
The earliest dinosaurs were relatively small 
bipedal animals, distinguished from their 
closest ancestors by subtle differences in hip 
structure. They appeared at least 230 million 
years ago (and perhaps earlier1), during the 
Carnian stage (237 million to 227 million years 
ago), the first of the three stages comprising 
the Late Triassic Period (237 million to 201 mil-
lion years ago). This evolutionary milestone is 
documented by the fossil record in the south-
ern part of what was, at the time, the Pangaean 
supercontinent. However, for tens of millions 
of years, these early dinosaurs remained a rela-
tively minor component of a global landscape 
crowded with other reptilian forms, and clear 
ecosystem dominance by dinosaurs did not 
occur until the start of the Jurassic Period 
(201 million to 145 million years ago). Writing 
in Nature, Qvarnström et al.2 report evidence 

that helps to explain this rise to prominence.
Dinosaurs belong to a broad group of 

reptiles called archosaurs. Members of this 
group — for example, large herbivores called 
aetosaurs, as well as carnivorous creatures 
called rauisuchids and crocodile-like phyto-
saurs — populated the Late Triassic environ-
ment. Prominent non-archosaur reptiles at 
the time included large herbivores called 
dicynodonts. Across the 30 million years from 
the first known appearance of dinosaurs to 
their dominance at the beginning of the 
Jurassic Period (Fig. 1), dinosaurs increased 
in size and diversity as other reptile forms and 
most large amphibians disappeared. Decades 
of collecting and analysing skeletal remains 
have not clarified how and why this particular 
group rose to dominance, apparently at the 
expense of most others, and the incomplete 

nature of the fossil record has generated more 
controversies than conclusions.

Over the years, various scenarios have 
been proposed to explain the transition from 
a global landscape dominated by non-dino-
saurian reptiles to one in which the dinosaurs 
were ascendant. One model proposes that 
competition was a key driver: other ecosystem 
inhabitants were outcompeted by the early 
dinosaurs, which had some key physiological 
or anatomical advantages3,4. In particular, it 
has long been thought that the upright stance 
of dinosaurs, resulting from the positioning of 
their hind limbs directly beneath their body, 
combined with their flexible ankles, made 
them highly agile and efficient competitors 
in the Late Triassic.

An alternative model proposes that random 
processes of environmental change, such as 
catastrophic volcanic eruptions, climate 
change or an asteroid impact, caused the 
decline or elimination of some non-dinosaur 



contents. By comparing the size, composition 
and abundance of the bromalites with data 
from fossil skeletal and footprint records, the 
authors were able to infer the identity, feeding 
behaviour and relative size and prevalence of 
the organisms that produced them. On the 
basis of these interpretations, Qvarnström and 
colleagues generated food webs from specific 
time intervals, which track the temporal shifts 
in the populations and body sizes of both pri-
mary consumers (herbivores) and secondary 
consumers (carnivores).

The methodology of this study is particu-
larly creative, including techniques such as 
optical microscopy to examine thin sections; 
chromatographic and mass spectrometric 
methods to extract and separate plant remains 
and scanning electron microscopy to analyse 
them; and synchrotron microtomography to 
produce 3D images of the internal structures 
of the samples. The food remains identified 
in the bromalites included a wide variety of 
plants and cuticles from invertebrates called 
arthropods — often with preservation on a 
level that enabled some basic assignment of 
specimens to taxonomic groupings — as well 
as various vertebrate bones, scales and teeth.

The skeletal fossils, footprints and bromal-
ites from sites in Poland provide a series of dis-
crete temporal snapshots that demonstrate 
a transition from a world with few dinosaurs 
to one in which they dominated (Fig. 1). This 


