as a response to 
increased growth rates, ultimately determining the evolution of altriciality from earlier, 
precocial ancestors.  

It was also possible to estimate that the hatchlings of precocial species exhibit higher values of 
maturity per unit of dry mass at birth than the hatchlings of altricial species. If we consider the 
relative investment in maturation as an indicator of complexity, then these results support the 
thesis of higher complexity at birth in precocial birds. 



Finally, the case study of the Wandering Albatross (Diomedea exulans) is presented as an 
example of how food availability may determine rare and extreme growth patterns in highly 
constrained environments. The application of DEB theory allowed for a thermodynamically 
explicit model to be developed for this endangered species, testing one hypothesis explaining 
the observed growth pattern and providing other useful metabolic properties, such as the 
expected fasting capacity and the daily energy intake of hatchlings and adults. 
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